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mmunitis is nt yet possible. After bi fo ) introd ed to South Flo ridain

Hurricane Gilbert which struck vegetation 189, was not peceived as a prolem untl

on he Yucatan peninsulaimilar to South after he hurricanesin 160 and in 965.

Florida hammocks with 3( km/h ( Invasive tomative plant spse such as

mph) winds, only 6 of the windthrown melaleca fMelaer quiigtnra may
tre and 29% of the broken tuts died have been spread by wind and water

during Huricane Andrew, but determining
th extt in meditely a te the storn was

Carr.. Normao condcian ..r



Wlnvdence of over-browsing was nol appar- major dsturance. Several nt wee lost
Storm surge, extreme rainfall, and ut and the w current water levels of less or damaged, and efects ot v population

looding ale generally the maor causes of than 0.5 m (20 inches) did ot force the will not be kown until surveys ale con-
wildlife molialiy in huricm nen. lecauase deer ono limited high groud. ducted.
the major damage of this storm was from Adult alligators seemed unaffected by A monkey as observed at te East

hig winds wildlife fared relately well. e storm, but nests and young-of-the-yea Cape dock on Cape Sable The extent and
ExLensive surveys of the pas and contacts may have been harmed. The 1992 season nature of other noaie nials in the
with ldbuiervers roughout South waslready por year foralligators pasemainuknowr. Because several
Florida reveled lirle evidence of direct before the stmn anived. In a normal year, facilities adjacent tote pars housed
storm-caused deaths. Nevertheless ecit- egg mortality is 25%. In 1992 3% died nonative arsni and were desryed by
raimnt an several species nay be low fore before the stoa. The tom destroyed the storm, onnative animals are now in

netyear ner. The only large destru- nests coaining 2% of the annual egg the parks,
ion of wildife was about 2 wading production. The fate of thse eggs, which

birds. mostly white ibis and egres near the were hatching as the storm stck s
ChickMen Key Most in Biscayne Bay Only unknown. Some may have hached, and asiwa so
one dead deer was found, in te Staisteps the hatclings survived Feshwater fish and marmnve ate
Ae between Eerglades Naional Park nd Abou %of the l wading bird (smail invertebates that can be seen with

Big Cypress National Peserve, but Iis rookeies in South Florida wee in e out a mirocope) populatorn seemed
der maniy have died from other causes, storm pat. Many interior marshes are in relatively unaffected by the storm, but
Many species seemed uharmd by the llow Sai spp. heads and therefore se historical data allow detection of only 10-
stin oA radio-marked lonrda panthers relatively unaffected, but coastal okeries fold changes in populations. Assessing
(Feis c lor) survived the storm. Radio- in mangroves were seveely altered. Eept short-ter changes of srong seasonal and
ragged black bears (irsusernrericanrrs) and for the losses already described in Biscayne aiual lea in fish populations is dilf-
snail kites (lsran b su i l) srvived Bay, resident white ibisand egret populs- cult, even with opial sampling schenes
the storm and seemed latiely nuormal, tns seemed unaffected. Virtually all es e dyna s of these aquatic populations
although some of the kites moea ro lh .est avities occupied by red-cocked- alsovary with ydp eid. In some areas,

storm-damaged ots and feeding areas. ed woodpeckers were knocked down, but ish abundanedeclined.seingly be-
rseemed to be unaffected 3 weeks e effecs on the population mill be cause of the less of periphyon cover. At

after the sorm. New leaves of hamminock known until urveys can be conduted two cntral Shark RiverSlough sies, fish
vegelation provided both food and cover. Most bald eagle (Holesets k aprs) abundance after the sterr dropped by one
All32radio-collared deersurvived, bul ness in the parks wer ouide the one of magnitudeof noral seasonal levels from
abouton-tin shifted their hosernges. 20 ish/nto 2 Wfism, and from 54 fish
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eers mnages moet of the dump ies near Archeoloiss as sessd a eprescntative

National Park Servie int eress and pe- sample of 22 of more than 510 known
p.ar d an nvir n metal assessment deo upland sites in the Ire e park S& pling
scrlbing Iheir plans that was reewed hy was stratifed by proxim[ty to he slor,
the assessment team and Evergld t,ack and site lpe i.e.. hammmock shll
Nltional Park staff If this material is Mrond I s thate prdicte model could be

burned some ilil eter te parks and. if it constructed to estimate total site distr-

i stored in or on the ground, some will bance
leach inti ground waler that will enter Disturbane to upland archeological sItes
Everglades National Parl or Bi ae s weas generally minor. Aboul 75% o the
National Park As bnming began, no one. interior ano ck contained windhrown
including e National Park Service, was trees that exposed about 5% of each site.
monitin air quality in Dade Country Siles along Ile Gulf Coast were similarly

beause the sterm desryed all monitoring affected;aboul % of the siles contained
equipment. windthrown eeshat disturbed 1% of

each sit. Storm surge deposited about 30

cm 118 . inches] o shell and sad on about
AR htoLoncl inRar tJRs ne-thrd of the smpled Gull Cast si

Marine areologLists rsereyed 14 of
thed u known shipwctc in thepark and

re ached for newly uncovered sites le

storm removed sediment form at least tw

vessels revaling new artifacts including a
cannon and a wooden cannon ck hom
an early 18th century nano-war The
degree to which hricrnes rework sedi-
ments and ommproise te stragraphic
integrily of submerged achaeolgical

malrial ls not known. This sorm revealed
that huricanes do not necessarily jumble
enhre wreckls, as ugested by sme.
Shipwrecks in Biscayne Nationl Park wer
recently looted, and losses on at least one

1733 vintage site won signitiant.



Recommendations for Immediate Action

Hinmrs tiu n The t oyed maote the Na- Seedling no tive plant must be

I. rtore en~ronm ntal monitoring ional Park Serice network in e parks surveyed to aes he exent and m gi

2. prole exposed archeolo ical material that monior the quallty of hydromiogy, tide If stormcaued spread and to deter-

on bipwrecks Miarne aer quaity, meeomlogy, and ir mine wheher new control methods must

3. onm te animals The network mut be replaed tomeasre bedveloped. Theatuol mangve

4. determine ht-trn ecological storm the potenal effec a posthrrne forests ad ram t lant populations will not

ea cleanup on ar ed wate quality and to be apparelt i a year after the stm.

5. replace boat warning sigs at protec evaluate short-term ecological ispo . The eironmenl monitorig networ

manates Hisloric shipwreeks exposed by the torm must be singthened to survive future

must be stabilized and monitored to en- storm Additional monitorg shies are

Scea nutb wmam' : hnce ste p tecn. Bckcountmy patrols needed to evaluate storm ef s on park

Sdetermine noaive and nave plant must e ncreased t above normal levels to ro es a to link eecs on upland

populaionu status detent nd remove nnative animals efets on estuine and marine systems.

2. determine wildlife popullion status before tey beme etabled h the Detecion of or fe o fish and

3 improve environmental onitorin parks. Tciqus for rm oving noaive ildlie requires itesified surveys dting

networks ani als may need to be developd and reproducton seasons to doumet natality

. lit eects o urban debris dipoal on tested, and recruitment.

Ie environment Stdie o lI" short-term eological Significnt parkstaf time i ired to

effects o uricane Adrewv must be coordinate deb dspoal r lted by

Tu tman t mlS: initiated while Ie first mi n profound other agendes to ensure protecti on of park

. survey disturbei archeological d chages are aking plce Hstoci data interests The Natioal Park ervice must

sources must be compiled and aalyed for a basis evalate emisions rmm debris bumrin

2 remove artificial reel rernm1ins ro of studies and monitoring phots sirliled model air qualit and visibiliand moni-

Biecayne National park by hurricane influene. Oppoclunities to orairqualitvisbiitLl  and meteorology to

3. restore inteity of Cape Sable comsal dtrmine spatial vriability of storm delerine th elecs o park resources.

m he effect, to eaine te oles of storm- The hurricane exposed significat

4. pmtect resources threaened by cleanup r deitus distribution and nutrent aous of ahe gical mtel

activites cycling,nd to evaluate slom effes on upland sites tt must be surveyed moni-

5. evaluate stormalered management fishery rsciten sublida hIL earea, r tored, and protected from vandalism.

praccs zone, below the nfluenceof dnot De bris of the artiicialtnee IusI b

6. determine efects of urban debris exposed during noal low tides) edi- moved inm natural reefs before it is

dispoal on park ents, and heay mealsin hardwood incorporated ino te sedimentand over

nhmmokwill be on lst grown. Is damege o the rf must
documened for develorig gidelina for
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Participants

The team was om 1 osed of salists REsucnc AssESsIITCOcmNAT Ini * Nihla Amn Solh Florida Water

from many field ranging from anheolo * Gary E. Davis, Channel Islands National Management Distrct, WA t Palm Beach.
gisis and curators ho marine biologists and Park, wVntur, Caliria (Assessment Florida

systems ecologists. They were drawn mom Ladr) * james Shrtemeyer Florida Game and

governmet agencies, unvrilie. and laurie Parke Everglades National Park Fremh Waler Fish Commission, Naples.

private conservaon rganizations and Homestead, Florida Logisics) Florida
r lctd r their ottanding kow- Cameron Shaw, U Fish and Wildlife Robert Fnnema, Flord Inrnaonl

edgeo S outh lorida ecosystems. Sme Service Crystal iver, Florda University Miam, Hoda

membersserved as consulant in srey * Benjamin McPherson, US. Geological

design and repnrt review Otherodi Mm Rmnist Survey, Tampa, Flmrida

nated field teams tthdr genral aeas of * james . i man , Glacier National Park
experte, whereas tll others cmpiled West Glacteer Mon na (Team Leader) U tMb Rso R cts

existing inormation on and cmducted * Rchard W. Curry Bicayne National * Elayd L. ape, Halakala National

observatio of reou±e coad ,itions Virtu Park, Homesed, Florida Park, Makwao, Maui, Hawaii ( am

allall of he spealsis contributed to * , Zie" an University of Virginia, Leader

ideniflying th eearch, monitring, and Charltteville, Virginia * James SnyderBig Cpress National

management actions tha will be required * Ronald Jones, Florida International eserve, Ochopee. Florida
o long-ler protection o the park re- Universi y,• am, Frida * Mke DuoerNational Adubon Socety

soturce Thmas Smith Rookery Bay National NapIs, Florida

Estuarine Research Reserve Naples. Alan K. Hendun, Florida Inemational
lorda University M iami Forida

" Alin Szman , University of MtLmi,

Miami. Florida AcIIcMou

SGeorge Smith NPS Southast Archeo

FasWra ResoucEs logical Caner. Talaassee. Florda (Team

harlcsT.RomanNS Cooperative Leader)
Parkt Sdie Unit. Univerity o hode * Larry Mu rphb NF Submrged CulIura

Island, Narragaset. Rhode Island Resources Unit, Santa Fe. New Mexico
(Team lleder) * Guy Prentice S Southeast Acheologi-

Joe] Trler, Florida Inlernational Unirer cal Cenle. Tallahassee, Florida

sity, Miami, Flord o * John Cmelison, NFS Southeast Archen-

SMark flow, N WatermResorcs ivi logicalCenterTallahass Florida

ston, dnver, Colorado
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Upland Reaauava '

Theuplandrewurca rtamlaueetl on For 11,11 repmk th, upland mourn.

uou. 1Mbllow..g. mnxbv tlmajor ral damage

anopyt,,, to be lha which would
1. am,,,m61M1e e1ta6 of HUencare Ilkely mul l m lmtg-krm dfimm an )1,e

Aldie, w upUM vegeulbn types'. unity and Ne hoes Nemselves. This
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Wildlife and Other Species of Concern

the upland and frcshwater n~surce

leans conducted wi~idlif assestsmnts The
I,,s mrad and recorvd general observa-

tionsof habital stats dur ing the pothu i

cne assessnwnt. i1y alo cond c M ed

mor qumntittive assessments (e.g., stu
v!yS of wading bids. alligalor nests, and

deer, and telemery tracking of panthers,

der. and kars.

±~J 4



Freshweaer Re vnm

s addxoo w the ldiff, mma I ota the Moqtry wmen huglu

IMf oh"th, wurce tumalw (uuatl Cvmgladaa l'mhefim lul(3734W3 F5).
on dw he,..me dfi, a ffod to by ml. aewre menaw when mxianing the

ogy, a mom water qu.xN. W'tslo HMb of xurttrane Ands,,, m de (me.

donhl fl,,, antl fiel, antl matmi...li my of Betgods, dg Cypmn,

beau cowe"Mit, responses. weirs antl atly¢n u. Put of go EVeglaaee

general eppost, ,ludetl qumbuti a Nuhienl ThmMla Resrrth pW will

set, mnerTm anaanalra with nmff P, iLe lee essmrth lot I, seeded w
usebmmmealW quamaMeaeez aunx 6, rte vasol the EVelgMamm

uol fmhwacr mwma ma obiul tmpt,,,d to aelesi mxi

mntliXOn". The qua.igi opa6af the melevrLnl nulnems hh t"I ,t ux

emb4d Cw team m inmprtl tmltginlimblarm.M eryenmmul

the humeme ellttu with ,mlrinl apptwte wW COmbir, field moninM&

The I'mawuitlemi lh, ppmd, to so hldpenmbatonafnutrienldosingald-

sefeehllyimpouan4andBey l¢wM inlnm] lAmabry eapmmen6
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ai and menu Mgv wdispmpoeM I III, M1Unrtongne 
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Big<yprvs RemmmeMalom fm lmmv, nlfmporenxaliWmehomHmd -

diate. Ymnnnm (W team), and lw.gm utte Mtltew.

atchma mmtiroansexnn" are
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TM1e Wealleletfmt he planantl aaNmare

the tnearth aM mwhomg pmya,, in
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Marine Resources

The marine resource team assed nitrate, phosphate), total nitrogen total erosion by eaning the surviving tree-

waler quality, sediment erosion and deposi- phosphorus dissolved organic on, root systems, measuring the seaward

lion, sea grass beds, hard-bottom mnmnu- chlorophyll A. alkaline pophatase ati- tent f penetrating msE, and eording
ilies, oral rees, mangove forests, and il dissolved oxygen, and turbidity the amount of oded treesto landward.

frsh ad wild i populations. e team analyzed storm rumoff and Th a measured elevations of flood

em du 0M renta l u ity Wiulolllnliiirliohnpllemennkrll o ttal the~pl;IThle team conducted general surveys by pollution potentian from the southern 1tad levels on 'he west coast, from the poet-

overlights and by bee t c mp dity County landFill and coastal canals and storm high-water wrackline 30- (1-2
after he hursicane. to delrfnne maximum doaumentad polluten and nutrien-loading eetl above mean water level Whether this
turbidity area, and to re Ieve data from impacts to n iify potential problem areas level persied landard from the shore

the orida Bay monitring staion. They They also obtainedlrm information data brm determined wther thiswasa Ime
also sampled selected water quality and fm the olu er monitoring sources (eg. flooding levl or just a br inundation

rhetmistry sta ions e ng befo ur- Florida Instituteo Oceanograpy CNET level. They alto surveyed su r viingmi ut

caeAndrew in cayn e b Florida Bay program. the Florida es er & light, and houses in wildemss clampsites fo

and along the west oams fa the Florida the National aceanic and Atmospheri waterline n tha records flood levels
etnisula. Administration). Ihe am determined the thickness of

The Dade County partment of Envi- The eam mapped scoed and deposi beach. swamp, and and storm layer by
ronmental Resources Management (DERM tinal a della changes and new chan- reaching with a shvel. The ayer was

oprates a number of water quality mon- nel Formations and identified areas f shore sampled by psIing 7.62-m (3-inch)

taring stations in iscayne Bay. Afer the erosion and deposiion. iaeter aluminum or tubing into he

storm. DRM personnel collected an Many of te observatins were visual sediment uence capping and nremoving
evaluated data from the statiuts. Ever- cmparisons wilh personally k nown (and it and capping t-bottom. SalToe subid-

glades NationalPark, a long with he photographed) preeisting conditions. a layer were sampled in a similar manner.

Florida Intemnatinal University and the , They sampled established edim-ntoring Sediment samples iron t deeper sbtidal

South Florida t Water Management Dstrict stations, m Caesar Creek to Paci Light layers e(bays sad aels) we attached to

maintains 2 stations in Florida Bay and and in scayne By, and evaluated su a longer tube having a one-way valve.

stations on the southwest coast, From Coo pended sediment-ading in nearshore From the bar the core assebly was

Bay o testmnas River e tations we areas inserted vertically, oved, and the

sampled as part of the resmource assesment. The team enablied immediate refer, bottom capped before he op-valve seal
Farameters Ihat were measured included nce marks at selected ocations for sedi- was broken. The core was then taped to

salinityi temperature, lidestage dissolved merit aomulation and ovemen. They prent wsater-sediment leakage, labeled.
inorganic nutr ients (anamonium, nitite, deermined changes in beach position, and transpoted in an upight position to

thikness of storm layers, and amount of the laboratory. The samplew s then drain-

landward enemachm nt of inundation ed of water, the aluminum tube was slit

sand lobes. Thy also determined shore open, and the oe sample was split in hal.
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Archeology

The archelogy team selscled thiwe s ti location within the park C able 3; Fig. 4. Lugano and rick shvpwreck; and tihe

nominated to the National RegisNr of 1ey recorded moved and damaged truc- north zone Triu mph to Fowey Light)

Hitoric Flaces or seem o be eligible for tres nd arl acts, damagled corals, nate ral included Fae, Secaty allve and Bell
indllsion Sites that contained heuml t. human impact, sand wave heigh.t and shipWek.

burials were alsincluded. The lated widths, and sedimet accumulation or A vis.i uneY by tow sled was e-

sites wer teached by helicopter or beat. crton qulired to locate mny of the site. Use eam

Site type, environmental seaing and ' e team s laced the following ites t o conducted survey forl nlwly epocd sita~

distance and direction f m he hurcane reprsnt specific environmeal variables: in areas of known lites only while search-

cenerline were usied in selecting ter estrial shallow, offshore expoed aftop s~it ing for know.n sie. lecaus the pltential

sites. The amnelectd Arpresentatlv aie lpacdflc Ree l AlMcia, Mandalay, and Lugaln was not high for tew s terbeing exposed
in Ihe Shark River Slough archeological o); deep, offshor eposed site (BIll Wreck); the team did not conduct a cormp nsi v

district (Everglades), the Ten Thousand open, reel-ptected nidrange 9.1 m i3 O vi s urvey for new sites.

Islands archolo~ical district (Everglades). (ctl depth notihern site( Fowery); open,

the southestern portion of Big Cypress reef protected mdrange 9. m (n 30f t)

adjoining the Sh rk River Slough area, and depth southem site (Populol; inshore,

the island sits at Biscype Table I -3; Fig. shallow, hLile grao bed pnot ted

). (lubbardT inshore, shallow, turtle grass

Th learn survyd si in the Shark bed channel exposed site (Safety Vklve)

River Slough arlotgical district, 20site southern, proetd, shallow (less than 6.

in ihe Tn Thousand Islands arche logical m 20 E1t)ll dlpth patch-ref siles Captai,
district 3 terrestria and 7 submerged sil 's Iturl e grass) and Black (aposed rea0;

in Biscayne and 3 sites in Blg Cypress. The and deep, open, sandy bottom, southern

eam lew over ther eral othesit. si5 (Pillar Dollar Wrck)

They colleced the following information i es were ora ti ed in relation to the

at the surveyed terrestral sites: sie ize, storm path in the south, cen ai, and north

number ol fallen trees, sia o fallen re, os i'g. : h south zone (below

specis of he fallen t re, soil type, artifacts Pacifi Ree1 included i lar Dollar Caplain

expced, human bulials expoed. and Ed's shipwreck, and Black and 'opu o; the

amount of sl alr e erosion. eral one (Paific o Triumph ricef

The tam selected submerged sites in included Padic Re , Morgan shipwrelck

Biscayne to reflec various oan depths I ubbrd-Ledbuy Alica. Mandalay,

and e posre in elation to the olhode

rate, sir ypeand ag, previous level of

data recorded rexent of exposure, and

nnA'sc i
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Upland Resoutes

G A O e s An O vr w similar paern of dereasng daomage from canopy will again develop on es sit
Humcane Andrewdrastically acted a the hurricane ye to i marir The dam. The opeinmg ofhe pinand canp

band of vegeuation about 50-km wide. The age to cypess was less severe tIan for the hmugh loss of enie trees, will allow
easwels path was frm Elliott and Sands hardwood communities even in the center seedling and sapling pines to gradually
keys in Bisayne across the ng ine Key of the hurricane. Pine stands in the huri . r mec 6it into the overstoym in the tcoming
and Shark River Slough areas of ie Ever- cane path lost 5-40% of he trees apped deades.

glades, to the Ten Thousand islands area of rnks or upooed). Tres not downed

e Everglades (g. 5). The northsouth geneally sustaied only minor damage.

boundary was rom the porion of g The erm "dond is used to refer to trees
Cypnrss south of the TanmiuTrail to Cape that were ether uproed or snapped along
Sabi the Everglades. ignificant effets the main stem.

wn deteciable nor of the Tamii Trail Trees in the mner of he stor lost all

le.. leliug of oed-colkaded woodpeckr their leaves, but the loss deceased to a
resting trees). Ue northern edge of Cape genera l tlning near the marg.s of the

Suble approximted use uthern boundary momafected area. The hardwood forests
of the afected area were mot affected, both in ers of branch

Damage o woody vegetation ws most loss and de .Cypress retaed

severe near the hurane eye, whare winds much of their foliage, although many of thie

were stongest. The severity of the damge leaves wo killed. Pines undoubtedly lost
deaed with the dista from he eye some needles, but sll had much live

ess of woody bomass was most severe in foliage afr the storm. Leaves quicly
hadwood comn unitis in the ye of the rsproued in weeks after the storm
storm. In rse sites irtually ever tree of particularly in the tropical hardwood

the o ranopy o b opywasdamaged. foe Hardwood orest anpies along

Many weeuproted or ad their main Ie margins of the storm path m likely be E :". .
stms broke; otelost numero larger near nrmal by the end of he 13 gow
branches. Many smaller trees and shrubs g sasn, a wll cpress frests thugh- .
were buried under the allen canopy of out the area. Hardwood fe in the

larger t s. Away from the center of the centehowever, will likel requre a decade
hurrcan, these sansekinds of damage or more to develop a canopy covercompa- rwre . Fedry dmd rear mbie
were foundalthough ewertrees were eb to what me orHurricane _g. rerer.*rnduestaa on)
IfEcted atany patiular sit and ses wi ilwi Andrew. Thissow recovery isbcaeof t rd Smb x99ZEt awd.

any damage hcame less connn. IMt the etenive los o slms and branches m.v tr C rypres Nma Pser..
yprss and pinecommunities e hiteda that will have to be replaced beforeaclosed ad



PnErams rouins Tie sature pines '0 year. The hurrce did naote fehe pirela
The Lang Fun Key ar.,, the largst ld.15y20 in 49- ft) tall. ad 20-30cm uidertory Th pines apparently brok, m

upland aof Egits (abu7,5(0 ha (9.h sin m etak m only raely forceof th wid, ad virtually nd .A
[185110 aes is rea i me lramosicof klliedby prescribed lrea. o r tn hla hu and Iub,

pi.neandand "Popal hard"Wd aegetahun ud hasrdcychgd in the undersory aOn hardwoos in te

on a ouh limeon (Miam oolilesub- thestrutreof Long nee Key pin he understoryles than abot 3 m (9.8 ft

tA with abundantrvicessoluion by windhrowin g a bout 33%of the macur hll1, leaf damage. miner tem brakage,
ml nd litlesil development.South pine 7.cm [7 inche| ormoredbb and some bark dMageaz arth0 mar

F 'lid , A las ine (P ors i vrn s e) [,A wl diam eer at brea t Meight| Evegladf ha het em ob rved. Aton< h i tN nm A 9 )rrOIh f ( a
fram an openil canapy.h witlhr192 muchrihtp Natana Par 1992). Lage diamete (and thepotio o 4m (3 e) Lsdm

rehing tp i er he Fors l understory is prbably 1ailer) oree emelily to m(98 fe) wee she.d by the
divre. oped o faboul t ody howe been wind-B.thrw. Lae on data wind. m

pec, prmariy of Wet Indin. o.rgin. ga mle by the EvergindesNational Park Th pineansonligCyre moI
and ov 120 frb (aned rminoids dIln Forn Management Prbram the pre-An- affded bH

givenin 01mnNet. 193Snydertet t raw pin foa taniled about 127 large noth of the Loop Road in, hetrst

1WO, inlding about 20 a endemi to rees/acre. Of these pins, abut-IO/re unit.Thid'An knowcas the I mnstm
South lorid.. were downd by Hrrican. Andrw-vs. 1 Pines. ontainsveral iland that bad u ot

obern (1953 deibrd the fre orpin.ere wndthrownby HrFne.. beon loed, and some red-cockaded

adapionsand fie dependeneIf the Dona, .cri loCraighd and Gilbrt woodpeckr clons. The largest t

pineland vegeatioy He p led out (196). Tihe pines snapped at height, of 1-6 suffd the greaent dam.age. Many had
hat the p nr ne of a nbar of light m (30 20 e) he mean seems Ano have been boe - feet)nb abv
equiring endemc spei ests long at abt 3 m (.8 yee In the Long Pine ground Ievn and I smaler number a

11lor firein the area. gely bastd o Key area, about 2-3 timen nany pines wind-thrown with he rot lfted OmcufsIM
Robertsonswr talhrk snaa wl Path hpprd na were u o The downed gmund. Mny of the lUrge aid-g ra
Senri hs i nensively man aged the pines will crea4openingin ihec nopy remne sanditgbution mafl t or-

pinld fr almo t 30yausingpe and allow pi o ne uplng to rcrit into the theirneeeberngbrandles. Most I
mbd ficearinel d&2 year (Eve- ovrltoby Seedlngs and saplings will grow hsewil diE. eomhree 5Ua5
glades NAtI Park 1991), Th', fre regime moe rapidly wit more light and nti- m (16 x 1 ee plo indile that fa
maiInr a diverse undemrstcry, pvetn n.rs will be les hot fo a perLd tr mo than 10 Am (319 inch,,) dbh,
shadingoul onof the numerusherbaceu bec eannual needle acumulaion will wemLtvely undamgd, 24suff

spci. Almot as , botHuh hea- be le . the gaps of thecanop, thus major brankos,,s, 2%were up ro

cound wood y, normn ally u.. frr w by allowing wany young eo survive. and 18 had brkenboles. Ifoly IN
gre rhan25 im{99n dbh a
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Oncional trees were t row n orsnapp utonwod (Corrcarpre ras.. on I under wy 3weesalr hthe storm. Plans

d by the wind or last major branches, but east coastf Elll key, was heaily ht- less Than 4 i m (13 rshowed little sign
the majorty o f the trees suffered only ed by the sto with eaes and of any wLnd daage, and mos were

minor damage. Many smaller rs in the small-t medium branche remwed. A w apr ently not defoited. Several of he
tmdr tory f the hammocks were appar were upoul Leaves And tems we-re falen tres and large brnches hit he

ely un a fected by the storm, and imny resprouting bu I the regrow I was modes boardwalk. Travrsng the boardwlk was
retained kaes. Most of the plan al had at the time of the survy nd easy to miss still possible, bte signiant damage

man new leaves, and svea species wer until the plants were eamined closel. eisted at everal points and broken veg-

11owering. A rioiean rhyiJca plant even LiUter was emoved ithin llo-20l0 in eta tin was reting on thkS board all etrai
had immiure frit iro flowers formed (32&6%6 fed of tIe shore in ares I thy a SpeciI care will he needed in boardw ak
before the Aehurrican high storm srge Aheavy deosi oF litter rhabiation to avoid removing a

The effesion the hammck foresi of and driso mared inland ii nf deea the storm's effect

Elliott Key at Biscayne rse dramaticr the slorm surge. Siorm surge affected both Theeffeas wete a spoecacular ia th
Large .rmes were extnsively damaeged-2- sTdes of Ellt Key hbut semoted to hase Long inc Key hammaocks as awshere in

30%downied and large branches sheared been sirnger on the side of the island nattural ega inn ensouth Florida. W

it nearly 10%of the rmemaiing Stands of ing he mainland. Afew inches soi estimate hat 2-30'.oftrees 4 n diam-

shoriesrlurmller trees parteularl the forest were apparntl waed rom the au tr) w blown down (osi ly uprooted ,

thathas grown up along leSpie High- coat byle slorm surge n the vy in ityoI but vrtually (0 .of thoh stiln standing
wy) urvived with much lesdamage. he 0re ay, buyt the emainn evidntly lost major branches. Canopy cover was

Occasional amaso fa Ie e ell sn n s in did not kill an ecostal tres. redced from nearly 101% to abnt3t {as
this forest, but many of the plants apa- In Everglades National lark, Mahogany meesu red 3-4 weeks alter the storn , and

ulyi lost only minor branles. Doing an hammockws less damaged by urrane gaps in the canpy n the ardr o 0- m

aernal survey September we o- . Andre in 1992 than by Donna in 1960 3-66 feet widearecenme. hebu n -

served that tres ong the Spite igha based on he account and photosof Craig- danceof len res and large limbs on he
wer sprouting luaves mor rapidly tin teae and Gilber 962). Mi ahgany ham- grmand made movemen t hrogh the
tres in the more mature fests an either mok was also less ffected y And mocks etremely diffic ult

side. Few presto laves were seen on than wea ta ng FPine Key hammocks 16 [lm ack Irsareshorterin stature-as
any trees in the forest, so defoliaon must m l1 miles n the northeas. Many large tall as 14-16 m -12.5 eet) for wid taa-
have been virtually utotalbt eoer is bra hes of mahogany were broken offby rind (ibo,,a FatihqsI, live oak u (rcs

proceeding rapidly Gumbolimbo filursra the wtnd but w treesn weir wind-ew tirlin ia i wilw bue ticmlirn saliloi-

sinarlde) end Lasila i particl r, were (out 1%of all trees >.2 (4ir dim- a), gumbo limb (rsem irnnarad-than

resprouting leaves aster th, an most wrother eter)l and most trees kng up the canopy pineas tall as20 im [66 e more

species. still reminled the mjot of thir prelurri- s eptible towinddamage Taller. arger
cane crown. kesprotiingol leave.wasell di ameter eesloaevea mdmoe

paurennwrres 11
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winds. few tom wre wvind-lomwn, snapped, bm crown removed l(0 .7); only Hilsenbeck (197) ampled vegetation
although he po oles of the older rands larget br anches remaining (41.3%); most plots in old-growt himo forests of
weredam aged and the newly emerging large branches remaiing (31.%) and nle solhern Talen Key in Bscayn ad on
leaves e frayed The eaves looked twig and small branches removed (.3%). northern e Largo. W. oberisons per
green and healthy 3 weeks after the storam A tr 2 years 12.3% If Ih 1,447 mees ini sonal co municaton) old the upland
In sonie intance, suffient mwehanicrl the plots had died. including 16% of those resource eain that the seoth Totten Key

damage may have been done to te stm urled and 29% of these wi h snapped hamrork is the best eample of bd-

apex that the plants will di. Damage to the trunks. The alhrsuggest that low rates grow hamnock fet in the Floida
Ieaf bases II possibly attract the pinmetto of rue mortality indale tilI forestmmmpo Keys much better tlh in Lignum Vitae Key r
weevi (R rclhphroe cres, which siion may change lile as a reault of ihe for example. This fact a particularly no-

attak stessed and dying palms m uch like hrriiane Frangi and Lugm (1991), Walker table for large diAmetr Is in general and
bark betien a tackdying pine e The (1991, ih e al. (1991), and uever and for its many large lndividuals of lignum

wvil lare kill thepalms by bu rt, Collom (1992) reportd similar fi nding vi e (Cr airmrlr s, mrlIerlr. Zyguphvlac ee),
through the apical ristem. (little expeced change in speies compos- which have been rpaedly rolled by

Whighm et al. (1991 reported the tion) Whigham et at. 1991 stated that hurricanes but resprouled. The Key largo
effecl oa hurricne n a dry tropical forest mos sp s at ursi e reproted within hamm s were suth of the maor area of
i the northeast catan Peninsula at one month, and the canopies of mot ees hurricane efcts, but Itn Key was
rer!mbles hal emrksof Soth Florida. had resred dramatically within one af lced. The tean was not able to vthe
Common species include gumbo limb year southern T n Key ha ock during the
(Sircs sime. rA pigeonplum (Crcll o According to Whigham et al. 11991), assesment period because access was
deai omolaDrypee irerflmn, Spidue fires follow ng Ie hurricane affected tee moe difficult after w lurricane Andrew but

wmrpneerica. and Myria s lri frgrans..1-lurst- mortalily in forests of the northest Yua- this are should be checked foreffects of

caneGilbert had windsof3 kth (187.5 tan more than the hurican iself. The lte hurricane. Rsaplng ilsnbeck's
mphl. Effecs were roughly simlar to those mean annual precipilation of the northeast plots would [epelally at]u able.

Biscyn , aer ur rican A d All r te i n l ees 1 0 m (63 inches)at Ho i the sr eye and a probably little
were damagd and defoliated by Hurricane lar, CCraigead and Gilbert (1962) eported long-term signife. Loss of najr limbs.

Gilbert. sid most had olly y heir largest hat severe fires followed the 1935 hu broken trunks, and prootin g are going to
branches lemaining. Data for Cilhrt wes cane in South florida wil losses parli- produce long-term h ! gs because many
bawd on a sample of 1447 e in plts larly svere to mahoanies between seasons growh may be nKary t o son-
with percimnta as follows: tee d prooled Crcodil Poin t and Flamingo. stct the lost canpyand close the gaps in

(4%); un s snapped (12.4%; trunk not the canopy D ing that period the mdcro-
climateathe hammockswill ediffeReni

uisede. ou



from pehurica e onm ions. Hammock ayhead wamp foresr esemnble ay- Me hurricne eNf -. North of the Tam*am*

soils will dry out aster from ineased heads in most characteristcs eep the Trail was myrtle were commonly downed.

radiation and decreased relaie humidiy anopy is en w a lurant undertory wheas e number of individual plants of

i neitshammAo Aspointed oupevi- (with sau gras, buttonbsh cattail, etc.) Other pecis affected waszml. Dahoon

ously fire managerm at Everglades will They lYpically esist in Shark Sloutgh as the holly seaned to be leas stuscepible to wi.

continue to ue ham k soil moistune as downsteamr porton of tree islands iant damae thn most bayhead speciesn prm-

an index of whether or not burng in have a bopial hardwood hamm'ock on a sumably, because of the narrow aown.

pinelands is safe BigCypresenti will bdrock platform at the upeb trmend. Surprisingl, willowseemd to be the least

take a similar appoach. The greatest fire Huzr ane Andrew had song, indl susceptible to major wind damage. Most

haard of all may be on the islands at ate eec o the stnrdre of bayhead wele left erct and suffered little more than

lcar~ e, where drir ondiions prevail vegetation, but e were quite va~rble. defoliation. This lack of damage was

and an ignit couldcause a conlagRaIon. Few Iree bals were broken by ie wind, pticlarly strikingn I he beybead swamp
although large branmche were often tfores downstream of Panther Mound

anapped. Windthrom were ommon, but Wax myrle and willow ale esentially the

BAnmmars.lD B ativno SWAM FOonsrs scattered in occ rrence (exept for was only woody species in this ommunity The

Mature byeads a e closedcany lnyrtle. Many bayhead e were left wax myrtle re all wd-thrown, but he

ores on peat substrale consisrng of a e tndng een n Shark Slough Less daa willows were all ect SmiIarly willows in

species adapted prolonged ooding age occuNed to he woody cenpy sruc the Taylor Slough region of Everglades

(ground surface inundated 26 nonths/ um in basheads tan adoining hmmok med to hve suffered only minor dam-

year) Maimumn canopy height is -om a Panther Mound and oher Shark Slough age.

(6-32. fe8al) Rad bay (Pea iber, ina haaino lbayhead compleese. At the same

sweet p ay (M rolin , rgiianfl. dahoon toir locl areas of major damage occurwed

holly (Jic cassne), red m aple (Ar r rurind, bayhead comuni both north and Ba Uci ess FOusi

willowm alcarlinm). waxmyrtle of the Tamiami Trail in ig Cypress In general cypress xoim distihrnm)

(Mri cern r). and cocoplu (Ch~ar-. One such fl al event was seen in a red showed modest effect over ie area of the

WIns iraca) dominate these stands ndap- mape grove on le margin of Dr ger storm influence. Some catterd and loal

plt (Amroa glar) ofen gus aI the foret Hammk. Approimaely 40 trees were tiles o ained numerous tes that ul-

margin. Tne caopyo a mature boyhld is wind-t ros.u a smnall ra wheres a far feredmmajor danmag Even in he most

often so dea i lat the shaded undertory geater numbr of trees nearby remained affected areas, cyps relaied many of its

is composed only of scattered individuals erect, leaves, alLhough most of these were dead.

of swerp (em f(fhmurn serr"Idatjr) and lStrikig differenceswerenoted in the In s affected aeas, only sme thini ng

leahere m (Ao sichall r dapanroli d. responses of indvi&al bayhead species to o the leaves occo ed; these leaves had

Hurricane Andrew. Mot wax myrtl were begun to slow their al colors before the

vind-thrown fr away fom th cenler of hurtricae. Spteber is well past the



gwnd So torAM vpI bean t r-wheretrom dtn It loked as il granind. N harm Abo

the tr were r in R ov a c- e) ¢wmmok i d Im IiRin (hmmo3 gao had th4 3.2

Mn point. f6r nrth of the path of the blown down le ain g a urounding partil w re t o. 1b

hrriane. Becase the vat majority of the or cr~l ii iopt~rhmtrrihloplete in of tevpeaehm hids

tre retind mnen ,mall branc hes re- mocksy hyabld nl i vrclw

sproulingp Mleas sould be normal during nio the 199 IngrAhm for. e hammrk A nuImbw d.ms

the coming rwing ason. I the viciny have A lre cmpone of cay palmy anrthr d..hoe earn of mm mad

of the rrIcane eye,F 1-2 of the cyprss wit recen re scaawell a bracken About I. I ) theP.

ulfrd ma dam an (i. bro, tfem fern and cumac. A few' hammock did hvru rmad junction.all up

or uprouting AMng away rm the cye. :orno burricane-clamaget, Mndiarlaie rI ty-pnss w iF i at e A,

majr damae became lss frquent ad totalA A moorrm.and hm of the com- orgattlreao II la til rpuum

a . nfined prmarly to rcakieve indib mntry prest bWhoe the toe root.

widusl it ar held fAov r dwlary- Aumbrfhe dwarf cypr ites mo to be open beforethehumaanml

prro and larger tirmin Pemardr i hr dr. more dense mh ninIi Roc Reef and hyk is hed (in
dow.- and strands. Dmag t ,o yp a rad u tn w ee lo obvi y d ged nIn the dent

wm lss frequen andl damage paurns be,, earlie flre. Manysesill had subtrate Mo edAlAtL
rlatetre se and prmty to the landi dead stems, but 12 m (3.3-6.6 for t be dcyth A, aul I no 11 fomem liII

hurrcne eye were les cdar than forsome. f(m) OL health, repmuts wen* oAsid up, and no m brokamong m

o the ohero mmunites. DueverA e l wh most of theae. With Ibhe excePtio ofa downed .. a LTr o apair

(19), howeverea n ll o q an If few. broken m s ad uprooted pltrd, te iuofioos

dIe lgrwth (3(1[1+~r i miye rs cyprsslm alr aority ofim thO rp e dad vpesrltu er ot ns

Corkmcrw Swamp inhest Florida deiniely not A reult olhurice damae. In ail a
howe obvious eorioswf ibup seprtinsr bot hm n i l brokeeprs aee ae yng

their stemo t lea melo b.Mrans most r at bh (i cypresdome ohe Alr the tear 0I to, upanned

ikely s aresul It of past huriaes Staff at therlnd junen t Fala l oand Pa-hay- wr dear ... gm .ga ro,

Correw II ShSam adctryeshmatd k They wred osty largr ores enr

thal Hurricnn nna in 19611ued maler tho opncenter of the doo. AIw broken

damage i about 30% of thelareypres r ofmarypres were meen cloer Fonsr Ertn .......

. T his infrmation uggensthat rger to theutsnde edge of the dome.A nuear Fklo
trees ~r ore ulnerable om rage. of both the smalleradlagerdmage Some"' inmay b

On 1Se tember 1992 Du visido emedto be In a l1ne, suggesting that made boero, thiv(ben of

numberef sAle, aIM% it, halogd asngle gus of windould have clone most Andrew 01%Mh Florida lml mment

thevcini ty ofl a-byoke 0l te m kAthda The stemswer broken ties and the e ih of Hu Huge

hurricaneefonys. At l ypm Atsix small a11u2-4 m (b.6-13. ieh) A the An old-groe' M ficL III of

L's al RI nwe



Carlina. The flodplain forest amut 65 severe damage. is taking longer to appear ig(3% Atotal of 4 of the l233 bees
km 40 minles) from the coast. was in the hn spruce pine. Wheaes species differ- i te Sampled plots did not exhibit maor

eye ofHuHuraeHugo. Three major cor ces the pines presnta the r woea damage. Whereas main sl eaks we

munily ls were in the flooplain foe. maybea significant facti th different the most fequent type of majordamage,
These omunris iluded a cpis. degrees of effects that were observed in the moetality was twice as high for upooted

upelo swamp forest on he deees sites, two area a addiional factorcould be size trees(0% of uproed trees).

an inmtermediae elevation bottomlan differences in the two popuatios any o Motality for all trees living before
hardwood e, and a ridge botto the Soul Carolina tees wer well over Huicane Hugo was l3% during the

comnununity that occupied low ridges in the (1.6 feet) in diete and me than 30 hurricane 3% additional at he end of the
fladplain abnt 15 m (4. feet) higher min (9B.4 leet) tall, as compared to s then fist gming sson, and % additnal at

than the cypes-tupelo sites 03 (98 feet) dbh and 15-20 n (4966 feet) the end of the semnd gromng season.
Tre on ridge bottom sites wee severely tal in South Floida. Because the dege of Moality contined during the bird

affected and many died. The degree of damage generally seems be diely gowing season. althogi te data are not

major damlage on ridge bottom sit, relI0d o size, lhe smaller tsee in South all available a t time. Thlatus delayed
essentially high islands within a large Florida would have been expected to be moiality is a significant aspeci of total

weland-was similar t e effeis on relalvely le vuneable to h ,urrican hricane damage, eve for sann tees that

hammocbinSoui o thFlorida. The faci that Inds, did not seem to be significantly damaged
the South Florda hamos an domi- Cypress in Soth Fridaosuffered immdiatly followmg tie storim. Of all the

naled by tropical. relatively small, second- anless damage rom Huricane Andrew than trees dying in a particular year, morality of

growth seies, however suggests that in South Caroline ro Hurricane Huo. A upooed es has declined in the 2 years
moriality willbe aignificntly lower heae total of 46% of the cypress a led in Sinc the huricane(from about 50% o less

than inSoutlh Carolina. South Carolina sustained major damage, than ) whreas broken stem Ie

The most dramaic difference , the wheas in South Florida major damage mortality has remained steady (about 50).
effaecs between Ihe two storms was the was restricted to less than 5% of the trees and mortality of ees with major branch

high levels o damage and mortality of the Again the smallersize of cress in South losshasinreasdover ime fromabout

pine in South Carolina and te ela ly Florida could have significanily influenced 0% about 2 ). Few (9%) of bent
low level ofdamag in SouFlorida. ly this difference, stemtreeshave died during the first 2

tieuend of the second growing season Doueerand McCollom (1992) assessed years after the hurricane.
mortalitywas high (91%) for spruce pin damage primarily on the basis fsucural Efeisf Hurricane Hugo wte quite

(Pitns ghdabira n 43). Lobiolly pine (Pinus effects on veglation of the canopy Dam- variable depending on a species in-

arde;an7) had only 57% ortalitya this age categories and te perentage of trees voed. Waterash raxins amiirsm)
tism, but at least two of the remaining over cm (5.9 indies) bh in each) in- exhibited relaively tile damage (33%) and

hese individuals did during ie thrd cluded major branch los (13%), bent sems low mortality (7%). Blackgum (Nysa

growing season. Lobloiy pine, showing (3% main stem break (30%).and uproot- sytiml and tupelo gImNys aqutic)

Jo fl..~iar caft
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sureey of his harmmck; led ifflcul ly of lions. This expansion . e suggest that Royal palms are con idored ra re in
travel through the hamm ok prevented a those speies prefer adenser shade and Florida (fC. Craighena S., and D B. Ward;

detailed carhc E,.I ferns with similr that their populations would be severely pages l -156 i, Ward 1979) Wil d popul-

habiuat ir quimen ,1 Adi1i nn na1 raihmn hurb the thinning hamm k aopie ons ae known n seer h lammcks inr
and Tcaa as or, wern seen Osteen. A Four rsecie of palms condered n Everglades. although the lagest wild
small proportion of individuals in both common or rare exist in the national park populaion the state a ond in the

species wassmburred, but all others system aras effected by hurricane An- akahatcheeSrand (nor h the area of

seemed healthy Adunrn efanencrrnr dr Thesespeciesare silverthich Pal major hurine damage tased on an
and baneriuh is krrna rn probably ur- raolrrirrar agtam), buccaner pnt aeril sur man of he ral palms in
vivce, t given the srm all p peulaoans. dsh er ar myal palm (m Ry- Royal I Im1 rmoclk 'Erglade) sur-
hese specie possibly were badly dam- stan eel l), and Florida thatch p Am ved a thsugh the crowns of the trees

aged Further attempts should be made to (irinax radate. Al of these speciesexcept wee hdly damaged O the basi
lhate these plants. he buccaneer palm have substantial wild ground surveey along the Old Ingralu

Terrestrial a didso r special imerest in poplahir s ou tide the area nE major igi aay. appro ri ati ely 2 i f the er-
the hurricne-affected area are Cng i ricane damage. In general, palms gent royal palms were blown down An-

rr rr, Ga asadra ericif h E iIs survived the hurricane with less apparent other 5 t their crown shafts usually

ercr lls arn Sirn js coStarice;s s and S. damae tha. y nother group f plants, killing the tree but remained standing
crgrnicnidrs. These orlb dcan onlybe and these he co on species d not a Surviving yal palms re also observed

s udied fsor a bhef p d durng the year r substantially worse than the sr on during an aert ial survey in a hama ck
because ie plants ale lotally underground pniis (stls ). i mar pu- ohnson Mound) near the ntatl of T

ecept r a month or a o around the lation of Cecc^llyr na, in the path of he man Rivet The da mage to crowns is

blooming ason. The damage will have storm, is ound in the shrb layer of the dramatic but does nost e worse

ie assessed during he flowering season for ng ine Key nds A w lt than the damage to crown caued b
earh spee The plant would have were een durng the hammock surveys in f in the h population (A
suffered little diec damage during the this region, and asexpeed, they showed -lerdon persona oservatis The

storm.Tiheffset otihe thinned canopies littledamage.Thrira-wasntencountered standing palmsaeex pectedtum ver
on future population dynamics is un- during he survey o Biscayne, although it fully, but a monitoring program would e

known. Cerigtrn and Spiratrthes restart- accurs on Elliott Key (Ward; pages 114-115 ad visable
bess had undergone rapi d range Ward 99. A search for know localities

expansion in the past decade (C. Mc- is needed to assess the damage to this

Carne} and A- HernIdon, personal obser- species.iT

Up aideparw Gn ff ~w snr- .len IO eia 115 v~b



Buccaneer palm is considered ean the role of disturbance in the life history of makes it likely that the species survived

gArd in Florida (C. Craigead Sr. and these pams. A attempt should also be intact. lss o all branches isquitecom-

DlB. Atd Pages 55 i Ward 97), made to survey he wild popation as mon or ti plan and has no notabn

althogh dais palm is not nconion in the soon as pssible, impact on survival. Also, inti most sits, this
Carilhesan and in Mexico. A population of Tropical hadwoods of inerest in the species seems to be light-limiled so the

I wild individuals was known on Elliott affected asarre Conorim srsens, opeing of the canopy may actally pro-

Key (dscayne)a before Huricane Andreaw E mis umwillasren,. G ac sarneln, vide a more favorable habitat
The am did not visit thisxpapulatlon Hypte rfirlit. fle kSims, and jaquiri-

during the surveyo Biscayne on 19 Se p ekeyels. Gunbaiii"mhm C Ht yprlte

lmbr 992because of imel ioistions, rtfla, andf Icqriea esis also have Vascular epiphyl ar overwhelmingly

but, with a iscayne guide. we wee shown substanal populations outide the affeed topical in disibution. and several species

two groupsof seedlings planted on Elliott areas. Cori, Fupai,. Hypae lie, reaing their northern limits in South

Key 2years ago by Ih curmor of endnn- and acin are subs or small trses in lorida are uncomm on or rare (able 5). As

gered plans at airchild Tropical arden. Ihe shrub layer of long ine Key pine- a gonp, epiplyes probably suffered mose

The Cnter forlm Plant Conservato and lands.is layersuffered litle diect morality from diestorm than ay other
Biscavye National Park supported this damage from stonm so we assume that plats because of heir growl in locations

planting wih Biscayne peanovel watring hey were not strongly affected. This that ae pariuolarly suscepible to wind

the plants for a year after planting. The assumption as coafirmld for Epltu danuge (i.e., tree branches and tree

three seedlings off the trail near Ptre and r by direct observation during the trunks)

Point ero not dameaged n ite of grow- survey of Wild Lime Hammock. Hypdae No confimed loations were known for

oin the midst of a hammock with many and ir also eist in harmmloc in the long several of theepiphyes (hresf iras indot

largew indtkown and broken trees. All Pine Ky area btagnt majority of the Marrdeia Itress Piaem ignt*la,

were about Im (3.3 fet) tall and looked population is found in pilands for both Polyed riseae, and Rhipslishrccer)
hellhy.Of the hee seedlings planted near of these species. Te knowpopulations of before the storm, so no damage assessment

the vi Ri centeron Elliot Key one wa Guaien were noturveyed,b hat Ie was possible.

halthao as uprooted and dead, and largest slands are south of the area of A few of the epiphyt found in south
thethird was not located. Presumably it ,greatest hurricane daage. Florida (GrTa mnstcr, Ophing-
was hidden under some faaden vegettion. One final tropical species of special snot palane, and Thnmanhes rpterm )
The currently enan in hham- inlerest is he ee cacus Crsgaciisvar were only known (Tnma ingle sitesin the
mock will allow he surviving sedlings to sinpnii. Populations of h catuar national park system areas affeied by

grow rpidly during he coming year scattered along he soulweste coast in Hurricane Adre S e of these popo-

Studying the g rowth rates would be useful the Ten Thousand Islands region of Ever- tons wes possibly elimirated.the H -

to determine whether this is true, because glades. No plas wereseen during the me however, is e only species hat

theanswer as important implications for surveys, but te low degree of damage ot have known populations outside
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adshe species in the sutianopy were T dsijens, and T. fens, exist Potent damage to popualions of

badly surnimued from las ol canopy ove ra arg portion of the nationol park As.epri.ni sermumm and Vn n s t rbeflnf

shade, but many other healthy indiidus system areas, and, wheres the los of lal cannot be asessd at present beause of

rre found in more proected l . populations in the long Pine Kay and Ten Ilck of in frmahon.

Wit the active ireprouting oaf ie veet - Thousand lands area is likely, the speces

lio in tese hamnocks, mare epiphyts in Florida is nt in danger a reult of this

will unlikely die of epou to slight. A storm. Surveys of known populations of Nw e.wE laNT

rough ealimate is tat 50% of epiphyes these spes are sti required a detmilne Menen qqueeri is the mest

of the sub anopy wre lost. e orchids the degree of population reduction, in ive nonnative plant spcies in South

seemtobele ssu eptiblae to sudden Populations ofAsi terran, Florid asa whole and in Big Cypress
inZas s in light level than the broneliads. Oapylcentnr pahyrrh . Epdendrt specif cally Evergladea bas to date, been

The epphy will now be more weep - aceps, Mall erasifria, Pr~emi kept la~ely free o Meiin the past

ibk In (ms and drought for the next hanilis' P thalis gelidf and oyrhiza several years, an Eveglades crew has

lew years however because li eano.py dei eist mostlynorth o te o orked to push back te Mel o popula-

will pvide as much protection. extensive damage, so they are not expected in in st Everglades. After 5 years, hey
Epiphyte of tie canopy certainlysuf- to sfer. Lali populai of thee speies have lone control work ain Sne n km

ered mo lian those of the subcanopy in Everlades, howev, nay have ben (5 miles) behind the front edge oIf invsion,

simply fron their xposed location. Arel destroy ed. Cyrlopoinm pierr ulrn popula- which is near the old park boundary

Luge ipersonal omnunication) reported l an on Long Pine Key swere probably Eorts have ben m intensive within a

hat Haturrian Hugo s ripped many of the devstatd by the hurcane, but exensive 32-km 2-mile) strip back from the rIt so

epiphytes from trees in the Luquillo revsl populatio exist both no lhe norh and the tht most individuls la been eliomnated

of uertn Rico and the same can bex- south of the aea of greaest damage. withia e i o rviving seed-producing

proled in the areas of South Floda most Whether these population are sufiiently individus, howvei pbably sill exist

it ngl hit by Huri ane Andrew. l close to allow recoloniztion of the Long (Doug Devries personal bsoervntion). Less

likely that 90% or more epiphytes of the Pine Key area in a reasonable period of than 5% ofciferras at Monroe and Paolin

canop were lost during the str, but time is ot kown. Populations of Eycia station in Big Cypess was uprooted or

enough healthy piphyte of the canopy ior ri rse in Biscayne were likely devas- broken of Uproted iwees will esprout

were seen during Ihe survey to ensure tated. but populations in Evorglades were along the bole Broken-of trees will

sdial o the populations. lh ing of found in the lamingo area, well south of resprout igorously along the beak. The

thenopi y from the hurricane will even t te area of greates damage. Opcidi seed capsules Left on the tes are not ihke

ally lead t an increae in he epiphyte iuir likewise was found in the Ila- to open, but seeerud branche will .n-

populations of the canopy in Long pine mingarea and is not expected o suffer. doubledly release seeds.

Key. The epiphyte of the canopy of ost

cnm, Crdupils hrfernie,., C.joribtdra.d,

Jr'pweSo urse



The hurricane will probably exaerate marsws in the mangrove oe. At the
th Mrde e problem by dispersing propa- northern end of Ilighland each. Schinms is
gules (small branchs ath seed capsules) common on the back of he oeiune and
to new areas. Hurricno. winds alng the - in the swale behind the foredune but has

north edge of he eye would have lnded - Itnl not yet ormed a thicket. At eache of le
to disperse Merdecn propagules from East i te ti Shis seemed to suffer as much

EBvergadcs twaird Shark Slough Seeds hurricane damage as associaled native
willlikely be rlnasd this fall and germi- species, so i nay not ncssaril gain a
natewith falling waterl evels. Mel l . . sutantial ad vn tage because th storm.
seedling surivalilpedn fal . *pend-n- I I- I Whoa pp ideg alfourmn
and soil moistture during the dry seaso. gro'e species were present in August and
With ormall mough conditions seeding --- - ; .. e .. Iaee dispersed widely by urricans
survival will b low. A wetwintercould . (oope 19811), Scr,,s seeds arenormally
result in a targe crop of Mraeren seedl ings. Park produced dier hurrican, Aeasosn (Novem-

Schiur terrbianthtfolrts is currently per- bar-Dvcmberl. The relative successof
ci as ie most serious nnnative plant mangrove prnpagus versus Sc irrs
threal Ho native vegetation in Evergindes regrowth and seedling dispersal bear, close
This species is capable I orang a wlde, atntis The team anticipaes that h
range of hydroper 0 -6 months} and is . hurricane da mg to Schrs in the maxi-
somrnewha tsal-tolerant.Beinningintia . .. mumzone fhurcan is turbancemay
late 19?(ls the plant has etetnsively ini- ,; * 'pnclude most seed production in 1992-93.
vaded the hammocks beaehea. and higher Fiurd crrudns

TIrs we t dlee al Min e , rsing th w 6li "[ fSllss sasi athrog h e ir am (nti. , dipre eeson

angrs e aeasan ar as hd ' Everd. Nrm. F distances ((Ianlio from other mes In m wm years.

mangrove a a and as of 197 was found w doubt that Schinrs has a long-lasling
lobe in ding within area covering seed bank in he soil. Neverthee Schius

39I11 ha (95,6 acM; M. Ros South will probably continue to increase ge
Florida Water Management D itict, per. A brie survey of the Tim Thousnai d mtcally until it occupies iponiatl in
sonal communicaion) r about 0% of he slands region confirmed the existence of the upper mangrovezone-mostly in the
lad area n f the parkFg. 6). For the past lrge Srhins thickets around some hard- 39(100h (9 6,368-ace) area he species

15 yea r, Iiin s has been increasing od hamocksel iound com munties occuped In 1987. We believe that the rate
geomeicaly in this zone and is now . Turner River Mound and the Wason of apread will note signiiantly changed
found in mast areas of Everglades where it Place). Scattered individual plants were by Hurrcane Andrew.

can grow, also noted in many smaller hardwood
hammrniocs and in some of the Spnrrra

Lpinn~dlerwne



Thi Sries si8tationat isaye may ~e This sedes has been increaing in ham- fowering in several Lon rie Key l'a
difkret The lar aw little Schinus n the mocks long Flo a Bay nd could re- nocks 3-4 weeks aarNHurricae Andrew,
surveyat Elliott Key on 19September 1992 spond rapidly o opencanopyon andat erps stimlated to owerby the canopy
but was told tht itislallycommon. The Biscyne and smolher surrounding vegeta opening.
nonnativeplant stu1on at Bicayne eds lion. C. asine should be carefully twIn- Two noneaive lanas in he Aracese

to he Ioughly evaluated andcnsider ed during the next 5 yeas at Biscayne (Epipremn auearn and Syaeium pde-
atioenven i o Sdinm s contell if the specie and ontrolled i its invasion acceleratls. p ) at the sile of Old Royal NPalm
isuffai ntly localired. S n ed, a Pa Tie species, has lodge have become invasive elsewheze and

The major area of Austrlian I (CaIs - been widely planned at oceanfront houses could spread with the opening o the
nMi spp) in Everglades in the southieat in Soulh Forida and is betigpming o ow canopylollow in~ Hurricane And rew

er corner of th park) was ousde ihe up extens voy in the Souii Florida strand Control m leaswu mnay be oquired to keep

main palh of Hurricane Andrew. East oneW Robertson, A. Herudon, prsonal these fm spreading inio ew areas of the

Everglade wher a high density ofc. obsraIons). Setela plir is a South hanmock

gihlc exists, was in e pa bh and many Florida native So SI Ptential exisis for Molnar (9 noted hat nolnatidte liias
indidiw~d were wind-thrown but abn the explosive spread ol S. a c following ad othr sis invade gaps in t pi

dant resprouting will ocur Following the hurricane. Thte mn noted this speies ha) wood slands in Casellow Hamnrnk
Hurricane DoMIra C Uio seeds were i a strad at Petrel Point Elliott Ky on 19 prevengr zecrui m ent(nalves pedes and
dispersad to beaches o the Giul Coast September 1992. This aprci shouldJ be perhaps hase nin the s enscence of canopy
nqidnga an ctive roval progri in the refully motlored dug the net 5 year doiant. Molnar peded a mssive

19os to mitigate he impact of this speces at Biscaye and controlled if is invasion noative plant invasion Casiellow
on turtle nesting, beach erosion, and accelerates. Hmmock with ae hmrine
anthelieh. Although storm surge from OreLdes naca, a nonnalive orchid, Abi, kt, BIcAOi jaernica, and
Hurricane Andrew was much less on the is presen in many hammocks of Lng Pine Sdffiera aciinophydu are examples of
Gull Coast than from Dolnn. largesale Key. TL n nnative species as not in- species that may spread extesively an
dispersal of C.ar by the recent storm is ciuded on the Avery and [ope (1980) invade upland habitats (pirnlands and

a possibility. ftorn sure was high for the plant ch cklis, hut wa present at the te hanc) following Huiane Andrew.
islandsof Dicayne and control oC a n in sme D ade County harmmone. @ceo- NPredkting which species may explode a
may a needed there in coming years. clides will likely increase with the opening rsult of cnopy opening and lutrient

To our knlowldgie, al t o work has of hammock cnopies by Hurrice An- release i dif L Many instnces have
ben done o survey Colubrinastair drewand n b epetd to compte wnith occurred where onnative spcs e
laely, and e ar uncertain of its status on other groundrchids. This orchid was ained in a quiescent state for years, then
Elliot Key. Thtspecies wadefolialed by underwent a demographic eplosion (e.g.,
the slon, and we saw only a small Sc,0ius ierlinh ,s Although intro-
amount ol it at e Point on Elliott Key dued int South lorida in 98 thi
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Wildlife and Other Species of Concern

In gneral, theeffecofHuricane to these e high winds. AIIhough wild- The only oler oberved s orm-relaled

Andrwon wildlife were not immedtely life was probably affeted dirct death, death may have oecurred in the eastern

obous, laely because te hic iry, and secondary efects were not seen Saieps of Big Cyprs. On 26 August

involved pmaraly wind instead of storm during this assessment 1992, an adult de deer was observed in

surge. Three major actors must b pesent e freshwater toue team reved he prrie Jt south o Ltmans ines

during huricane to aersely affect only oe repor o a huianeelated and a ded raccoon was alo found These

wetland idlife storm surge, e ve death. This report involved a wading b rd deaths may have been storm-relaed
rain, and high winds. During Huricane r t on C keney, just ast of e Florda Game and Frh Waler Fish

Andb, the atorn urge in Biscyne Bay eeing estale in Big Cypress A local Commisi (1992) ported finding dead

was aslimated at 5.2 m (17 ee). The storm resident (D McDoald, prnal bserva- cattle eget in e Homestead area. The

sure in the lorida By Flamngond Ten tion) portaiolecting over 200 dead co muaission also eceived reports of

Thousand iands are wa generally les birds immedialely following h so and gckles killed in the Cutler dge aea.

hnn I5 m (~.9 feet). and the mangzove burning he Caarasss. Whaite i (14

areas absoribed this arge with minijrmal Eidxitns al u) accounted for 68% of the

damage to the interior hAwater habals kno mortaliy Great blue beson (2; Arna WnT-TAIut l

Preliminay inform atio indicales Iht local eraas). catileegrt (2 buish), Responsesf whie-tailed deer (Wooi-

surges ocurred on teror wetlands, great egre (4; asmrnatls as), ittle blue n ogainis) to HrricaneAndrew were

Based on wrack deposits, composd prima- heron (22, Egera mrda), and snowy monitored by wo processes field surveys

nly of dead saw gra, ts urge seems 1o egret (12; ~gnra l ) were the oIher and monitoring radinlla ed dee in Big

be retricte e tolhe Shark River Sough and wading birds identi ed. crows (unrden- Cypre (aster tairst eps g 7). .E

East Everglades areas, uth of US. 41. 1 tified spe ) and three double-creted absky University of Florida, compleled

s mnd fat r raimfall. daes n wee to be cormorant PhlMmnorx ari.s) were also in March 992 an NSponsored 3-year

a signiani eleimat in evaluating weland colleed. The site was examined on 1 study o he pptlaon ecology of white-

wildke lieflects, partcularly satality The Septmber 1992, and n addi 14 ailed deer Thestudy area was enirly in

high wind rot Hurriane Andrew had carcasses were counted 30 whi ibis, 18 the area hurricane impact the souther

the greatest eff on etland wildl. unidentifid) The ptor populaon of Sairstep unit of Big Cypress and adjoin-

Whcs the rbaos weIands were this roost site is not known but, based on ig Everglades to he south. Before the

probably he least affeted, He associaed the abov account, this particular roost hurticane 32 rdiodhranttng deer had

tree isl ands ad hamocswar esignifi- erienced high morality. bee monitomd oe a month or mortality.
canyaltrd by the high winds. Wildlife Survey flights conducted ar the hrri-

thM ughot ihe sornm path was subjietd cane indcat that 12 of the 31 de had
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US. l in he Corn Danc and Tmer aver damaged t island and old-grow FoiwA Bluc Ba

unitaof Big Cypress The female, #23, pinlands and Ihen retuned to he Loop The Florida black bear (U n ramrOaSS

whose two Ptlens had been removed 20 il, eibiing a nomal movement pat- oalns) is considered to be threatened

Augut io support m e caprive being tern. (LE. Wilams in Layne 197). Before the

program as located on 25 Augustat a No oer known panthers ae in Ever- hurricne, 6 radoollared animals were

distanrceofN.8km .5rrmiles) fromher glads, althogh nmerous unconimed being stndiedOf these, 2were found
August ~te The second female #, was sightings have been made ently north the Tamiai Trailan aude the

located 4 km (3 milea) fom her Satuday In may Huiane Andrew prob- area of major hurricane efei. One (1)

loaion. Mle #42 made an etensive ably had no egave e on he moni animal was found n the Everglade City
mnvement of 16 I, 9. milk) during he tored panthers in the national park sytem are at the time he storm pass over. This
4 darAerialobsrvations reveal mini- uni n South Forida. arma moved fom Everglades City into

mal habitat dage (i., sone downd the Turner Rver area aftr te passae of

hardwoods within harnmocks) in the areas IIiane Andrew, but most likly this

usedby thea hree panthers. Theirnow- Ke Lao Woo r am Corw Mus movementw rot adiret result of he

mentn thanreore, were probably normal The Key Largo wodrat (Neolajiori-. storm because damage in tie Everglad

and driven by food and s I(, danelland Key Largo cottn mouse City aci was light All 26 animals su1r

The ourd monitored panther C16, (Pemaysusssypirius aepial) are ived

spends mo t o hs tme in the op and federay listed as endangered species
Sdairstps unt o Big Cypress nd is he endemic to Key Largo (LN. Brown, in

ocly dorentd panther using Ever- Layre 1 ) and may have in the past been BaL Eets

glades. He cprsses the park boundary and found barely witin the Everglades bound- Bald eagles (Halua is mr merea ne

Shark River Slough several times a year aries on Key argo. The ranges of bth theoghout the cost areas of southwest-

and sp enda dysn aboutth e ng Pne speie have contracted howeve and now em orid. eve agenies monitor
Key ae of the park bfore rrning to the inlude only the norther one-third o one- dirent nets and some locaions were not

pr s rve. half of Key aro. Becau Key La lies suWeyed during the assessment, therefore

On 22 August and 25 Agust #16 was to the south of the manimpct rea and the exact number of bald eagle in the
located in a group of hammacks approsi was only minimally affected, 1i status of iuricane path is not kanow. iDsed on

mately 1.6 am (I mlle) soutwest of us. iese two enangered species was not available tnormato, e loam eomated

41, near theentrance to the jetport insde signicanlly jeopardized by he storm. that 12-15 eagle rnets were in the storm
theLuop tolie pr ve. Modera pat Bald eagle generally begin nmsng

damage i the form of downed hardwood aivi ty imidcmber Nesb are some-
Ire was observed from he air. Since then

16ihas trnveed south through the Stair-

stepsarea, whene h huricane eensively

se~a,?.c.ee..



times blown c I of trees or destroyed None f the estimated Il 12 eagle nts conducted on 3, -i, arnd Aigust whlerea
during the nonnAting seasem. Engles w I In rthe mangrovs g In he hurricane path Ihe posNidtorm surv~ey was condtuctled on P,
generally select another ea rby siteif were surveyed. Based on the damage to the 9. and 10September. These tu vlys id
suitable nest Itees are available. mngmrv area, most of fIese nests ware sate that Ading bird populations wow

Three southebr l erritoriesof bald eagles probably destroyed. milar before 211.793) and aler (125.356 }
are in Big Cypress, all south t U.S. lurricane Alndrle. The numbers sem to
along the southwesler i rstep blound be normal wet season counts oer h survey
ary All three nesis in lhe terr tories were YAInnI BReS and suggeat that dimect mortality of wading
affected ly the hurricane. The Tprner Riwer Wadtng bird population esihmates birds w, minimal. The surge in water
teri tory was least affected because e during the wet season are generally only levels imediately after the strm may
location Is the northrnmist f lthe three. 1(-2W'6 of the peak coums. Data are avail- have displaced iome birds, but environ-
Although the nest nre a slash pine, has able for the souhern prtion of the survey mental conditions, including iatrralion of
ben dead since monitoring began in 1981, aten, including the major portion of the shallsw adipng. were stable by 8 Septe.

the tree withstood the inds. Tim nest, hurricane impact aea. These population ber. In both suves while ibisaccounted
iLI. however was disihevekl and par. estimales cover nlest of mYainilad South for one-half oi all he birds observed {Fpig.

rially gone. On 27 Augl, an adnt eagle Florida. west of Kronme Avenue and south B), whereas greatsgreaccounted for one-
was mo erved silting in the tree n~t to thie of U.S. l al Ind Loop road. Apulatiorn third of the tolal populatrnw IFi 9) Wed-

ne. The Sig Walker territory had a nest iiniimales (pre.- and poslhurricane) For [ig bird dis ributin before and after
a large cypress tree at the southweslenm mijo species and groups are prrsented in
end ofSig Walker Strsnd A flyover on 9 Table6. I prehurricanes rve sa

September revealed that the rnest was gone.,
and oservers .ereunable 10tidentify t he TableA h~dg i4ndepd. ee.s i.atee ier5l5e ir, re N .eAdr h [.rerstciti aet k,
nest tree itself bieaie of Ihe extensive tree Narlunat Prk, Flerid..

daage at the site. The Loi mans Pines
territory had a nast noein an old-growth Prediane pthu rrine

pne trein the souiernmos td-cockaded 3Augu.9q2 septemberim

woodpeckr coony orth of Buttonwood Spe.iesr ceop 1plapior lkerin repul.In rentin

rairie A groundinspectio on 27 August Whi p,E 6 A 32.1 6212 34.5

revealed tha th e I had been uprooted. o f  le Hmw 2ms u 9. 1 f.i 6
Since then, Big Cypressfield personnel mii Dark Hea I,93 5. I 4.7
have bse edadult eagl n n the tvicinit Great I, an 1 .3 47 0.2
several times. One oservationwasof Greenwhilerons 173 0. 153 0.5
aerial courtshtip. Ruscat, ponsit.111-Sun i-. 673 2.7

All Specie.Cibined 20,793 1o 25

wnse-s .. Jra.,w...S .re. .,-
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SoLmEEN tihn WooosxcKER a t]east 7 wrein locations damaged by I he ASIcN SA lowTAIto K.IE

lie s rt henm hain i dpeckr (Pirid . hurricare. One (I1 kite as in lost ans Soth Finid em N eu e an the cner of

riie.s aal I"tili is e nngsied asa species Slough in the St e unit Big Cy abundan for breeding and premigration

of special concern in Floida (OT O re, in pIress , in Everglades ,est of Shark Valley, staging of he small renining U.S. popula-
H.W KCaIi 978. Snyder et al.(1i990) ietn- and 5 in watercenservion ara 3-A- tian of Amerin swallow-llld kites

ti ed t hairy w dpecker as an example Al though none of thle radio ged kites sthrsides far ficaluJ. This species exper-

of pine flrest bird bspeciesot norther was in the area nhardest 1 by the storm ,ced a sharp reduction in range and

dedvaon anhose range have centrated in (e.g., Taylor Slough, kits have been r- numbnr early in the 2Dlh century. KO.

the periodof historical ecord in patterns ported sing that are). T 1 he Ies wer Meyer (1995) directed sludissince 198S on

not wholly attebutable to habita disur Iocated us before the ht ricane and days the breeding biology and habitat nIuir -

bance. Te hairy woodpecker barely per- after. All? survied and re in the ame mes of swalw-tailed kites that includ o

slss i~n inslands of Everglades based on eneral oction as be the storm, data fr 5 nesing attempts in Long Pine

recent wi.pecker surveys by L, fewis Some anecdoil evidenc suggests I Key, and the atdacent pine islands of E.er

I(elands, Everglades National Park the snail kites may have been affced in a glades, where 15 to I0 terrinortes probably

personal observation). Thes srveys rnor way A night roost at Forty-mile arece annually The isolated pine-
should be reealed during the 1993 breed- Bend wa stipped of its foliage by he lands, the I gest srviving slands in the

ing seaso ton dete mne the status the storm. Two radiotagged kites had been formerly expan ive paine oeds of the

aI ry woodpecker following I lurrcne using that dst. One stopped using it; he M.ami rock rldge, stppor Ithe higheet

And ro Acrmraing t W. RoberRso n (per- other is sill roc ing in he vicinity but density ouf etingst'lowtailed kites

sonmal ommunication, hairy oodpker may not be sing the original re ta s. reming in ou tlastern Florida. Meyer's
popultbnios may depend on food s pplies. tveral areas Lostens Slough had been aressach docu mnted Ihe rie fir talket

Aninrrease nay be anticipated, assuming used extensively bykites before the stormi. tre for nesting, alecttion oFhammocs

that this bird ran forage on imsecLs ass oi- but not at pre, n. Thb shift may or may and oler l e rdwod and shrub islnds for

ated ith i lnd-brken pine. Alernatiely not have been in responso he huiane. foragng, and shi in nest lotins ol-

Kurnc a Andrew culd have had uff- Short-termchangs in avaibility 1E lowing pescribed burnsm possibly beause

cient impact to en irpate the small popula- snails because of changes in disolved of the less of mss and lichens that com-
lion of the species in Evrades. oxyen may also have urrd as well as poe esetial nesting materal

some flooding of the apple snail egg cls- Because the kites had already migrate

ters from inrcsed water olevels. froI South Florida before 'he a rriv l of th

Sa Kirs storm, the torm did iol directly aflect

Before Hurricane And w 75 snal kites them. Because of the speies dependence

iRoarrbrhns suilnirs) had ben radio-

lagged a part of a study on leir urival
and dispersal ihrotghout Florida Of these
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qualitalhve, and must be follwed up n the populatio dynamics of the speces and on ELliott Key and lnorther Key Lrgo. Its

using quantitative methods. During sur he nce ntes o ted h I n inkno n habitat in hammncks of Ellio Key.

rys of Osteen, Royal Panlm, and Wld Ii me lu factors, no atis oq pndicon of in te Petrel Point aea, was severely
hammockksn Energlad s and Dr Tiger and ure population trends can be made affected by Hur,[ae Andre. Its ral
Pineeslt ~40 haiuew cl in Big Cypres, food plani are t orhwosd (A'ors e

Lig were comnmonly seen. In fac, they fm and wild lime/ (.nttlh ~lrtL fis m.

were more conpiuous than usual because Jurt Iis The¢ adult flight period is fro late-April to

of tIhe eiced fotiage in die hammocks Adult butertI s were less colon Ihan early-june. F nales deposit eegs on the

No LUigus ere seen in the suney of Ellin normal In South Flonda during the assess- undersides o leaves of trchwod and

Iev. hut populans he have been sml ment survneys Even in les a ffece areas. wild lie (H. . Bagget., in Fran 1982)

or lAcking in rcent years (JE. Dekien, in au as the ineerest Ia mnocks, adulis Ieearchcrs from the Univerity of Florida

Fran, 1982). In mainland hamm c l, only were infrequently sen and they seemed to IR. Cry, personal cnom"unlation) count-

a ew dead snails were seen. Some seemed be newly ererge Because planL are jwt ed the Peiel[ Point population in May 1992.

o have beeLan blow into thewaler and sw begiAing To flower poshurricane, Oura bservations suggest that Hurricane

drowned, others were n the ground, ads ults survng he storm itelf may hae Andmrew d flia ed both hrt plant species

appmarently killed by eposu r. Generally, died ef oe food souru became avail- in the Petrel Point are., and i is likely ihat

Hurrican t Ad read lttle clrelt efRec on ablen The long-teo effects ofa torm uch t s Schau< val lowlI popupat on ha

the populaton. Futur effects are moe as Hurricane Andewcn ubstntial been severely depleted.

dificilto predict InT easd lightm y Williand Camill m u1 studied the

incease t th os supply or L lus. leading effects f Hurrican Hugo on six common Frws Ars Br7n n

to a longer poputaton inrease. Ugms invertebrate species in the . l Fors he te orida atI butrely (ffmms rtain

feeds primarily ona uriphytic algae and o Puerto Rico No secimns of Ie ol floridaenademic to Dadeand Brvwar

fungi and is usually mos common n the the si species could be found l11 oun lies. ,s reported in I 1 to have been

areasf theham nocks with thinIercano- months after the storm. Four specie reduced few Isolae colonies in Dade
pes (A. jones. Homestead, FL personal special interest in the ional park system County and believed to be on the erge o

cmmunicationl. le ck r of cver.br- areasaflected by Huric ne Andrew are etinction (I ) ggett, in Fra 1 82 ,

ever, will also lae the snails moresuscp- diussed individually in the following This species was found I'm hae a s nbs.a-

tile tof t* ad dought over the net ectl aion in the i ong pine Key ara of

few yars. AAsn the lack of cover iy verglades during 1991 (A- Herdon,

alow predators to find rthe snails r or Sna'Safm peresonln obsrvatimn).1Pe species was

esily Finally, Se fires n the hnaocnls Shauos swallowal Im ra ohs arisd a . associated particularly with hardwood

ould saverel depress local LI iu s popul- 1nc s) is p federaly listed endn- hammcks ronta ung the la ral food plan
uos.GvCen t absence o informtalin an gered sbspes, endemic to outhesolern ontie Zrmi na).Noad swere

he importane aof these various facitor n Florida. and now resicted to local colonies seen during surveys of een, d Lme.

o~si sresfr. S~eeasnm a



or Royil Palm i~nmoniks Contie did nor Lng Pine Key a Ever,,ads. The larval

Semlto o er any direct wind damage ood plant s inown D. ggett in
during O~e lorm, so larval and pupa F 192, but the poplaonn Elliott
populaions may not hve been grea ly Key was witu doubt severely hurt
afedd Detenmining hurricane efects on because man plants the hammacks
this sper will beomplicatd by th m m have been compleely defoliated
om onoccurrence arge yer-o-year duri nghe stor One adult was observed

populaion fluctuations in the species in te l damagd hanok on Old
Rhod Ke Eo local sunival seems e

Fowa~ ei n sured. Prsumably, the Elliotn Key popula-
The Rrid leafwing (A ea aorida is in can be replenished sily by

endemi to South lorid anda large part immr ation uom earby keys. Te lutre
of the known prehurrine populaon was status of the long pine Key populn is

found in ong Pine Key {A Herdon, mole proleaic. Defoliation was not
permonl rvahtrn)Nadultsweresen completeintse hamm s buit wa
in the pinelds during he ureys f sev enough to depr laval popula
Osln or Wild Lime hammocks but they tions. Alo, adults of this pecies requie
ren mo omm ly sen durig the winter csiderable shade (H.D. Bgett, Fir

monib (A. Herdnn, psnl observa 1982) and how they ill respond to the
ttoi t lanl food plant wolyeoton more open anopies in t hmanock over
(C'en ineeris; HD Bagget, in Fran the next 2.3 years is not er. If Ihe Lng
1982) ,common tin th herbae layer of Pine Key population aeeliminated,
ith LanI Pine Key pinelands where it may r blinent may take a long time

have esaped ver damage. because of no arby coni.
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The Florida purplewing nlEo tati
tiip pibobly lost coaiderable popula-

tin during the uricane. This West India

butterly each its northern li in the
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pressure on the operation of thse sam curred hu hes values y be cser
ters In addition, mny of the coastal and vative. Even i adjusted, the rainfl values p
inlerior canals w eroded or blocked by are not unsual for this awa wh are lce
deb redung heir conveyaw rainfall ii excss o f 12. n (5 inches) is not

Motoltheanals along thecastem rar. In the wek before thio no rm ~

port on of Everglades and those entering cl iundertor ccurred over Ihe
Biscy ay were blocked by storm debris Everglades withlessthan 117cm 5 P
followirng the stoml The majortly of these inches) rcded at he rain gauges. TI
canals wre ceat d and operational within ea patlem mined during the wenek
Iweek after the storm. Thr e of wate following the storm Fig 15). -- __

level rcordersat the -12 water dlivery Surfae andgrundwater evelin
st ucne in the k hark Slough a wer Eveiades respondd as expeed to e

daniagedby the sorm, butrepairshave inceaeinainfallandgaeoperations
been compleed. The two pamipstations immedialely aler the storm. During ibe -

331 and -332) were badly damaged, and area as illustled by the hydorahs J

reain out of s ice the timee this shown iig. 16. Th ac of adequate
writmgi The naily elperiientai est in spati disibution o e s tions p e-
theTaylor Slough basin will most likely ude any formal analysis oft he data.The i
havetob postponedu itilthenextwet graphsuhoweveridoshowtheefreio . e..m...
season in 1993 nddlinad lon, damage to the some short-tori, wind driven build-up ot For15 J turl r atrl s ra
conirol wells in East Everglades has ltepo- pulse The e'tended tcordindicates that Ergdr NBakAta k thids hons A7atu
rarily suspended the experimenatal water these pulses are generally of lie same re ; 199
delivery prolras in the northeast Shark order of magnitude as a normal increas in
Slough b sin water level resulg om rainfall and gae wre above heirigulatin schedule.

HurrcaneAndrewwn aatmoving operations arg watr eleases were beingade from
storm, with relatively little rainfall over ake Okeechbee into and hugh thegi lo
Seuth ForicdM T1,e two survivig gauges in Pasan l aroc Nhwro water conservation ars and ourtoid-
the Everg tlades networke stalions P34 and Rainall throughout outh Florida wa waterLm iegulatory eleases were being

F3, recordd totals of 4.3 and 5. c 172 sightly above average for the 3 nday made from the water conservation areas
and 2.30 incesl, respectively, on 24 August period before Hurricane Andrew. Regional into Everglades id the Big Cypess. The
1992. Generallyhigh winds caused rain waer levelswralso higher than normal, experimental watr delivery prgra n, was
gauge to record less rainfall natroly andall of the waler cservationareas i operation inEverglades.A daytetf
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Clor of t water a site N i201, 4 days high lowr detection mit for phosphorus Bcaue of the possibility of nutrient-
ater Ihe storm was lose to the maximum analyses (.004 g P/L). a pulse of a related effecting phytoplankton, water
value observed Nfore the stuom. and may magnide lower thn that would possibly samples for chlophyllatlysis were
rele the incrreased ilow of water fro have been unded . colled at the sites peviously descibed
waer conservation ama A into Evergades euse of the relalively high variain during 24-day pottor sampling.
see Hydrology secon). The high value or in some par te, partiarly tose Chlorophyll is not a paaneter meaued
color agrees with vianal obsertion from whose values approach analytical detecion during the regular monthly sampling, so
helcopir flights. suggesling a mare limits a e sies was viewed using only no prestorm data are available with whi
intense thai normal tannin color in the y, August and Sepember data. The high
wateatWCA3A (NicholasAumenper- variuion oune er thdificullies
soal obenration) e lack of effe par- r aed obtaining a repsentative an-
ent frm he water quality data also agres pe during peiods of low water or olher
wiln isnal observaions of a nu er seasonal inluenms. deasoe mean arid
f persoimel Iraveling throughout the otandae deviation are too headily iino-

Everglades interior in the days hlowing enced by oliers and occasional high
hestorm.No eportaweemadeofunus- values oiated winlh w-stag endi- _ -

ally turbid wer or ofwanter colatug- ions nonparametri stalisics (e.. ith,

gestng algal blooms. 51, and ih perentiles) would prode a
Short-termr effects during the first 3 days mo robust characterization o baseline

following the stor(such asincreased waterqualilycondition L
tuirbidityor suspended solids r wind- Site P 34. and N are generally
indum d sediment resuspension) were considered the mostrepresentative water
poasibly missed and long-erm eect may quaiysis forShark iver Slough.igure
become appareni from utu samplig 1 itlustraesuly, Agustend September
For limiting nutrients, such as posphos, data (whenvailable) for selected water

any potenlial increases in watercolumn quality parameters, and includese fuly
concentrations would possibly av been 19 data llected before (8 days) the

rapidly taken up by physical or bioogical storm Almost all postton parameters are

processes or bohu. No mosumeni of wfthint he ]uly-September pmestorml data-
nutrientdynanics or biologicalprocesses base ranges.l 0xcelios aetempera- .
mmn ravailable toassesslie aforemetioned o 4 days aftertheslertnwhich slightly .. ..
possibliity Finallybecauseof a relatively exceeded posAtorm values, and dissolved Fu )

Oxygen 4 days ater thesio, wilh also p amrasra mP.J. Aasa*o S , Peoo. al1
exceeded prestornivalues (Fig.). .xw:al 1 95.lew2

Se..--.c,.J.r,..



to compare postatorm data. Posttorm are lised in Table ecause til aes- (hours) i] increased putrient leis in

chlorophyll values were low. reflecting he ment was prepared quickl phosphos water cnsetion area 3A resulting frm

llgotrophic nate of wetland en on- loading stimats could not be Calculated. the storm might have ben sequestered

ments in Everglad s (Table 8). Because the gates were completely open bo reaching the 512 structE res, and 3)

In addtiuon to the interior stations previ bere and after the storm, any chages in low-level impacts may nt be detectable

ouly discussed, water quality data have concentration would be lected by cone-

aln obeen cllectedat wekly to monthly sponding changes in sediment-onding

interals At many locatons repnrsentng Everglades. All data that wr collecIAd,

inflow points to Everglades or adant to both pre- and post-som, may beobtalned "

Everglades(Gerain and Shaw 98), rm the water qualitdatabase Depart

Sampling frequency depends on whether ent of Water Reso s Evluation, est -

or not diharge frm the sructus is Plm m B eade, Florida).

occurring For his asessmnt, total phos. Total phasphoreusconcntralions at 'he

phons data weeeamd fro four four inflow structures were measured in

inflow structres having high discharge 1991 and 1992 (ig. 19) As vith the interior

potential into Shark River Soug 512A se, results and hl Lmired grab sample .

SI2lt, SlC, andS 1D(Fig. 19). T s dt potatorm enentrations did not

stnructres were completely open here the differ greatly frm pretormp concentra-

Mlarm, and have remained open sice the tions se miationsw spect to

sorm (see ydrlogy secion. The South asseSng orm-related effects that were

Florida WaterManage nt District co applicable to the interior werquality

leled grab samples from aoad acaess and analyses aso apply 'o 'his analyses. Thesa , .

consductedwatlerquality analyses.Parahn limitations include Nthe pasibll lies of1)

eters that were measured and heir tun i .s missing imnmediae postsorm effecatse

Tale & Chrahi a antarn. measured rr dl Nret Pk. rlds. frshane are
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Marine Resources

Wart QumITv Sarr.MEflyco l aWr, Mwaras, High nnient kae during and fllow-

Hurriane Andmew had a significant am Om lN fl.cAre 8v ing his storm has a strong probability of

Impact the water quality in the main e Dissolved oxygen levels were nearing oving seaward and soutlhwad fom

areas of Soulh Floida Turbidt nutrient zeo on 25 and 26 August due to masa Biscayne Bay and southwad rnom the west

loadin, and disolved organic carbon quantiies of par ates along eatern ot and Influencng Ie cral reel syslem.

inNeased both side and outside the ares Bisayne Bay and in the adjacent canal

of direct impact of the stn areas. Large schools of fish, paticularly PFburaTr Lt ts
El s in Flrida Bayand along the west black mulle were seen freunly n the On 24 and 25 August we observed

coas, on the southern edge of the impacted surface getting oxygen. Diier K marina in Coconut Gove from

area, include inceaes in dissolvd phs- On 27 August, large nmbes oflobsters the shore and by boat could e an
phaoe and ammonim . Dissolved phls were obseved along canal walls at Gabls sm large quanlties of petroleum loaling

phate is normally less thn 4 ppb n thut by the Sea, climbing up the walls to th on he surface as well as ornshoW e

eg3ol, bot has ecently bee measured as surface to obtain oxyg We hypothesiae To the south, we noiaed similar situ

high as 60 ppb at sen slations. In addi that their acons were due to oxygen l ons at Malheson Hammock park and

lon, diolvd oanic carbon ha in- depleion because of the heavy concentra- marina. There were also large qun s of

crnased ro 4 ppm t 40 ppm, suggeshng hens o particulats in the water column. dicel and gasoline fuel being released

an input i o an upland sour r om sunken and demolished boal in he

creasad nuuient-loading IcarboA, LOa-Tmem iEcs in 8swe Bar ba y. Not until WednesdaEy 2 Septembe a

nitogem and phosphors) mesuid along The huge pulse of organic and nutrien week after the storm, did the marina place

he southwestern coast is believed to be input to the bays and tho Continenl Shelf a coninment boom in operaton. Fuel

leaching from the massive amounts of might cause a plonged pnktonic bloom disharge wa heavy on te urfaceand

downe dvegelation dimen d itur- that will educe ambientbthom light and along he mangrove fringe,
bane associated with the torm. This deplee oxyge n in Ihe tower water column. On 27 Augus. at hack Point manna,

increase in ntrient should affect le This planktonic bloom may have severe large quantitis of fel were in the water

carbo nitrogen and phosphorus cycles of cosequnces or tea gras and hard- and no cominmentboon was in place. We

Ihe manne resoures. Although the n boltom com nitiesn Biyneay and spoke with he dockmaster and were old

creased d Kissolvendnic carn and t r shelf on e east cost nd that the fire marshall rucommended that

nutients easured are already d on should be of primary conce. On the west they let the gasoline low out with the tides

sfrating signifiant impact through plank- coast, sa grasses were r wIestrled to shallow to decrease he hazards of mass fires. We

ion bloems and increased trbidity the waters bause of relatively high ambient also noticed fuel in the water along the

geatemst ipact i ptd in the future turdiy Decay of the wetland and upland severely damaged mangrove costline Our

(iom 6 munths to years). vegetalion 1led by the storm provlisa ovr6llght on 19 eptember vealed a

further time elease m anam for intro-

duing nutrients and orgaics.

as Reum c.s.i



continued heavy plume of fuel discharging Bisca Bay and the west oet marine rly winds Lore the storim. On the west

into isayne Bay rom the ares o th nio twa of e imt minimal. Ralher, hese coast, strong alog shore transport c

collapsed dry storage buiing (this was 27 shore and marine environments e cured sou Lh o the I .os mans River area.

days ater he stormi. dominated by brefbut tremely atrmng S thwad a tng shrerge
unidiiomnal c ennur-ts and onshm surges. urred along Highland Bfeach water level
Ihe eets of i storm were different reaching to 2.6 8.5 eet] above postsIorm

SmlSr, Elsny. AU D,, Ion from those hat have ourrd with slower highiwater marks) up the Broad River 2 m

Before the oirval of ths rapidly morg ovng hricane. (65 Fet) at tie mouth, decrasing inward.
rm, intense liortl-south currents set up Although the storm mved acrs Souh and dereasing muthward to Pnce de

sirong north to south currenso the eel Forida tan etemly rapid forward Leon Bay +12-l.5 m (+4-i d). On Cape
traci shel inSae Bay and along the velocity (measured at ) km/[32mp Sable the water levels wre about+12m

bmrr island he rl isands of the by Dr D C chill at the University of (+4 fet) in the north dereasing to 06 m

norhem Keysalong the minland hor f Miami the eFfective wind r he satlern +2 eet) in he soth. Tl e wa acmes

Biscayne Bay, along the western shore sde of the stormsee to have been as Cape Sable did not pmduce high vater

soulh of Chathanm River, and on the mrnarine tmrg and effective ans tho the nsrtb- Ied. in the ms bhind. Th e sorges

nvinmet to h west the Chatham em side. Another peculiarityof the storm is were elatively short and were peded by
River toCape Sable shore. This site n t lt the widSdid notsem t have diAi- nly a verybrl pred of normal wave

was desied by one observer as he Gulf ished as tie storm csed the pet nsula. atak. Tne onshore suse current a the

Seam moving southward along the Key The wind damae in ther oeastal mian e pni ry inflenceof hisstrm n the

Biscyn shore. This phase ol the strn sress on the west cast was severe sIline.

mswed lge volume of twater into south- possibly more severe. Ia observed on the

ern Bisayne Bay, building tde levels and east oat. B s

initialg the expeed storm discharge oht O sothern Key fiscaync. in the north

of Caesar Ce. C r Motcro. en eye wall of Hurricane Andrew, the

The rapid fonward spsed of the storm Strong onshore sugenccurred on the Filled shoreline was reshaped nto n erry
seems to have severely limite e d he norma l east coast isvrlands from central Key ihe straight, very gently se rd-sloping

peiod of prolonged waveatack that a cane south well down thecostof Filiott beach in whch therest was o 2.1 m (7
contline retOves beforea storm resches Re On the mainland coast of hiwsayne erl above posstorm high-watermark.

land. Theintense winds of the storm Bay, srong onshore surges occurred be- This reproliling by the surge scoured

mdi lbstraits of Florida less than 2 tween Rickenbacker Causeway and Turkey portions of dune vegeation and dunes,

hours hefore landfall on the eastern shores. Pnt with a peak height ocrring in the and arl to omspletly filled swals. The

As a ault wave l of the shorwas BurgerKing toBlack Point rea.P postionof lhe eack high waerline shifte

inimal and wave scour oflhe sand, mud, nounedt ooding occurred otheso very little, but over one-hal of the volume

and sea grass bottomd of the reef trc besause ofwater buitdupfrom the north of sand in 1le Front 23 m(2 fee f was

Arer. R.B-e.s be



sweptlandward. Some nels wer cut 12.2 (1640 feet) andward, On south-acing 3l emt (18-3i.4ice}ln thickness.
Sthe beach as odwars pued out of beaches an erosional phase presumably These bea modifications a mio

the island inter or ir in th late saes of le resuled from he weasierly winds Soth- compaed tote effects of alowermoving
storm. Poor water clarity hasleft urne- ry waves caused a albs beach histodcsl uicanes.
solved how much the quartarbonale ridge growth. Plugs plaed in the mois Sea turtlesness on e upper beach
sand shl extending southeastward om of he Cape Sble anals in the 90s have a moderatetogood chance or lur-

Cape Florida has moved orbeen modified failed.idal e ange was uringat the vival, eceptn middle t south Cape
during oe m orm east Cape canal Ingrahanm canal, House Sable where signicant esion accured.

The exrod northeastern sandy margin dich, and Slagles ditch. One hatch was oerved on Key Biscayne
of Boc Chita Key was significantly scour- On the sloping beaches ol Key Biscayne, allowin he st
ed avlin a carp. The sandy beaches on Highlad Beachand Cape Sble. tle lower
norlhem lliott Key wee shilled, and one halfof Ie beach slope was erosional Prea MAs Qbunrls
northum bach was breached byapost- monly down-cutalng 30-0 cm (1. Thebrid srguiteelfcausd little shore
stom discharge of impounded a er 39 inches) Lateral erosion of the sholine erosion the peat and mad coastlines or

eastward was less aen 10 m 32.8 let) i all areas, channel margins. Sloam ds and the

Laig volumes of ie quartz sand t because of the lack of prolonged wve storm surge, however, upooted nany Ies
farmed beaches and shals on he main- atak and ie realively ba duration of at e shoreline. Thesae uprooted trees have

land shre wer moved ldward (eg., the surge. On e upper half of the beacha created a rough and unstable shoreline that
Mateson Hammock). ixtur. of deposion, eaio, and bypass- is being reprofiled by waves and currens.

On lie west coast Highland Beach ing aurred with deposition rarely being This pocess mil lase large volumes of
neceived a major onshore surge causing g r tan 30cm (11.8 inches). The excep- organis into the coastal bays or sdalldbeveral
nimmdation and extending sand and shell tion is the catrl arnd southern Cape Sable years. Thees at the onshore surge coastline
lobes 3 121 m (140 eel) ladaord beaches that appear to have built a new ae commonly ttened and uprooed

across le mangrove swamps. Numerous beach ridge against the shoe est after a Most o the destrucon mangrove
sand and shell deltas formed as the flood phase Of signisant erosio This has inlends was the resuit wind, not stom

surge rates moved ack seaward. Allo1 resuled in 5ll m (197-31.5 inches surge. Mangrovesalongchannelmargins
thesechan neals are now largely filled. deposilion. ithe beach-dunecest was gewrally survied muchbetter than these

OnCap Sable inihl winds caused a bypassing. having less ia 10m e(3.9 away en thechannel arge. Mangroves
stng nr, to oul ren causing inches) new sedimet. Landward wash- in a leeward p ly norern) sae or

some erosion to the e hee lover Jobesveetenddtheshe as chanel-argin setting commonly layWal
flood levls occurred from the ewest and much as lO (32. feet) nndward and are down in the water and remoined green
thn fro ie south. Weticing beaches through te slor.

have a distinct onshore inundation pattern
wit, lobes extending the beach ridge 30-



RLrnm luR un ES cant layer ther. On i oseward side of magrove swamp. On tole slion of Higi-
The gently saward.-s.. ping rncky Biscar Bay. there a grash mud laer land Beach here are nu lerous breaclhes. A

shorelines from Soldier ey hrough Elliott to 5m ( 197 inches) in linss in few of these cul through the land to
Key eived an onshoresure that had no deprssions in temudbanks. On the d- seeral feel belo' sea level; ms breached
e'(fton tie liestono soface b stripped trac shelf, the deeper blow'ouis in Ihe sea he sand-lell bIch ridge b t did not cut

away theshore vegetation and any other grass conta thick rack depot of sea to nornal high wa r level. Ech shore ebb

oblcts. (The house on the seaward side grassbladesand other sto roded dela cal a snward lobe ,rspis ofol
nothern ElIIoInc tKy v as rat'cd to rbble miatrial There is no widesprad subltial a and shel eltending 1-O in 132 8-164
and deposited lrld o t ht drtd feet west I storm id layer eelI seaward v the shore. Only a few
iis oogin On the west coast, the interior bavy he dlas loried on Capet able. The bb

a grayish mud l ayer 20- cm 7.9- 19 del eas caus more destruction to the
Srxw Sau.m i inches) in ihickness. Tis gray mud layer i inshre sea grass beds tan the plorm

The sedimentary deposits suling from also found offshore in protected dres- waves and currents.
wthe storn represent the .e .l te .e nr son T Is s released num arus In Broad ive several ebb della furned

aterial eroded and tInlorted during 'he bubbles as we motored through the lays. trg the storm and bilt tell Iu into the
storm, and much of the stonrdprosd Ted *hebad intertidal to shIlw stli m nin channel These dl a am a, l of
materil wll be nwarked by prevailing banks seaward of arne, River Broadl sofl grey mid'. These dleposits are I-.m
and wLnter-slorm procsses. rho thcks River, and Iostmaran River co an a pthy (3.3-8 feet) in thicknes. Prvai I ing ti
and disibotiosn r the storm ater till to widespradl ane grdaly med ryingt these
dretrmine the t1rbidity waer clrilt and t i0 m (19.7 inclhs in hick es. nNo inlt r tons Int the rhannels.

oxyge Fn Ilceels in manari entronmns or sigif atuy storm depotis were ,n One bb sand delta is present ar the
ilh not aeveral years. ubtid l ebserva the chanels or on the seaward deepening eastern ide f E tt Key eat 3 km (1.6
tions were made 4 eeks al ter the storm ofisho ope(to oe Ie Evergladea ond- milel Iro m the north end f the islahnd the

stl that the highly ophrmeI mater is had amryl The sbtidal storm layer preseil does beach on Key Bisoa ve has ls erous small

possibly od on. contain on rgaic material and leaves nel ls tn the bebh. The mosI pro-
In Bsrcayne 1ay a an to brownish and gi igsbut the grey In ligh grey colir nasn ed were on the north nd the south

rdim nt layer l o 70 cy 19.7 inches) in quar end eclcim caTrbonate mater iai is siles ohe lia erso Key liscaryn where
thicknes i present in depessins in the surprisingly ight compared to the large the flood surge scured n association with
western bay ad in some Annels is vouesl dark rganic matertlased by gaps in the shore struurs. Poor w

layer is competed o mud and organic II Ilo srm eiibil [ty has nhibied a ssssment of such
mlateria l lh generl cky-botts era i- Ebflow deltas have formed lthaL on lattre o the maintend shore l Biacay

rnmren t has liltle se m en~. e havb e not th coast and along penetrating tidal Ba

yet dimed t e deeper portions of north- channes. Tese ormed ,t the storm
retral Bl yne Bay but evpecta signifi surges ters wroe receding out of 'he

Ma.rnJ....a 1



The surface of the broad mangrove deposis ohers, because of the plankton The west coast of Florida tween Cape
swamp betwen Losans River and Broad blooms that have bee tgeed by the Stble and Chalham River normally had
iver on he west coas was covered by a pulse of nrimts and organics provided high turbidity levels alg the mast before

grey mud layer 110 n (0393.9 nches) in by le storm, the orm. In addition the inner channels
hiackss. The layer is sandy within 101 m and bys hid redrod visibility because of

(328 feet) of lie coastline, is exposed al low Rnwoararor mr Scou tnii waters. Fllowing the siorm,
tide, ad has become firm and resistant to The landward half of iscayne ay has tle Chatham River had returned to tannin
erson. The grey id layer decreases in maintained high t idity levels relative to rich waters with low pariculate trbidity

importance inland. Adjacent the Harney presorn ambient. The brwni color by ot 31 Augt overflight. To rhe south,
and Shark livers, this layer rapidly de- indicat m related to resuspesiaon of however, the bays and annel assoaed
creases in icness inland and is not stormrelesed coastal peat. The deep i llostmans River Borand River and

present adacent l Tarpon Bay central portion of ental iscayne ay Hary River retained comiparively high
The mangrove swampsadjacen to northof eatherbed Bank as evolved to particulae levels The ebb tideaters fom

easem, western, and southern Biscayne moderate to high levels of green turbidity the Brad Riverae maintained high
Bay reivaed a new layer oa ger to tan caused by a major pOIorm plankton particulate levels rough 20 September

sediment. We osrved this hemthe ai r bloom (bt somewhat lower than he visits on 12
brt havenot yet sampled it from the Seaward of thern Key Bicayne and September). The high turbidity levels are
surface. the northern Safety Valve, persisting high brownish-quite different than the grey

oe mniigvan e weIlands that were turbidity levels that ae whitish in color mud layer deposited. Ebb and flood r
vrely damaged contain largevolumes of repeset continued eworking of strum enta long the Broad Riverae scouring

dead leaves, twigs, and Tes In addLtln, mud layers and of scourareas on the and introducing brown to tan to gey
the uproted trees have crehighl d a highly war flanks of the island and banks. turbidity into the canl waters

iegular topographyandexposedthe Waters on and seaward th Safety Valve
subtamte tocroso s. fromSoldier Key south dered withina

week of the storm and have emained clear Sa GnASs Bens

Ssnntoa msa.t (xept whe n intded by ebb waters from Two major questions we.e addwessed

Following the severe sediment resuspen- the inner bay) indicating the lack osubtd- with respect to le potential impaci of

sonor the storm proper several coastal al ersi or storm depoaition in theaea. ricane Andrew on the se grass bed
andnarsoreareas of southeastern and Theinne portionofevefractro co uniies of Everglades and Biscayn
outhwistemon Florida have retained high Ellio south has retained high whitish national parks: what changes occurred in

turbidity levelsSo eas remain high turbidity flecting continued rewoerkng of sgras community distibution and what
becauseocntinued reworking of sorm mud deposits and of stom scour changes ccurred in blade density standing

areas. crus and community structne?



BcA,,M BAy palterns 50-100em (197-394 nches) deep that extended across the sea grass bd to

From the air he sea grass ad shallow into the sea gras s bd surface. On he crest the s~uth. Th rigid mref pat b provided

marine comm ties appeared tobe r- the S fety Valve and on he Featherbed c trii n o flow in il g the channel

markably unouched by the stom. Thi Ba however almost noa grass sson scour.
was mstdramaticoff Ellitt Key Bca occurred. This is in sharp ontrast to The sandy hotton of the or portion of

Chita Key, and 1Me Ragged Keys Here the Hurricne Betsy (165) and other storm the reetrct shlf showed greater modifi-

terrestrial coimunies were leveled on iThe that caused ernsive detruction in the sea cations rom the storm. Most charaeristc

isla ndr whle 10m (32.8 t) f shesea grass bed uface is a cnent.i lobe ofi anddeposred on he

grsses, Saapson, and gorgonis cold Although water cla ty is still poor in the sea grass to he south of bare sand areaS.

be mmseen from the air. appretly untouched. deper, central portions central Blsenyane Thee are ean htot soulh of blown11s in

Concern had b expruss l about pearopdl- Bay the sea grass beds in the bay appear to the sea grass beds and south of the bare

r cu in grass beds acng as erosional hve ot suffered diret stor m damade. The sand hald around mrl f aathths.e 5 b-

fooi and allowing the btds o be orna from patche of sea rass on the rocky botlomof served these by air as far south as Cars-

wit hi Tdi noid not happen with ur- the andward p rtions of Biscayne Bay fort Rec These prent a clear ecord of

cane Andrew, Mlroughout the tida banks appear moderately damaged, anid the the chel wide nolh to south Cu ren that

off the northern Florida Ks, the propeller veneer shand has been largely swept out etended well south f the suthem eye
scars seemed unalfeled. La er as viewe of the a e . wall. In a dion, e na grass beds were

in th ate, a few r e etrs of sedi- Sew ard the Key, sea grasses shols subeted tom lowo usl enlarwemen towards

ments were eroded from he sides the only ior modification the sea gss the shel m argin and were cut by near
cu sand fma bottom, butthirhio platForm seaward of outhern Key . scours insome mid shelf areas Hi st oh al lv,
phyvic algae, including flahnrda and can e and seaward l Caesar Creek Little hurricanes h ave lram aticall]y moificl a ad

Pinrirh, were still firmnly attached visible modification has ocu 'red to the sea set back he sea grasses of the ol r shel
Sa grass blowou are common in grass bottom of t he intr portion of the Thi torm appears 1. have cauysd less

numerous alas. Most of those observed shealong the length of Bscane. moditfcatios than did Betsy or Donna

we e unallered evidenced by 'he pre- Thlls lattom is generally a mied nuddy I 19io .

oan of ixeh aLgae or gergonins growing sand and not q9ickly remobI ted, of An analysis of sea grass plant and blacle

in or adacent to Ihem. the patch rsf am a seaward oft northern density at three o Dade County Depart.

The onlysuggestioneo possible nte or Elliott Key had a north to south scur ent of Envirounertal Resources Manage

very enlarged feature was ihe northerly channel formed between tW o ree patches- ment long- erm monitoring stations

nest lobeof the Safey Valve, just southof This channel seems to e anotherdisplay of following ithe storm is presented in Fig 21

Key Biaayae. Sly the seward flank of the strong north o south curent a t e data (Appndi' A indicate that

te rrihen Safety Valve displayed exten- developed as he hlurane approached

srle ses grass loss by he onshore storm The channel had a pronounced sand deota

sun ge rhissmurg e eaut .aganedcor
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hip was observed in eastern and west- located, we were unable to find thesiab- The imporance of the prior monitoring

,rr southern BisayneTy. The veeer of ished monitoring pits and dreore did data cannoteveremphasized in this

sand has been swept from many of hs not obtain quanittaiLvedata on specic as. Te iression one gels from lany

areas, changes at thss location- caeua[ obserma ion at the illy Iointmca-

Ie sponges weethe st impacted The sponge cumpAa.nli of the ha ion is that he coummunity was probably

eonsponnt of lie bard-bottomom ui- lon conmunityas also ound lo be litl changed during the storm.Alarge

tie. Underwater surveys t a loeaion gnificantly altered near Elliott Key (Bills uber of commercial sponges and other

approimately l kma Ii ail) soutlh and Poil sponge maniting pts). Stakes and sponge specieso all sizes and age groups

westii lr pelican Bank west markerin lines marking Biscayne montari ng plots were bserved nt all appeared healthy as

Biscayne Bay near thesitd Bitayns were locate d t this site, and a coun 0 sall did hecorals lga and her cammnnly

previously established olican ank commercial sponges semaining within the components.

spoge snitorng plot) revealed that a pilts waonduced. The count revealed We visited a third hard-bottom Incation
relatively heavy layer of li e flrculntsilty that less than lo em aned of the 282 near the Biayne sponge moiitoring plols

marl sediment has been deposited over the cmrcial sponges marked and mapped dietly east of Black Ledge in mid-Bis-

bottom. iThs material averaged 12 cn within these ploisfore the strem. All cayne a Again, a ltough the buoy

(l.l39-'."1inhiesi deep at his loakn. Trhe sponges and other organisms that rpre-susly marking the omnitoring plots

deposition seem s to have resulted in the mained on the plot seemed healthy and was (fund, the markes and line locafiing
smothering and death F most spongs were peent in a a y of Ses. Changes the plot wore ot Fond Therefore, obser

encountered. Tonly species ur which in the sbstr.teeharaterises at this site vaons at this sitewereenly qxalitativs. As

live peimens aee encountered at his during te storm med to be one at the Pican Bank site snse deposilion of

location was the logerhe.d sporge (Sprci- minor m seditent oss nd scouring as an extremely fine (taoa lent nat sod imentI

catugia res:Friu rrr. Several dead spect- opposed to any accumulation. None a lhe was evident but toa much ksser degree

mens ofh Sgnerla Spaegia, Hilispotgi, fine tcculent nterial so pronounced at than at Pelican Bank. Mos sponges en-

frc!ria, Veagia, and Maticinie were en- stations visited on the str sideof Ih cou n ted during the survey were alive

counerd durng 1 0minute surey bay was vident a Bil lys Poln. Resour and appard to be retal vey healthy Must

period i. ihe skeletal re o eamains of hnagement stf at i oayne rpsled other comnity organsms appeared to

sponges Fell apart readily hen handled visiting this location n5 September 1992 he largely unchanged. Sme gorg lans

Thesediment-loading did not appear to (t daysaFter the stormand findng were encounred that had been uprooed

havs significanimpact on stonycrals. essentially no lse sd ets at the site. and were lying flat on the botom. 1ese

sea plumes, algae, or sea grasses. Ahough Upon the team's visit on 21 SeptemneT, may either bave been from he site or

a boy peiou sly marking e location of they felt some sedmen had accumulated transported to the site Fronm hr areas. A

the eim can Bank sponge sd, plotswas number of echinoderm tests were enoun.



to rd wkle surveying is leburno live to soft corals and spunges, two of the maior were alight and were concentrated on one
speimens The Biscayne park staff reports community components on 13hcayne ref major vpecies. The fate of broken elkhom
that sea urchins we common in he am cotsis'd mainly of detachmn and burial, with ge algal infestlaton should be
before the storm. and partial breakage (chunks missing). monitored.

Altough only qualitahtie data are Damage severily varied greay aog and
available or le hard-bot communtiu within reefs. with more sevese damage to RrK w( .f'Mis e)
seaard of the Key.m e communities corals and soft orals observed on iache This reef hacerized by a l age
appeed to be relaively undisturbed. No Shs nd to sponges the deer rble field on he rf flat with fw large
evdence of ma desrcion or loss of offshor ef- AbieA decription ofach corals. The rbble ield had large number
nnis wre evident during lights or reel sd {from south t north) follows. o recently brken and killed corals cob-
during trat by bot over several of bis wih some tissue remaining), mostly
thse areas. Bu t r R luaimse elkhom but also som hed corals and

This reef is dominaled by large sands of geerally loked disturbed. A gass bv d on

the elkh coral Acrp, ra. a speci e outhemn side of the reef was undercut
Cn knwn to b sensitive toonnm damage. bul grassejust south of lthis eature did

What changes in coral commuiy Some mcolonieshd broken off and vere not appa be b afeled r buried. Overall,
stuclue density and species composition laying amidst large coloni of thi species damage was moderate, and the source of
occurred n the bank ref areas? W there Sine colonies had abraded ftds. Re- feh rubble was not apparenl. T is mret
evidereofdee pwaler wave surge impact cently eposed skeleteis (where branches should be sureyed momr e ensiv.lry
to isyne rees? were broken off or tissues wee abaded) of

Aerial observations indlicatd th atHurri- A.pe a lwere coverld with a green EhOto E)
cane Andrew cmsed significant smothem filamenous lgp, possibly Cfadophlor. IIi rn las dene pa bch of elkhotin

Sand sd blating o crti reef areas Older lesions on the same or adjacent on the northeastern qoadrani, much of
and left others relatively mun agd. Te clonies had a totallydiferenalgal oloni- whih ere broken up; e colonies were
strong noTh to outh urrent along Ie atio This inftion with the filamentous over tuned, anyd manyof the smaller pieces
shelf seems o have dominated the shess gren algae was not observed on anm of the ere rduced to rubble. OiMer colonies.
and to have Men respaonsible for ra.tport- otheres invetigated. ouhly 0 of owvw not impaed physially.
ing larg volumes of mud in suspension the lkhumn olonies had breakage at this Interes tingly, te broke and ab ded
suhll of tM main storrm area. reef. Soft corals sponges, and other re elkhom pice showed no evidence of the

The major ypes of damage oberved to organsms showed no sign of recent dam- filamentou geen alga observed on all
corals wel detachment and overturning age Overall, coral comunity impacts Boy Re. Head cals on th eastern side
Iboh small large hoadsl and breakage of thereshowedl l ini, l sigosof dam
of braching spie. Abri and goues ag The reef flalooked abraded and
were also evident on soW corals. Damage



disturbed. Overall the damage was moder botltom aro nd and seaward f the deep to re lf(oxr serx)

ate to he lkhom and slight to modera to ree was compoed of feine rich sedimnisk W amind a deep apu ha ran ged
th g r eemaning r a o rgnisms 1e eel that had bu rros and Ilgal films. Ilrs frtom IS 2 to l243 am 5080 et) deep A

should be surveed in more detail the deep seimen ts were disturbed by the strong u rrent wa at the sirace but

stonrm,. Ihey had rtmed to some degree f corrent occurred below the surface. The

Alex (oaniwr) normacy E t en tihough there was.a strong ro was silty and had low coverage by

Thearea i ed was at 24A n (Ji feel cure at the surface, the deeper water hard corals. Ason Ajx, mnyr of t barrel
wher therewassedppur and wascalm. psibly allowing far the c- spongeshad pieces missing rot hir

groe. The ae was characerized by mution ca hi. sewrd sides. but litle evidence of dam-
small colonia ol the la cral M 1 'sanr age weas S o the hard or solt corals.

nrdilar (morph type 11),a nd M. careo- AtrFetntoat) Some coraltshowd evines l detai-

in, Ihe barr spoge pti and his eef has many large head corals, ment front earlier stm. Many heavy
smallercoloniesoolher ros1is Sideestre especially M. amuljrsis anl Diplra ep, rapes (lbster pats) wean draped over the

Srta o easa. Agar i spp. . Mcth of LI but little elkhlr . Several the large coral sponges and corals; some of these aninl

deap reeland oral s covered bysit but headson thereef aape i ly lowr he shwed evidence f brasion from these
me l -mral that had previouly been middle and suth o ie reef. wer dis- lines. t* recommend tht thse ne be

partially covered y sil appear to have lodged ansi overturned; examination of the tmovel i preaent ( rther dem ng to the

bdn eposed durig or foowing epose attachment sides ndicates that thM reef Eua. Owra l, storm damage was
slo T lis was shown by dead while area colonL that overturned were heavily mini l.

ny, usually in a deprsion. Oierolonies coral ieds w not affecled. Many de La ssorsrns
ewit silt na them had sifmlr dead white tched softlcrals were on the back (west- this small formal at 6.1 to12.2 m (2

areas under accoumu c Solalionsof sill. Soi of e) side ,dged in depressions o 40 fet) has high opography clld wi
ihe Xosrgm w colonies had apper po- among the large star corals. The northern schools o iisi. .he bnthics ommunjty is

tlians miissinag speciallyn er heir seaward nid of the reel appeared unaffectedasdid characterizedba dense ssft coral cos -

saides I. s upper penios were in parts the suthe end. Overall, damage y weith some head corals. On ie sea.

process o healing. These light-colord was slight to moder ale. Recriiiwment to he ward side of he forsition a few
lesion were sim lar in shape tO older inewly eposed osi framework and the overturned fcohla we partally bried in

totally healed reionson se of te fate of the tmed corals shnld be te sand as were a few detached it
colonies. Afew gorgonias and tube monitored. corals.all, hoaw evr, only aligh tev-
spongs were totally detal and had dee wa een of hurricane damage. 11is

accmulated in reef depressions Whether site hasa air nuber ol rerits of M.
he silty condition of thi reef is normal o ranes that could serve a a esource for
reaIed to lie storm i unknown. The a study o jiuvenile ral furvival.



Tu urn(oQ cns Hydrolab DaaSonde water quaiy moni- buried, and ny spong had niks and

We examined deep reef at a depth o toing unit that men dioled oy- cuts resulting from impact with moving

43 (60 b t) Astrong currentwas atthe ge, pH alinty conductivity. and a e The pavement rockof the ee

surfae and a light rnt was present at mpera une at bhourly ntervals le unit apped o be bromken omrp the

depth. Th ee was less silly than eier was in plae an running during the sto highly cmented ad smooth pave nt

Ajax orl gree's. ittle hard corwal The uit was collected 3weks aler the exant before tstes The proces

a~n at this siv similar o the afoomen- slorm, and the datacolletedduring he would cause ths tpe oadamage wihout

tired ref Ilarge pieces of barrel sponges storm willemadeavailablae. ly reporis the ttA lss of thebeAticommunity is
were misnag. lArge masse of sponges of by Porter and the park stafndicatd tat unknown About 30% of the betlic cAm-

neus s es hod accumulaed in the reef was deiyed. i reality some muvty was lost by displa tt, coverin

depression at tHe base of the ree idges minor damage occurred and a arg coral and bhage. No eidene was seen of

some large corals were nised in with head (approximately 2 a [6.6 feet) in tissue abrasion sand blasting), exessiv
the sponge There were a few overurned dimeter) was dislaed several hndred siaion or any development of ruble

pieces o coral ck along the magin of He At Hrm Porter's sudy site. Te desst piles.

re, and oral b eemed to have been inication of the pssing of he storm over

overtuned during previous ston. The this et was the large accumulation of Ka ran(oaress ass
sedimet around he ree looed undis broken lobster traps sea fans, plumes, )

turbed. Overall, there was significant rpe, and i er debris in hollowanda her The evrkian wreck was a 9-m 7-
damage to the ponge communit but i protected areas of th rl complexNo costal fshing vel that was sunk
was not cler ether te sponge u- evdence was seen of abraion, bekag or adent seaward of the naional park

latI deived mr the shallower rae Aexcessive sillaton. boundary as a artifmcia l miemorial .o
inshore of the deep reef or from sponge local dive shop operato The vessel was

population s rtheroffshore.The sne of Bcn (a mI arl) originally plaed im 20.7 im6feet) of
the damaged sponges shold be deter- Onie wsten side of He coral ef ns a waerand showed little deterioration sine

mied, small complex of reefs sm) known as Bche it was sunk in 1984. The wreck was lated

Shoals.The area isapolp snorkeling about 70 feet) ro maheal y atu-
Lrts(slOaIrosna and reeatioal site becauseof the high rl reefd. 'ark ersonnel had last evalusted

At we southern end of Triumph Ree r. faunal diversily and the availability of i essel appiximately I week before H

James Porter (University of GEora) hasa mongboys Earlyrporeindicaed storm. The ostorm evaluation confirmed

photographic documentation ile that he sere damage to thm rees In the complex repar da the vessel was completely
and his team have been sampling or the Although no morig buoys were lost, a destroyed and hown against he nearby

past several years DrPorter d park signifantamount of damage was done to ur reef localedwith he park bound-

personnelhave visited Ihe site annually this re A number of heads of aista ary e total reliel f he vessel afer 'he

every 3 weeks to deploy and recover a arrst were displaced, disdged, and storm was less than 1-15 in (34 feet



compared to it m 5 o16.4 et profim le Th areaso se r m.ngre estuc- The all itnging forests on the western

loHur r Hricane Andrew. The wreck as en were Soldier Key CaemsartCreek on fldao Biscayne Ba m wre deastated bry

turned aemo, inside ut, and the wtrckage the eastern islands; south of Matheson HurricaneAndrew, from Mkn e r o in
was reshaped t, conr to I, shape of Ha mock to northern Card Sound on the i sUth In the park norhern boundary

the reeF. A surveyof thenat iral roof ay thus mainiarfd wBiscyn Bay siore, and the CJe. Many areas lamost idal blow-

location indicated little evident daagre i mangrove belt beteren North gcne d dow-n (DCS) can e fou d within the forest.

the rock substrate. The f was almost Leon Bay and Chatham iver on the west These areas are In he northeast an ou h

loally devoid of macroauna d proa bl sal. The northen and soubr portions of BIack Point marina, the north and south

died log efore the snrm. Th sediment of these areas general had less coplete sides of Miitan canal ouh of the M r

imaround hesitwas a fine. easily disturbed esttion thn lie iddle .The man- canal and at Mangrove Pot . East nd

marl hu th depostlion of this material grves in the vicinity of Higland ec, west Anicker Keys alo su fred severe

was on the w.reck r idrn the nuerous for example 9 destroyed. t storm deige 4

deps sion on the f. At the tme of the desrtl.on is bl both runk sldappng and All of these taller frngi ng forests had

suney a notitabl ecrrent , suffi ent to by uprooting This type of destruction moderate t eo rge nonbers of splings and

sour aese high relief such as the reel resulted fom wind rather than storam sur seedlings that S ied tH st . These

and reck, was evident as the efect etnds ell inland rm the osis should provide an adequate seed

cons. Ares of Is tia 75 ie destrue - pooi or regenerat.in. Standingste.ns

Biscsrs*E NamatvA lPAK (ion are commonly in elongatebands less hoever, seemed tol bell behind othier

The teamviSed II sites on foot or by than a few hundred meters wide. In lhse spedies iwg. gumbo limbo) in leafing out. 

bat in Bisayne. These sites inl uded the areas, the community of roted man- A few white and black man goves ere

south side oftern t neto Mory cal groes iel have recolonize by stedling found thathad begun t dvelop advent,.

ust uast of the L b can and one-half to resabt h a viable mangrovecommn- tius branrchs. Most standijng. dfola led

mile north of theMoiry cena; both the ni In armas of extensive destruetion there maongroveI. hmhwvetrt had not begun this

north and southi sides of the entrance toathe dbsnot ern to be selective smrvilt of r ss.
Miitary canal; south stdeof the entrance to the aIler red i , end blak agroves In e so en rion of the park and

the Princeton canallboth to the south and The e tensive prootg of the larger trees on the er kes the shorter fring

the northeasto he Black ont marina; the has left an extremely irregular swamp si seemed relatively heal y. ese

esat and northeast sidof st Arenicler surfa with more than m n(3.3 feet) shrter i eem et most ikely covered by

Key; h norh side of East Arsen.icker Key; relief and extensive areas lhe seem tobe thesaorm surge and thus escaped damage

Mangrovd e Point; and a site at the south too lowor high for efectie mangrove fm high winds. The inerior Forests an
entrance to Midnight Pass on the mainland reoloniation In some areas, red and Elliott Adarms Ttten. and Old hode

ide, black mangrove seedlings wore depoted keys alt suffered severedamage (DC4). The

in hewrack by the storm and ar amlready

beginning to gry.

.



ame1~ l urvey was not adequate to judge lte Gulf: Johnson Mound Creek (a small creek Data colleled following Hurrcane Donna
abundance of seedlings or s a in a t th suth of First Bay at the Tostm.ans indicated a tare mortalily could o cur 6
forestsor esswhether tere was moulh);Chahn Rive a romt lie Gullp 12months aler ti sto e dw, to sodi en
sedimen acci n o loss. through the ba k bays and out the La pes depustion.

Dwarf mangrove foraests doniinated by River; and Clam Key. Little moliaon was oerved n tres
the red mangrove are also ound along the A distct gradient in damage was that re ined stndine New leaves were
westemho som of Biscayne Bay lee obsrved from nodwest of Everglades observed on a few white and black man-
'frt" re landward of lie tmll fming City o Whilwater Bay A peak in damage groves. Many of the standing mrangrove
forss. They also appear healthy at pe- (DC-) was found from Shark Faint o the showed signs of atm damage (cracks,
sent in ens dlwar oas, howe, som Loper River Df age then quicly den spll, broken bark). hese ae alive at
5-20cm (20-719inches) orf mgic eases , lower Shark River (I) to present bulnay diin the coming months.
detrial mae eial were deposited by the Cormorani Pa (D2), little damage was Due to lo ial constraints he lean
storm surge This malerial released copios obseved eam norther W itewatr ay was not able to sample along the mangrove
amount of H(S whe stepped on. [f is south (DCOI) To the north of Lopez wRive m.ma interface by foot Aerial surveys
leads to lower redox potentias, thee, oally see damage an be found all the indicae that large numbers of tree, ae
healthy lookin g dwarf nes could di over waytoRookery Bay National Estuarine eitherdown or are oally defoliated along
the long-term. Lesser amonns Df tisrad Research Reserve (just south of Naples). this interlace froma the upper Shark River so
and de'ital stew were depostled in the Seedlins and saplings were found i all the Chatha River (DC4-). Large amounts
taller fringe. Also of concern is the long- of the healy damaged fores, but their of Brailian pepper are mied i with the

tr release of nuorens o the bay a thti abundance varied widely For example in a angove i this regtio. Most of the
material decompoe. forest insadiately no lof the stmans Bazilis pepper appers to have been

Because of the relatively short nrth Io rangerstton,smedling densitywas less noked overand defoliated. Unfort-
southapan of pmI yne, no gradients in than l/2 (1/108 ftz] In the uppr Broad natmI oedy rvahions o Brazilian pepper in
damage we deletable. The seaward to ver there were tan 10 eedligs/m' ther habitats india that it is leafing out
land d gradients damag e a pm h SgnR ntamounts ofedint and at a rate mur faster than ardthe man-

ously derribed mangrne detrital malial iwero deposited groves.
in many (oress in this gion. As much as nerior marsh aeas emdominantLy

Ewuarl4os n or.Pain 25cm (9 inche) of maurial was found Sprtra tsrke) that arwe scattered brough
In vorglade the following areas eem along the rad Riverand behind High e mangrove forest along le west coast of

surveyed by bat: Comorant Pass Shark land Pot. Theinfluence of his material Everglades ermIn haveescaped maor
River, from e mouth hydrlogic station on he seedlings splings,and trees at damage from thesor, based on erial
35;SharkPint; the Broad River, from survived Hurrican Andretw is unknown.
Culf to Broad River Bay; Highland Point;

Lmsmnans River. from Onion Key Bay to the



sorv nvs. Nwumserous m aall marshes, are usual seen in moe protective habta. bot aer east of Black Ledge in middle

dominaited by S. ulteniond are found in In this uation, these speciseemed obe iscayne lBa, several age schools n-

this ei n. Many I these also seem to di spl aced rom their noml habiat and berig 15-30 d vidals) of pinlh were

Isavesurvived the storm. may othave yet Icated new areas o encounter

suiable rover.
Dr.1 ic hmael Schmaltei or theUniversitof Ev ortsNaieal Pe(wi cmor)

hnlRIE Fims PoniAli Miami Rosensl Scholol Marine and Irnformaio re, mhln i tm th eimpalti

Atmospheric Siences has been conducting regions of the e Coast largely aneAltal.

B&sch A awr sa fish siludies in the vicinity of Caesar Creek [ he fistseveral weeks following te
Fish populaiion s appeared to be healthy ser the pas several years. He reported storm, the park tned the Flrida DeparmlntI

in aU locans nvetigated. During a 311- that since she storm he has observed of Naurai Riesourcee necaived several reports
minutedive nof Aaxe in 21.3 n ( et) several of his previously tagged fish i- f mase fishk i s in the mmgrvve one.

of watler. 22 species wer recorded and, aining in he Caesar Creek ar. Al- Several epor were al reed of an

allhoug quantiative estiatles of abn though some individuals were oerved eitremely srong smell of hydten sulfide
dane wr not possible, populations with minor body damager. oce are not over the mi wesaust regon.11wse

appeared oail. Along the outer ( likely to have been signifint. Seeal facssgges ehat a sign eant amount o

edge near the northern boundary of he sal sppers and grunts wr observed mortality ay haveoccurredeitherduring

park. over species ere encountered aring visual observations in the man- the str or a lation to depleted ygen
during a 16minute dive in relatively low grove crak and prop-nt systems, ug- evelsassiated ith orgaic-ding.

visibility conditions. Du ring inestigatins ging that the u 1venie fish typicalty ring our ivstigatione of the wt

m several patch reefs in 6.0 to. I 20- ocu ring in these habias may have been coast a-as weeks following the storm,

fret) of water. the ree sh observed ittleimpatd. no evidence of arge fish kills as encoun-

seemed relavely undisturbed. Some The Bisaynesif has reived several tered A single dead and foating lsh
individuals wereseewith attred fins reporisao ecellent portlishing mic the (probably BaMrld sp.) was observed

and body scrapes suggesting that they had storm. ay hrimpers returning to rawling during the invesigation of mangroves

ben battered about by heavy ave surge. nce slom hve also reported that along the Broad River.

At Elkhmurn Red. where etively heavy cches have greatly feceded hee typi Te Florida Departnmet Natura

coral damage ocrredon the apper ree ally found ths time year. Resources sent an iestigaive a rom

surface ih tlypically seen over the eef flat Other incidental observations also Fverdaces C yon 3 Sepemter 992 to

were still present in large numbers. The suggest that hish are relativel abundant docunt water qaity condins ad the

los of nu of the Acrora tain forst since the storm. Whta survying sea grass extent of the eported kills. Results o their

on the op o Elkhora Re resulted in an beds near the ealherbed Banks, large aer quality Aboservato from 10 sitesin
unusual open aggregation of glassy sweep- numbers of uvenite snappers re ob- theTen housand Islands region are

ers, Spanish grnts , iand other spaies that served and whille investigating hard sented in able 10. This team did not

aer k.1
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becaue te wl is now covered with sand, E iott as Sands Key Sand built up and not a poblem. Only Jevell Key had a
but there is littk ar not subject to saltwa- deposited furher inland, downed vegeta- signicant quantity of siable wor rock
er iundation during high tidesor he on l wblown owards tle inmerior and deposited on e beach, bu r emova.ib not

storms. tath was aeoved fro the sho elirne reco nded.
Nrihet shoreline oceanside-This Habtat or turtle nesting is u tafetd or Overall I preliminamy assessmen of

small access lmiled 10 about a 20 m 65.6 improved. the impact of Huricane Andrew on sea
lee] break in the mangrves flronting the Everglades Noional Prk-All of the turle nesting habitat in Everglades is
shorelin ) but popular area now has access nsting habitat surveyed along ie west considered minlimal and perhaps even
blckedydowned trees. Theberm was coasthadeen afted by omsore surge improved. Regardig the currentyeas
eroded ll a lower profile, but the same caung inundation and extending sand reproduve fr it is estimated tha

sandy eiar is available or nestin asa and shell lobes (3.0-12.2 m 1ia lfeet approximaely 560% of the seasons
Swas removed in his location and now inland acrs and beyo nd le pr.ferred remaining nesi to hatch after 24 August

l soil has er ded and exposed roo netin habitat. The depth of new material will fail, due in compacted overburden, or

systems. Minimal work to clear the shoe- deposition ranged from 0 to 120 A(3.9 to were eoded ut efore inundation and
line debris and Casarie stumpsnd oots a inches) and ranged widely in degree of redeposlion. Sea tes are long-lived
would put lIM1tsleback to its loimrr lale. compaion. The degree of (opactio is itempaus animals and in t he long-tel

Sands Key-Stlorm surge has washed thought to e more portant to the emer- h event is insignificant.
sand up beyond Ihe lj er beaches ap. gencs of hatdlings than the depth of ths No evidence ofany newt lass from Me

proimately 25 i feel) enhancing material Schroeder personal commun- paesting season was observed on any
nesting habitat. gtam wa blown aion, Florida Marine Reseah stitute, of the bechessurvreyed.
towards the interior of the islnd and pos Department of Natural R sou rs). The

nuoprombine to Baccess. Beo te herricane, duraon of hese surges r ibe residency of MaAs
this shoreline was havily covered with iIdwatrs over nes is th ught t have Manatees were found hroughout
urash ad nowuch of itw as blown or been relatively short and of minimal ronse- etire magroe a nd costal cones of
carrd by storm ur further inland, thus ueu to viable nest AI] of the beaches Evergads in virtually evey wateray

improvingaccessand habitat. Much e vey had vegetation and debris eed surveyed. Marked spatial and tempoal
Sands K Beach is frond by mangroves from b beach nd blown or washed patns eit to their ditibutin, how-

and they remained virtually intact- landard towardstheiterior of the ever their distribuion and relativebn-
effering only sme broken branches and mainland or ilnd. bri on nestng dance varies from season to seasn. To

lost leaves. habitan, which might plrent ana ostacle document a describe the spatial, empo
Elliot Key-Knwn nestng sites on esting emales or emrging hatchling, is ral, and behaviral patews of theendan-

Elliott Keyincluded anneill clc hSea gered Florida manalee (Trichhs manu

Grape Point, Sawyers Cave, and letcl stra in Everglades monthly aerial
Int. Imp t was essentially the sane on
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emt r a mnalee was sig ledil by a DNR Cmusc oured, howaee Storm displ,,mnt has

Ish bioogist traveling n lew ara moud Mos 't vete and all of those kvn been hwotheza to b. the cause of

Chokolskee ar hnd Everlides City ntng in Eveglades tour om Lon wandering crocoles in the wst const

oug iHayman , pernal comnica Sound near US. I io Cape Sabee ]neb ri rver system a fte I mu , Dna in 1960

tn). Ltehwe Sghtngsar o coies have been and o hav causd e diapporenen o

R iar ding timpatof Hir e ma d einihews wrvsytm.A h1Mdigrocdil somo hdeaster

Avndrewo n aspe manlt thefollow- preliminary ssm ss r thee euof loida Bay afterioeran David (

insacounlis inters Onr8 De amber Heminen drew oncrocerlhi abi was andTrpical St mDni e (11)Appro-
199 h2a3 km 10.8 ) l ale manate made duaring afiding i raX ury artey, 3 d yistern Hwriricnenew

r mephrwnughtindrdio- ot iSeptember l992o eenliecostl twadultemc l es wal laei rd in the
gg by n l aodrm Departmentof NoSdl mangrove ring lom long ud bo mo of the Sr Rir trveling up-

Rsoureat the Apollo power pant Evglaes City, and during a a srvy raB M R in ersnal mmuia-

T atliay. By the.endMam 1992 l oh ' ce il habitatanid nmtng ti r),

ZephprMl mov u iIoC Harbord d r i norheastent Foria lin1e

Pae River ephyr left Charle Habor Cove o Madeira Br eh, wnceling rje Bay, Omn SFer,

abuat 2 uly and by 29 Juy was lo din Mud] Bay, and Taylr River). Other bservatios includea haty
Evrglade in the Turner River Th move- Except for the mangrove desmueion in asm tfriality in Oherarm debris

mn inv l re taightlineistanced h w sr rysim wlre Hern I lineanePavilonKey On 21Septmber a ,nthwh m n e"

oveWI 2 [m ip3wt mile) li we h lf Jush pnul litle thh1 t in. loatwre rdly
,rd Hu,,ine Andrew in Ch ke d ge (nfined to boken brchs and thrown on the debris long th 2,400 m (1.5

Bay near the mouthof the Turner River few uprotd lres) walbsrdNo mils) of be hewidtihor th dwbr
The day after 9Ihlm,.25 Augut, she oil wrinarned t nest sites thatrwe 11ne rangeditonm t to 3 m (3.2 to9.8et)
wanoiolfRabbiKey Pass. On 27 observd The eaite were soodi into koe iem
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Septrtr, Ehyr had moved nrtt the orm. Deths of 1ruwe unlikely, arng nd lore cwch), and 37 pillsof
Calosa'hthe Riverand by 16Septmbr orwayr unless they were diectlyin the spnngecoa and olonial aemne, were
she was bak al he PearR..Rae ive (m p On 26 Augut one dead observed pmr 1 m 1 m. Two hlhy
Mane Rarh nIrth Rnslt p iile Deparm abo if cn theodid r nd one nwar death drped n a
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Special Resource Issues

Aiamsoucr s waste (paint. solvents. gAsolineaerosol m oburInandmidn

Sormdamage tofalits adsucu sprIaay cans, isectcides leaning pplies, ne,addrsand h nun

was espcia ly evere in a 427km'(165 bteris ec.) and (5) recyclable materials con ing h work. Pr mittoes

mi' are ei nding for 32 km (2) miles) (metal, glass. plstics, and tyomom). sh U nht oar w ,ate mai-n

suth of U.S. 41 and for distance of24 km Following lhuriecae, thestateof al mst disped o inadepart-
(1 miles)lm inland. A as if Culer Ridge, Florida Depament of Enaironmnal temin d facility.
Homestead, and Florida City wre igely Reulaion (ER)l issued an Emergency
devataled by the storm, genaling i Final Order (datd 26 August 1992 proid- Primary consideration issing this
lions of oll nof debris (ronm ruined homes, ing certain elief th respecto gulatory emegncy order wasgiven t he expedi-

conunrri a nd industrial establishments e nental protection programs. In the endy of debris moval from paplaied
and agricultural tivites, and exeive Findings of Fact supporling the state ars to proect the public health, safety

areas of downed vegetalion werecaed. emegen y order, he Florida Department and welfare, and to avoid having to issue
Estimales of storm-related debris from of Environawnul Regulation stes that a potentially large number of approvals

hu tricane exceed 3.716 million m'(40 "the hurricane ha... eatd a rka caseby-casebasis and suander the
millionyd). This debrisconsistsoftrees furer substantial impac ontheenviron- agcy resource, during thetime of emer-
and shnrbs (73%), building debris (24%), mnt. in addition to he devsiing geny s exnsive removal and di-

damaged highway debris (2%), and general impacis caused direcily by lie morm. psal effort has, however eed the
housjhod dris (%) As esis dug Among oher provisions, the emergency potenhat r impacting the surrounding
outi the earl y days following the torm, order speciies the fofo g envimet and e general public, and
debris types were mixed, and generally posing a threat to rlse integrity of air and
piled in front homes, in vacan, e, and TheDepatmentahorzes lyatin water rsoirsof Everglade, as well na

in rightso -way Only recently, asa more catons dhsignatd by lacal we vemo- possible risk to thelhealth of park employ-i.h
normal infrastructure Iwgin 10 emerge, meni olicails) lhe open burnung of sea and visi tos

have guidellnes ben established tosepa- lrric.mnegteratad yard ts ad

rate debris into icategoriesincluding c mo ns tmbimalenlbrsil Desos m SaSpr

(I burnableyard rash (tres, bushes, nr , As of 22 eptember 992, Dad County
shlrubs, tree limbs, and brush); (2) burnable nrcion and demlihindebr ini Departet of Environmental Resourres

clnm ctinn material InontreMated um ber eui Indae anywhere nth Management authorities had authorized

wood predu cs iwood fuviurciathes, mrgeyarea.Wih hirydayo the pration of 8) duamp sitesr receiving
rtc);(3) nonblurnableo mconstrution demoi.- omedng anyauh b ingho- siorm-relatd dbris.Figre23provides
lon debrih, (sheetrrck, treated lumer ve ep itIesalitiry e- he ocrton of the prmitie burn sites in

sphailt shingles, bricks, insulation, apphi- prmen in wrling desrtig h sAther Dade County as of MI September
anes, metaland line); (4) aaOrdos gal s Ae the materials to be 1992 Courts, smallmr backyard fies

burned, stating te cation and e robseved in te disasterra where

at Resa,,m. aans



residents have at tempted their own clear is anticipated l th aer the neat fe

up, but thee flire wmr not permitted or weeks i p'roniate v I OD dis1ost sites will

.. pimed Sl Irckd .n.d wer.e usually of short dura- be athori.ed (Ke, N1I'Farland, Dade

ion. Court Dpartm ntlof vironmeral

rsomsl of debi at the pereted sites Re es Management, personal comm-

Sisn r tl being underlaken largely by nicationl. While the alernatives for debris

burning. While the use of air-ur in d ipon l are limiled, numberaf en'iron-

incnlrlor is specified at the maurc ty of mental groups and others have expressed

the site, the design italtri, operation, concern that the irtualy unregliatd

and mintenawe of these svstem is fhighly brning at these d u ap ites ta nit te a

ariab Becausef the unertainnature of significant concern (Miami Herald, 8
the materials being burned and the lack of September 1992) and that "the epdienrcy

strict enforcement of proper desin and of the rrna l t isg ing to cost dearly ifI i s
opera tion.f thl facil ties, the eflclve. nor dealt wilh poperlyd"

ness of these systems in controlling air FIerglades s e of4 national park
emissins a d p heenting potntial system units naionwide that is desigatd

groundwater comamrnation is suspect class I by the Clean Air Act as amended in

Cursory site inspetions of several burn 1977, and the only ational park syum

pit and disposal sites from l) to 21 Sepa t e m- lass I are in the state of Florda This
rw 2 5 Apm . aa r Jan i, e berl 95fn reve aledl that ile at t empt w er designa lin poides the highstdegree of

beinv made to parat burnable aterals air qtality protetio afforded byte Clean

fromm nonburnble materIs, tinhe effective- Air Act, cluding peci protection for the

ness of these efforts varied from tetosite . lsu resours of lIe park. T Clean Air
n timated 12% of i e materials placed Act also charges the federal and managers

into the burn pits was nonbnable, inlud- of cass I al wil the afirmti'e respon-

ing crnstr ntion debris shingles, tre d siNility of protectlng air quality related

wood products, insula tion etc. , oseod, hd ves leg.c isbilit, egeta l ion, wildlife,
debris (plastics, cening supplies yard wae, soils, c from adverse im pacts due

pesticids and fertiliaers, used motor oil, to manade air polluion Additionll

aresti.)and rcyclable mterals plasis, the Nation I Park ServiceOrganic Act of

metal, Styofoam, et) These nonburable 1916 chrses the National Park Service to

mealristght contai a variety of nor-

ganir and organiccontaminants.
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proide oevisitor enjoyment of all areas impac along the ertem p bound- visibilitymontotng memorologisal cle
under its uriydiclon Cln air and good ary are epecially of concem beuse ie ia and modeling air quality Because noine
visibility alr irmportant esonces that main paW inerpreive crdor and porn- of the exiing air moitoring at th eark
viitors enoy in the Everlade. of-ntry to the park pasos aouh this (discusse later) is opertional or ideally

Tle National Park Service has piricly mtn. About O% of the park annual located or determining m imum impacts
Iried to work wi the lorida Department mlovisi enl le park on this Imm debris burnngpertions rlated to
of Environmental Resources the Florida road and par headquarters, maintenance tie hurricane, ew monioring efforis will
Dparent of Forstry, and ihe Dade flit, isitor center, and park en- be ieeded in addition to reelablish in the
County envito nt protection oficials ployee residenes are locaed nearby background monitori sits that were
on problems related to open-burning Several of the permitted opnung damaged by the smrm
practices on aicltural lands known as dispol sites are loca ed in proxmity to
the Fog Pond area, whichis adjacento the le Everglades easteon bonday induding Eat A Mr
eastern boundaryof Everglades. Major one site in the g Pnd area. Bumingat efore HurricaneAndrew, Everglades
park conern have included proeclming here Sila, azm d possibly more distant sies routinely moitoed severalair quality and
vismiblity and t e pol erni f toxic emis- depending on meeorlogal coitions, meeoroogia paraieters in the area of

on ects on t h park, park visitors and poses a threat to the class I airhed of he the palk research cents about I2 km (7
park personnel de to the burning of weaste park and may potentially have adverse nmiles) west of the park main en ance. The
romfarmingoperationsincdingblack effects on md tsitevgetativespaces, monitoring pn gramconstd collecting

plastic miulding. Other wate malerials aquaic reoles visibility, and human dataon pariculaeconcentrationsoe
some of which are probiud from open ialth. Alo, the emissions caused by te levels. wetfall and dry all, wind speed,

burning nder sate and local rtlesi have transport ol dbris to these disposal sites wied dirction, air temperarte, and dew
alo been disposed of by open burning by thousands of tcks daily, most of which poin. Su bsequeit to the storm, no moni-

pracices near i e eso park boundary have dilier burning dieel engine, also toing equipment has been operationa
Photoraphc e idenc and personl add to the polluion-loading ptentially

obsavation h ave documented visib affecting the park. A a Mvroar
smoke impnls on she park from these As o 21 SePember 1992, soke inu Beining in 19, the National Park

agriclural burning practices. A nmber of sins from bumng at nearby disposal sites Service initiated ntine aerool i.e., par
park inident reports and p[ublic u]snce were already observe inside tM park and ticdae matler) monlolng in Everglades.
complain have been iled concerning have affertd holh developed and wildland Un ll September 1991, molocing weas
smoke t irusions into populated rmagons of as of e park. T popery ase the accomplished with an arrayf of thre fine
the park (i.e., park employee housing, a.n potential sir impacts of the debris disposl partidcle mpler (i.e. PM-2.5 - pa icua t,
viitaon n areas park hedquarters). operationson Everglades, several actions mtter with an aeretri diameter less

are recomaendn uidng monitoring at 25 ui ometers) and one coure mass
Ihe sourcemonitoring amnt air and sampler(i.e., PM1). Different filter media

Mr.mmer, c,aidiaa



are used in eachampler to llow or We A or5vr StrN contamination. e poten tial.or dirct

specist analysis tecthniques on enach sample. is station is ated at th research cntamnation rmm smurface rnnf sem
This type of monitoring setup is commonly cn The equipment at the a was limiled due to the fat topography and

clled an Interagency Monitoring or damaged during the storm and will ed levees adjacent to many of the canls.

Pr oteted V ua] G ronmeni ( I N POVE repair or replacement.t I rect cont mitai o nt earby aana

pmtocol sample, naed for the federal could e by wind deposition fro

i ntragency progam that etablihed in, Ozosr nearby ash piles, however, if proper on- le

type of aeo&sol sarlingas standard The storm damaged the in struments coni ntm ur not underken.

procedtein selecl d class reas acrs inake system ouside the bul ding

thenahon. Though not an ff.ual IM- wlhich is located. While housed insidea A ro c D&nREw

PROVE site, the Everglades site was siii.- enper ntle- and humnidity.ctnslled Atmospheric depoion is perhaps ihe

larly designed urtil fnding rsaoutes room at the cnte the inrstments (foni- most signific nt pathway by which cor-

diminished in fiscal year 192. nessitart- or and calibsratr wlII need to iced by laminants from bu pi te ca enter the

ing the elimination ari l but ome ofthe theN contractor before operation is aquatic ecosystem. As emissions from the

I'M-i2.5 smplers. Thiis sitesuffered some resum ned bum sites emanate from e source, they

damge during the hurricane, .nd a. t will b dispersed along gradients deter.

lempts to operae the equipmvnt with mined by preailing meteorological codi-

generator- upplied power have failed Wo mit RsoutcEs tin. Evemsua]ly Isom. them cntamni na

Whileair uelitdegridation is p rhaps will be deposied inmo the l'vrgides

MenoeocAGi Mcawrtn:e the m ist isible environrmental concern aquatc ecosystem, prmari y during rain-

The metleol oal monitaring tower relating to the pen b ing of the debri, falls.

located near e researchcenter as binon deprad rt n of water may also ecur . Source momit ring, air quality model ing,

down by the h urriane,and intrmn Potential rasport pathways fr he mov- aI ambient aospherindepoion

ion ont tower has nt yet been located. nment o cnaninans irom the debris montoring are important iniial sctids

eif found, the equipmen more likely bring pis and temporary disposal sites th aw ncesry to asse the types and

will nbe serviable. araetes ea- into ieagu tic nvmoment minclud amounts ofcontatmnnts associated wita

sured ah th site ncuded wind speed, suuce unoff, leaching, and aospherk atmospheric deposition.Oncethese arei

wind dirciton, air temperature, ard do deposition. ecasd the flat topgrapy, kwn, appropriate second-pase studies

point.7his site was not properly located high porosity associatd with the limestone can te designed to delermine the hit and

i.e. did no eet siting criteria) and a new substrate, shallow depth to groundwater. effects of these conita nnanis on the aeuati
statiaon should beeestablished locally at a and prevailing precipitation and wi nd ecyttem.

site that conforms to siting criteria. paterns, almospherc depoition and

eaching are consded the most likly

pathways for potential water resource
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In addition. Biscaye had cndcted wesern side of the bay from Convoy oint continued to range rme dark brown to

atusivewaler ltyni torin g northward(RickAlleman SthFlorid black, hi leater colorin the Goulds

I hroughol I ese sstes, both at the es Water M inagement Di trict, persmal canal temained a dark brown. Field near

previously listed and other importanI commnicatin). surement were Ian at the sites (water

I kicaiis.n Constituents nntiored included While the waler sua lity in the Mawry epurature, salinity, pH, dissoved ny.
he common Field parameters waler canal and Princeton canal did tappsar gen and conducilvi and samples -

emperatu Sniy conductivity, and vary much From that observed afer normal lumed to e laboralory f futher

dissolved oxygen) and nut dent para- stos the watr quality i lack Creek analyses {turidit, NO, NO, NH, total

eslls )ata collected from this prgram and Coilds canals appeared to be severely nitgen, soluble eac phosphorus,

were saved, but ae currently i storage derade The avter disarging into organiccabon uophyll a, and alkali ne

and not available f this rpl Richard Biscayne from Black Creek had a black phosphalase.

Curny, Biscayno , rsonal communication ). color and water in the Gouldscanal as a An analysisosal ity data ollitd on

Tus. prem pastoorm and posistorm compa deep bro. (Rick Allen. tenrandu 16 September 12 indicd that low

Ions are possible at this time only for dated 17 September 1992, South Porida salinity (0-4.,}watersoverlaid higher
SERM-monitr d ates. Water Managemen Distct) salinity (1- t,) bottom ae rsicanal

roll oing urricane Andew, the South t color tinting o the water in the mouth waters below the coni ol stct s

Florida Water Maagement District, the oulds can has been Foundlo becorre- indicating the occurrence o cnsiderable

Dade County Deparmen of liniromnnn- ated to the quanty of leachatem ngrating dischrge from the upland canals to tle

tal Rouces Managoment, and the Na- from the southern Dade County landfill, bay A preliminary evaluatin If field

ioal Park Servic all rcotgnired the need which continshigh i unenration oh maurment Made during these site

foInr postatorn damage assessment and an nia. Based on past stdie, th visits indicates that pH levels (Table 11)

vatr quality monitorng. C 16 September amount of leachte discharging into the appeared depressed on 16 Spmbe with

992, DoKRM personnel, acompanied bya bay on this day probably containedammo- pH levels ranging um D.3 0.7 pH units

WDimnresentativ condued a water a in concentrations lea o fish In below the historical median (1987-91 The

qualty monitoring survey in southern addlion the leachte may also cotain a PH dala acrded at the same sites on 19

Biscayne Bay (from Black Point nd the nuber other toxins (Rc Allean, Septeber, however were closer to the

Featb u Bank to Bamnnes Sound and memorandum daed I Sepemnber 1992, historical medians.

Manatee Bay). Sampling also occurred on South Florida Water Management Districtl. Dissolved oxygen concntrations gale
this day in the upland cans dischargng fU personel fom the Drinking Water 12) also appeared depressed from histora

intohlsouter bay. Laborator again smpled the nine site data (1987-91), wi dissolved oxygen
Observations made during This trip locations previously liste on 195eptember concesratanrmbelow 3 mgL at B1 BL

noted a deasein water y and 1992. Obervatios made during this trip 02, BL-03, and GL-02 on both 16 September

Spossible algal blooming in several pars of were similarto those reported on 16 Sep
the southern Bisayne ay, includingthe ember 1992. Waler clori Black Cek

srclaM Aaaa~



Wt IOwJm w Gn~ictoei. AUxcmmlcwA "v, an+u WdCnrl ren, Dade Cams, landfill. Wdmm, weler
gwllly ewAilms, m Black Cmk were

W.H.. ef sa Mxn. Is,"" wiw{ degredel, M Isms, W me MsWq aM

m une prmm,,,,,Wa
TWficlose pm mity m IM1e ,WtMmEm 76 61s 75 ,Im 76 71 75 DM, Cawty UMfill wd IN, Mimi-Nd,

PEIII 73 67 72 Walm aM Sewer AUlMnry wvlban lmde
Aw" vs it 7S Comb, rtgonal w,,b,,,M ummunl

/wtI fmllry Ws, amed m1t11dmt. umn
KW 79 71 81

smmi mm,, wam quMiq degealanw In
&azl Ctwkawl tie Gmid, avnal. Thecim 76 73 73 9(ap of Hmdmne Antlrew m Mne sm,

e., nwt h lWly...Imud UW Ll illne

wcawy Wymn.m nl Fnamnnvxal R... ep , mry wwn are"Amle. Cmahlnre
fimI mn rovers sm"dog lbe sm mM1Owevv, my, haw

empnNyimmW1Imd fill I'd, jm,,,

MY,,WWII W h1b, to IN, syak
19 W,lmW Wldle d1p,¢,N well Table l] pmmmM ampleud iMm TM1eefam, of IN, m mjmmt WY warn

hlw h6tvnml m:11M, IWhmd Crory ,my analywx lmhNXyammm mum h MWId a, IM1ie lime.

loiaamelsI, u, that 11,11 lmygen wlubla maedve pbosphW,, preliltimryvwlysnof aveihwelnbr

levdx Its'. hrn 1W, 11 y.. aUllo,1, su gm, .Im" tInmphyll vaM matim tlut IM bum,,ne a la wl

Fml WWmWteal dau we¢w, 111"I'm OSpNtlttl avaimi, as of 21 appunvmmIlly degm, wakr gwliryin
aJabkat the lime of IN,.Wwl. ItWM- SepkmW, III , b, eamp4M On 19 lb, Ptmmm nd Mwry m,1, any mm,

my mwlm, how,,m mdvmetlut it Sep1Wm4, 1992 Whikhtsbru'A inbmu Its, mi& be WWI rmmstmWm,
mlifvrmbatleda and mulevlllambxcna wWthe s,"fimm, was nm avail- re0 dw, my m ps, gam. Add,&,,l

ly higher than the hlsbriml ml, al ,M umeal ft, repvrya wtrsary effm, mrcaAy Inty mnmenbare m,.M spsih .. "I m", It mI es (Gems ssma not llw tlvuindtntta eery blgh known

D,& Cmmy Oepa. mM En ,u of mm lmad rout

tal MI Mamgemm. p...m i %.....alebmaM elevated eblomphylla

Wn). it is pmbable lNt WW, ad aIkhm phwphmax levels in tM

reall,,ml by+ ,ge.onmMlu. G uidxmml in W, Amity of the wmm n
worm an
tyffi It sm i a l....ue t, s,aml I...f
na,,toW esultx. ,WIts e.

aw iGng 11, Lnal labol



CmNfCi .,,,,.,,. ~Imo_~CJLI.I_,Af .,Ca,,,.R.oR ,x......,..,..

.&I;,. .; w.w:rC...,
G(Ill 71 54 50

~v .x v av

cl l ,,,a..

10,11 50 1 1



(CJ dMrhuyr O J Jn (.1 0J).lt J 2 hr in dk - , ed ll r q n

ALK POS CJLa NO, NO, NO, NHm 5R TOC TRl NI

sHEl QMIlprMI (prMI Nl) (p) (NTU) tAII
MWO1 076; V N 9.46 6.11 2735 0.02 65 I730 1.1

ML011 00,59 2.22 3.59 373 00 M05 3)2 NO.V02

lSL-0R 0587 130 223 4.11 3RJ$1 0.AM 549 3.3 91.13 19
GLV O.W9 5.3 13.ill 3.R4 IN.K (S0N 1n4 5AS 177.93 O
PR-01 07 .34 27.22 7.24 375 I0S 1A 194 2962 0

, I F mmhnla

R ~ub a~phwl~l l~a

MW4 0.19 2.04 14723 .21 24. 0N I 141 1913"
GL-0 077 7TM 115.05 20.9 7411 O.'S V4 ll.2 2080.Do

lib,4M (09 21 2156 4.33 5824 RA IR, S.0 IDD14
PR43 0.105 o. 219. 5.91 9203 "O1 20I 2m7 3253 D

ALK 11*KI Alkaine PhV;Shta
CHLa Chloaphyl

O*I NO, a N"Ift+ N.lr1te

TMRB = Trthldity
TN = Tlbt NtiagNN
TP = T".1aI Pheptr



Archeological Resources

$aEARvlven Sta Ltus ArEA HAMhcKS are lcad 12, 1& 6., nd ,I9 km (10.7, t t he hanie ck sites. T6,ese w e gumbo

Overall, the damage to ha ornmckl skr in 10.3 and 7.4 miles) north of the centerlne. imbs (24%}, palm (2 1%), and stranger fig

the Shark River Slough ar aparsto be A pparenlly, sits letd outside a path (33). Of h , strangler fig peent the

relatively light. OF the I1 hammock siles oveing roughly 9.6 t 17.1 km (6 to II largt proportion in kIta of numbers

that eceivod oansite visiations (Table 14) ) mii8s) nrcib of the centeli suffered (33% of all hammock site fallen trees) and

(7B z were found to ha e e-fll isht r much lower levels of damage dueto upo of the total disturbed area (147a}. This tre
bans afecting le than 5. f lheir total rooting of aes. hispath greateste species is ypically ll ough to catch the

sie aas. spctions made from helicop- up ting roughly rrespods with the brunt of he hurricane winds and tends to

lers of oother hammock site in oe area location of the norlhern edge of the cloud- have shallow roms systems. When sran-

showed simlar ow num bers of falle ties wall of the hurricane eye, the pont rwhere gler fil a uprledm they pull up soil

The location of hl ock sit rtelalive to hu rictne winds are typically their grnatest. ronm only 30 m 11.8 irnches below the

the centerline of the hurrcane seems to An appant tlation appears with ground level. Aithgh easily uprooted

correlate with hi amount of damage hat the tree species present on a hammock and the amount of ground disturbane tlds to

each sile tsol red. The stes wththe great- the amunt of daage that it incured be minimal.

cst amount of damage, Evergiads NP-21 Three secies of rees replssented 78% st

everglades N-l24, and Everglades NI'-9, the tota] nmber of uprooted Irees recorded

ile 4 Shan a RI r rSth arhedast s redng adris-t...i.

SicNumer Rank StType Iaed Sirze Cen

EertladeNP-2 I lHbitatiM DetMidreCamp 21.40 .05ha 0. ai N

E la NP4 Iabitt MId Arillual Cm 9.1 ha . u N

Ernd.s NP.19 1 Iabati nMidinI .ddu 1i0.0 -12ha 7 &.ml
Evergitndr~iki NIHabiation Midden, DirliddenDur.al 4.80 . ha 5.9mi.N

.ereghad=NPI 10 I fablitksnMidden. irlid Iden.labItation 4.69 .Atha 1.6uni. N

EvrgldneNPrl I ItnMiddenDiMjddenflabiakn 2.20 .1a 0.4 N

eeaiNPO15 aitailerein 3.7 .0 u. 9.4m . 5
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An appret correlation xcst, Wih the t1 40% sin urge damage acrose he path of affected sites eclept the Sa ely Vaive barge

tie species paoent on the nonbeach sites thestorm. When the stemfall data sad demonstrated hmn impact aneredent to

and the amount of damage that was in- hurricane winds data amrfnd and made the aton thatcniibuteddrtl to stom
airced Three species srepresented available in CRASS ormat, the dnelop impact.
5f% o the iotal number of upoted tas mIent of a moreWfine dmodel predicting Ihe ist of the towey. an historic 17418

recorded at the inland iles.These were the mount lof damag6ex Fxct I our shipwreck site bhich was the fochs of

guibo limbo (27%, palm 18%), and black for h er mainderof the sites in the park ints archeological v autin in 1983

mang nve (21%). should he possible showed severe effect of oerburden

Of hese g limb mbos represent the dispacemen. Much of the hull autLure,

lag t proportio in Nra of number whih had paeviously ben under 22.8 m

27% of all fallen trees n nonialand sits) Si, fo Sns Btic e N roL 4 5.7cm 19 ,to 1 ij chel of sand, were now

and of theiatal disturbed area 39). This lm urcovered- -wilh mankrn arlfacts in

tree species is generally tIll enough to Sies veied (from south to north) ewe vidcre. Theselome art facts and the

catch the brt of the hurricane winds and Pillar Dollata Capl .ds rck Black wreck expour it the o ila human a nd

inds tohaveshallow roots sytems. It i Populo, Pactic eel wreck, Morgans biologead threats require immediate action

also rlatively rare that they pull up a1ubsi wrack- Iubbad and Ldbury, Al ,cia for sit stabiliaien and pr .rvaion.
more han 30 ci (11.8 inches) below the Mandalay, Lugano, rick, Fowe, Safety

ground level ,so although this species is Valve arge, and Bell wreck.

easily uprooled the amount ground Sites liend in weSt o cast rder we

diturbance lends to be minimal. Hubbacr Capt. eds, BIack wreck, Pillar

line limnnbatios thecrentlack of Dollar Safe Valve Barge. Ppulo, Mo
adequate vegetationl data for the Ten ga wreck, Pacific Reef reck Alicia

Thousand Islands archeologial district, Fowey, Brick wreck, Mandalay, Lu no,
and he immdiato unnaitability ofhurr- and Bell

cane data g lhtred by the ICS natural Overal, damage w mu.ch lss in all

researchrs, limits our present ability to envimmenrs than expected. Fwy and

provide more than a general level of pm Safety Valve sts showed met damage
dibd Impa.c Nonisland, inland siles were Sa ety Valve barge was the most shallow

relatively unaffeted by the huricane. Ste, at, constructed and expos d i the most

that ene octed on upon water keys and surge, which broke up the structure. The

on ie westernshoreline we. impatled by frick weck sihe demonstrated concreted
the sorm surge. We woould expect the ite eatures isplement. The Pillar Dollar

amount of damage to range somewhere ite had depresio on the wreckage. All

from 0 to 1% for fallen tree damage and IS

AIkeferal rmus





Reconnendations

Preceding pages bank
IDIJ



Shmt-term Rec uwnderilkns

Thetnource.ae, nllammade wellsslnighnmdwMrrye. possible. no anin-0wx mpmw inmwmvg pal.
tanmmaWannn, wr lnn.nna wng-ktm mnnwiitg tamrev wnola aiuml only would pmwbly tmt have
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duraOOn. no highest pmiry, mostpmt. ti,, Ee IAn hydmbgk reMmk to wme aB"b,40M
ehon mmp,,jab are nzW In nom=1 that "boW
bank I& no boat mmtuBent p"%anare belorellumnre Antlrew'.
IisIW in Table l], and 6, lhiWaNe, Ieu }4tvus
pnodry pmj¢bare in Tabk lO Fmmmlal " bulmmmutwn (lor 135ubws) A no Fweysltipwrekm,, mmMiak
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puPa¢ad apptwvho(mA pamnm " Sappon strvcNw(for }Lt bw) trod de by pnonly farlMSUbmngad
dlruxd follow nq tW tblu. 58,W N mxaym NaW,,i RA. The Fowey

"$u0(15(ldo" id M/1,4I0.2w k shoW W daammtel in H Wl
" NImpt, SIeAW HABR1FIUmncAmedeanBUJdingSar-

MnrmxvrtuMUxmwrvo "SUrveyin6 f50sY1ims®AW/suhnn) vey/H6wde Ammean Wtgite,,tt
The EW%[Ws hydmlagiund marine SISpFl rod) sundaNS. wltih woaldirclode
k, gonliry monimnn8 netwneke, the mapping.p Agmphln&vidwup.,&"d

Nn air and the tliu'ary mummnagl api eeo, Human, "dy, cauW Signifinnl recovervg ryttiOC FagikaM1a56 that
yrc wore, qua 5 ory rouge to most of the ni, pAty moNmr eapoaN.Ihnear0lacu sbWd be

un no blomi In vmlinoc the two -loos ma egnipment at 0iacayne and EVegleda 5tab0uW,,v ,and prwldWlmg-
.pabiliryoftM and d,,u yM lhe&myne wakt quality

tooth blond, ,h,,A Wgks. IU hydro Iabovbp'and lhewak, quality ,nvrvk eTheellanol bbskMgwereabemal
lagk"'Itle.& m nrch, aatl modeling of Biuap",d Ewrob,,, no n,,mlo- vttial lobstu
and l,, mia,,goM lumreenvwwunul inq mpabil0ie of thesesmbm should w ing in 0ixayne Nadmul Not u.m mpat

,ad aolu6h'al mmibnng and rot are i ns won azposbk, ible weh long -tan, 'no emadm. 6"
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Mrods. Falk E iae, Oe Wde COOnry IX,,,ment p,,W on ame widmotdwnmlly
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wem dmmyed donna lhexbrm To DISWa, andl ,l wivvsilies was rvi- mmaxdwsubmeged siks. MOnslmm
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Etve l w enorcement, site evalua- t can in a aer of hours or weeks whether they are causd by anopogic

tion, and monitoring na rnd pr eoduce more change in a e an than aheratios to ihe sMem if these patterns

mentally dependent on predicable and would occur during normal eveydy can be separated natural oc can be

accuratesite ocion A diffeential global proa sesoverperiods of edes r even recogniedandmanagers will avoid
postionig system (PS) should be set up centuries. Documting how thee s nding time and money bn to fi

in the pak and park vssls equipped with inract oh natural prosss to oething tat is not broken eco ing

eal-ime receiver and ee nic chas produce the earths varied lnd p is anthrpogec changes allow manager to

At least nea dditionalF i patrol crical o te nderetanditg of how eist- take pproprite remedl acions toco -

vessel. and pmsioning and accesory ing .coyste have ome bg and pensale for undesirable efecs.

equpment dedicatd to patrolling ulral a likely to change in the Je. The following pr . isted in Table 19,

resomuc for ARtA (A cheological Re- Hurricane reprent one tye of m povide bas for describing te compos-

sou Plecion Act) violations should be prurbation that producs mor changes ion and shuctue of major foret comm-
provided. in tul landscapes They are regular nit in the Suth Florida naional paks s

torm een in the outheaern United they eisted before the hurrcane and as

State lough many years m ay ocur hey currenly exst This basis also pro-

Notetiv AIIMas between teae, torm. vids an aundesandng of why these

To mov norative animalstht were Iverityn forests is perpetuated by changes hae occued a well a itical

intoduWed by the store ba ontry factors that produce jor ng n te baseline for evalualing uture rcovery o

pa sho ld be in ae, removal strucure or result in the deat of older thecommunities

sategies evaluated. d removal atit tree Thee hanges allow yunger ind

coordiatd with othe agencie. viduals o entr into the cnopy on a

variety of temporal and spatial scales. hnScaC PUe DAT

hese changes can be isolaed plsenomna Te first sep in d mening impac

EctoicaL Fcre muacu ANew aeing individuals and creating small on plant ronununities shold be develop-

In rat eye anr awarenes s has been gaps in the canopy r cause severe prt g an invntry of eetation pl that

in nn the le tht natural prtur- bation aHtng many ndividuls. These have been studied in he pas, incuding

batins play in ecosystem dynamcs. ex can produce dierent reponses inormatn on loation, when sampled,
concept that nature, undisturbed by hu- in the understor1 ~ shub suanopy, and types of information collected, where the

mans, is ntand in an equilibrium canopy populationm informaton curenty rside and what

ondition is bing replaced with the cn- Knowing how orests ae at d by rm it is in and if he plots were maked

cept that ecsyse are umlable and sve hurricane is criical to land man in a way that would allow them to be

different portions of hm a changing t agement hurrican-prone areas an relocaled This effort would reuire em-

different rate der he inluence o one or managers should determine wheher ining pblished and unpublied repos

mretypeof disturbance. or prur- change e par of a natural pcessr and discussing and possibly visiing study

10 eoe~a~rl
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sites with individuals wh have conducte Using geographical informatin system living vegeation an detioin of killed
paml resear in the parks .rify4ng the (G) t ology should f ltate selecng vegeaon would make this a ment

elocatability of sites in h rid could e previously sampled nd new sils to assess mnuch moe difficult and in some nnuni-

quile time-consueming the degree of st( effecs in relation to tis virually imposibl. Ques s tat
An important consideration, when availability of repesentative communities should be quantitatively evaluaed, alog

re*pling hse plos is that as ie e and possibly previous diturbae histoes ait recommended approaches lor ad-

period sine they were last sampled length- in diferent areas of he park. d resing te quetios in Tbe 19.
es , our ability toassmalrflanes in the

sites to Huarricane Andrew will decrease,
Ivuseavr threnvirorunentalp factorswll ~ pleerrCaeT Ur os

ohavie beeninfluencing the ihrcterof The forest canopy fectenl dAtermines Stae costa uplandforests were un-
thee is over the years. Any ifoaton enionmenal conditions for mot pants dated by te storm suge whie ohers
that documents these otler influens will and animals existin on a sit Thus, a wete not. Soutl Camlina slts added to

gray enhance or bilit inrpre the mor effort shold b ad to document the soil profie as a result of the Hurricane
resul of these atdie. scuent stus ando co ructthe Igostormsurge were the primaryIcause

ampling priously studied sies has prerrca status, of the o v canopy in of pine mortality in sbseqent years One
Ie potenIal or produing oeo le representtive rplicae (at least 3) sitesin effor soil salinizationwasittelog-ten
most valuable data on Hurricane Andrew all maor foested communitis in severely diplacem t of amionium ions by so-
effeason natural ecosaysein. Resampling moderately, and relatively unafected aeas, dm in the soil complexTble 20 contains
should be suppmented byadditional Sites should be elongaed rectangles to approaches for assessing th effects of e

study sites to ensure an adequate represen- mn e umping effecs. A nimum HurricanAdrew stonr amseon ational
tational o he spectrum of community types re sie must be established for all plots, in park sytem lands

that exist the prks and the variation in combination with a standard plot sie that
levels of impact that have occured in allows reasonable representation of al
difernte areas. Evaltingstorm impacts najor specieswithouttaking excessive Sromc.nuzoIHeasotwe0nme
must include minimally impaed sites as amouns of time t any one site. All tres Qual tie aerial observatens mdas

well Acollection of sitescanbe selecled above the minimum sze should beperm- part of the resotuce damageassessment
based on serial photography And rcon- nently taggd. This held effort could take 9 identified obvious acomulations of detri

naissan, but final selection should require months, followed by approximatey 9 ms, particularly ofsaw grass, on the wind-

ground truth measurements of the d- months for data compilation, analyses, and ward side of ee islands and in ther
vidual sies. writeup. Ihe work mnus begin by Novem- locations in Eveglades. These observations

ber 1992, since there is a window of only did not provide a reliable quantitative
bra ayearafterlhhumante toa r estimate the detrits, parliculary in
hisinformation. After that egrowth of comparison to detritus a was present

idO Ra..am
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One month bfore and immediately ater tr probably at a conduits carry . AOaE WANIn Sns won flATErAyHurricane Andrew. hard-bottom cammuni- ing heavy me n als ln the tood meb with Damaged or mlising signs should be
lisin the sayne and Florida bays wee nknwn implcatians for higher level epced before the winter season to warn
quatitativelyaissessd by a m rch leam cone r- boaters of mantes. The plcement of
ron Old minin and Flrid Slate signs should be oordinated wll the park
univeritad and the Florda Dep tment o naturl resource m" ent speiast.
Nalural ResouTtrces. Theac in of thestrn, MAynrn* AND. &a, 5 f,17& fhs±igrls am acuied at n ancst ohe
Oll f0ur lbster ishry tential and A trendous pu+ o mangrove litler par from the Save th Mantee Club, and
populati.n reovery can now be dter- has ban produced. Secondarily Scimrs he resow management program cur
mined may replace the traditiona r1 canopy in rently has 25 sins n hand.

some ats. The dynamls nmangroe
litler decomposilcn. under lie conditions

Satrmss Carry ns which prevail in forts when vaning PtAT PoPiT:Alor SyA " te,
The long-tem mrooring of sportlh, degrees of canopy ln have acued,

calis iromn Everglade and Biscayne ,heild b studLed immediaely. This study
In lisanal par k should be rn stab d a lihed include parallel e fflort l ,,cmpare S cr em Ra a Ps,,
soon as psble. A detailed statistical and cntra the process and fatel S ir Rare plant Surveys during tIe enminganalrs orreported catches should adury litter w ilhb e ulh Florid iredi lional year ar crucia[in e al ating theh ets

overall changes ipni sprt fis, catch n , te angrve forest speck~. Ilrricane Andrewo in individu speciesfollowing the storm e, vent. (Table 1 Attention shu id be givnr s all

species Ihat the asisssment leam has
Mr U rrE W7nn luat QU WteBrc n BAr silId OI 'd special u ten ion 10 the

HEAVyt AME DestmomWv Hharnon. CIr for whlic good baselinedat a ist and
HAmoarces A short-term s udy should evalu'ate those most likely to h.avefbeer affced

Preslorm da ino heavy mel concetra- water quaity discharges and water negativel y or positively by the hurricane.
ions in a variety of hardwood hamm ks quality condlions in Black reek Golds Ie primary approach to conducting this

are available from rese rc, by ebah canal Mow ry canal, and Pdntncanal assessment should be on -the-ground visits
Shabw-Wanm er, Unversity of California fora noth period before and a 3-month 10 known sites whem those spcie
Dabvis in e data evalu ed stom effec period following the storm i order to cu red before the he r riane.

and documene d potential polllin from compare pr-nd postormconditions.
urban debril dposal, Lichens algae, and

sha..rmk. .-- 4. updrlis 
I
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Arnm HA llTr E SLavnru spial distribulion, habitat use and move- Care Sass sns m*

Tie 1IP 2 alIp A restigo neting sues will be rentso deer; and the possible impacts [he pa lh of maximu danag± ws in
lo~ beaumse the high-water sr itir s the storm on the fecndi and pJdu ctiv- the nrher m part of the Cape Suble seaside

and the hurrilaneevent.S ivaL rateso itof he population. sparrows snall range in Everglades and

the hathinge sholld b followed fr t Little evidence exists that white-tailed ig Cypress. Theheicoper surey i

least year. llesurvey should becon- er popultions in Everglades and ig spring 1992 should be repeated in 1993 Io

ducted at selected et sits hat wen C*press were impacted by the hurricae see whether the bids suffered any mortal -

surveyed pots orm. event expt some deer migrated firo ity

thefir feeding areas. The nger term -

pense of the deer population o the hurri-

Witr-tit Ds cane should be evaluaed, especially when Srunw-meto Krs

The eeof the huran passed overring Ithe potental changes to the oiurrkan Andrew wil likely have
oulhern end of the Sair slep1 s unt of ig upland habitat atr ire and food supply considerable efeclls on lure rep lduction

Cypress and the upper S ark Rier Slough f allow-tailed kite in verglade

area at Everglades where the NI 3-year particularly on nestLg sutt, foraging
stdyof the ppula tiX e ecologyf w e- i R Avn Woorc s A ftasr abilat, and the ailailit ofn easing
tailed dee war cmpleted in March 1992. lree of eight woodpecker colonies in maerial. A 3-year iLd study s ould be

Moni oring the deer that still had function- the I hosreaim Pines a a of Big Cypres, initiated early in 1993 to assess these efecm.

ing radio-transmitters showed that none repsetig the south most ation faIr The study should measure breeding suc-
Ihe32 dr died .s a di t resul of the these species wereactive bere Hurrcne eass and productivity, species composition
storm The hrricane had a severe impact Andrew. Whereas old-grow cavity tes and bioss of det rage sies and
on he tois land iair at nstitule an esse- were seerely damaged by [e shorm (9[r' foraging habitat eactio. Dala from
li rl of the deer habitat in bis areaand killed, this subpopulatn has possibly Everglades should be cumpard with the

eindire mortality due to h tncased been lst.The an should be surveyed for resuls from previous ers ad with data

stre s causd by a reduction in fod th¢eprnc and number of remining coected concurrently in Big Cypress norh

resouirce, au lack of cover, an sind gh-water birds and the amou of remaining suitable f US. hre the urriane effecswere

levels maY toccura establishin the sam- habitat to decide if niaagemenl actions are le severs The avalability of nest m erial

pling me lhdology of the original study needed. In addition long-lr m vegetation on initiation and outcome of nesl rg at
through the ing perod should deter- p lt should be establbis d to d acumient tempts hould e testemd emFeriientally oby

mine the posth ric ns al of h rateof noery of suitable rdokad- provisiong seleted areas in Eerglades

deer, the ipec i of habitat aeration on ed wdpecker habitat with moss and lichens
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ScatsS'S wAror,. been eteoivel altered. earc impacs can appearing in thsesame aras, or else-

Surveys of rorchood o d lim e the only he determined inthrough nore quanlita- whr. Sightingsh hulyd be reported to tihe

primar foods of the Schaus' swalLowtail iv surveys wherecomparaibledata from nattural resoue mangenment specsiaList for

Inrae, should be conducted in fall-winter befoe he storm a available. vr icaion md coordnation wth didct

1992 on lliott Old Rhodes and Toiten Qantit.tive surveys of reef fish con- rsnn and anppmrpat sae authsri

ks and in north Key Lrgo in asos their ducted by Dr. James ohnsack of the ties

mortaliyard r cavry salus. Intensive National Marine Fisheries Service in is- The stdy of ma teed d istrbu lion and

hunls for flyingswallowtait sshould be came National ark shold be repeated as raebdncein Erades Na oral

conducted nest April tomaugh JulyM in all of soon as possible o arliy changes in the ark is cheduled t end in Febay 199

Ihese ara Partclar cs should ensure reef fish comunity. Monthly aerial s rvys should contnue r

Ihat no osqu iro control acti itis affect ma inum f I ysar through Fbnuary

ihl swaWllwtail in ,993. 1994.
SEA hT r rI n Nsrjm

Monil oringsaraturtlenesting aiit
Bisrma Samar Moraniw. Pres and success during the coming year should Srsrsor C'nccom. vIs.'irno

'Ihe loss of sponges at Pelican iank and lcumeni changes in nesting activ ity and 1 urnt Idistribution. Iabi at rla
at Billy ont suggessthat heverall selectivity of nesting sie that mybe rns, and snd e and nesting suces

poplations may have been rpacted assciated wth th geomorptogLca of crcdlles in Evrgades should be

substantilly Relocating all of the p hges noted on the nesting beaches oe determined ihrough the 993 nesting

oud r blib shh mtoniri ng plots in i fcayne and rerglades. eai. fyond assssing 'he mmdi e
Bisaye Bay arid conductinga deailld effets of the storm, led Ltribulion and
invntory of the ecoled and tagged habitl dt sh d separate the effecis of

sponges is exiremely imporlani As anal- AA REts S utm iageme actions (allowing

sisof the data from theseseshould ivergiadessihould continue 'o partici - reeational ccess to the sanctuary or
include hlsses by size class and species pate instabl imhing statewide ma,,s manptelating waler cl]verir. from srorm

composition. mal rescue and eras salvage ro rfects on crocodiles.

gaims. Fld prnnel should be alerted to

the possibility of ,livemacin mammnals

CoaL R e tFISU L(m anale and doLph ns hav ing b e een AsW eao E dFaster D vartn hsm
All of the information crrently available trapped upAtram or inland hof shols Fna damics in the west coast

on th change in fiabhpopulations has y been ars, sig icant Wateay dris angroves forest ae poorly documented.

ual itaive and anecdotaL. Al though thee (ig jas, etc.) d andcontra structures n A2-year project to surve i comuiy
initial observations eal that many fish caials. They l Id also bealerted for the elative to angve forest damage and

suivced and populations may nt have possibility of dead main mammals recover in terms of habitat relationsips,
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Hiasc4 WAria QUAn DATA FasntITR A M.aNe Smtar NIvucs Mai WIVrn Qraen DATA Am
Water qually at typillyassess Waterqualy in Everglades is affetd Mo aroxw

background conditions and dermic any hoh by the n lowing and ouflming During he brkf inittl as sessment

potential changes resulting mm natural or water quality patterns. Measurements of period, onlya small portion of the overall

huminanzlat activity. Parameters include inflowingwaterquaity areincuded in the data concaming storm event conditions

physical measurements such as tempera SFWMD water qualy monitnring pm and poststor changes in water quality
ine, dissolved oygen and pl and chemi- gram, and regular menlad ing of th were analyed. Data analysis should

ai mea hsu t h as biological data in the Everglades water quality data- cntinu, and a comprehensie report of

Ients. Water quality data are inhereniy bases should faciliate future analyss The bsevations and envinmmental changes

variable, however and monitoring pro smplng schedule f is prgram should should be targeed.

grausa nsually designed aroad i nd also becoordinated with the Everglades During the tt yea r moitring efforts

ing and logisial constrainis rather than program and the cnmmended Big Cy should be increased for all aspc orater

amundconstrant imposed by his large pms program. Had such am coordined qtaliy conduled by the park stafts and

v.riability. Given ase co.msiderations, a effort already beer in l place beforeu- localcperaras. Th pote al for wide-

systcnatic analysi of I istocal waler caneAndrew, the potential impacts would ranging ecosstem impacts ro, degraded

qualiy databse for Everglades should be have been mch easier tassessi a timely ater quality assaied with upland Senu

conduclded to dsign ftare nitoring fashion. A contractual wa er qu lity sam- impacscanno be overe mphasied. Th

prgramlns. This approach would ensure pling proam is curently underway in magnitude vegetationbowdown

that data are collcted hoi cludeay Florda Bay and in the west ost estuaries represents many years phaps normal

ptentihal changes in water qualiiy resulhtng IDr. . ones orida Internatoal Univr- decade) production of all foms of carbon,
from disrance evenssu as urriane sity). Analysis of ti database stln be nitrogen and phosphorus. Thes nuirient

Andrew to quantiy e data is a eliable coordinated ih the analysi sof the Ever- will be released into the adacent marine

ahion. The analysis of the historical glades database to determine futurem- tam for many year .

database should also consider spatial pling sation locations and samplng
patern in walerquality sotha recom schedules.

mendations concerning possibility of To fully understand the etent wf ater Man Tatnanomr Ao Citoor.ru

additional stations in Eegladenould b quality impacts, the current mntoring Water quality sudLs, partcularly

made Waler lqualty monitoring should be network should he etended seward involving turbidit and chlorophyll, should

pursued at Big Cypress National Presee along the west coast of Everglades. Cur be done in coordination with the pera-

and includedin systewidepi gam. y little dat a col lction is taking place in nentplots nd produ di ysudes. The

this mna, ad adding the west coast the rapidly decreasig light levels in the fall of

marinewater quality netrk Id he the year will eacrbate he present sedi-

beeidal
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Long-term Recommendations

two long-erm projects should be aken Ecosystems ae changing in ways never Designing a long-erm monitoring
to protect park resources reatie to ex- before seen. Lackf historical and canm- program ginswith concepal model of
trese naral events. Toge t hese roarydata makesi dificlt o clearly theecsystem (Fig. 241. This model sauld
actions will provide a basts fortderstand- deflue the ure and extent of these c ist olan ea u stive list oft mu ally
lng remoures dynamics and the reaie changes (ris 19) tss we begi pto excu sie system componen t and a de-
keffectao human activisin ulb Flrid gather epirical dan r the health of scription of their tionships. Fm
on reoures and those of natural extreme natural r ecosystems now he changes components sch as ir vasclsr plants
events like uricane. The pro ts are as may become iraersible and fa. Ale and waer representative elements .g.,
follows: nately o o f ear of the unknown, we may species and watersdl shold be selected

unncessar ly impose constraink on ht- an teted forsesiti to chan ge. The
I establish ecologial monitoring progran man endeavors. Poliiall this kind of adequacy of existing resource inventories
2. codu long-term research on major uncertain tends to restrict cion for fear should become appaant at this stage.

esource asoes of overneacing r changing ystems p- Certainly n all identi iable meensa of
ivd as naturally sati (Wtrman 9). the ecosystem snuld be monitored, but

Doubts about ecosystem dynamics range the ist of components should include
EcaicM Murronm from concers for global dimte change to categories for all nolicand i oti e-
Ecmrsystrns ard h resources thai worrying about human dis bance of stes and the processes by which they

comprise them am naturally dynic wild life Limited in formation on Sou th irerac'.
feetu rtes. Resource managers must ac- lorida xsystem dynamis impedes Mesures of population dynamics offer a
knowledge dynamic nature and ask assessing storm impacs and evaluating goodslution to mniioring the biological
Ilow healthy are ecystemt Without anthropogenic Sieses elemets of tnural are ecasystems.
management iervaion, ae te ystem A natral resource ecological monitoring ra ters of populations such as abun-
capable of endling off altered water sup- Proga should reduc uncertainyand dance. distribution,agestructea, repr
plies human extraction of "rrrewabl addess questions about system dynamics. ductive effort and gmwlh rale are
resources, acceerated invasions of on- Wh to monitor, and an appropri ae level rlatively easy to measur. Many of I se

re species, p hysical i mpacts inru sions, of cacy should be established, but the popula ionsarsensitive tosubtlechron
and air pollution? Theissues ihreatcn basic reaso for monitorng are to() stress, and perm pretion of futre

easystem integrity n lural areas world- determine preseni and future ecsystem conditions. This appmach is also sensitive
wide. How do we deterine when o heah, (2) establish empirical limits of to a v riety of environmental conditios
intervene in natural resource issues, hoe nura variation, (3 diagnose abnormal because organms intege theeffects of
far to carry remedial acions, and how to condiions to idenify issues in ime to influences like predatoncompetition, and
evausai efforts to restor e impaired re- devlop effective mitigation, and (4) ide- pollution. Even though populatn moni
sorces? y potenti agens of change. toing is not the quickest or surest way to

determine caisaity monloring population

5,..,..~~r *
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dynamics prwides . unparalleled indie- Concepal m.odels of park ecystems MA Friss sam M rrm ns

ion of Iui conditions. aramete such should be devlopIed. design tudies A mn ion ng program based on he

as age str m n roproduton permit should be initiared or selecting and testing resuts of he -year survey and preious

proctionof future conditions providing the n monitorir pmtcols, and a pingam dla shld be developed. This progrn

early warnings of pending problems. thainstitlonaizes e onitoring po t o- should promote study of the trphic d

Reduced grovth and repoductive rates col should be eslab Lhed. e following nics of this systen. Itn articular stdes

often rlct subi cannic stresses. Syn- proetdescriptions define ecosystem of the feding habits of prominent species

thesis into system-level applicatons and cmpoenh that sould b monitod and should be undertaken to better elucidate

interpreth fNnationr ulation paraeer he knds of research needed lo begi h th e toed wb of this csystr. [hi storm
relatively dire. Many management con- process. The proechs identified in Table 22 underscores he need to develop bsene

trols alo operate at he populatio ev ian are nly balf of the onlorng work that is data on the freshwater ecys tem. One

application to mangemnt s s is direct recommended. A more comprehensive problem ronmi ng as at this im La the

and measurae integrated program for all three parks annual vaia ion oservd in the eisng

iodiversity is an mporant a tribute would cost bout $ illio a year. data.1More staMw ns are reqrad 1w better

ecosstems and functions at may levels: da cer patterns of variation in the fish

genetic, individual, pplatio,. c n- and macroinverebrae comunities An

nity, d even ecosystem. Nevertheless he epanded monitoring network would track

repeated inventhors to measure and trends in nonrtaive fish survival, demogra-

monitor iodiverily ar erpensive and phy, an ddistribution. ler spatial cover

diculL o conduct. Iighly skilled survey age would assess ute porturbations ike

onare uired to find and identify the

elements of diversiyAl rpeaied r2. cte rn aasweigw p ra erpress annaneol V m aersesc r.ar aaPark.a ,n

inventaries do not meet h goals of diag- Ertds Nat.r Park, Fli.

nrostic mionioring Down to the species

level, diversity is notensitive 10 environ, Mrniirda roec Cos Fstimate

mental strees d cords only te past . nisr na. bs a aiE es K

Changes in diversity ad ther broad 2. Mare ery inaq eoenms=s s0K

omunity measuresare als hard to Ik humamaerqinalitv in Ten1 ainannel tlslan sds SI20K
co nunu a I4 Incsre sBiscayne waler qualirymeliiesring $19UK

asse, ambiguous H inlerpet, difficult to 5ed nEay IBay edgments S lK

apply to management issues, and may no' . Monierm Sagrassm latr..iK

bsensitive to sgnificant envinmenal Nir a grass td lai dym125K

canges, soi as habita agmentation o. Alninarlbtr m ity ptar n dnam.e SiloK
9. Mnirwnmar igra eorst dyrniancs 5 Ik( Robinon e*I al. 1992). 10. Mans [tur coral rear lish popubiort dyniamis 5 .01

I Moitorj seardnrestng 5-liK

Irrl~mb III,
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Appendix A. Descriptions of Dade County Department of Environmental Resources

Management Long-term Monitoring Stations
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10-2 m NA' of marker R B"in Hawk bed. All of the sea grat, incl ding that off by parroffish a normal ocarence

Channl wilh sveral additional centimeters of ShoNwaad o t zoe isazoneserl

sediment, appears healthy meters wide, of dense Tlss, and Sying-

Thlasia meadow with blowoub odium liter and Th short shoots.

lahel , Pei gorssus r e abundant Further shoreward is a zoe beginning jus
Blowountsshowsome to atleat3 Station92091803 below the sraceand extendingabout 3

m (11.8 inhe). Blowout appear urnque Sheline 2 29 .1 80 0 37. m (9.8-19.6 feet) deep that is rich in Syrmig

from air they arewhit with black Shorelirnc ove nEllitt Key juI sSo r a nd short shool with

paches in the nt. The black i dead ands Ct leaves In essene entire plants re up to I

assi leares. Numerous Lytechins ls m (33 feet) long from emin I back-

are also p nt iling around and unb, Dense T ssi bed are prsnt when reef or nmdianl Sygdim beds at the

ken. lhile sown storm erosional al are approaching the ky fom seaward. Hard- peak of the storm. I show o this i a layer

evident, they are just an enlargement of botom communities ae prevalent and of Thassi lier and Aizoyw propagules
erisang slrture. seen normal The last 30 19894 eet) o that s bckin among tie mangrove roots

shore is adeeper sediment wedge wit and both Rhizpn ad Aea, prop-
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Iopographical lows that ar now filled in T sa and Symngoli. The Syrngodiu ae in th bedrock, indicating the former
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Evrglads National Park, florida Bay blooms, with resullant sading of ie sea Te fllowing w s lic observancns were

Florida Bay hu been undergoing dr mati grasses. This increaed shading cmes at a made

change, ii i e grass beds since 1987, me when light evels are declining natu-

due to t sea grass die-of. This def has rally and may exacerbate the die-off. Station 922001
left rucA olf he bay vulnerable to distir- Quantiinive statis that were samp d J13m 2512 32.3 61 09248

banm due the decay of thetabiliing are asfollow: 200 m S of NW Cape

chizUme Inst. It he past 6-9 months. the
di-oal has spcled rapidly into the westen Duck Key Sandy beach with See p slope.

bay, especially in the area around Sandy 2. Rabbit Key Bsin Shoreline eroded. Wrack line consisis

Key bsin. Sediments have been disturbed 3. Jolmn Key asin nmanly of beach s s h little sea gra.

and suspnded, and an aIa of miltk green 4. Sprigger bank Band of HaIel I along shoreline looks

or bowmn waler has persisted in an aes 5. R nkin Lake (nt sampled, too urbid healthy Normal epiphyles present. Not

eate han 0l lsquare nauticatl mile for 6. Sunset Cove obviousscouringr burial.

some rtime 7. Tavecnuer Crtek

'llowin Hrcicane Andewb, the ae . Conch Reef

appears u cn nged. University o v irgina Saeon 920920- 2
gaduate sl ndent and Everglades techni- estrn Florlda Bay and ~~st Coas, On 1-3m; 25 13*467 1 10 207
cans rurveyd saion that we have the west coad, the sea rass beds show N If NW Cape about 30 nm fhom S end of

monitord or severl yexs and found only aunr modifcation o damage. The sand beach
them unchanged. ron le air and in be Hi de on the shatow muddy sand

wale Floria Bay does not appear to have botom jst adjacent to Highland Beach Jsd, growing in bands and patch.

been direy affectcd in the lhort-term. eas generally naffeclted. The Thalnsui Small Avmnraiv a and Udeoa growing in

Longererm damage may be msn beds, seaward of the Brad River o th e padts. Mullt are everywhee l cfig in

exensive. The bay is suflering ontinued Loatrasis River area, w unaffected the offshoe Ilue. Manatees present

expanion te sea grass die-off, espe- except for local sites whee north to south also.

ially in he wear. The turbulence o the current scour cut lineations In many are

storn continued to kep sedl n in the old blades were still lntal, but in some

supenmon, and nufrient levels in the areas the blades had largely been napped

ater column are increasd, due lore- of by the storm, a d the ebserved

uspension and washout, The nutrint on 20 September w mostly new blade

levels wil contribule phytoplanton growth.

rsrl I



Sanna9E44u6 Sudon925

us.6 al to ma Izm;sszsn.v

to emsl oml margmvecwsl IXI Hi6hlana llmcFeuA25ol Al

hleavilY eroding mnrgrwx ,,tllve. Soo V. IY Tlrnpuln,4u

5" catp ampnug to hurt mush ba. HoIM,,lr antl Syamburrr preunl but with

"'IV hnmmaugmreablMine. Appear to Pmmt are oalaamum, olmOugFSOme

be erNN 11Va15 m(I SA kary. Saud MahY am prt+em. WareziuearacbidThs

omwnAdinramangmv¢bm 
nobmd andrlatim-0iartremini¢rnmul 

h,,tra

p Id,, h W 1 gzxaaFNaSmminBlY UntwehN bypnem

,mmatl ,tlAier ,M
ma n O(L nle 5ablefinek tlnmage.

SIn11on9uM211q

II 20 241 at 12546
Off HiBFIand Poim. In[1$ul 4mmuna

ar Guam 
n. MtmaapmP¢ 

mth

emy ePiphyk" ncWding¢.Uy

ana Spinam, mmm ms me denu.
Some lwlesOS lunt(sl Wgleef)in

ze Thezem ld well bemanatee Rnzln6

Volulotdama..'tmo gmu bid,
Jana is Aeennaea. Thi, i:.

Inionanm Icbeal dJimanr,

m d l
1M suMOnM idly onl wo,rcFelaNy high WtbiAllY llM x'am.



Appendix B. Locations Where Dade County Department of Environmental Resources

Management Monitors Water Quality at Monthly Intervals

Lower Canal i pland sites

BLO3 Blck Creek (C-1) SW97AVE&SW3 ST

GL3 GouldsOnil SW94 AVE&SW24ST

PRO3 rincon Canal (C-102) SW7 AVE &SW 268 S
MWO4 Mowry Canal C-13 SW 117 AV& SW 320S

Canalmlayside Sites

BLO0 Black Cek {C -) Muth ol Blak Creek
Bt2 Black Creek (C-l 253216N 0801954W

Upper Boet I sin

GL02 Goulds Canl 2532 0N01957W

at Drainage Culvert

PRDI Princeton Canal (C-o10) Baysde of Control Sinrctue

MI01 Mowry Canal (C-13) ayside of Control Sicture

Conit uents rouiely analyzed in the DiRM monitoring prmgram include the ollowinw:

(Surfae / I m / Botom Prfile)-

waleremprature alinity pH

dissolved oxygen codcity o

ISrlface only-
total oliom bacra color turbidity
ecal coliormn bacteria chlorophylla amunom-N

total phospho s NONO, cadihm
copper mercury lead
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