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As a habitat for plants, barrier islands are characterized by constant salt spray and dcsiccation stress, punctuated by
periodic storm events. This combination of chronic and stochastic effects of abiotic factors leads to the development
of unique plant communities, with some species endemic to the habitat. Two hurricanes made landfall on Santa Rosa
Island, Florida in 1995. A storm surge from one resulted in overwashcs of many areas of the barrier island. These
areas were scoured by water and sand, denuding them of vegetation. Plant community dynamics of a heavily impacted
area and an area of secondary dunes that received minor damage were monitored over a three-year period. The data
suggest a stable endpoint in the unaffected area characterized by constant species richness, species evenness and
vegetative coverage despite year to year changes in species composition. The storm surge area revegetated rapidly to
an average plant coverage equal to the undisturbed area, yet the recovery was the result of high abundance of
relat.ively few species. The dune building plants Sca oats I Uniola paniculata I, Blue stem tScliizachvru m maritimo I,
and Bitter Panicum iPcmicu m amaru m I were dominant components of the rapid recovery community, and" many
appeared to grow from colony fragments dispersed in the storm surge-leveled sand. Substantial species turnover of
rare species was observed for both areas. It is anticipated that the storm surge area will continue to change as dunes
rebuild creating microhabitats and as more species colonize from distant. areas of the island.

ADDITIONAL INDEX WORDS: llurrica ne. storm surge, coanlal., clune "I'f.!,f'lal;o//, rccovery, Gulj'oj'Mex;co.

INTRODUCTION

Barrier islands are the predominant landforms along the
east and Gulf coasts of North America covering eighty-five
percent of the shoreline (STi\UBLE, 1989). These coastal bar­
riers are elongated, narrow beach and dune systems that may
shelter maritime forests, lagoons, wetlands, and salt marshes
from direct wave and wind action (YOlJN(;, 1996). In absorb­
ing the energy from wind and waves, these barriers experi­
ence a high degree of disturbance, making the systems geo­
logically dynamic. During severe storms, the beach and the
associated dunes may be overtopped by storm surges, a com­
bination of locally elevated sea level and high waves. This
water levels dunes and carries sediment across the island.
This sediment transport transforms and shapes the island,
yet the total sediment mass is mostly conserved (STi\lJBLE,
1989). Contrary to the leveling action of water, winds scour
sand down to the water table creating wetlands or swales
ICOlJSI':NS, 1988 I in some locations, while piling up sand
dunes in others. Many of the plant species on the islands
have become well adapted to this high disturbance regime.

Areas subject to repeated storm surges have plant com-
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munity compositions that reflect this periodic disturbance.
Severe storm surges can scour the island free of vegetation,
but seed banks and vegetative growth from fragments of
plants will quickly recolonize such areas (COUSENS, 1988\.
Indeed, qualitative assessments often point to incredibly pro­
lific growth of some species such as Sea Oats i Uniola pani­
culatu I, Coastal Blue Stem tSchizuchvrum maritima J, and
Bitter Panicum tPanicum anuiru m.) following storm surge
scouring.

This physical disturbance is overlaid on a constant back­
drop of stress from shifting sand, salt, and desiccation. Blow­
ing sand and dune accretion requires plants to colonize bare
droughty sand and to grow to keep pace with the accumula­
tion of sand once established. Salt stress results from a gra­
dient of surf spray blown inland, creating a gradient of salt
tolerance in plant assemblages and resulting in salt spray
sculpting of woody species. Desiccation stress in the sandy,
droughty "soil" is accentuated by a lack of water retention
and high evaporation rates. Some plant species of the sec­
ondary dune areas are shared with inland xeric habitats such
as Long Leaf Pine sandhills (WOLFE 1'1 al., 19881.

For some areas of barrier islands, successional endpoints
are determined by not only the xeric conditions and constant
salt spray, but also periodic overwash and wind blown sand,
Other areas, while still subject to xeric conditions and salt
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Figure 1. Representative ima ges of th e ea st (left ) and west (r ight) tran sect a reas. The east transect a rea was scoured by storm surge, denu ding it of
vcgeta t ion and leaving a shell hash. Rapid colonia l growt h of dunc building grasses like Panicu m amaru m (pictur ed ) was eviden t after one year. Th e
west tran sect ar ea was cha racterized by well developed secondary dunes largely un affect ed by th e storm surge. An ecotone between the dun e and swale
hab it at , with a m- sampling qua dr at , is shown. Ph otos by Dr. H.G. Stopp .

spray, ma y experience less disturbance du e to distance from
the shoreline or the protection of dunes a nd elevation of th e
island above th e reach of sto rm surges . Th ese are as may
show changes in species an d dominance with bot h distance/
protectio n from sa lt spray an d age over long time per iods
(J OHNSON, 1997). Thus, stability for barrier island pla nt com­
mu nities in volves th e ability of species to resist harsh con­
ditions and res iliency after per iodic dis turbance .

In 1995, hurrican es Opal and Erin both ma de land fall on
Sa nta Rosa Island, Florida . Hu rricane Er in (Augus t 3 ) wa s a
category one storm with wind gusts up to 65 mph with a 1­
2 meter tida l surge. Hurricane Opa l (October 4) was a cate­
gory 4 hurrican e (nearly category 5) having susta ined winds
of 95 miles per hour and a 4-5 meter storm surge. Sand
dunes 5 met er s high were enti rely re moved or significantly
decreased in heigh t. Severe overwashing occur red along San­
ta Rosa Island from Pen sacola Pass to Dest in, Florida . Sed­
iment transport from the Gu lf side to the Bay or Sound side
was signi ficant. Much of the island vegetation was washed
away , covered wit h debri s, or ki lled from standing salt wat er.

Recovery of barrier island vege tation post-disturbance is
importan t for dune buildin g, isla nd stabiliza t ion, and pr ovid­
ing food and shelter for the wildlife . A short-term rev egeta­
tion study of an overwash area was conduct ed for three yea rs
beginning in th e fall one year after the storms to docum en t
the na tural recovery and dynami cs of pla nt communit ies on
Santa Rosa Island.

MATERIALS AND METHO DS

Two transect s in Fort Picken s area of the GulfI slan ds Na­
tional Seashore, Sa nta Rosa Island , were selecte d for the
study. The two tra nsects susta ined differ en t degrees of dam­
age from the storms. The east t ra nsect was in an area fla t­
tene d an d scoured clean by the h urricane storm surges, leav­
ing a she ll hash surface (Figure 1). Th e west transect was
rela tiv ely pr otected in a well-deve loped secondary dune and

swale field (Figure 1). Although no pre-h urica ne data was
avai la ble for the plant communities a t the se two specific
sites , t he plant species found in the west transect were typ­
ical of th e secondary dune field plan t comm un ities over la rge
areas of the isla nd, includ ing the eas t transect site. The tran­
sects were representative of the site, hab it at, and plant com­
muniti es in the ir respect ive imm edia te areas aft er th e storm
event. Elevation pro files were made with a pla ne table, a li­
dad e and stadia rod , and mean low water (MLW) deter mined
from nearby benchm ark s.

Th e west transect , approximately 180 m length , wa s locat­
ed south of Battery 234 before entry into th e For t. The south­
ern terminus wa s th e shorewa rd face of a prim ary du ne on
the Gul f of Mexico beac h. Th e nort hern terminus was nea r a
paved roa d. This tran sect was charac terized by a series of
dunes an d swa les, The west transect area did not have any
dune breac hes or scouring washovers , but storm debris was
deposited on the prima ry du nes, an d many dead pine tree
sa plings were found in th e swales where sa lt water had pond­
ed.

The east tran sect was located a ppr oximately 100 feet eas t
of the first parking lot upon ente ring the seas hore area . The
transect ext ended from the first line of vegetation nea l' the
Gulf of Mexico (near where th e primary du nes would have
been ), acro ss the island an d ending with the last line of veg­
eta tion near Sa nta Rosa sound. Thi s area was overwashed
an d scoured from storm surge and was densely covered with
shell pieces (hash) . The tran sect intersected the main road in
the park , wh ich was excluded from th e data .

The surveys were conducted during the summer a nd fall
whe n th e vegetation growth wa s maximal. A quadrat size 1.0
m' was used for continuous sa mpling along the t ra nsect (Fig­
ure I; CHAMBERS AND BROWN, 198:3). Tran sect s were
marked approximately every 20 m wit h PVC pipes from be­
ginning to end. A twine was laid along the transect conn ect­
ing th e PVC pipes as a guide during surveys. The 1.0 m-
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Figu,.,- 2. EI" vati on profiles of tho two t ransect s an alyzed lor thi s s tudy.

quad ra t wa s placed on the grou nd to the west of t he lin e a nd
th e veget a t ion in si de th e quadra t wa s id entified and percent
vegeta tio n cove r estimated by eye. The quadra t wa s the n
flipped to t he a djacent area a lon g the transect lin e a nd re­
pea ted for the tot al length . The quadrat number, t he percent
cove r, the ty pe of habit a t (dune, sa nd fiat , swa le) , a nd the
plant spec ies found in each t ra nsect were recorde d. Plant spe­
cit'S in the t wo t ra nsects were id en tifi ed using taxonomic keys
a nd che cke d agai nst reference spec ime ns in the UWF her­
barium . Published references used for thi s purpose in cluded
(; 1.I-:\\,E I.I. ( 1985 ), DUNCAN a nd DUNCAN ( 1987), GO I JF I{ ~;Y

and WOOTEN (1979a ,b l, T AYI.OI{ (1992), a nd TI NEI{ (1993 l.
Da ta we re entere d into the Microsoft Exce JC''') s p re a ds heet
program for reduct ion a nd stat istica l a na lyses. T he gra ph ics
pack age Kali cdagraph'':' (Muclntosh : wa s used for data pr e­
se nta t ion.

Ana lyses in cluded percent cove r , dominan ce-diversity
cu rves, Si m pson's index (ClI' a sp ecies ri chness a nd eve nness
es t im a tc. a nd So renson 's s im ila rity coeffi cien t for com pari­
so ns between t ransects a nd yea rs 0 31{oWI-:H ('I al. , 1998 l.
Dom inance-Di versity curves were plotted from t ransect data
so r te d by th e frequen cy of occu rrence for each species. These
data were Log t ransforrned a nd fitted to linea r model s by t.he
pr ogram Micro soft. EXCEL for com pa r iso n of s lope and in ter­
ce pt est imates by the program STATVIEW.

Simpson 's Index wa s calculated as:

I n ,(n , - 1)

N(N - 1)

whe re:

n, th e a bun da nce of t he i'" spe cies
N th e tota l number of ind ividual s (a ll spec ies )

Sorenson 's s imila ri t.y index wa s ca lcu la ted as:

CC,

wh ere :

c = s pec ies in com mon betw een t.wo communities
s., = total number of spec ies found in community "n'

RESULTS & DISCUSSIO N

Elev ation cha nges ove r the transects arc shown in Figu re
2. The east transect. wa s wa shed flat. wit h ve ry li ttl e reli ef
a nd a total eleva t ion th at nev er exceede d 6 ft. above MLW.
The highest point wa s just sea wa rd of t he paved road wh ere
t he primary dune lin e wou ld ha ve been . Lit.tl e to no vegeta­
tion ex iste d in ma ny a reas of t.he east t ra nsect wh en the
st udy began . Aft er Opa l's s tor m su rge wa sh ed the is la nd fiat ,
winds from H urricane Danny (1997) a ide d in the rebuilding
of the dunes in thi s area by redi st.ributing t.he sand lev eled
by Op al. By the end of t he s tudy , dune form at.ion wa s occur­
r in g wh ere Uniola paniculata a nd Panicum amaru m had be­
come reestablished. The west tran sect cove red a n es ta blished
dun e field, as indi cated in th e elcvn t. ion cha nges a long its
length (Fi gu re 2 l. Here aga in the hi gh est e lev ation encou n­
tere d wa s nearest the Gu lf in the a rea of primary dun es.

Seventy one plants we re ide n t ified from both transect s a nd
a ll years (Table 1). The t ra nsects we re good representatives
for t he dune , swa le a nd sa ndy habitats, but. were not. inclu­
sive of a ll plants on t.he is land . Most spec ies in t.he east tran­
sect in crea sed in occurrence within m" plot s over ti me, lik e
Coast.al Blucs tern a nd Bi tt.er (seaside) Pani cum . A notabl e
exce ption wa s Sea Oats. whi ch increa sed onl y s lig h t ly after
two yea rs, a nd did not. increa se in frequency of occurrence in
th e t.hird yea r of t he st.udy . This may be du e to vegeta t ive
propagation being the primary me ans of di sp ersal a nd gr owt h
in t h is spec ies , with little a dd it ion of new ge ne t ic stock via
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Tabl e 1. U sl 0( 1'10111 spl'c'il's rrru nled.

seed germina t ion. In th e west t ra nsect, most species were
stable, whil e oth ers decreased or increased without an obvi­
ous pattern .

Th e tot al number of species found in th e east t ran sect was
lower th an the tota l number found in th e west t ra nsect , for
all three yea rs (Table 2 ). Total species increased with tim e
for th e ea st t ransect (Ta ble 2 ). but remained constant for th e
west Transect (Table 2). Th e increase in th e east transect was
attr ibutable in part to th e development of a baysid e "wet­
land" a ffected by spring tid es a nd sto rm waves providing in­
frequ ent inundation . Thi s habita t accou nted for 11, :n, and
21 m" area of th e nor th end of th e eas t tra nsect for yea rs 96 ,
97 and 98 respectively. Despite th e variabi lity in the a rea

Paniru m pnrtnricrn«:

Scbieachvriu m mari timum-coast al
blu e s te m

Chrysopsi» uod(rl'yi f. UOl I/i'(:vi­
Godfroyi 's golden a s tor

Helianthrmu m lIasi i- rock rose
Balduina a IlUIIsl i/c,/ia - ypllo w but­

tons
Polyg onclla po!.vualll a -bushy joint-

weed
Paronvch ia el'f'da-squan' Ilnwer
Polvgoncl!« u ra cilis- wirpwped
Fui ren a scirp oidf'a - Ip,d lpss fu i -

ren a
Polvpremu m prorumbens-s-ruvs

wee d
Chrysops i« uo d(n:vi f. ri ridis -«

octo pus plant
Cer at iola crh '(,;(!cs - heac h rose-

mary
Centcllo osi al if'a - coinwor t
-Iuncus sc irpo idl's- ne l'd ll' ru sh
Cvpcru« relrors us- f1a t hurr sedge'
Hvpcricu 111gen !inlIoic!es- pin eweed
Smilax aur icula /a - dune g n· (·n·

brier
Cvperu » Il'l'lIlIll'i- fia t sl' dgp
Gal octia lIIicl'llphylo - sa nd pl' a
Uniola pall icll lal a - spa oa ts
S port ina pa fell s- sa lt lll(' tld ()\\, curd­

h'Tass
Chrvsoma pWH'i/lol'u/osa-Wt)l)(Jy

golde nrod
Loch na tlu-s ('aro!i ll ia IlQ- I'(·d 1'001

Pan icu m repel/s - lorppdo gras s
Asclrpic « hll lll isl ra la -sa nd h ill

mil k weed
Sa nd vine
Hvdrocotyl c hOlla";ells;s -sl'as idp

pen ny wort
Physalis an~us/ ;/()Ihl-Sil n d

gro u nd-chc rrv
St rophnstvlc« Ili'lmla-wild bea n
Doctvlocteniurn (H '~Y/ J /iUI1I -{T()\\' -

fool g rass
Panicum sp,

Bacchnri s halilll i/i>iia - s ilve r iing
} )oIYJ.Ja l a romosa

R um cx orhi('ula /us- \vah-r dock
Luduiu io alatu
R ubu« Ir icia /is- d"w l)('r ry

Rhcxia Cllllf'IISis- meadow beau ty
Euth amia lIIillor- tlat-topped gold ­

enrod
UII II III lIIedilllll- wild flax
Hvpcriru m cisl i/c>iilllll-St. Peter's

w ort

Hcterothcco s ll/>axilillris-carnphor­
wee-d

Era urosti« re/ iYlCla - pu rple love
gr ass

Cu sca ~ro/lm ' i i-l ll vl' vin e

Pon iru m l'I'I'd i/ iJliul11
l lvprri cu m redll cllIlII-St. .lohn's

wor t- At la nt ic
S m ilax luma -l/cJx- fringed g ree n­

hri or

.]II I1CII S dicho!clllla lls- path ru sh
Eupatori um mo hri i-s-nn vre v;

I('a \'l -d Eup at orium
( :/to l11w 'syc(, Ol1ll11ol1l1oides- sa nd

dUIH' xpurue
Sl ilill/icid a se lac c'a - s kel" ton p laot
D rns em m pi//a r is - pillk su ndew

Pas palu n: no/0 /u 1I1 - hahia g rass
Panicu m 0 111 0 n l111 - -sP:'1:..ide pa ni -

cum
( 'oJ,'!"!., ('01/s/ ,.;('/o-s('a rocket
Ocnothcro !cli'illia la - he ac h prirn-

ros('

Ltuluiuia rirun!a slendor s('pdhox
Lach nncu ulnn ('I1j.!/f,,.i- hog -huU,on
l r« imiJr im la - h"aeh «ldr-r
A ristulu intcrmcdia
Pluchva "" S I'O

Pro.'wr /J;/H/NI !wd inaln-Ilwrmaid
weed

Pin u» elli ottii -sla sh pin e
."'(>lidag() SI'I1l /W/T il'l '/1s-spasidp

gold(' ll rod

S ld lari" sp.
l .o i 11101l;U111 ra n din ia nnm st'H-lavP Il­

del'; marsh -rosem a ry
Ilc·dyoli ., IIl1i/ loFl/- old" llla lld ia
II, \'p, 'r i('II 111 /tYP('rcoicles- St , An-

drr- w's-cross

1)(1 l1icl1l11 aricu lar«
l )o /1 i('I111 1 c/ta 111 w' /()//{'!J I'

SYl1gonlln/11I's /lm'il/lllus- hantam-
hut (Oil

Mvric« ceri/j 'ra - wax-my r t Ie

Table 2 . Coivrnve. Simpson's l ndvx, and .""'pcc'ies richnes» in I!I(' tu -o 11'011 -
S l '('/S. COl'f'Fl/U!' est imate» uith the salll!' Id ler arc 110 1 siUlli/im lllly d i/I;'",
('11 1.

# Spc -
Cove ragu 1fir I Sim pson's Ind ex

cies Aver age St d. Dev. Sig. Aver age Std. Tx-v. Sig

All Data

East

199(; 16 9.1 IO 16.224 A 0.17" 2.114E - 02 A
1997 20 18.01 9 26 ,94 7 B 0.26:1 6 .2:IE - 02 II
1 9 ~1ll 2:1 29 .62 1\ 2".2,, (; C (U 6(; 4 .4I\E -0:I A

West

1996 " I :12.4 70 27.114 1 C 0.061\ 1.06 E - o:J C
l~l9 7 ,,4 :12 .4116 2~l .1\1I2 C 0.071 1\ ."9~:-· 04 ('

199 1\ " I 26.4 :111 24. 176 C. D 0.062 ().79E --04 C

DUlle a nd Sand Flat

Ea s t

I!J% 14 8.422 1 4 . II ~J 2 A 0.1411 1.29E - 0:1 A
199 7 1:3 12.1 19 20 . ~)(; ~l A. B O. IO(; 1I.2:m - 0:; A. B
199 11 1:1 29.0:;1\ 2:1.140 D 0.0119 7.42E -- 0:; D

West

Im)(; :10 2 1.:n :l 17.:1I:1 E O.O(i(; II.OOE - O() I>:
1 9 ~)7 :JI 2:1.4:111 2:1.700 C.E 0.0 7 1 1I.:;9 E --0() f'. E
1991\ :12 11I.7:1I 17.670 B. E 0.0()2 (; .791>: ··0(; B. I>:

S wa le

West

H)~)(; 4 I (;:U; 211 .2 F 0 .(l4:12 6 .79 E - 0(; F
HJ97 4 1 67 .7 2:;. I F 0 .0:1()9 '1.I\7E - ()(i F
19911 ·12 :;:1.7 22 .() ( ; 0 .04:1:) 7.9 1I': ()( ) ( i

a ffecte d, th e number of unique species (from th e tota l of both
tran scct s l found in thi s habi tat in creased from 2 in yea r 9(),
5 in yea r 97 . to 6 in yea r 98 . Of th ese , only 2. Bacclutrri»
hnlhn iloli« a nd Limonium caroli ni anurn , would not norm all y
be found with in the seconda ry dun e field , a nd only th e latt er
is restri cted to habitats regu larly sa lt wa te r-flooded.

At yea r three, total species r ichness in th e west t ransect
was about double th e tota l species richness for th e ent ire east
t ra nsect. A compa rison of sa nd flat a nd dune habi tat between
th e two tran sects was accomplis hed by excluding th e swa le
habita t which was only found in the west tra nsect . road mar­
gins and the bay shore area of t he east transect. For dun e
and sa nd flat on ly, species r ichness was consta nt over th e
t hree yea r period for both t ran sects, but the west tran sect
st ill had a pproximately tw ice th e species richn ess t ha t t he
ea st tran sect (Ta ble 2 ). Th ese figures indi ca te th at for short­
term reveget a t ion of the overwash area , a ll of the species
within this three year period were a lrea dy presen t after th e
first yea r. Thi s implies that th is short term recovery follow­
ing storm surge scouri ng is accomplished by eit her a seed
ba nk in the scoured sa nd or vegeta t ive gro wth from plan t
fragments bu ried in the sa nd. Th e swalcs in th e west tra nsect
wer e the most stable comm unities encountered, with 4 1, 4 1,
a nd 42 species in yea rs 96, 97 , and 98 resp ectiv ely.

Tota l plant coverage followed simila r t rends as species
ri chn ess (Ta ble 2). Th e mean plant coverage for th e eas t tran ­
sect increased two fold from 1996 to 1997 (9.11'fr to 18.02'k l
and increa sed furth er (18.027, to 29.6:3'fr ) from 199 7 to 1mJH.
Th e west tran sect tota l coverag e was cons tan t from 19~)6 to
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Dominance-Diver sity curves graphica lly illustrate differ ­
ences in species richn ess and evenness betw een yea rs and
between habitats. Figure 4 (top two graphs) shows th ese
curves for the total data from east and west tran sect s for th e
three year study period . For th e east t rans ect, the increase
in species number wa s th e re sult of addition of rare species ,
with the community increa singly dominated by less than 10
species , providing the increa sed coverage noted above.
Curves for th e west transect did not appreciab ly change dur­
ing the study period, bu t were quite differ ent from the eas t
transect curves reflecting th e greater spec ies richness and
eve nness of th e west transect habitats . This suggests that th e
topography of th e west t rans ect may be providing microhab­
it ats ne cessary for the surv iva l of some sand and dune spe­
cies . Th e east transect community should continue to cha nge
as mo re species colon ize and dunes begin to eme rge until a
stable endpoin t is rea ched , as reflect ed in the west transect
data . Figure 4 (bot tom tw o gra phs ) shows the west transect
sa nd flat and dune h abi tat data in compa rison to the west
transect swale data . Both of th ese habitat types of the west
t ransect re vea l th e interannual stabili ty previously men­
t ioned , but a re very different communiti es. Th e dune and
sa nd community had a gre a te r a bundance of fewer species
and the swa les had the highest diver sity and greates t even­
ness of th e habitats encountere d, in addit ion to the hi ghest
percent coverage .

Simila rity estimates for the t ransects show that species
composition chan ged from year to yea r, even wh ere species
richness and coverage wer e const ant (Ta ble 3). Sore nsen's Co­
efficien t for the east transect was never high er than 79.07%
between yea rs (97- 98) and lowest between the first and last
year of the study (66.67%) reflecting the re-growth of vege­
tation and continual chan ge in this community. In contrast ,
the simila rity figures between yea rs for the west transect
ran ged from 87. 62 to 9 1.43%, with the gre a test simila rity oc­
cur ring between the first and last years of th e study. These
figures, whil e high , do reflect a cons ta nt change in commu­
nity structu re despite th e relative stability of the west t ran­
sect for species r ichness a nd coverage. Indeed , where th e
gre a test differ en ce in total coverage occur re d, the high est
similar ity in compo siti on was found (yea rs '96 to '97). Low
simila rity estimates wer e obt a ined between t he east and west
t ransect data (20 to 40%), re flecting th e very differ ent nature
of th e two communiti es. When comparing th e dune and sa nd
flat habi tats of the two transects, the similar ity figures ri se
(33.73 to 36.57 ), but st ill reflect a successional endpoint of
th e west transect plant communities relative to the recover­
ing east tran sect . In terestingly, for th e dune and san d flat
habitats onl y, th e east transect simila rity figures inc rease be­
twe en yea rs, but th e west transect figu res decr ease , indicat­
ing that th e community st ru cture of th e swa le habitats of the
west t ra nsect were more sta ble and the change in community
str ucture wa s dominated by changes in the dune and sa nd
tlat a reas despite their cons tant species number (30, 31, and
32) and coverage (21.33, 23.44 , and 18.73%) between years .

The turnover (ga in a nd loss ) of species reflect ed in th e sim­
ila r ity coefficien ts between years for eac h tran sect (Ta ble 3)
occurred with the most rare species in these plant assem­
blages. This species turnover requires eithe r a see d bank, or
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1997 but dropped from 32.49 % to 26.4 4%) in 1998, pr esum­
ably du e to drough t conditi ons experie nce d that summe r. To­
tal coverage of plant material for dune and sa nd tlat hab it at
increased in the ea st transect a ll three years with a const ant
species number (Ta ble 2 ). Total coverage esti mates for the
west transect swale were th e high est record ed (6:3 .6%, 67.7%,
a nd 53.7 %).

Th e frequ en cy of occurren ce for coverage estimates within
quad ra ts is pr esented in Figure 3. Th e east transect had 135
plots with no coverage in 1996 . In 1997 , the re was a greate r
number of plots with 5C

,{ coverage (100) tha n in 1996 (0) and
a dec rea se in 0'7< , coverage (135 to 35 ) was observ ed . Th e
trend in 1998 shows less 00/, cove rage th an 1996 and 1997
and less 5% coverage th an in 1997 , but more coverage be­
twee n 5%-30%, and more 60%, 80lfr and 95% coverage than
any of the previous yea rs. As with spec ies ri chn ess and cov­
erage av erages , th e frequ en cy distributions of coverage for
the west t ransect were relatively sta ble , but high er frequen­
cies of lower percentage coverage occurred in both 97 and 98.

Si mpson 's Index ca lculated from th e data reflect the dom­
inance of relati vely few species in th e ea st tran sect , even
when only sa nd tlat and dune habitats are com pare d (Ta ble
2). Swale ha bita ts , in addi tion to ha ving the greates t spec ies
r ichness, a lso had Simpson Index value s significant ly differ­
ent than the sand flat and dune or total tran sect data form
either transect (Ta ble 2).

Figure 3. Frequen cy of percent cover estima tes within quadrat s of the
east (top) and west (bott om ) transect s by year.
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Table a. Similarity ma tr ixes and S orensen's Si milarity Coefficient [or
plan t commun ities on the East and \Vest Transects.

# Shared Species # Different Species
Diagonal is Species Richness in each Tra nsect

East 96 East 97 East 98 West 96 West 97 West 98

Ea st 96 16 14 13 8 7 7
East 97 9 20 17 12 11 11
East 98 12 9 23 13 12 12
West 96 52 48 49 51 48 46
West 97 57 52 58 11 54 46
West 98 54 49 50 11 13 51

Sorensen's Coefficient

Ea st 96 1.0000 0.777 tl 0.66 67 0.2388 0.2000 0.2704
~; ast 97 1.0000 0.7907 004000 0.297:) 0.:i099
East 98 1.0000 0.3511 0.3117 0.3243
West 96 1.0000 0.9143 0.9020
West 97 1.0000 0.8762
West 98 1.0000

Dune and Sand Flat Only

Ea st 9G 14 11 10 5 7 G
Ea st 97 7 13 11 6 8 8
Ea st 98 9 4 13 5 7 7
West 96 34 31 24 30 21 24
West 97 3:J 28 30 19 31 24
West 98 35 29 31 14 15 32

Sorensen' s Coefficient

Ea st 96 1.0000 0.8148 0.7407 0.22 73 0.3 111 0.3G57
East 97 1.0000 0.84G2 0.3243 0.3636 0.3556
Ea st 98 1.0000 0.2326 0.:n82 0.3111
West 96 1.0000 0.6885 0.7742
West 97 1.0000 0.7G19
West 98 1.0000
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more likely, a constant imi gration sour ce to mai ntain a stable
species ri chn ess. Th e bala nce of local exti nct ion and imm i­
gration of species to maint ain an equilib rium spe cies rich ness
with cons tant species turnover is one of the features of tb e
Island Biogeogr aphy Th eory of community st abi lity (MA C­

A RT H UR and W ILSON , 1967). In order to prese rve the species
richness of these habi t a ts , and to contin ue to increase species
richness in recover ing areas (ea st transect) un til this end­
point is reached, source are as for these plant species should
be iden t ified . If these sourc e areas are dependen t on other
areas of th e barrier island as opposed to ma in la nd sources,
then preser ve size and habita t diversity within preserve ar­
eas becomes critical for th e maintainence of th e more rare
mem bers of th e plant comm uni ties .

CONCLUS IONS

This study has documen ted the plan t community fluctu a­
tion s in a rela tively stable dune and swale sys tem (west tran­
sect ) and the recovery of vegeta t ion on a storm surge scoured
portion of the island (east tran sect). Swa le vegetation wa s the

Figure 4. Domina nce diver s ity curves bas ed on frequ ency of occurrence
of species within qu adrats along east an d west tran sect s for tota l dat a
(top graphs) , and for the west t ra nsect dun e and west tr an sect swale
hab it at s (bott om tw o graphs ).
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most sta ble for a ll pa ram eters, indicating the im portan ce of
water availability to plan t community sta bility on the barrier
island . Sig ni ficant t urnover of species occurred in the dun e
and sa nd fla t communit ies of the west t ransect within th e
confines of sta ble species richn ess , evenness and covera ge,
indi cating an equilibrium endpoint defined by the harsh con­
di t ions of the environme nt (drought , hea t , sa lt). The eas t
tra nsect showed ra pid revegeta t ion a fte r th e storm surge,
a nd the response was mainly du e to the prolifera t ion of rel­
a t ive ly few species « 10). However, wit hin these species were
the major dune buildi ng plants Sea oats iUniola panicula ta v.
Blue stem iS chizccliyrum m aritima l, and Bitter Pani cum
t. Panicum aniarum l, which will t ra p sa nd a nd crea te micro­
habita ts as th e relief of th e sys te m incr ea ses . Further suc­
cession in th e east t ra nsect plant communities is a nticipa ted
a t a much slower ra te controlled by the rate of geomorpho­
logic cha nge as described by ,Jo llNsoN (1997 ). Th e sys tem
should a pproac h an equilibr ium endpoint simila r to that of
th e seconda ry dune and sa nd fla t habi ta ts of the west tran ­
sect. Thi s succession would continue unless in terrupted by
subsequent storm surges . Repea ted ove rwas hes would define
a cycle of distu rba nce a nd regr owth quite di fferent from the
west t ra nsect. Geomorphologic evidence of past storm surges
I not shown )sugges ts that certa in a rea s of t he isla nd a re more
subject to such repea ted distu rban ce tha n othe r a reas of the
is land.
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