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ABSTRACT
AN ECC'LOGICAL STUDY OF COASTAL STRAND VEGITATION

ON THE I^/ESTIRII EIID OF SANTA RCSA ISLAND
I.IEAR PENSACOLA, FLORIDA

James Russel Bunkhalter

Coastal strand vegetation on the western end of Santa Rosa Island

was quantitatively studied to determine covenage, frequency, and con-

stancy for dunal species. A number of environmental factor"s were exam-

ined to determine which ones rnight be responsible for zonation of the

vegetation. The p'ine forest located at the island's interior was also

studied for^ purposes of comparison.

llo soi I factor stud'ied (organic content, moisture, pH, chloride,

various nutnients, total soluble salts, catjon exchange capacity, tern-

perature) was found to correlate with the vegetational zonation. Air

temperature and relative hurnidity patterns also did not coinc'ide with

vegetational zonation.

Evaporation was greater where Uniola paniculata was dominant than

where Schizachyrium mar^itirnum dominated. The salt spray deposition pat-

tenn was observed to correspond with the vegetational zonation. It was

concluced that wind-borne salt spray appears to be the primary factor

Cetermining and maintaining coastal stnand vegetational zonation on

Santa Rosa Island.
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INTRODUCTION

"The best est'imate as
covered by sand dunes is
tw'ice the total area . .

to the area of the earth
3, 2-00,000,000 acres--nearly. of the Uni ted States .,,

Th'is quotation (!'lhitfierd and Bnown, 1946), which refers primari.ry
to coastal dune systems, provides an'indication of the total area of the
eanth which is occupied by coastal strand habitat--that relative'ly nar-
row strip of beaches and dunes w'ith associated vegetation that stretches
a'long many of the coastal areas of the world's cont.inents. 0n the basis
of area alone, the coastal strand must be considered one of the earth,s
md.1or terrestrial ecosystems. In sp'ite of this, few scientjfic investi-
gations of this habitat were conducted prior to the Ig50s.

In necent years, however, there has been a tremendous increase of
inter-est in the coastal strand habitat and its ecology. To a great
extent th'is has been brought about by the simple realization on the part
of many indjvidual s and eco'logical ly-oriented groups that coastal
beaches and dunes provide a natural rn'itigation barrier and protection
zone against the ravages of ocean storm surges and hurr.icanes. It is
now common knowledge that disturbance t0, or destruct.ion of, coastal
strand systems through improper placement of build'ings and associated
tenrai n al teratj ons by man I eaves the coastl 'i ne wi thout natural
protection and can read to a catastrophic ross of property and human
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l'ives in the event of a severe storm. The effects of recent hurricanes
have pnovided ample examples of the serious consequences of man,s alter-
ations 0f the coasta'l zone. As a nesult of this increased awareness,

coastal zone management programs have been deve'loped by rnany universi-
tjes, and coastal zone rnanagement agencies have been created by the 1eg-

islatures of nost of the coastal states. This resungence of interest in
the preservation of the coastal strand reached a major milestone with
the affirmation by President Carter of 1980 as the year of the Coast.

The coastal strand habitat is characterjzed by bare beaches and

associated dune systems in which the vegetation occurs in distinct
zones, and this ecosystem is often referred to as the dune strand. It
may be situated a'long the mainland coast or on offshore barrier islands.
In the United States it is found along the Atlantic coast from Maine

south to the Florida keys. From l{aine to southenn Vir-ginia the vegeta-

tion of the coastal stnand zone just inland from the bare beach is domi-
nated by the grass Ammophila breviligulata, anrl fr^om that point south-
wand by the grass uniola paniculata. The west coast of Flor.ida is pni-
marily vegetated by stands (mangals) of mangroves, but Uniola-donrinated
coastal stnand habitat resumes near the rnouth of the Cchlockonee River
and continues west and south to the southern tip of Texas and into
l'lexico. Coastal strand is intermittent a'long the pacific coast of the
united states, b,eing suppl anted by coastal marsh in nurnerous pl aces.

The coasta'l strand species and physiognomy of that area are fundamen-

ta1ly different from those of the coastal strand of the southeastern

United States, but similar environmental factors seem to be of impor-
tance in both areas.
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fhe purpose of this study was to add to the existing scientific
knowledge of the coastal strand of the southeastern united states by

studying the ecology of the coastal strand vegetatfon on the western end

of santa Rosa Isrand. This was accomplished by the for'rowing under-
tak i ngs :

(i) The vegetation of the dune strand zones was quantitatively ana'lyzed

to determine coverage, frequency, anc constancy for all species encoun-
tered' The vegetation of the pine forest in the interior of the island
was also quantitatively studicd.

(2) A number of edaphic and atmospheric factors vrere measured to deter-
mine if corre'lations with vegetationar zonation existed.
(3) Ttre finclings generated by the field work in this stud.y were compared

with results of other investigations to determine if the environmental
factors which ane important jn other coastal locations are also opena-
tive in the coastal str:and of Santa Rosa Island,



LITERATURE REVITl.l

VEGETAT i ON

FLORISTIC COMPOSITION

In the United States Atlantic coastal vegetation has been particu-
larly well-'investigated. The pertinent studies may be grouped into two

bnoad categories based on the range of uniola paniculata, wh.ich is the
dominant dune grass from southeastern v.irg.inia (cape Henry) soutn to
Florida and west to Mexico. From V'irEinia northward Uqiola paniculata
'is replaced by'its ecological equivalent Ammophila breviljgulata, which
js the domjnant dune grass where it occur"s.

Papers and books describins'|4ggghl]3,dominated systems .include the
following for Atlant'ic-coast states: Maine--Kuchler (1956) ; Massachu-

setrs--Jordan (1s74), chrysler (1905), Lewis (1g?4), Fogg (1930), Moul

(i948,1gbi,1909), Boyce (1954), l'lhire (1960), sterling (1967), Hay

(1968) , I'lacKeever (1968) , wetherbee et al . (lg7z) , car"lozzi et al .
(1975); New York--Taylor (1923), conard (1935), Arr (197i), Stalter
(1979); New. ,.rersey--Harshberger (1900, t90z), stone (191i), chrysler
(1930), small and Martin (i959), Martin (1959); Delaware--snow (1902,

1913), Tatnal I (19a6); Maryland--chrys'ler (I910), shreve (1910),

Higgins, Rappleye, and Brown (1971); virginia--Eg1er (lg4z), Harvill
(1965,1967), c'lovis (I96g), Marsh (1969), tJillis and Zaneveld (1971).

Addit'iona11y, r'10u1 (i973) considered coastal vegetation f rom
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Newfcundl and and southern Labrador to the southernmost extent of

Ammophila breviligulata, and Goofrey (L977) briefly descrjbed Ammophila-

dominated coastal stnand vegetation on nine barrier islands from

t{assachusetts to Vi r"gi ni a.

Several authors have described the Un'iola-dominated coastal systems

of North Carol i na. These j ncl ude the fol 1 ow'i ng: Johnson ( lg00) ,

Kearney ( 1900), Lewis (1917), coker (1918), wet ls (1929), Oosting and

Billings (1942), Rondthater (1952), 0osting (1956), Stick (I95S),

Bourdeau and 0osting (1959), Brown (19b9), tsurk (196la, 196Ib, 1962),

wagner (1964), Au (1969, r974), Godfrey and Godfrey (1976). The coasta'l

vegetation of South Carolina has been described by Coker (1905), Barry

(1968)' stalter (i971, L972, 1973, L974,1975, 197t1), Pinson (1973), and

Hos'ien (1975). Descript'ions for coastal stnand vegetat'ion of Georgia

were provided by Johnson et al. (1924) and Hillestad et al. (i975).

The vegetation of Florida's east coast south to Key Biscayne has a

Uniola-dominated aspect similar to that found as fan north as North

carol'ina. It has been descrjbed by Leeds (1892), webber (199g), Kurz

(1942), Bennett (1961), Mathews (1975), carlton {rgr7), Richardson

(L977), Austin et al. (1977), and poppieton et al. (rg7v). The coastal

aneas of south Florida and the Keys exh'ibit a decided'ly tropical vegeta-

tion, whicn has been oescribeo and/or listed by Mi1'lspaugh (1907), Small

( 1913) , Harshberger ( 1914) , Harper (L927) , Davi s (Lg4Z, 1943) , and

Dickinson et a'1. (1953). Bowman (1918) ana Teas and schroeder (1971)

considered the vegetation of the Tortugas.

The Gulf coastal mainland of Florjda's pen'insula is devoid of sand

strand vegetation. Here the coastal areas are primanily vegetated by

mangnove communities, which have been described by Davis (1940), Fuller
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(1941), and carlton (1977). A number of offshore islands along the west
coast of F]orida's peninsu'ta do, howeven, exhibit dune strand vegetation
to a'lirnited extent, and this vegetation has been bnief]y considered by
Cooley (1955) (Sanibet Island), Fow.ter (1g74) (Catadesi Island),
Hi lsenbeck and Hi rsenbeck (r.g74) (Mur ret Key), and Laessre and t.lharton
( 1959 ) (Seahorse Key ).

uniola-dominated coasta'l vegetation resumes in northwest Florida in
the vicfnity of the 0chlockonee River and is continuous in the panhandle

from FrankJin county westward. It has been described briefl.y by Harper
(1914)' Kurz (Ig4?.) reported on the coastal vegetatfon at cochran,s
Beach (st' James Is'land, Franklin county) and Beacon Hill (near port st.
Joe, Bay county). Livingston et al. (rg74) ano carlton (1977) described
the strand vegetation of st. George Isr and (Frankr in county). carrton
(1977) also described the coastal vegetation at cape san Bras 0.r. T,
Stone State pank, Gulf County).

The coastal strand vegetation of Santa Rosa Island has been studjed
in some detail by lrcFar^'lin (1941) (central and eastern por.tions), Long
(197 4 ) ( llavarre Beach area ) , and car]ton (rg7r ) (weste rn end near Ft.
Pi ckens ). Bl ai r ( 1gs1 ), i n hi s study of the whi te-headed beach mouse

(feromyscus polionotus leucocephalus) on santa Rosa Island, included a

brief description of the dune vegetation. A recent series of neports
prepared by the National park service (1g76a, 1.g76b, 1g78a, lgTgb)
included maps ' profi le drawings, and verbal descriptions of the
vegetation of most of Santa Rosa Island, the eastern end of perdido Key,
and the portion of the Gulf Breeze peninsula coast occupied by the 1,taval

Live Oaks Unit of Gulf Islands National Seashore.
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A report from the Escambia County Department of Conmunity Develop-

ment (1975) inctuded a brief treatment of dune vegetation of santa Rosa

Island with a profile drawing and line drawings of five common coastal
strand plants. The Environmental Inventory section of the 2C1 Facili-
ties Plan for South Escambia and Santa Rosa Counties (Theta Anaiysis,
Inc', 197e) included a cescription of dune vegetation for the study anea

and a list of typical northwest Florida coastal strand species.

The vegetation of the dunes and dry sands of the Alabama coast was

bniefly discussed by Mohr (1901), who referred to the coastal plants as

"xerophile psarnmophytes." stal lard (1950) investigated the coastal veg-

etation of the Fort Morgan Peninsula, Baldwin County, Alabarna. Deramus

(1970) studied the dune and strand vegetation of Dauphin Island, Mobile
County, Ai abana.

Manitime vegetation of Mississippi has been clescribecl by Lloyd and

Tracy (19c1), Lowe (1921), penfound and 0'Neill (1934), pessin and

Bun'le'igh (1941), Richmond (tg6z, t96g), Milter and Jones (1967), Miller
(1975), Eleuterius (192s,1979), Robjnson (1g75), Huguley and Ereuterius
( 1976 ) ' and Baron (1979). Recent publ ications of the National park

service (1976a, 1976b, 1978a, 1978b) inc'luded discussions of strand veq-

etation for some of Mississippi's islands and maps of the same.

Lloyd and Tracy (1901) also considened coasta'l strand vegetation of
Louisiana, as did Brown (1930), Lemaire (1961), and Gould and Ewan

( 1975 ).

Brav (1906), Johnson (1955), Rabalais (1975), Gi1'tespie (1976),

Jones (1,977), Judd et al. (Ig77), anct Lonard et al, (197g) considered
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vegetation of coasta'l strands and dunes of Texas and its barrier
islands.

0osting (lgSq) discussed sand strand vegetation occurring in the
southeastern united States from southeastern Virginia all the way around

Florida and the Gu'lf coast to Texas. Gulf coast vegetation was also
considered by Thorne (1954). Ferguson (I}SZ) consiclered coastal strand
species which have horticultural potential for south Flor.ida and

included native as well as cultivated plants in his stucly.

Strand vegetation of the Oulf coast of l4exico is sinrilar to that of
s outhern Fl ori da. It has been studi ed by Bequaert ( 1933 ) , Lundel I
(1934)' Edwards (1954), Bonet and Rzedowski (1962), poggie (1962), l,lest

(1966), Sauer" (1967), and Gonzalez-Medrano (1972).

MONOGRAPHS

several monographers have studied the taxonomy of plants which

occur in the coastal stnand of the southeastern united states.
important monognaphs include those on the genera Atriplex (Ha'11 and

clements,1923), Balduina (parker anc Jones, ig75), cakile (Rodman,

1974), cenchrus (de Li sl e, 1963 ) , iva (Jackson, 1960 ), Me.l anthera
(Parks, 1973), uniola (yates, 1966), the Ipomoea pes-capnae group (st.
John, 1970), and the panicum amarum-p. amaru'lum complex (pa1mer, l97s).
The work of semple (1977,1979) and sempre et ar. (1980) in erucidating
the taxonomy of the genera chrysopsis, Heterotheca, and pityopsis should

be noted here. Thornson (1967) monognaphed the lichen genus Cladonia in
North America.



ECOLOGICAL SIUDITS

GENIRAL STUDIES

l{ear the end of the last century, H. c. cowles (tggg) conducted a

detai led eco]ogica'l study of the vegetat.ion of the sand dunes of Lake

Mich'igan southeast of Chicago, I'llinois, in northwester^n Indiana. His

investigations concerned the following factors: light, heat, wind,

soil, and water. Although salt spray--the primary ecolog.ical facton of
the coastal strand--was not considered by Cowles, the other factors he

studied are equa'l]y operative in both freshwater and coastal manine dune

systems. Cowles' study, vrhich is now considered a classic in ebology,

influenced other investigators, and a senies of similar studies were

conducted in the early part of the 1900s, such as those by Harshberger

(1900), Snow (1902), 0lson-seffer (1909a), and Mantin and clements

(1e3s).

Later 0osting and Billings (1942) conducted a detailed ecological

study of coastal strand vegetation near old Fort l'lacon at the entrance

to Beaufort Harbor on Bogue Bank, Nonth carolina. vegetation of two

1-rneter-wide transects was mapped by square meters, and density and

covenage values for each species were deterrnined. This study included

the first quantitative measurements of wind-borne salt spray performed

in the United States. The fo1 lowing soi I factors t,,tene considered:

moistune, temperature, and salt content. Air temperature, relative
evaporation, and re1ative humidity were a'tso studied. Phytometnic stud-

ies v,lere penformed in which plants vvere watered and sprayed with sea

water to determ'ine the degree of toler^ance to sal t spray exhi bited by

vari ous dune speci es.
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In the same year Wells (L942) discussed the ecological factors

which are operative in the coasta'l areas of the southeastern United

States coastal plain. He stressed the ro'le of wind-borne salt spray as

bejng "of major importance in modifying the form of woody plants and in
developing a zonation of vegetation relatecl to salt resistance" in
coastal aneas.

Boyce (1954) conducted a detailed ecological study of coasta'l

strand vegetation in the Cape Fear anea of Nonth Carolina and near Cape

Cod, l4assachusetts. He investigated the following factors: wind, sand-

b'lasting of vegetation, salinity of the substnatum, sa'lt spra.y (includ-

ing the source, deposition, and intensity of salt spray), plant

responses to salt spray (inc'luding toxicity of oceanic salts to dune

plants, entrance of salt into leaves and stems, patterns of salt spray

injury,. and chloride-jnduced hypertrophy), salt spray-selected growth

forins, and the effect of njtrogen and phosphor.us on the salt spra.y tol-
erance of coasta'l plants. This study included an extensive liter.aiure

review and is the most detailed study of its type ever undertaken in the

Uni ted States.

In the same year 0osting (1954) published a review ar^ticle concern-

ing the ecological processes and vegetation of the coastal strand of the

southeastern United States. Fle cited 62 references and discussect'in

detail several topics of eco]ogical concern, including topogr"aphy, soil
moisture and soluble salts, temperature,'light, pnecipitation, evapora-

tion, transpination, wind, salt spr^ay, human and animal influences, and

adaptation and xeromorphism of coastal strand plants. The ideas of suc-

cession and climax as they relate to coastal strand vegetation were also

given special consideration.
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0ther majon ecological studies have been performed in the coastal
stnand of North carorina. These incrude van der valk (1g73, Ig74a) and
Au (1969, 7974), similar stucfies in south carolina have been conducted
hy Hosier (1975) on Kiarvah Island and by Stalter (1926) at Huntington
Beach.

Far"ther north Higgins et ar. (rg7r) performed an eco.rogicar study
of the coastar strand of Assateague Island, whfch is rocated off the
coasts of Maryland and virginia, sarinity and pH of water sampres from
the water table wene measured and the fo1 lowing edaphic factor.s were
determined at three soir depths (surface,20 cil, and water table):
salinity, pH, magnesiurn, phosphorus (as pr0u), and potassium (as KzO).

Martin (1959) studied a number of eco'logical factons during his
extensive investigation of the maritime vegetation of Island Beach state
Park, which is rocated on a barrier isrand off the New Jersey coast.
The following were consicrered: depth of the water tabre; sarinity of
the groundwater, b,ay water, and ocean water; salt spray distribution;
and tolerance of plants to salt spray.

SPECIAL STUDIES

in addition to the ecorogical studies arready cited, in urhich sev_
eral environmental factors of the coastal strand were considered, a num-
ber of investigators have concentrated on a single environmental factor,
or a few closely-related factors, operating in coastal strand habitats.
Among the factors considered on an individuar basis, salt spray has been
studied most extensively.



t2

Even before any quantitative studies of sart spnay were done, sev-
eral investigators were aware of the importance of sa]t spray in coastal
areas and neported their observations concerning salt spray darnage to
coastar vogetation. sarisbury (1gc5) was the first to report such dam-
age in England' A few years later^ Beck (1819) made a sirnilar report of
salt storms on the northeast coast of the united states. other authors
of the rast century aJso attnibuted injury of coastar vegetation in
Europe to sart particres transported by sea breezes (Focke,1g71;
Anderl i nd, 1897 ).

shreve (1910) was the first investigator in the united States to
suggest that sart-'raden wind, and not sart in the soir, was the factor
rnost iniurious to coastal vegetation. This idea was in keeping with the
previous f.indings of 0lsson_Seffer (lgCgb), About the same time in
Europe Frodin (1912) and Hayren (I914) attributed the asymmetric ar^owth
forms and zonation of various coastar species to the action of sart
spnay; and Boodre (1920) credited the drying effects of the wind, and
perhaps also sart spnay, for the production 01. injury to coastal vegeta-
ti on.

In the united states, however, it was not untir the rate 1g30s that
salt spray carried over the foredunes was recognized as the most impor-
tant factor" influencing zonation, growth-form, and succession of coastal
strand vegetation (tJells and Shunk, 1937, 193ga, 1938b), At the same
time Bayer (1938) attributed the asymmetrical and stunted growth of
coastal p'lants in south Africa to the effects of wind-borne salt spray.

somewhat later tiel ls (1939) studied the f lora of smith is,land,
Nor^th carol i na , and i nterpreted the domi nance of r i ve oak (Quer^cus
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Kearney (1904) and 0lson-seffer (1909a) studied the relation ofsoiuble salts in soil to vegetation in coastal areas. Gooding (1947)studied soil water content, soir sart content, and soir pH of sand dunes
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Farrow (tgtg) studied the generar effects of browing sand upon veg-etation at Breckrand, England. similarly, Ranwell (1g5s) studied therate of movement of the dune system at Nevrborough r.Jarren, Angresey,EnEiand, and how the vegetation h/as affected by moving sand. In the
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united states Kurz (1939) investigated the reactions of certain prants
(l'lagnolia grandiflora, Quercus geminata, Serenoa repens, Callicarpa
ameri cana, Il ex vomitori.a, r,ruscadi ni a rotundi for i a , Il ex gr abra,
cephalanthus occidentaris, Magnoria virginiana, pinus caribaea) to the
novements of coastar dune sands in northwest Florida (Long Beach, lg km

west of Panama City).

AUTECOLOGICAL STUDIES

A number of autecologica'l studies have been conducted in regards to
plants that are important in dune strand habitats.

Laing (1958), Jagschitz and Be, (1966), seneca (1969, r.g72b), and
seneca and cooper (rg7r) studied various aspects of the ecology of
Ammophila breviJiguJata. The ecol0gy of unior-a paniculata has been
studied in detair by tJagner (1964), l{estra and Loomis (1966), seneca
(1969, r972a, 1,g72b), and Harper and seneca (1g73). corosi and
Mccormick (tgza) conducted an autecorogica'r study of Iva imbr^icata.
Burk (1961c) studied envi ronmental variation of Heterotheca
subaxillaris' The ecology of Quercus virginiana in the coastal strand
has been elucidated by nueils (r93g), Bourdeau and Oosting (195g), and
Laessle and Monk (1961). cartica and Quinn (19s0) investigated various
aspects of the ecology of Solidagg sempenvirens.
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: ;,:.T.":Road on an irnaginar.y north_scruth I i ne approximately 0.g km west ofBattery Langdon. This offset arrangement in the placement of the sta-tions 

'uas 
necessary to avoid a greatly disturbed area associared withBlackbird Marsh and nearby camping sites.

stations were chosen so that they constituted representative siteswithin the different vegetation zones which were studied. stations 1,2,3, 4, and 5 were in the sea oats zone; station 6 in the shrub zone;stations 7 and g in the pine forest; and stations g and 10 in the brue-stem zone. since stations 1r 2,3,4,5r 6r 9, and 10 were located atsites in exposed dunar areas they were designated as dune stations, incontrast to the trvo remaining stations (7 and g) whrch were not rocatedin open dunar sites and were designated as pine forest stations.
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Descriptions of the ten station 'locations are as follows: station
1--the leading edge of vegetation on the gulfward side of the island, or
the in'land edge of the beach strand; station z--the south slope, or
gulfward slope, of the barrjer dune; station 3--the crest of the barrier
dune; station 4--the north (or back) slope of the barrien dune; station
5--north of the banrier dune ridge (approximately 25 m north of station
a); station 6--within the shrub zone (approximate'ly 67 m north of sta-
tion 5); station 7--nean the south edge of the pine forest (approxi-
mately 39 m north of station 6); station g--deep within the pine forest
(appnoximate'ly 366 m north of Ft. Pickens Road near the Vitis rotundi-
folia marker of Blackbird Marsh Nature Trail); station 9--in the blue-
stem zone approximately halfway between the north edge of the pine for-
est and santa Rosa sound (approximatery 195 m north of station g); and

station 10--near the top of the scarp which drops to the bare beach

strand along the nonth side of the island (approximately 161 m north of
stati on 9 ).

VIGEIAT I ON SAI.IPL I NO

The vegetation of the four plant conmunities (sea oats community,

shnub community, pine forest community, and bluestem community) in the
study anea was samp'led quantitatively using the nested plot technigue

described by Daubenmire (1968). Figure 2 shows a diagram of the p.lot

system' which consists of three contiguous rectangu'lar macroplots each

measuring 25 x 5 m. All tree species taller than 1 m were counted and

catalogued by the following trunk dianreter classes in all three of the

macropl0ts of a given set: 0.c-0,5 dm,0.5-1.0 dm, 1.0-2.0 dm, 2.0-3.0
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Figure 2. Diagram of nested plot system used for quan-
titative vegetation analysis in the present study.
The three contiguous macroplots each measure 25 m by
5 m. Dotted I jnes delimit two strips which are each
1m wide along the sides of the central macrop'lot.
The black rectangles represent coverage m'icroplots
measuring 20 cm by 50 cm. (From Daubenm'ire, 196,8. )

dffi, 3.0-4.0 dm,4.0-5.0 dn. Trunk djarneters were measured with a pair

of ca'lipers. Tnees less than L m tall (seedlings) wene counted in two

stri ps 1 m wi de al ong the si de of the central macrop'lo1f . Coverage of

shrubs and herbaceous species was talljed in the 50 rnicroplots (which

measured 20 x 50 cm) at 1-m intervals a'long the sjde of the central

mac nop I of .

In the treeless dune zones (sea oats zone, shrub zone, and bluestem

zone) only the centra'l macroplot, and its'included microp'lots, was

needed to analyze the vegetation. Fourteen such macroplots, with the

'long axis of each oriented paral 1e1 to the long axis of Santa Rosa

Island, were exam'ined in the thnee dune zones. In the sea oats zone one

macroplot was examined near each of stations !,2, and 5, and two nean
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each of stations 3 and 4, with one located to the east and the othen to

the west of each station. However, due to the lirnited widths of the

areas near stations 1,2,3, and 4, microplots for determination of veg-

etat'i on coverage were spaced al ong both sjdes of an imaginary 1 i ne,

rather than being placed along the sides of the macro6llot. Two macro-

plots were examined in the shrub zone, with one located to the east and

one to the west of station 6. In the bluestem zone Qne macrop'lot was

examined just north (approximately 5 m) of the pine fonest and two mac-

roplots were exam'ined near each of statjons 9 and 10, with one to the

east and one to the west of each station.

In the pine forest one set of macroplots was examined at each of

the fo1'lowing locatjons: (1) near station 7 at the south edge of the

pine forest t (2) approximately 44 m north of Ft. pickens Road and

approximate'ly 1.0 km west of Battery Langdon; (3) appr"oximately 136 m

north of Ft" Pickens Road and appr^oximately 1.0 km west of Battery

Langdon; (4) near station B; and (5) near Blackbjrd l4arsh Nature Trail

approximately 1B m southurest of "fhe Marsh llature Inai I " 'infonmati on

p 1 aque.

The frame used to estimate coverage of shrubs and herbaceous spe-

cies (acconding to the method of Daubenmire (196S)) at lthe 50 mjcroplots

associated with the centr^al macroplot of each macroplot set is shown in

Figure 3. The painted pattern on the 20 x 50 cm frame provides areas

for visual comparison equal to 5, 25,50, 75, and 9lt percent of the

total area encl osed by the f rame. Each herbaceous ror shr^ub species

enclosed by the frame, or extend'ing over or into the framed area, was

scored and its areal coverage estimated, using the mark:ings on the fname
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8"3
C'l
D,2

Figure 3. Diagram of frame used for estimating
coverage of shrubs and herbaceous plants in the
present study. Coverage estimates according to
the classes described in the text are shown-1.0r
hypothetica'l species A through D. (From Dauhen-
mire, 1968. )

to assign each species to one of the six following coverage classes:

(1) 0-5 %, (2) 5-25 %, (3) 25-5C %, (4) 50-75 %, (5) 715-95 %, and (6)

95-100 %. To calculate the coverage of a species in a series of micro-

plots, the midpoint of each cover^age class to which jt was assigned dup-

ing the fjeld exarnjnation was talljed for each mjcroplot jn which the

species was encountered, and the sum y,/as averaged by dividing by the

total number of plots examined.

Frequency (the percentage of microplots in wl.rich a species

occurred) and constancy (the percentage of macrop'lot sets in which a

species occurred) were calculated according to Phil'lips (1959) for each

henbaceous and shrub species encountered.

Covcr cgtimatcs

4,1

NOMENCLATURE AND IDENTI FICATION OF PLANT.S

observed during thjs study rrrene identifjed

techniques (Porter, 1967 ) ancl the following

The vascul an p1 ants

using standard taxonomic
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general taxonomic reference works : smal I ( 1933 ) , (urz and 00dfrey
(1962), and Radford et al . (196g). Certain genera plresented specia.l

taxonomic difficurties. For these, monographs or sppcial treatments

were consu'lted to deterrnine identity and proper nomencfatune. For the
genus chrysopsis the present study foilowed the tre{tment of semple

(1977,1978); fon the genus cakire, that of Rodman (r97al); for the genus

schizachyrium, that of Godfr.ey and wooten (1979); and for the genus

Quercus, that of Coker and Totten (1945).

Voucher specimens of the vascular p'lants were collpctecl and depos-

ited at the herbarium of the university of }Jest Flqrida, pensacola

(Ul''jFP). Voucher specimens of some species were also deposited into the
herbarium of the university of Florida, Gainesvil'le (rL/fls), whose staff
provided ass'istance in identification of certain species.

The few lichens which were encountered during thg present study

were identified using primarily Kurz (1942), whjch included a.section on

I ichens of the coastal dunes and scrub of northwest Florida. Fink
(1935)' Hale (1961, 1969), Thomson (1967), and t'loore (196s) were atso

consulted for additional lichen identification informati0n.

SORTNSIN'S INDEX OF SIMILARITY

Sorensen's index of similarity (Car'lton, 1977) was used to numeri-

cally compare the vegetation at the present study site with vegetation
at other coastal sites along the northern Gu'lf of MexiFo, the eastern

seaboard of the United States, and northern Mexicq. This index

expresses similarity as the percentage of species sharqd by two sites
and is calculated by the fol'lowing for^mula: is = r.zc/AA + B)l x 100,
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where A = total number of species present at site A, B r totar number of
species present at site B, and f, = number of specief shared by both
sites' A high index of similarity value indicates great similarity
between two communities; convense'ly, a'low index value indicates litt.le
simi larity between communities.

EIWIRONMENTAL FACTORS
%

SOIL FACTORS

soil samp'les for the anarysis of organic matter^, mpisture content,
and water-so'luble chloride content were collected at deplths of 10 cm and

20 cm at statjons 1 through 10 on llay lZ, Ig7g.

soil moisture was determined using the method describeo by Au
(r974). In the labor"atony soi r samples weighing approxirlnatery s0 g wene

oven-dried at 110 oc for 24 hours and then reweighed. Ttre soil moisture
lost was expressed as percentage of oven-dry weight of the soir.

0rganic matter was determined by the loss-on-ignition method used

by Au (1974)' In the'laboratory 20 g of soil, oven-drigd at 110 oc for
24 hours, was placed into a porcelain crucible and ignited in a muffle
funnace at 650 oc fol" one hour, and then reweighed after cooling to room

temperature in a desiccator. The. organic matter conftent, i.e. the
weight lost during ignition, was expressed as the perqentage of soil
.oven-dry weight.

l'later-so]ubre soir chroride content was determined on an aqueous

extract using an Orion Moder L07A Ionaryzer. with a chroride ion erec-
trode. After being oven-dried at 110 0c fo.24 hours, $oil samples of
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approximately 20 I were added to 100 ml of deionized water. To prevent

sulfide interference 2 ml of a 2 M Ni(N03)2 so1ution was added to each

s ampl e . After 30 mi nutes , duri ng wh i ch ti me the safitpl e was sti ryed

frequently, chl oride concentrat'i on of the supernatant was read and

necorded in parts per million (ppm). The amount of chloride in the sojl
was calculated from the supernatant chloride concentration.

Soil samples for chemical ana'lyses were col'lected at depths of 5 cm

and 10 cm at stations 1 through 10 on July 12, Lg7g. These samples were

analyzed by the soils laboratory of the Depar"tment of Agriculture and

Consumer Serv'ices of the Univensity of F1orida., Gainesville, for the

f o]'lowing parameters: plr, calcium, magnesium, potassiurn, sodium, phos-

phorus, nitrate, and soluble salts. Analyses for calqium, magnesium,

potassium, sodium, phosphorus, and nitr.ate were perfor^med on an acid

extract of the soi'l ; pH and sol uble sal ts analyses enuployed a simple

aqueous extract. Catjon exchange capacity was calculaterl by the sum-of-

cat'ions technique (u.s. so'il consenvation serv'ice , rgTz),

Tempe ratu re

Soil tempenature was measured at stations 1 thr.ough 10 at the sojl

sunface, 10 cm below the surface, and 25 cm below the surface. Ordinary

mercury-bu1b thermometers (from Fisher scientifjc Comppny) were used.

These lirene checked against an ice-water solution and boi'ling vrater to

insure accuracy, and thermometers which varied by no more than 0.5 oc

from expected values vlere se'lected for field use. At each station, one

thermometen was placed with its bulb at the soil sunface and two ther-

mometers wene carefully inserted'into the soil to the rerspective depths
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of 10 cm and ?5 cm. After g0 seconds of exposure to allow stabiliza-
tion, the temperature at each depth was recorded.

Soil temperatures b/ere read at thnee times during a single 24-hour

study period (6 AM, noon, and 6 pM) during differenti seasons of the

year. The foun sojl temperature study periods were February 17-18,

1979, Apt'i1 14,1979, July 7, rg7g, and September 16-170 197g. Noon and

6 PM so'il tempenature readings were taken on septembqr 16,1g7g, and

February 17, L979, and the 6 Atl readings for those twor 24-houn periods

wene taken the following mornings on September !7,1978, ancl February

18, r979, respectively. The reason for reading soil temperatures at

mi dday and eveni ng of one date and then taki ng readi rirgs ear'ly i n the

morning of the following day was to demonstrate the pnedicted coo'ling-

off effect of the night-time hours in the strand.

It was not possjble to read soil temperatures simultaneously at all
stations and depths (cue to limitations of equipment and personnel ).
Thus, for" a given study date and time, soil temperatunes were read in

sequence from station to sf:alion, starting with statjon I anc! proceeding

as quick'ly as possible to each successive station unt,il soil tempera-

tures at all ten stations were recorded. A complete run took 45 to 55

minutes to finish, so that, for example, for the 6 Al,l te,mperature run on

a given study date, soil temperatures at station 1 vrere recorded at

approximately 6 AM and temperatures at station 10 at apprroximately 6:45-

6 : 55 Afil. In the tabl es of resu'lts, temperatures were I i sted under the

time that the particu'lar sampl'ing run was begun.
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ATMOSPHERIC FACTORS

Ai r Temperature

Air lemperature 30 cm above the soil surface was measured concur-

nently with soil temperatures at all ten stations. Tlhe same type of

thermometer used to measure soi I temperature vlas al so used to measure

a'ir temperatune. To achieve the pnoper height above the soi1 sunface, a

wooden stake with a sma'll shelf projecting from its side was dniven into

the ground so that the shelf was 30 cm above the soil surface, and the

thermomete r, w'i th i t bul b resti ng on the shel f , was frel d agai nst the

stake in an upright position lvith a nubber band. The thermometen yras

al lovred to stabil ize for 90 seconds before the ai r temperature was

reconded. In the tables of results, air tempenatures wLere listed under

the time that a particular run was begun.

Two special series of hour"ly air temperaiune measunements were made

in association with the atmometer studies (q.v.) at statjons 1 through 4

from i0 AM to 6 Pl,t on August 29 and september 8, 1979. rhe same equip-

ment descnibed above was used; howevenn four stakes and four thermome-

tens h,ere set out and exposed for the eight-hour durat:ion of each run.

At the start of each hour the thermometer at station 1 was examined and

the air temperature reconded. Subsequently, the other thermometers were

similar'ly examined in sequence as quickly as possible until all four

stations had been visited. This process took less than ten minutes to

accompl'ish in each case. Results were tabulated under the hour in which

a particular run was started.
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Rel ati ve Humjdity

A sling psychrometer (Bacharach Instnument company, catalog No. rz-
7011) was used to determine relative humidity of the air at the ten data

statjons. The psychrometer was held approximately 0.9 m above the soil

surface, with the operator in a kneeling position, and was whirled at

approximate'ly two to three revolutions per second for approximately 90

seconds to stabjlize the thenmometer^ readings. Then the wet-bulb ther-

mometer temperature was immediately noted and recorded, and aftenwand

the dry-bu'lb thermometer temperature was read. Later, a psychnometric

chart (published by the U.S. National l,leather Service) was used to ob-

tain the relative humidity values.

As with so'il temperatures, psychrometer neadings were taken at 6

A.M, noon, and 6 Pl'l during four 24-hour study periods at diffenent sea-

sons. The study dates were October 7-8, 1978, l'larch 11, 1979, April 2I,
1979, and August 4, 1979. 0n 0ctoben 7,1978, readjngs wene taken at

noon and 6 PM, and the 6 AM readings for that 24-hour lteriod wene taken

the next morning.

As with sojl temperatures, psychrometer readings for a given time

and study date were taken in sequence from stat'ion to $tation, starting

with station L and proceeding as quickly as possible irr numerical onder

to each succesive station until readings had been necorded at all ten

stations, In the table of results, re1ative humidity volues wene l'isted

under the time that the particular psychrometric run wa$ begun.

Two series of hourly psychrometr'ic readings were traken in associa-

tion with the atmometer studies at stations 1 through /[ from 10 AM to 6

PM on August 29 and September 8,7979. At the stant of each hour,
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psychrometric readings were taken as described above art station 1, and

then at the other" three stations, as quickly as possible in numerical

sequence until all four stations had been visited. Results wene tabu-

lated under the hour in which each run was bequn.

Evaporati on

The evaporative power of the a'ir was measured using Livingston

whj te-bul b atmometers (cf. Li vi ngston , 1935 ) obtai ned fnom Kahl

Scient'ific Instrument Corporation. The Livingston atmonteter consists of

a thin-wa'lled hollow sphere (5 cm in djameter) of ungl4zed white porce-

I ain and a cy1 i ndri cal neck (2,5 cm i n di ameter ) of gl azed i mpermeabl e

ponce'lain. l'laten soaks through the r.rall of the sphere arnd readily evap-

orates jnto the surrounding a'ir. The spher.e, with its neck uppermost,

was filled with djstilled water, and a brass tube which passed through a

rubber stopper was'inserted into the base of the neck with the stopper

forming a leakproof seal against the 'ins'ide of the neck. The tube was

f illed with dist'illed water and the'assembly was then 'invented wjth the

base of the tube passing through another rubber stopper and into a r.es-

ervoir bottle containing more djst'illed water. Thus assembled, the

apparatus cons'isted of a water-fi I led sphere connectred via a water-

filled tube to a water-containing reservoir (Figune 4).

The assembled water-fil'led atmometer, with a plastic bag placed

over the porcelain bulb (and held with a rubber band) to pnevent prema-

ture evaporation, was weighed to the nearest 0.1 g before being taken

into the field. In the field the plastic bag was removed and the bulb

exposed for a given time period. The assembled atmometer apparatus was

placed with the atmometer bulb situated 30 cm above the soil sur"face and



Figure 4. Livingston atmometer consisting of 6white porous porcelain sphere mounted ato[ a
g'lass bott'le reservoir via an assembly of rubbqr
llgppers and a brass tube. (From Livingston,
r e35. )
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the reservoir bottle inside a metal can attached to a wooden stake

driven into the gnound to prevent it from being overtunned. At the end

of the exposure time, the p'lasti c bag was rep'laced and the apparatus was

taken back to the laboratory and weighed to determine the weight of

water evaporated duri ng fi el d exposure. Thi s I oss was expressed as

ml/hr of water evaporated.

Two runs, with atmometers exposed at stations 1 thnough 4 for eight

hours, were made on August Zg and September B, Lg7g. One run, with one

atmometer exposed for eight hours in each of the three dune vegetation

zones and one atmometer in the p'ine forest, was made on 0ctober 13,

1979. Duning this run one atmometer was exposed at eaqh of stations 6,

8, and 9. Howeven, since Hurricane Frederic (september lz-r3, 1979) had

destroyed the barrier dune at the study site, the sea oats zone atrnome-

ten was exposed on a dune remnant somewhat to the nor^thwest of the orig-
inal location of station 3. A similar run was made on l4ar^ch 14-1s,

1980, in whjch atmometers wene exposed for 24 hours at the same loca-

tions as on 0ctober 13, rg7g. 0n June 19-20,1982, an additional 24-

hour run was made with atmometers exposed at stations 6,7, B, and 9.

I^Jind-bonne Salt Spray

Long-term salt spray collectors sjmilar to thoFe described by

Malloch (1972) were used. This apparatus cons'istecl of a 40-cm length of

cy]indnical po]yethylene tubing wiih an insiCe diarneter of 5 cm, sealed

at one end and open at the other (i 1 l ustrated 'in chapltran, 1976 ), The

tubes wer"e filled to within 5 cm of the top wjth clean acid-washed fine
quartz grave'l and were then buried vertica'l'ly 'in the ground with the

open end upward and pr^ojecting 1 cm above the surface. After being
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exposed for a given amount of time, the col'lectors brene retrieved, and

in the labor"atory the gravel from each collecton b,as elutriated with

disti'lled water and the inside of the collecton was rinsed with dis-
tilled water until a total vo]ume of 500 ml of elutriate was obtained

for each coJlector. Subsamples (100 m] in volume) of the elutriates
were measured w'ith an Orion Model 407A Iona'lyzer witltr a chloride ion

electrode to deter"mine the amount of chloride collected by each unit.
From these results the amount of salt spray received by each col'lector

was calcu'lated using the fol lowing formu'la from Ingmanson and hJallace

( i9i3 ) : Sal i ni ty = 1 .80655 Chl ori ni ty.
Two long-term salt spray runs of 60 days each, onQ of 6b days, and

a fourth run of 100 days were conducted, with one collector exposed at

each of the ten data stations. However, since Hunricane Frederic had

destroyed the barrier dune at the origina'l study site, collectors for
stations 1 through 5 wene placed, instead, on a comparable undamaged

barrier dune (and nor"th of it) further east on Sarnta Rosa Island
(approximately 1..4 km east of the intersection of Via DeLuna and Calle

Jue11a); collectors wene placed at the original statiorns 6 through 10.

A blank collector in which the gravel was saturated with distilled water

and the top sealed with a plastic bag was retained in the laboratory as

a control for each field run.



RESULTS

DtscRIpTI0N 0F |jEI'|ERAL SIUDY AREA

Santa Rosa Island is a banrien islanC locatecl in the Gulf of llexico

approximately 2.5 km south of the extreme northwestern coast of Florida
and separated from the mainland b.y Santa Rosa Sound and the south end of
Pensacola Bay. The island's shape is e'rongate in a basicalr.y east-west

cirection with the long axis extending for gz kn parallel to the
majnland's coastline" f'lost of the island is less than 0,g km wide, but

for its westernmost 5 km it js considerably broaden, vrith the maximum

width being approximately 1.25 km.

The most outstanding feature of santa Rosa Island is the
gleaming-white incoherent sancl which constitutes the majn cornponent of
the jsland's soils and fonms a line of 'low b,amier dunes (also termed

fonedunes or primary dunes) near the south sjcte of ilne island inlanc

from a bare beach strand. Scattered secondary sancl dunes are located
'inland from the barrier dune line in some places, Lovl areas, knolun as

swales, with a water table that is close to the surface and shallow

standing water at certain times of the year, occur in the dune system.

0n the nannow parts of Santa Rosa Island the bare beach strand and

the dune-and-sr,,rale system occupy the entine width of the island and

there js an absence of trees, the vegetation teing donrinated by herbs

and lovr shrubs. Cn wider portions of the jsland a forest occurs jnland

JA
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fnom the treeless dune-and-swale zone and a salt marsh community may be
found on the souncward side. At other points a narrow bare beach strand
is situated 0n the north side of the is'land along santp Rosa Sound and

Pensacola Bay.

The wice western end of santa Rosa Island within the boundaries of
Gulf Islands llational Seashore, where this study was conductecl, supports
a well-developed pine forest, in adrlition to a treelesF dune_and_swalo

system, and has bare beaches along its north and south shores.

VEGTTATION

Four djstinct vegetation communities, or zones,,/ere observecl at
the study site: (1) sea oats zone, (?) shrub zone, (3) pine forest, anrl
(4) bluestem zone. Figure 5 is a profile across santa Rosa Island at
the study site, showing the location and approxinrate width of.these
zones. Each zone is considcred separately be1ow.

SEA OA.TS ZONE

Ihe sea oats zone of this study is equivalent to the pioneer zone
described by Davis (1975). Quantitative data for this cornnunity is pre-
sented in Table i. This zone extenderr from the inrand ecrge of the bare
beach strand on the Gulf side of santa Rosa Isrand acrqss the pr.inrary

dune ridge (approxinately 2.1 m high) and seconcary dunqs and measured

approximately 73 m in width.

As the nanre of this zone indicates, uniola paniculato was the domi-
nant species. The coverage of !. paniculata, however, vafied across the
zone. At the southernmost edge adjacent to the bare beqch it was onry
4'8 percent. This increased somewhat on the front (south) slope of the
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barrier dune, reached a maximum of 41.5 percent on the crest of the
dune, then decreased on the rear slope to l7.B percpnt, and f ina.l.ly
reached a minirnum of 3.3 percent north of the Cune ridge, where
schizachyrium maritimum actual'ry hacr slightly greater cpverage (4.0 per-
cent ).

At the initial ecrge of this zone, adjacent to the bare beach, the
total vegetati0n coverage was quite sparse (5.6 oer.cent). Here occurred
a number of plants which grow prirnari 1y (but not excl;.rsive.ly) at this
poi nt in the coastal strand: Hyd rocotyi e bonarilensi s , Sesuvi um

portul acastrqm, caki re constr"j cta, ancr Iva imbricata.

The gcner^a1 aspect of this zone v,/as that of a moderate'ly-vegetatec!

(26 '3 percent overal I coverage ) 1 andscape punctuated wi th dunes and

swa I es and domi nated by henbaceous p1 ants . Three herbaceous p1 ants
(uniola panicu'lata, Garact'ia microphyila, and schjzach{riurn !g-l]linug)
covered most of the vegetated anea. A f ew woocly spec.ies (chrysoma

pauciflosculosa, smi'rax auricurata, and 0puntia humifus4) wer^e found in
the near of this zone behind the barrien dune ridge. Onp row shrub (Iva
imbricat.a) occurred in front of the barrier dune rine.

SHRUB ZONE

Table 2 presents quantftative data for this zone, r^trhich is equiva_
'lent to the scnub zone described by Davis {i975). {t uras situated
inland fnom, and adjacent to, the sea oats zone, and wqs approximately
73 m wide,

This zone was dominated by shrubs, r,rhich had a ccmbined coverage of
21,2 percent. chrysoma pauciflosculosa and ceratjola pricoides, with
c0verages of 7.4 and 7.0 pencent, respectively, urere co_dominants. The



Shrubs and l.loody Vines:

Chrysortla pauci f l oscul osaffi
Cera ti oTa-EiTETdE--=---)mt tax aurtculata
r r ex voml tor't aid-:^quercus vlrginiana var. geminata

Herbaceous Angi osperms :

Polygonel la pol yqama
r.I _yjoneTlT nrTti'tE
q!!lduina anqusti fol iaffi+
He I i a n thernu[ c .oE6o-Tumriqlcum p0rtoricense.ffi+
Sch i zqchyr- um maFiTimum
&tffiIs-fmroTia-
6Tium-h-'i sDi?[]um
qn'rrrtgprlT goaffiri
Luscu[a pentaqona
Ptron/chla fficT;

Cryptogams:

Cladonia sDD. **
UmEi-srss

Table 2

Shrub Zone Data

Coastal Strand Vegetation

Santa Rosa Is'land, Florida

Coveraqe {I)

7.4
7.0
3.9
2.0
0.9

3.4
0.6
0.4
0.4
0.3
0.3

<0.1
<0.1

*
*
*

Cgnstancy (X)

100.0
'100.0

100.0
50.0

100.0

100.0
100.0
100.0
100.0
100.0
100.0
50.0
50.0

I 00.0
'100.0

17.4
1.0

45.4

64.0
23.0
39.0
6.0
5.0

37.0
23.0
16.0
14.0
5.0

10.0
1.0
1.0

85.0
41.0

*
**

Present, but not
Two specles were

encountered In coverage plots.
observed: C. evansli and 9. leporina.
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genenal aspect of this zone was similan to that of a desert landscape:

scattered shrubs were interspersed rvith spanse herb4ceous plants and

bane exoanses of white sand.

Th r"ee other woody pl ants ( Il ex vom'itcri a, OuercuF vi lg 
j n j ana var.

gemi nata, and srni r ax auricur ata ) were r ess promi ne4t in thi s zone.

Although I. vomitoria and Q' virginiana var. geminata pTay achieve arbo-
rescent proportions elsewhere, here they occurred only as shnubs having

the 1ow,'fopsided habit producecl by sart spray prunin$ and sculpturing
(cf. Boyce, 1954). The vine smilax aur.iculata was the only woody vine
observed in this zone, and, with a coverage of 3.9 percpnt, ranked thircl
in dominance among vroody plants here.

Coverage of herbaceous angiosperms v/as sparse in this zone. 0f the

ten species common here, only one, polygonel_l a polygam4 (r"rhich is actu-
a1'ly somewhat suffrutescent), had, a coverage of greatpr than 1.0 per-

cent. This species, wjth a coverage of 3.4.percent, was the dominant

herbaceous angios0enrn of the zone. Another species of the sane genus,

P' gnac jl is' lvas the second-ranked rtominant herbaceous angiosperm, w.ith

a coverage of 0.6 percent. Togethen these two specips had a greater

coverage than the combined coverages of all other herbaQeous angiosperms

in this zone.

Interestingly, in this zone the greatest

lichens of the genus Cladonia, which covered !7.4
surface. The two species of C'ladonia also had

(85.0 percent) of the plants in this zone.

area Was occupied by

percqnt of the sand's

the gneatest frequency
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P I I'i[ FOREST

Table 3 presents the quanitative data for the wellpcleveloped slash

pine forest located at the study site. This forest, whlich uras approxi-

mately 561 rn jn width, was situated in an area of old stab.ilized'low

dune ridges and swales with an irregularly-shaped, well-developed fr^esh-

water marsh (B'lackbir"d Marsh) in its center.

The dominant tree of this zone was Pinus elliottii, as Cemonstr^ated

by t'he large numben of this species scoreC in the study plots and by the

fact that it had the greatest total basal area. Most irhdividuals of p.

elliottii vrere less than 0.5 dm in diameter, and the numbers of individ-
ual s decreased progressi ve'ly for each larger cli ameter cl ass, with no

individuals encountered exceeding 5 dm in diameter. A few specimens of

t. elljottji with tnunk diameters greater than 5 Cm vrene observed out-

side the study p1ots.

Quercus vi rginian.a var. geminata

and third, respectively, in number of inCividuals'in the forest canopy.

As with P. elliottii, the fid"iepity of these twe trees wene less than C.5

dm in trunk diameter, 0ther^ than P. elliottii, they werq the only tnees

of considerable importance in tlris forest. The rernajning four tree spe-

cies were each scored only once, indicatjng their minimal importance. A

single specimen of Pinus clausa. rvas seen near, but not urithin, a study

plot.

In the higher, drier areas (e.g. atop the old dune ridges) of the

f orest Quercus vi r^g'ini a4g van. gemi nata was abundant and achi eved mas-

sive size, but none of these old trees llas encountered jn the study

pl ots. In the lower areas PeEe pal ustr. j s, a hydrcpltryl ic tree, r{as

and Persea palus-tris ranked second



Trees:

Pinus elliottiiO*."rs.@
^ vgr. ggminata
rersea pa I ustri s

ffii,?{P
EiiTFvr.osTTqinianaPlnus c lausa*

,.;-
Quercus vi rqiniana

var. qeminata
Persea pal ustfiT-
@.]-tT.[Tf

Table 3

Pine Forest Data

Coastal Strand Vegetation
Santa Rosq Island, Florida

-

35 38 16

l4

Total s

1.65
0.04

< 0.01
0.08

< 0.01

T3-

Frequency (Xt Constancy (X)

Basal Area

(m?lt a t

25.0150

ll
I

139

30
l3

I

I

3 281 lp99

55 e9314 75
l5
l5
l5

69
l6
l0
95

Shrubs and }Joody Vines:

Coverage (X)

14.5
7.3
4.1
3.0
2,7
1.5
1.5
1.3
0.9
0.8
0.8

< 0.1
< 0.1
< 0.1
<0. I
3ilT.

44.0
30.0
21.0
9.0
8.0
4.0
5.0
4.0
2.0
4.0
9.0
1.0
1.6
0.8
0.8

80.0
100.0
80.0
60.0
40.0
60.0
20.0
20.0
20.0
40.0
20.0
20.0
60.0
20.0
20.0

Ilex q'labra

ffec ii*t rltt.ffi##=
EedFlcur,n rETEtum
r tex vom] toria
FTtIi-iTtFiEoiaes

sacra mosieri

--
na canescens

--
nlum darrowi



Tabl e 3

(Conti nued )

Coverage (%) Frequency (%) Constancy (%)

Herbaceous Angiosperms :

Monocots

Andropogon capi I'l i pes
Panicum portoricense
Sc.hi zachyri um marj t'imum
Fuirena scirpoidea
Juncus scj rpoides
Lachnanthes carol i ni ana

@
Di cots

Pol yg.o.rlel I a pol ygama
Centel I a asiatica
PollgonelTa-gracTl j s
Balduina anqustifolia
Euthamia minor
filanTa sEEiffins
E---.urosera capl I t arr s
Hel j anthemum corsqgsum-t--.-
r pomoea sag'r rf,af,a
Li ppi a nod'i fl ora

Cryptogams:

0smunda reqal i s4
Cl adonia spp.**
Usnea stnigosa
Mosses

* Present, but not** Two species were

0.7
0.2

< 0..|
< 0..|
< 0..|
< 0.1
< 0..l

c.3
<0..|
< 0..|
< 0..l
< 0.1
< 0..l
< 0.1
< 0..l
< 0..|
<0..|

4.8
6.0
0.4
1.6
0.8
0.8
0.8

6.4
?2
2.0
l 6
1.6
0.8
0.8
0.4
0.4
u.+

60 .0
60 .0
20 .0
20 .0
20.0
20 .0
20 .0

60.0
20 .0
20 .0
20 .0
20 .0
20 .0
20.0
20.0
20 .0
20 .0

1.2

0.9
0.9
0.1
0.1

3.2
i 6.8
3.6
2.4

20 .0
60 .0
40 .0
60 .0

2.0

encountered i n
observed: C.

study plots.
evansii and C. I epori nja.
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common, but none of the jndividuals observed were very 1arge, with only

one specimen having a trunk diameter greater than 0,5 dm.

In the seedling plots, specimens of on'ly the three rnajor tree

species t,lere encountered. Seedlings of Q. virginiana van. geminata were

most abundant, being almost four times as abundant as those of Persea

palustrjs and almost seven tirnes as numerous as those of pinus

elliotlii.
The understory of the pine forest was dominated by shnubs and woody

vines. Ilex glabra was the dominant understory species, with a coverage

of 14.5 percent--near]y twi ce that of smi l ax aq.Ll!.g]-qIgp the next most

abundant understory p'l ant.

The general aspect of this forest, then, was that of a stand of

Pjnu-s e'lliottii (1499 tnees/hectar"e) w'ith a few other arborescent spe-

cies intermixed and a noderately-Cense (approximately 38.4 pencent iotal

coverage) undenstory of Ilex glabra and other shrubs. However, jn some

Iow aneas with shallow standing water thnoughout thc year, the shr.ub

cover was absent and freshwaten marsh existed, with species such as

Typha domingensis, C'ladium jamajcense, and Sagjttaria lalncjfolia common

there.

The heterogeneity of this forest, as shown by the mixture of the

hydric and xeric species in the tree canopy'influenced by topographic

variation, was also seen in the shrub 1ayer. Specieg such as Ilex

glabra, Hypericum reductum, and Myrica cerifera occurrqd in low rnoist

sites, whereas Ceratiola ericoides and Conradina canescens were found in

nelatively dry areas. These xeric species !{ere common fin the southern

part of the pine forestn where it met the shrub zone, antd on the higher

old dune ridges within the forest. In the center of the forest near
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Bl ackb'ird llarsh anC in scattered surale areas, hydric ghnubs dominated

the understory stratum.

The herbaceous layer vvas not well developed in the pine forest,

except in the freshwater marsh area and in exposed clearings. In the

study pl ots the total her"baceous coverage t,/as only approximately 3.2

percent. Most of the species encountered had less than 0.1 percent

coverage, and al'l had less than 1.0 percent coverage.

As with the tree and shrub layers, the herb'layer $howed a hetero-

geneous mixture of hydric and xeric species correlated Urith topography.

In fact, the highest coverage value (0.9 percent) vras neported for the

hydric fern species 0smunda regalis, which was found lin and near the

centraJ freshwater marsh area of the forest, and for the two xenic
'lichens of the genus Cladonia, whjch were found in the $outhern part of

the forest anC on scattered old dune ridges. The species with the next

greatest coverage (0.i percent) was the hydrophilic grass Andropogqn

capi I I j pes. Thj s p1 ant and others of hydric affi ni ty (e.g. Fuj rena

scirpoj-dea, Juncus scjlpoides, Centel la asiatjca, DrosFna capi I Iar"i.s,

Lachnanthes carolinjg.!ra, and Xyris caroliniana) were foqnd prirnarily in

the old swale areas of the forest. 0ther hydric species (Ipomoea

sagittata, L'ippia nodiflora, and l'ljkania scandens) v*,erre found in and

near the central fneshwaten marsh area.

BLUESTEN ZOIIE

This vegetation zone was approximately 280 m wide and extended from

the north edge of the slash pine forest to the bare beaqh strand par.a1-

'le'l 'ing the north side of Santa Rosa Isl and. Table 4 pnesents the



Shrubs and Woody Vines:

0puntia pusil'la
STTax ailfficulTta

Herbaceous Angi osperms :

Schi zachyri um mari timum*-
FeJero fnec a s uEa xTITa?fs
minTa panTcllaia 

-0enoiF'eraffia
mamaegyce anurfrffiides

--

nyorocoEy te Donar't ensl s
I pomopffi ruEE--
Runrex 6astatuT[s
En'Gurn anramm-

-r--.-

rrrplasrs purpurea

Cryptogams:

Table 4

B'luestem Zone Data

Coastal Strand Vegetation

Santa Rosa Island, Florida

23.2
6.6
6.2
0,7

< 0.1
< 0..|

*
*
*
*

CoveJ'age (S). Frequency (B) Constancy (X)

90.8
78.4
42.0
't4.4
0.8
a.2

100.0
100.0
100.0
100. 0
20.0
20.0

Usnea stri gosa

* Present, but not encountered in coverage plots.

*
T67



47

quantitative data collected in the bluestem zone, which perives its name

from the dominance of coastal bluestem (schizachyrium m?fitimum).

Total vegetat'ion coverage in this zone r^las a moderate 36.7 percent,

and Schizachyrium maritimum, with 23.2 percent covenage, was clearly the

dominant species, This gnass formed a 1ow-growing lByer of herbage

punctuated by scattered protruding plants of tuo ta11er species, Unjola

paniculata and Heterotheca subaxil laris. l,lith coveragies estimated at
6.6 percent and 6.2 percent, respecti vely, H. subali l'lari s and u.
paniculata ranked second and third in dominance after S. maritimum. The

other spec'ies encountered in this community haC 1ow covgrage, with va't-

ues of less than 0.1 percent each.

Alrnost al'l of the species scoreC in this zone wene also found in
the sea oats zone on the Gulf side of the is'land, and the two zones wene

physiognomica'lly similar in that bcth were dominated by grasses. How-

even, no prominent dune ridge occurned hene {oniy scattored very lor,r

elevatjons), and the genera'l aspect was that of an expange of irregular,
veny 1ow rjses vegetated primarily by grasses.

In the main study anea an abr-upt cliff-'like scarp, (ropping appnox-

imate'ly 2.5 m strajght down to the beach strand at the 4orthern edge of

th i s zone ' was noted. Th'i s scarp was actual 1y the northern eclge of the

sandy spoi"l depositecl here. when the turning basin in Pelnsacola Bay was

dredged in 1958-59. It was several hundred meters 1onp, extending to

the east approximately 0.5 km west of the site of the fqrmer U.S. Coast

Guard station. Stapor (1975) presented a diagrarn thqt outl ined the

boundaries of the spoil area underrying the bluestem zone. Aerial

photographs on fi 'le at the J. c. pace L'ibrary showed that al I of the

spoi 1 was deposi ted north of the pi ne forest, pFimari'ly i nto sha'l 'lorv
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waters 0f Pensacola Bay, thus widening the island apprqximately 274 n.

The nonth edge of the pine forest at the present study s'ite was observed

to be located exact'ly where jt had been prion to spoil p]acement,

A.t the base of the scarp a heterogeneous assemblage of plants was

found at irregular intervals. In addjtion to Heterotheqa subaxilJaris,

Schizachyrium maritimum, and Uniola panjculata, which wene common on top

of the scarp, a number of plants found here were a]so abundant at the
j nl and edge of the beach stnand on the south sicle of the i sl and: Caki]e

constricta, Hydrocotyle bonariensis, Ipomoea stoloniferal Iva jrnbrjcata,

and Sesuvjum pontulacastrum. Conyza cafradensis var. pusilllus, which was

common in the sea oats zone on the south side of the island, was found

her"e. A number of halophytic species found on the maihland strand to

the north were here as well; these included Atriplex arelnaria, Spartjna

patens,.Strqphostyles helvola, Physal-is angustifoliar dntd Paspalurn dis-
t.i chum. Several pl ants found here !,/ere vreedy species common to other

sandy habitats and existed here as nonpersistent wajfs. These wer.e Cen-

chrus sp., Conyza bonaniensis, trechtjtes hieracifolia, .Liepidium virgin-
icum, Fr^oe'lichia floridana, Xanthium strumarium, Ambtosia artemisi-

i f ol i a, Di odi a tencs , and Acti nospermum australe. See(i1 i ngs cf Car^ya

sP., Quercus hemisphaerica, Taxodium distichum, and Crj[nurn americanum

found here were obviously derived from propagules washe(l ashore in the

flotsam from santa Rosa sound and did not mature nor persrist.

A1 I of the species enccuntered at the base of the sgarp had cover-

ages less than 0.1 percent; anC, since most of the species t+ene

nonpersistent vraifs, or wene found farther inland on the island, this

melange of species vlas considered to be merely the heterogeneous

fl otsam-i nfl uenced edge of the bl uestem zone. Thi s concept was
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supported by the fact that the same admixed array of gpecies was also

found beyond the eastern limit of the scarp.

Farther to the east on Santa Rosa Is1and, whene it pvas narrolver and

devoid of trees, this b'luestem zone was found to be contiguous with the

sea oats zone (but was sti I I si tuated on the sotrndnAnd side of the

island)n and the two communities, having similar specips compositjons,

intergraded imperceptibly. The feature which distingqished this zone

from the sea oats zone, however, b,as the clearr dominance of

Schi zachyri um mari timum.

DUNE SWALTS

Swales are Iout areas located inland fnom the prirl1ary dune nidge.

They were observed to be scattered, without any discennible distnibu-

tional pattern, primarily in the sea oats and shrub zqnes and also in

certain parts of the pine forest. They were found to pe characterized

by a very high water table, and usual'ly netained shallow standing fresh

water for some time after rainfall. In the swales this condition of

shallow inundation persisted for a protnacted period of tjme during the

rainier months of the year.

Plants observed in the swales were primarily non+halophytes that

also occurred'in mojst sandy sites at inland aneas rgmoved from the

coastal strand. The species were predominantly herbacBous, but a few

shrubs (e.9. Ilex glaFra and Hypericunr reductum) were also found in the

swales. Tab'le 5 lists the plants which were observed in five dune

swal es exami ned wi thi n the Fort Pi ckens Uni t of Gul f Xsl ands l'lational

Seasho re.



Tabl e 5

Dune Swa.'le_il ants

Santa Rosa Island, Florida

Cal opogon pal I i dus

Centella asiatjca

Cynanchum angu-sti &l i um

Cyperus lecontei

D.rosera capi I lgri s

Erj ocgul on decangul are

Euthamia minor

Fim[r.i styl.j s carol 'in j ana

Fui rena sc j rpoi-dea

Habenarja repens

Hedyoti s un j fl ole

Hypericum c'isti fol jum

Hypericum redugtum

.I I eI gl abra

.luncu: abort j vu:

Jurlcus marg j natus

Juncus sci rpoi de.s

Lachnanthes carol iniana

Lachnocaul on engl_eri

Linum floridanum

Ludwigia alata

Lycopodium appressum

Pan'icum caerul escens

Pan'i c_um chamael onche

Pogoni a ophi ogl ossoi dles

Pol yga'l a bal dui ni i

Po'lygal a bal dui ni i X P.

Pol ysal a 'l utea

Polygal a t^amosa

Psiloc.ary.a nitens

Rhex'ia cubens i s

Rhynchospora fascjcul ari s

Rhynchospora tracyi

Sabatia stellaris

Scleria reticularis

Scleria verticillata

Spartina patens

Spi ranthes praecox

Syngonanthus flavidulUs

Utricularia cornuta

Utri cul ari a subu'l ata

Xyri s carol i ni ana

e] ljgtti i
fl abel I i formi s

ramosa

Xyri s

Xyri s
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RECONNAI SSANCT OBSERVATIOIIS

Reconnaissance observations of Santa Rosa is'land to the east of the

primary study site, and on perdido Key to the west, showed that the

coastal strand vegetation uras similar in all three areqs. However, to
the east on Santa Rosa IslanC tvro outstanding vegetation features, which

wene not found jn the primary study area within Gulf Islancls llat.ional

Seashore, were noted.

First, a number of high sand dunes (to +.5 m in helrght), with.lee-
side communities dominated by stunted and gnarled speci4ens of l,lagno'lia

grandiflora in association with other characteristicalily mesic inland

species, vrere obsenved. A good examp'le of this unusual dune community

wa s I oc ated to the vrest of the Dunes f,lotel al ong Ft. pi cl(ens Road , l-lere

U. grandiflora was growing with persea borbonia, Il..* vomitoria,
Loni cera sempervi re,ns , Arnpel opsi s arborea, Toxicodendr"ofr radi cans, and

Enythnina herbacea. Another example was located to thre north of Via

DeLuna on the Santa Rosa Island property of the University of !/est

Florida. Kurz (1939, rglz) reported similar. plant associations in
Florida coastal dune systems farther to the east.

Second'ly, a number of areas along the north side of the is'lancl,

adiacent to santa Rosa sound, were found supporting well-developed

coastal mansh communities. An example of such a site was located on.the

Santa Rosa Island property of the University of !{est Flonida. The marsh

there was dominated by Juncus roemerianus and containqd such typical
salt marsh species as spartina alterniflora, s. patensn s. spartinae,

Li moni um garol i nl_qq!ry, and Bacchari s hal i mi fol i a,

It shou]d al so be noted that four snecies of

of coastal strand habitats in northwest Florida

plants characteristic

wene observed to be
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absent from the western end of santa Rosa Islancl with.{n the boundaries
of Gul f Isl ands l'lati onal seashore, but are documented to occur to the
east on the is'land and/or the coastal mainland of northwest Florida.
rhey we re croton punctatus , chrysopsi s crui seana , rpqqroea pgs-g-aprae.,

and Lupjnus westianug.

croton punctatu: was found on santa Rosa Isrand .in the area of
Quiet t^later Beach and along Via DeLuna i n the town of pensacol a Beach.

l'{cFarl i n (1941 ) reported i t as "f requent al ong santa Rosa Sound east of
the Pensacola Beach casino on santa Rosa Island.', I did not find c.
punctatus on perdido Key, but stallard (1g50) reported it from the Ft.
llorgan peni nsul a and Deramus ( lg70 ) reported i t from Dauphi n Is1 and ,
Alabama' croton punctatus is genera'lly considened to be common along
the Gulf coast of northwest Florida and vlest to the east coast of Texas.
I'ihy this plant was ipparently absent from the western ernd of santa Rosa

Island and perdido Key is not known.

chtysopsis cruiseana was obsenved to be abundant in the white sand

dune systems to the east of Pensaco'la Beach. l,lard (lg7g) statecl that c.
crui seana "i s founcl only on santa Rosa Is l and , f rom Escartrbi a county east
to !'lalton County, and to a very limited extent on the adJacent mainjand,,

and that "vacation housing, fn the form of condominiums and other build-
ings placed directly on the dunes, has obliterated the western end of
its range on santa Rosa Isrand and part of its eastgrn range near
Destin.'' Thus hurnan activity was at least partia)1y resplonsible for the
absence of this plant from the main study area. This species was fir.st
described by Dness (19s4), and so was not listed by MpFarlin (1941),

even though it was obviously present on Santa Rosa Island at the time of
his survey.
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Ipomoea pes-caprae is considered to be a coflnon plant of seaside
dunes from Georgia and Florida to Texas, ancl is also fqund on seashores

of warrner afeas thnoughout the world. Thi s p'lant was not recorded for
santa Rosa Isrand by McFarl.in (1941), but Long (1g74) later reported it
f nom the ['lavarre Pass area of the i s] and, and I recent]y co'l I ected it in
the area of pensacora Beach, carrton (rg77) did not observe I.
pes-caprae near Fort pickens, and I did not obsenve it on perdido Key

during the present study. Deramus (1970) oio not report it fronr Dauphin
Island, but stailard (1950) listed it for the Fort Mqrgan peninsura.

Apparently I. pes-caprae_ is rare on Santa Rosa Island and is absent from
the far western end of the island within the Ft. pickens unit of Gulf
Islands National Seashore.

Lupinus ge:!gg:" is an endemic plant of Gurf coast dunes and scrub
habitats from Flonosa,.0kaloosa county, eastvrard to st. vjncent Island.
I'lard (1979) stated that fonmerly (1g36 ) it al so occunred i n coastal
areas as far vrest as the Gulf Breeze peninsula, Santa Roga County. This
species, which was first described b.y small (1926), was not reported on

santa Rosa Island by McFarlin (1941). Apparently L. weFtianus has not
extended as far as the western end of Santa Rosa Islang within recent
historical times.

Two interesting plants found in dune swales to the epst of the main
study area are worthy of special attention: Ophioglossum petiolatum and

an unnamed hybrid of polygala balduinii and p. ranosa.

Ophioglossum petiolatum is a small fern that has bqen observed on

santa Rosa Island in on'ty foun dune swales at the following locations:
(1) John c. Beas'ley state park,0kaloosa county, at the eastern end of
the islandi Q) south of Frorida Highway s399 appnoximatery 0.2 km east
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of flavarre Pier Road; (3) near the southwest corner qf Via DeLuna and

Avenida 18, near pensacora Beach; and (4) north of Ft. pickens Road

approximately 0.2 km west of the Mai Kai Mote't. The ifrconspicuous size
of 0' petiolatum, and the fact that it usually grows wighin dense stands
of Fuinena scirpoidea, make it easy to over.'look this fern and may

explain why McFarlin (1941) did not report it from santa Rosa Island.
It was not observed in'any of the swales examined [vithin the Fort
Pickens unit of Gulf Islands National seashone during tfle present study.
whether or not it is actually totally absent from the Ft. pickens unit
will require additonal intensive searching to determine. However, since
the p'lant appears to be infrequent to rare, it is highly possibre that
it does not occur on the extreme westenn end of Santa Rosa Island,
although suitable habitats for it exist there.

A distinctive memben of the genus porygara, with pple-yerlow wings
and a'lemon-ye'llow corolla tube, was discovered in the llange swale just
south of Ft. Pickens Road across from Battery Langdon. This is appar-
ently a hybrid of Polygala balduinii and P. namosa, boll of which occur
in the area whene the putative hybrid grows. A number of specimens of
this hybrid collected in other locations in Florida are 1n the herbarium
of Florida state univensity, Tallahassee. This putative hybrid porygala

was briefly mentioned by smith and llard (1976), who nolted that Torrey
and Gray (1838) apparenily referred to this entity as vqr.iety chlorgena
of P. balduinii.



THE ENVIROI.II'IEI{T

SOIL FACTORS

Gene ra I

Carlisle (1960) designated the soil type of the entjne western end

of Santa Rosa Is'land as "Coastal Dune Land and Beaclrr. " He further

described the soil as being composed of sand depos'ite{ by wave action

along the coast, and noted that white sand comprised the entjre profile

in most areas. McFarlin (1941) stated that the beaches and dunes of

Santa Rosa Island were composed of Galveston Sand, for Which he gave the

fo1 lowing grain size composition: coarse sand (1.0-0.5 mm)--15.5

percent; medium sand (0.5-C.25 mm)--56.1 percent; fine sand (0.25-0.1

mm)--28.3 percent; very fine sand (0.1-0.05 nrn)--0.1 pefl'cent.

Carlisle (196C) noted that in the dune swa'le depnessions a very

thjn layer of organic matter had deve'loped at the surface. To this

should be added the observation that in the slash pine forest considen-

ab'le organi c matten was found to have accumul ated i n the so'i I . The

organic matter r"eached its maximum developnent at lower sites deep

jnside the forest near the central marsh area (e.9. at $tation B), where

a 5 to B cm layer^ of pine needles and leaf litter overllay a horizon of

peat-like organic matter jntermixed with incoherent whi||e sand near'ly 20

cm thick.

The soil in the b'luestem zone (stations 9 and 10) Sonsisted of sand

which was dredged from Pensacola Bay in 1958-59, as noted previously.

This dredged material for^med a cliff-like scarp dropptrng approximately

2.5 m stnaight down to the beach stnand iust north of station 10.

55
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The results of all soil analyses are presented in Table 6, anC all

concentrations stated from the present study in the following subsec-

tions refer to this table.

Organjc l'latter. under^standably, the soils of the gune stations (1,

2,3, 4,5, 6, 9, and 10) wene extremely low in organic content, wjth

al I sampl es from both depths havi ng concentrati ong 1 ess than 1.0

percent.

Due to buildup from tree leaves and other plant dehris, the soil of

the pine forest community tended to have greater organic content than

that of the treeless dune communities. The extreme examp'le of this

occurred at stat'ion B, deep withjn the forest, where thq peat-like upper

so'il layer had an or.ganic content of nearly 12.0 percent.

Mojsture. soil samples from the sea oats, shrr,;b, and bluestem

commun'ities were general ly lovl 'in moisture at the two depths sampled,

with the sojl from a depth of 2A cm having s'light'ly mqre mojsture than

soil fr^om 10 cm depth. At station 2, however, both depths had identjcal

moi sture content.

soil sanples from the pine forest were noticeably higher in
moisture content than were the dune sojl samples, paftjcularly so at

station B, where the water table was at a depth of o4r]y 26 cm at the

time of soil sample collection. The fact that the soill at 10 cm depth

at this station had a higher noisture content than did the soil at 20 cm

depth is explained by the gr"eat water-retention prpperties of the

peat-1 i ke soil occurring at the 10 cm depth.

ChloriCe. Soil ch'lorjde measurements in the prqsent study were

indicative of the NaCj content of the soil samples. These measurements

0rganic Hatter, l'{oi stune, I'lutn'ients, and 0ther chemical Factors



Table 6

Soll 0ata

Coastal Strrnd vegetrtion
Santa Rosa Island. Florlda

Peramtprs

Shrub
Zone Plne Fofest Eluestenr ZoncEE:d Wffi W--m

0.174 0.181 0.?35 ll.5l5 0.351 0.292
0.107 0.t9t 0.093 2,496 0.{2t 0.518

1.9 2.1 7.1 47,8 2.3 1.92.7 2.8 '17.9 35.5 2,5 2,5

2.1 1.6 4.6 27,0 1.8 2.8
1.7 I.4 9.1 10.8 1.9 2.7

6.2 5.5 5.I 4,7 6.t 6.95.9 5.1 5.1 {.9 6.6 7.1

T 32 20 921 l32l ll2lT le T 5?0 ll6t l84l

,l I I 128 12 124tt{60812

4 | 4 16 a' I
4 4 4 8' { |

<l<lT<137
TTT<I 85

820249)2836
20812444836

<l 2 <l 3 9 'll
2222910

IIt{1688470
434707070

0.06 0.r5 0.28 32.70 1.56 0.06
0.03 0.08 0.09 3.8r l.s6 1.52

1.07 1.37 0.39 0.08 >3.0

0rgrnlc H.tter (l)
l0 cn
?0 cttr

l,lolsture (t)
l0 cn
20 cn

Chlorlde (ppm)
l0 cn
20 cnr

ptl
5gn

l0 qi
Calclum (ppm)

5gtl
l0 cnr

llagnestum (ppn)
5qn

l0 qn

Potasslun (pgn)
5sn

l0 cn

Phosphorus (ppn)
5cn

I0 cn

Sodt'm (ppm)

. sqr
l0 o!

ttttrate (ppm)
5sn

l0 cn

Soluble Salts (pgn)
5 cro

l0 sr
c.E.C. (neq/100 g)

5ot
l0 o!

Depth to ttater Table (m)

0.003
0.04{)

0.055 0.038
0.055 0.029

l.t L0
l.l 1.7

4.1 2.4
2,9 1.8

6,7 6.7
6.0 6. I

0.062
0,041

1.7
2.2

l.l
1.3

5.5
6.2

l2
{

{
4

{
4

T
<l

9
8

<l
4

0.06
0.02

I

4
4

4
4

T
T

20
l6

I
3

8
T

4
4

{
T

<l

20
4

l0
?

4?
7

3.5
3.6

5.2
5.2

6.9
6.1

I

T

4
4

T
4

I
<l

3?
20

2
3

56
1{

oJe

1.07

0.12 0.?20.03 0.04

T . trace
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showed that salinity of the dune soils on Santa Rosa Island was very

I ow.

soi I chloride concentrations for dune stations nanged from a

minuscule 1.1 ppm (station 4,10 cm depth) to a high varue of 5.2 ppm

(station 1)--a range of much less than 1 ppt. One of the eight dune

stations (station 1) had the same chloride concentration at both soil
depths. Five of the dune stations (2,3, 5, 6, and 10) had a higher

soil chloride concentration at 10 cm than at zo cm depth, and the two

remaining dune stations (4 and g) had a slightly greaten chloride
concentration at Z0 cm than at 10 cm depth.

Ihe pattern of sojl chloride content was the same at both depths

sampled at the dune stations. Soil chloride concentrations were

greatest at the southern edge of the sea oats zone and on the fnont
slope of the barrier dune (stations 1 and 2) (presumablJ,due to greater

s al t spray i nputs than at other stati ons ) , wi th sornewhat hi gher

concentrations at station 1 than at station 2. Concentratjons ctropped

off considcrably at the crest of the barrier dune, and decreased further
cn the rear slope of the barrier dune (statjon 4). llear the northern

edge of the sea oats zone (station 5) the soil chlor"ide concentration

was somewhat greater than for the rear slope of the barrier dune

(station 4) but somewhat less than soil chloride content on the barrier
dune crest (station 3). Soil chlonide content was somewhat less in the

shrub zone (station 6) than at the northern edge of the sea oats zone

(station 5), and then showed an incneasing trend in the bluestem zone.

Soil chlonide at stat,ion 9 (in the middle of the bluestem ione) was

slightly greater than at station 5, and soil chloride at station 10 (the

north edge of the bluestem zone) was sornewhat greaten than at station 9
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and about equal (though s'lightly greater than) the soil chloride content
on the barrier dune crest (station 3)

0n septernber zB, 1991, a set of thnee soi'l samples tnras col lected
for chloride ana'lysis near substitute salt spray dune qtation 3 east of
Pensacola Beach. One sample t,Jas co'llected at the surfqce and the other
t',Io at depths of 5 cm and 10 cfr, r.especti ve1y. Ttre sampl es wene

extracted in the same manner as other soil chloride pamples, and the
extracts were analyzed with a Dionex Ic 10 ion chromatograph. The chlo_
ride concentrations fon the three samples were as follows: sunface--
18 '0 ppm; 5 cm--1.8 ppm; 10 cn--z,4 ppm. Thus, at il1re very surface,
soi I chl ori de was 10 times as great as at 5 cr,r depth 4nd 7 .s times as

great as at 10 cm depth.

soil chloride content in the pine forest (stations 7 and g) was

high in compar^ison with results from most of the dune stations. Soil
chloride at 10 cm depth for station 7 was somewhat less than the corre-
sponding soil chloride level at dune station l, while 0t station g the
10 cm soil chloride reading was nearly six tinns as greBt as at station
7 and five times as great as at station 1. For 2c cnr depth the soi.l

chloride concentrations at stations 7 and 8 were sinrildr to each other
'in magnitude and both were approximately twice as great 0s corresponding
soil chloride concentnation at station 1. For both depilns soil chloride
concentration at station B exceeded that of all other stdtfons.

pH. Dune soil samples were generally somewhat acidfc at both
depths, except for station 10 which had slighily basic (pH 7.1) so.i1 at
10 cm depth. Hith the exception of stations 9 and 10, dqrne soi'l samples

were slightly mone acidic at 10 cm depth than at 5 cm depth.
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Genenal ly, the dune soi I showed increasing acidity from the
foredune to the pine forest, and decreasing acidity nonth of the forest
to the soundward side of the is'land.

understandabry, the pH varues of the pine forest soir samples
(which had greater organ'ic content than the dune soi r samples) were
lower than those of the dune stations, with the lowestL readings being
reported for station g.

calcium' calcium concentrations of the dune soil samples were 1ow,
particularly so'in the sea oats zone, where seven of the ten samples had

no more than a trace of calcium. The shrub zone soil was somewhat

higher in calcium content than the sea oats zone soil. Sirnilarly, the
bluestem zone soil had about 100 times as much calcium as the so.il of
the sea oats zone and over" 40 times as much calcium as the shrub zone

soi I ' The hi gh 'level s of soi I cal ci um i n the bl uestem zone r,/ere most

probabl-y due to the presence of abundant seashell fragments obsenved

during field sampling.

Pine forest soil calcium content at station B was consider.ablv
greater at both depths than was the soil calcium content at all oun.
stations except stations 9 and 10. At station l, however, the soil
calcium content was less than that of the adjacent shrqrb zone at both
depths and was aJso Jess than the average for" all sea oats zone samples

at 10 cm depth, but was somewhat greater than the averalge for the sea

oats zone stations at 5 cm depth.

Magnesium. Soil samples from the dune stations were all very low
in magnesium content, with the range being only B ppm betr,reen the maxi-
mum (12 ppm) and the mjnimum (4 ppm) values.
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All stations in the sea oats zone had the same soil magnesium

concentnation (4 ppm) at both depths sampled. The shrub zone soil had

twice as much magnesiurn (g ppm) at the s cm depth as qlid the sea oats

zone, but the same concentration (a pprn) at 10 cm depth. At the 5 cm

depth of stations 9 and 10, and the 10 cm depth of station 10, the

bluestem zone had thnee times as much soir magnesium (i2 ppm) as did the

sea oats zone stations, and at the 10 cm depth of statjon 9 sojl
magnesium concentration (8 ppm) was twice as great as a1t the same depth

in the sea oats zone.

At the souther"n edge of the pine forest, soi 1 nagnesium

concentrati ons at stati on 7 were i denti cal to cor^fespondi ng soi 1

magnesi um concentrati ons for dune stati on 6 at both depths sampled.

However, the pine forest soil at station g, lvhich was cpnsjderably more

organi c than the soi I of al I other stati ons, had a much greater

magnesium content than did the other statjons.

Potassium. Sojl potassium concentrations at all dune statjons wene

extremely low. Soil samples at both depths measured 4 ppm potassium,

except for station 1, which had only a trace of potassiurn at 5 cm depth,

and statj on 2, which also had only a trace at 10 cm depflpr.

The southern part of the pine forest (stat'ion 7) afso had the same

low level of soil potassium (4 ppm) as did the dune staNions. However,

stat'ion B, deep within the pine forest, had somewhat higher.sojl potas-

sium concentrations (16 ppm at 5 cm and g ppm at 10 cm).

Sodium. Soi1 sodium concentrations for dune sta'bions showed an

irregular pattern (wh'ich did not conrespond with the qbsenved vegeta-

t'ional zonation), with the hiEhest values occurring {n the bluestem

zone, rather than, as might be expected, in thc sea oat$ zone. And the
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dune soil sodjum concentrations u,ere not very great, t^ljith the range from

the highest value (4s ppm) to ttre lowest (4 ppm) being only 44 ppm.

Soj'l sodium concentrations jn the pine forest were unexpectedly

high' with station 7 having concentnations in the same nange as those of

dune stations to the south, and station B having the hlighest readjng (80

ppm) of all samples measured at the 5 cm depth and the second highest

concentration (44 ppm) of al l samp'les at 10 cm depth.

Phgsphorus. Phosphorus concentrations of the clune soils were

extremely 1ow, with a maximum of on'ly B ppm measured fpr station 9 at i0
crn depth. 0f the 16 dune soil samples, all sampleF from statjons 1

through 6 had either less than 1 ppm (five samples) or only a trace

(ejght samples) of phosphorus. Soil phosphorus values for the bluestem

zone were only slight'ly gneater, w'ith values ranging fnom 3 to g ppm.

surprisingly, the pine forest soi1, with its alpparently greater

fertiljty, was as low in phosphorus content as the dune sojls to the

south.

N'itrate' Soi'l nitrate concentrations at the dUne stations wene

also very 1ow, with the highest concentration being only 11 ppnr at sta-

tion 1C (5 cm depth). The pattern of concentratjons was irregular and

did not show an apparent relationship with the vegetatlona'l zonation.

Sojl nitrate concentrations of the pine forest sidrtiQns were jn the

same range as those observed in the dunes to the souil1r, being 'lower, in

fact, than most of the concentrat'ions reported from the sea oats zone.

Soluble Salts. l,lhereas the indiv'idual soil catiqns just discussed

were analyzed in an acid extraction whjch removed eaph cation totally
from the soii, the analysis for soluble salts content vyas perfonmed on a

sirnple aqueous extnact and thus measuned only water-soluble cations. As
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such, the soluble salts concentratjon of a sofl is an indicaton of a'l'l

nutrients neadi'ly available to plants and may not eqqal the sum of the

i ndi vi dua] tota'l cati on concentrati ons.

Soluble salts content of soil at all dune sIations was low.

Concentratjons were extrernely low at stations 3, 4, $, and 6, with all

values at 5 cm depth being 1 ppm and the highest co4centration at the

four stations being only 7 ppm (10 cm at stations 3 and 4). concentra-

tions at stations 1 and 2 were somewhat greater than at the other sea

oats zone stations, particularly so at 5 cm depth.

Soil data for soluble salts did not show a pattefn which suggested

a stnong nelationship with the observed vegetationa'l 4onation. Lovl and

high readings were reported for the sea oats zone, throse for the shrub

zone station (6) were almost jdentical rvith those of the adjacent sea

oats zone station (5), and those fon the bluestem zone were considerably

higher than those jn the sea oats zone. Soluble salt,s data inclicated,

howeve r, that al I dune statj on so'i I s were qui te i nfertfi I e.

Expectedly, soluble salts concentration of soil ln the pjne forest

was considerably higher at 5 crn depth at station 8 (168 ppm) than at the

same depth at any c!une station. This was attribqted to the great

organic content of soil at this station. At 10 cm dEpth at station 8,

however, soluble salts concentration (70 ppm) b,as the sarne as that

reported for'10 cm at dune stations 9 and 1S. Sqil soluble salts

concentration at 10 cm depth at station 7 (a ppm) wag the sarne as that

of dune station 5 at 10 cm. However, the 5 cm reading for station 7 was

considerably greater than 5 cm concentrat'ions at dune stations 3,4,5,
and 6, but was considerably lowen than 5 cm soluble sailts concentrations

at the other dune stations (I, 2, 9, and 10).
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Cation txchange Capa-city. Soil cation exchange papacities for the

dune stati ons were very 'low, i ndi cati ng that the dune soi'l was very 1ow

in available nutrients (since cation exchange capacity is the maximum

amount of exchangeable cations a soil can hold). Al'l resu'lts for sam-

pl es from the sea oats and shrub zones wer^e sirni I ar '[n magni tude, wi th

all values being less than 1.0 meq/100 g and the range being from 0.02

meq/100 g (station,4, 10 cm depth) to o.2z meq/100 g (station 3, s cm

depth). One sample from the bluestem zone (0.06 nleq/l00 g at 5 cm

depth, station 10) had the same cation exchange capaci'Ey as did a number

of samples from the sea oats zone (stations 1,4, and F).

Soi'l cati on exchange capacit'ies for the southern part of the pine

forest ( stati on 7 ) were i n the same range of nragni tude as cati on

exchange capaci ty va'l ues for samp'les f rom the sea oat$ and shrub zones ,

despite the fact that the vegetation of the pine forrest differed con-

siderably from that of the areas to the south. Soil samples from sta-

tion B, deep w'ithjn the forest, had somewhat higher cation exchange

capac'ities, wh'ich were indicative of greater fertility and vrere probably

a result of the h'igher soi'l organic content. The catipn exchange capac-

'ity values from station 8, however, were not consider"ed to be very h'igh.

Temperatu re

Genera'l . Soi 1 temperature r'eadi ngs taken at al ll ten stati ons at

the soil sunface and at depths of 10 cm and 25 crn at different seasons

of the year are presented in Tables 7,8, 9, and 10. Air temperature

values measured at 30 cm above the soil surface are also included'in

these tab'les. A1l statements concerni ng soi I temperalture and ai r tem-

perature'in the following subsections refer to these tflb'les,
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Dunes. The r^esults for soil temperatures at the (une stations may

be summarized as follorvs: (1) the soil surface on a gtiven date wanmed

up faster than did the deeper strata and achieved a hiEher maximum than

the other^ strata, with the surface maximum being gr^eafer than the ai r.

temperature at the same time; (2) the sojl surface had the highest maxi-

mum (54.0 oc) and the lowest minimum (11.0 ocl te*peratures of all dune

soil strata measured; (3) soil tempenature at 10 cm and 25 cm depths

changed more s1ow1y than did surface temperature and generally showed

less varjatjon from statjon to statjon; and (a) the 10 cm and 25 cm dune

soil strata had temperatune maxima whjch were lower,4nd min.ima wh'ich

we re hi gher , than conrespondi ng soi I surface maxirna 4nd mi ni rna on a

gi ven day. A few exceptions to these general tr.end$ did occur (as

examination of Tables 7 through 10 will reveal), but the overa'11 pat-

terns shown by the soil temperature data were as stated.

Pine Forest. Soil temperatune at the two forest stptions (7 and g)

showed pattenns which were distinctly d'ifferent from each other.

Soil temparature at station 7 showed a pattern sj41jlar to that of
soi I temper"ature at dune stati on 6, wi th the fol I owi ng Bxcepti ons: ( 1 )

in spring, sumrner, and autumn, the maximum temperaturg achieved on a

gi ven date vras al ways somewhat 'lowen at stati on 7 than at stat j on 6 at

all depths; and (z) in winter the maximum temperature achieved at

station 7 at all depths was equa'l to, or slighily grgater than, the

corresponding maximum reported at station 6.

Soi I tenrperatur"e readi ngs at stati on 8 (deep insidle the p.ine for-
est) were conspicuously different fnom the dune soil teryrperatures, with

all readings at all times at all depths in spring, sunlmer, ancl autumn

being lower than corresponding temperatures at station 9 in the b'luestem



68

zone. l.li th the excepti on of two occasi ons (septembe r ll , lgzB , 6 At',1,

soi I surface and Ju]y 7 , t979, 6 Al,!, sci I surface) al1 spring, summer,

and autumn soi I ternoerature readings at stat'ion B vverq a]so 'lower than

corresponding tempenatures measuned at station 7, which was at the south

edge of the pi ne forest. l,li nter soi I temperature rgadi ngs (measured

February 17-18, 1979) at station 8 at noon and 6 pM at all depths were

equal to, or less than, corresponding temperatures at station 9 and were

consistently less than the corresponding temperatures at station 7. The

6 AM winter soil temperature at station 8 was slightly gneater at the

surface and 10 cm depth than corresponding temperatures at station 9 and

was s'lightly less than the corresponding station 9 temperature at 25 cm

depth; but the 6 AM winter soi I temperature at stat jotn I vras sl ightly

less than the cor"responding temperature at station 71for 10 and 25 cm

depths, and was s'lightly higher at station 8 than at Station 7 fon the

sunface.

ATMOSPHIRIC FACTORS

A'ir Tempenature

Qeneral. Ai r temperature 30 cm above the soi I surface was measured

at the same tinre as soil temperature (see Tables l, g, g, and 10) and

has a1r'eady been mentioned in connection wjth it for" comparison.

Additional air temperature neadings'30 cm above the sp'il surface wene

made every hour over an eight-houn period at dune stations 1 through 4

in connection with atrnometric studies (see Tables 11 anql 12).

Dunes. undenstandably, the air temperature at 6 AM at all dune

stati ons on al I study dates was the I owest a'ir ternperalture recorded on

any given date, with the exceptions of station 10 on April 14, I979,
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when the 6 At'l and 6 plr ai. ternperatures were equal (21.0 oc ) and at

statjon 10 on september 16, 1979, when the 6 pl,l air temperatune (26.5
oC; 

was 0.5 0C lower than the air temperature reasured at 6 AM the next

morning. Air temperature at 6 Al'l in the dunes did not vary greatly from

station to station, w'ith air temperature at ail statjons at 6 Ar,r on

Febnuary 18, 1979, being the same and the greatest statjon-to-station
range for 6 AM air temperatures being only 2.0 oc (April 14, rgTg),

The noon ain temperature at a given dune station was always higher

than the connesponding 6 AM air temperature at the same station, with
the difference between the 6 Al.l and noon readings often being consjder_

able. For the Apr''i1 , July, and september study dates, the greatest

djfference between noon and 6 Al'l air temperatures at a given dune sta-
tion was 19.0 oc (station 4, April 74,1979) and the least such differ-
ence was 6.5 oc (station 10, July 7, 1g79). l,linter dune air tempera-

tures measured jn Febnuary showed less of a diffenence between 6 AM and

no0n readfngs wjthin the 24-hour study period at a given station, with
the greatest such djfFerence being 4.0 oC (station 6) and the least such

difference be'ing 2.C oC (stat.ion 5).

The noon air temperature at a given dune staticn was usually the

highest temperature necorded during a given 24-hour. stugy period. This

trend was observed for alr study dates except Februar"y 17, rg7g, when

the noon air temperature at station 5 (13.0 oc) was 0.5 0c less than the

conresponding 6 PM air temperature and the noon air tem;lerature at sta-
tion 9 (14.0 oc1 was the same as the conresponding 6 pl4 air tempenature.

Since temperatures were recorded only three times duning a given 24-hour

period' this data diC not necessarily mean that the highqst ain tempera-

tune at a given cune station was achieved at noon on a given date. As
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indicated by hour-1y air temperatures recorded in AuguFt and September,

1979, at dune stations 1 through 4 between 10 AH and d pl'{ (Tables 1l and

12), it l{as possible for the maximum air temperature to be reached at
n00n or in the early aftennoon (usually by 2 pM or 3 pH). Thus, the two

exceptions iust mentjoned (in which the 6 PM air tempBrature was equal

to, 0r greater than, the corresponding noon air tempqrature) probably
indicated that the air temperature at the stations invplved had reached

i ts maximum in the afternoon and had not yet coored dpwn by 6 pr,r to a

temperature below that of the cornesponding noon reading.

Noon air temperature at dune stations showed greatqr variation from
station to station than did the corresponding 6 Ar't air temperature on a

particu'lan date. The greatest range for noon air temperature readings
on a given date at the dune stations was 11.0 oc on April 14, LgTg (on

whi ch date the range of 6 Ar'r readi ngs was onry 2.0 oc 
) , and the r east

such range was 1.5 oC on February 17, IgTg (when the arrr^ temperature at
6 Al'l the next morning was the same at all dune stat.ions).

By 6 PM on a given date the sun had either set (Fqbruary,1979) or.

was appnoaching its nadir, and consequent'ly air tempenalure at clune sta-
tions had usually dropped be]ow the noon temperature (wfirich may, or may

not, have been the maximum for the day) and often showeld a considerable
decrease from the noon temperature reading. l.lith the exceptions of sta-
tions 5 and 9 on February 17, lg7g, the 6 pM ajn temperature measured at
al I dune stations on al I study dates was less than tltre corresponding

noon temperature. In Apri'l , Ju]y, and september, the 6 pM air tempera-

ture at a given dune station was usually several degre4s less than the
connesponding noon temperature, with the gneatest difference between

noon and 6 PM readings at a given station being 16.0 oc (station 4,
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April 14' 1979), and the reast such difference being 5"0 oc (stations 2

and 10, July 7, 1979). In February, 6 PM air temperat,ure at dune sta-
tions blas usually only slightly lower than the cornesponding noon tem-
perature, diffe.ing by a maximum of only 2.0 oc (station 6).

Ai r temperatune at 6 Pt'l at dune stati ons vari ed on]y sl i ghtly f rom

statjon to station, with consjderab'ly less variatjon than was observed
for noon temperature readings. In February, Aprir, and July, 1979, the
statjon-to-station range for 6 PM air temperature r^eadings at dune sta-
tions vras only r.0 oc; in september, rgTB, the range was 2.5 oc.

The range of air temperature reaclings at a particular dune station
duri ng a single 24-hour^ per^i od varied wi th the season of the year and

varied fnom station to station within a g.iven season. In winter
(February 17-18, lgTg) tne greatest such nange was 4.0 oc (station 6),
and the'least such range was z.s oc (station 5). These ane modest

ranges in comparison with the resurts for the 24-horrr spning study
period (Ap.il 14,19i9), which varied as much as 19.0 oc for the air
temperature readings at station 4, but only 8.0 oc for the readings at
station 10' For dune station air temperature readings in summer (Ju1y

7, 1979) the maximum range for a s'ingle stat'ion during the Z4-hour study
period was 15,0 oC (station 4) and the minimum such n(tnge was 6.5 oC

(station 10). During the remaining study period (septembier 16-1 r, rgrB)
the maximum range for dune station air temperature read,ings at a given
station t,vas 17.5 oC (station 4) and the minimum such range was 7.5 oC

(statfons 1 and 9).

Pine Forest. Air temperature readings in the pine forest (stations
7 and B) wene similan to corresponding readings at the nearest dune sta-
tions (6 and 9). The air temperature at staticn 7 was the same as the



73

c0nresp0nding ajr temperature at sLation 6 on siX occasions, was

slightly higher (maximum djfference 1.0 oc) than the corresponding air
temperature at station 6 on two occasions, and was slight'ly less (maxi-

mum difference 2,5 oc) than the corresponding air tempenatur^e at station
6 on four occasions. The air tenperature at station B was equal to the
c0rresponding air temperature at station 9 on one occasion, was slightly
higher (maximum difference 1.0 oc) than the correspon{ing air tempera-

ture at station 9 on five occasions, and was slightly lgss (maximum dif_
ference 2.0 oC) on six occasions.

0n all study dates the air temperature measured tst 6 AM and 6 pM

did not ciffer greatly for stations 7 and g, wiLh the greatest
difference being only 1.0 oc between corresponding air temper^ature read-

ings at the two stations. At 6 Al-l the air temperature at station g was

usually (three out of four times measur^ed) sl.ightly higher than the cor-
responding air temperature at stat.ion 7; it was equal t0 the air temper_

ature at station 7 on one occasion.

At noon on all study dates the air ternperature et station B was

less than the corresponding air temperature at statiqn 7. In w.inter

(February 17,1979) the diffenence jn noon air tenrpera[ure readings at
the two stations was not great, being only 1.5 oC, bUt for the other
seasons the difference was 4.0 oc on two dates (Apri1 14 and July 7,

i979) and 5.0 oc on the remaining date (september 15, rgTg).

0n all study dates the highest air temperature reaping at stations
7 and 8 was recorded at noon, and the'towest reading at 6 AM. The 6 pM

air temperature at stations 7 and g was intermediate between the 6 AM

and noon temperatures , except on cne occasi on ( February rl , rgTg) r.rhen

the noon and 6 pM readings at station g were the same (i4.5 0c).
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Air temperature r^eadings at station 7 on a given {ate always had a

greater range than did air temperature neadings at statrlon B on the same

date' The greatest nange fon air temperature readings 4t station 7 dur-
ing a 24-hour period was 13.5 0c (Aprir 14, i97g), dnd the least such

range was 5.0 oc (February 1i-18, 1979), The greategt nange for air
temperature readings at station B during a 24-hour pqr.iod was 9.0 oc

(April 14,1979), and the least such nange was 2.5 oc (February 17_1g,
1g7g).

Relative Humiditv

Dunes' Relative humidity data for all dune statiQns at different
seasons of the year is presented in Table 13. This tab[e also contains
the relative humidity data for the two pine forest statipns (7 and g).

Relative humidity measured at noon at dune statiofrs on all study
dates showed greater variation from station to station than did relative
humidity values recorced at'6 AM and 6 pM on the same date, with the
greatest range for noon relative humidity values in the dunes being z1

percent (March 11, 1979 ), and the least such range bEing 13 percent
(August 4, rgTg). For relative humidity measured at 6 AM at dune

statfons on a given date, the greatest nange of values was 13 pencent

(Apri1 27, L979, and 0ctober 8, 197s); the least such raqge was observed
on lfarch 11, 1979, when the nel ati ve humidity at al1 durre stations !/as

the same (79 percent) at 6 Al1. The greatest range of relative humidity
va'lues at 6 PH at dune stations was 9 percent (October 7, lglg, and

Manch 11, 1979), and the least such range was 2 percent (Apr.i 1 Zl,
1g7g).

Relative humidity was a very unstable parameter in the dunes, and

it fluctuated considerably thr.oughout the day at a give4 station. The
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greatest di fference between high and low rel ati ve humidi ty values
recorded at a single dune station within a 24-hour peripd was 44 percent
(station 6, l'|arch 11, lgTg); the least such difference 

',,as 
rz percent

( statj on 10, Apri I Z1 , 1g7g ).

Hourly relative hurnidity readings at stations 1 through 4 (rables
14 and 15) atso showed considerable variation with time and fr^om station
to station' 0n1y six times during al l runs r\,as the rel4ti ve humidity at
a given station the same for two consecutive hourly measurements.

Pine Forest. Relative humidity readings at statjpns 7 and B were
similar to corresponding readings for dune stations tp the north and

south of the forest. 0n seven occasions out of twe'lve, the relative
humidity at station 7 was the same as the correspqnding relative
humidity for at least one dune station. 0n eight oCcasions out of
twelve' the rerative humidity for station g was the same as the
correspond'ing ner ati ve humidi ty for at r ea st one dune $tat.i on . 0n the
five occasions when the rerative hurnidity at station 7 was not equal to
a c0rrespond'ing rel ati ve humidf ty va'lue for a dune stati0n, the rel ati ve

humjdity for station 7 differed by no more than 3 percent from at least
one corresponding dune station's relative humidity va1up. 0n the four
occasions when the relative humidity at stat.ion g was not equal to a

corresponding rerative humidity varue for^ a dune statiop,r, the relative
humidity at station B differed by no more than 2 percenfi from at least
one corresponding dune station's re'lative humidity varue.
tvaporati on

Dunes. Average amounts of waten evaporated by atmpmeters exposed

at dune stations 1 through 4 (tne sea oats zone) for an eight-hour
period are shown in Tab're 16, and data for aimometers exposed in a1
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three dune zones and in the pine forest is presented in lables L7 and

18. The data presented in Table 19 focuses upon the piyre forest and was

obtained by exposing atmometers for 24 hours at statiofrs 7 and I and at

adjacent dune statjons 6 and 9.

The pattern of evaporation rates for the two dales on which only

stations 1 through 4 were studied were slightly diffqrent. 0n August

29,1979, evaporation was somewhat greater at the infland edge of the

bare beach strand than on the front s'rope of the banrier dune, with

evaporation on the dune crest being somewhat greater than that at the

edge of the beach, and the near slope of the barrier dune having an

evaporation rate only slightly (perhaps negligibly so) greater than that

of the dune crest. 0n september B, rglg, evaporation was greatest on

the crest of the barrier dune, with the nate at the e(ge of the beach

strand being slightly greater than that on the front slope of the dune,

and evaporati on on the rear s'lope of the dune bei ng equ4'l to that at th"e

edge of the beach strand.

Evaporation measured in the different dune zones (Tables 17 and IB)

showed two sf ightly d'ifferent patterns. During an e.ight-hour run on

October 13, 1979, the sea oats zone had the gneatest gvapor^ation rate,

with the shrub zone rate being somewhat less than thle sea oats zone

nate, and the rate in the b'luestem zone being only slightly less than

that of the shrub zone. During a z4-hour run on March 14-15,19g0, the

sea oats zone again had the greatest evaporation rate, but this time the

evaporation rate of the bluestem zone v.,as somewhat grealter than that of
the shrub zone.

Pine Forest. 0n thnee occasions measurements at station Ceep

thi s

8,

atttithin the pine forest, nevealed that the evaporatiqn nate



Tabte 16

Amounts of |.Iater Evaporated

from Atmometers Exposed for I Hours

in the Sea Oats Zone

Aug. 29,1979 Sep. 8,1979
Stati on (ml /hr ) (rn]/hr)

Edge of Beach (l )

Front Slope of Dune (2)

Crest ot Dune (3)

Rear Slope of Oune (4)

Sea Oats

Shrub

Pine Fonest

Bl uestem

Table l7

Amounts of [,Jater Evaporate.d

from Atmometers Exposed for Q Hours

in the Different Vegetation Zones

Santa Rosa Island, Florida
0ctober .|3, .|979

Zone

3 .60

3 .45

3 .85

3.90

5.27

5.08

5 .40

s.27

ml /hr

3.59

3 .44

2.16

3 .43

Santa Rosa Isl and. Fl ori da



Table 18

Amounts of Water Evaporated

in the D'ifferent Vegetation Zones

Santa Rosa Island, Florida
March l4-.|5, 1980

Zone

Sea 0ats

Shrub

Pine Forest

B I uestem

ml/hr

3.1 1

2.10

L40

2.57

Table l9

Amounts of Water E_vaporated

in the Pine Forest and

at Adjacent Stations
Santa Rosa Island,_Florida

June 19-20, '1982

Station ml/hr

1.77

I .64

0.95

2.08

6

7

I
9
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statjon was consistently less than that observed at stations in exposed

s'ites in the Sea Oats, shrub, and bluestem zones, and that evaporation

at stati on I was al so consi derab'ly I ess than that cbserved at stat'ion 7

near the south edge of the pine fonest (taUles !7, 18, and 19)' The

evaooration rate at station 7, however' was approximately the same as

that at station 6, located'in an open area jn the shrub zone to the

south of the pine fonest.

Sand l4ovement

0bservat'ions concerning sand movement were made Curing the course

of the present stucly. Wooden stakes were drjven into the ground to mank

stations 1 through 10. The tops of these stakes were allowed to pro-

trude approximately 14 cm above the soil surface. After more than two

years of exposure the tops of the stakes at statjons 1 through 4 were

still visible. At substitute salt spray statjons 2,3, and 4 glass soft

drink bottles were used to mark the station locat'ions. These wene bur-

ied upside down jn the sand with approxirnately 1 to 2 crn of the bottle

protrudjng above the sunface of the sand. After mone than two years of

exposure these bottles had not been buried by accumulated sand. These

observations suggested that sand was not bu'ilding up rapidly on these

barri en dunes and that the dunes were we'll stabi l'ized and apparently i n

a state of equiljbrium wjth r^egards to sand accumulation.

Wind Direction and VelocitY

Data concerning wind dinection and velocity was obtajned from

readings made by the U.S. Coast Guard at its statjtln located on Santa

Rosa Island I.7 km east of the main study area (Tab'les 20 and 2l).

A1 though r^eadi ngs for only the peri od fnom December 1, 1978 ' to



Table 20

Sulmary of t{ind DilecUon* Data

Recorded by U.S. Coast Guard Station

Santa Losa tstanO' norlaa

lli nd 1978
Di rection _trg-

N 19.4

NNE 6.9

NE 16.0

ENE 10.4

E 9.7

ESE 6.2

SE 6.9

ssE 2.8

s 4.2

ssbl 2.1

sl.l 4.2

l,tsH I .4

bl 3.5

Itll'N 2.8

r{H 1.4

NNN 2.1

I 979
Jan Feb

13.8 9.0

8.3 9 .7

1 3.8 16 .4

22.9 8,2

4.6 6.0

1't .0 10.4

0.9 3,7

3.7 4 .5

3.7 6.0

1 .B 3.7

2.7 4. 5

2.7 4. s

1.8 3.0

0.9 3.0

2.7 3.7

4.6 3.7

llar

l1 .6

6.6

4.1

1.7

5.8

t 0.7

9.1

9.1

9.1

3.3

7.4

2.5

9.1

3.3

3.3

3.3

Apr May Jun 1$!- Aug S.d

7.2 6.7 2.2 7.0 2.9 7.0

4.3 3.8 5.4 a.l 7,3 17.5

9.4 6.7 5.4 4.2 5.1 10.5

4.3 2.9 3.3 4.9 8.8 24.6

2.2 0.9 4.3 0.8 4.4 7.4

4.3 2.9 3.3 41.2 9.5 10.5

19.6 18.1 9.8 7.0 5.8 3.5

12.3 7.6 8.7 7.0 8.8 0.0

8.0 17.1 5.4 ]9.6 7.3 3.5

3.6 5.7 12.0 ',4.2 5.8 0.0

4.3 9.5 8.7 5.6 8.0 3.5

3.6 6,7 13.0 14.7 5.1 5.3

10.9 7.6 10.9 lll .2 10.2 1.8

1.4 0.9 5.4 2.8 7.3 1.8

1.4 0.9 2.2 2.1 2.9 3.5

2.9 1.9 0.0 0.7 0.7 0.0

Total
Realinss : 144 109 134 'l 2l I 38 105 92 1a3 I 37 57

* Expressed as percent of total readings for each month.
t R;5;i;i;-uuiiiifii"iniv ,i-[o sipfemuir 12, on which date-Hurricane.Frederic

struck and the u.s. coast Guard weiiner stition on Santa Ro$a Island was dis-
conti nued.
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September !2, L979, were available, even this scanty information

provided j ndicati ons o1' seasonal trends.

The wind d'irection pattern of Santa Rosa Is'land may be summarized

as follows: winds came primarily from the south' west*southwest, and

west in sunmer and pr"imarily from the nonth and.northeast in winter; the

spri ng and autumn mont;hs wene somelvhat errati c tnans j t'ional pen'iods i n

whjch pr.edominating wlnds came from dinect'ions intermediate between the

prevai1ing directjons of summer and winter but were restrjcted pnimari'ly

to djrections on the eastern half of the compass.

The wind velocity trend for western Santa Rosa Island may be sum-

marized as follows: winds of greatest velocity occunr"ed in wjnter, with

a genenaf incnease in velocjty starting in autumn (Septentber) and appar-

ently cont'inuing tj'll January, which exhibited winds of the highest

velocity; wind velocitjes tended to decrease in spring, as companed with

winter values, and continued to decrease untjl late summer, with August

expeni enci ng the year's weakest wi nds.

l.ljnd-borne Salt Spray

General. Results of the four long-terrn salt spray collection runs

are presented in Tables 22 through 25. The following 'information is

g'iven for each run: (1) the chloride (Cl-) concentratjon (ppm) in the

500 ml elutriate from each collector i Q) the amount of chloride (jn rng)

received at each station; (3) the calculated amount of chloride which

would be recefved per hectare at each station in one Year's time at the

observed rate of depos'ition; (4) the amount of chloride received per

squane decimeter per clay at each station during the expo'sure period; (5)

the calculated amount of ocean-derived sodium (lta*) vrhich would be

recejved per hectare at each station in one year's time at the observed



Table 22

Resu'lts of Salt SPrgY StudY

Santa RoSa Island' F'lorida

60 Davs ExPosure

SeP l9:t{ov l8' 1980

cl cl cl - cl Na Totall sal ts Jfl'.ti.l
Conc. Received Received Received neceived. . Refelved . Input

statjon ipEI 
-iili-- trqlhii""f (S/am?loay) (tg/ha/yr) (mg/fmz/dav) Reciived

I

2

?

4

5

o

7

8

9

l0

1.8

5.5

0.9

3.2

*

3?.4

ll.9
10.9

t

2.0

I

16. 2

6.0

5.4

t

'l .0

i

502

186

't57

l:

3l

*

I .38

0.50

0.46

*

0.08

*

279

103

93

t

t7

*

P.48

p.el

p.84

!

0.15

i

49.5

18.2

16.6

*

3.0

16.

55

?8

99

0.08

0. ?8

0.14

0.50

2.7

9.9

r Samp'ler sto'len



Table 23

Results of Salt SPrav StudY

Santa Rosa Island' Florida

60 DaYs ExPosure

Apr Z-Jun I, l98l

cr cl Na

necli veo Recei ved Receiveo
( rqi na/vr) (mq/-dmaltdav) ( tq/ ha/vr)

***
S tati on

I

2

.3
4

5

6

7

8

9

l0

cl cl
Conc. Recei ved

Y -'T'
23.8 I I .9

19.8 9.9

ll.8 5.9

l.0l 205

0.84 ]70

0.50 102

t*

0. 14 28

Totll Sal ts
Refei ved

(mqlFmZ/oavr

*

'r .82

I .52

o:o

0.24

Percent
of Total

I nput
Recei ved

*

39. I

32.5

19.4

*

5.21.63.?

369

307

't83

*

50

2.3

*

1.2

*

0. l0

*

0. l8

*

3.8

:t

?0

*
37

*

t Sampler stolen



Table 24

Results of Salt Spray StudY

Santa Rosa I s'l and, F'lori da

100 0avs ExPosure

Nov 28, 1980-Mar 9, l98l

S tati on

1

?

3

4

E

6

7

8

9

'10

0. l3

0.24

7.2

'l 3.9

cl cl
Conc. Recei ved
( ppm) (lnq )

**
37.5 18.8

10.0 5.0

7.0 3.5

cl
Recei ved

( kT/ha/ vr)

*

349

93

65

cl
Rece'lved

o
( ms/ dm"/jla.v )

*

0.96

0.25

0.18

Na

Recei ved
(ks/ha/.vr)

,t

194

52

36

Total sal ts
Reqei ved

***

1 ,72

0.46

0.32

Percent
of Total

I nput
Recei ved

*

54.3

14.5

'10.'l

5.0

9.6

2.5

4.8

26

50

46

89

p.23

0.44

* Sampler stolen

- Sampler disturbed; aberrant data pojnt rejected



Table 25

Results of Salt SPraYJtudY

Santa Rosa Island, Florida

65 Days ExPSgure

Jul lO-SeP 
.|3, l98l

Station

1

2

3

4

6

7

I
9

l0

c't cl
Conc. Received
(ppm) (mq)

**
13.6 6.8

8.7 4.4

6.2 3. I

3.1 1.6

2.3 'l .2

c1
Recei ved*y-

193

124

88

44

33

c1
Recei ved

t)

(mg/dm'/day)

*

0.53

0.34

0,24

0.12

0.09

NA

Rece i vedry
107

69

49

24

18

Total Sa'lts
Recleived

(ms/4m2loavt

q;,
q.62

q.44

p.22

p.l 6

r---

Percent
of Total

Input
Recei ved

*

34.5

22.1

15.7

7.9

5.8

t4.0

t
5.5

*

2.8

*

80

*

0.?2

t

44

*

p.3e

*

* Sampler stolen
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rate of deposition (ttris is based on the Cl-lltla+ ratio (1.8) in sea

water stated by Gambe'll and Fisher (1966)); (6) the calculated amount of

total sea salts received per square decirnter per day at each station

( based or] the f ol l owi ng formu l a: sal i ni ty = 1 .80(155 Ch'lor'i ni ty

(lngmanson and l,Jallace, 1973)); (7) the relatjve a.mount of salt spray

deposi ted at each stat'i on expressed as the percentage of chl oili de

rece'ivecl at that station in relation to the total amount of chloride

recei ved at al I stati ons f or wh'ich col I ecti ons were recol^ded . The pen-

centages given'in the last column are thus only approxfmations, since

data'is missing for four stations of the 60- and 55-day runs and for

fjve stations of the 100-daY run-

Although a number of data points are mjssing (due to vandalism to

col I ectors and rejecti on of aberrant resul ts ) , the data obtaj ned i s

sufficient to show the general pattern of salt spray deposition and its

inf'luence upon vegetation of Santa Rosa Island.

Dunes. The average amounts of salt spray (measured as chloride)

r"ece.ived at +-he dune stati ons duri ng the four runs were as fol I ows:

statj on 2,13.4 mg; station 3, 6.7 ng; station 4, 4.8 mg; stat'ion 5, 3.3

mg; station 5, 1.8 mg; stat'ion 9, 1.8 mg; statjon 10,4'0 mg' Thus'

most of the salt spray was deposited on the front (south) slope oF the

bar-ri er dune, wi th cons j derably I ess (approxirnately one-ha.l f. as much )

deposited on the crest, and somewhat less on the back s)lope than on the

crest. 0f all salt spray received on the barrier dune (stations 2, 3,

and 4 only),53,7 percent was deposited on the front o1'the dune,27'0

percent on the cnest, and 19.3 percent on the back of the dune' The

amount of salt spray deposited decreased progress'ive1y at stations far-

thelinl and, wi th stati on 5 r^ecei vi ng I ess sal t spnay than the rear
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slope of the barrier dune, and station 6 recejv'ing less lhan station 5.

statj on 9 averaged a salt spray i nput approx'imately eqqa',l to that at

station G, with thnee nuns showing'less input at station 9 than at sta-

tion 6 and one run showing greater input at statjon 9 tharl at station 6.

The amount of salt spray then increased considerably At statjon 10'

whjch received s'lightly more than djd station 5 but not as much as djd

station 4.

Pi ne Forest. The quant'iti es of sal t spray (measurqd as chlon'ide )

determined for samples from stations 7 and 8 durjng the four runs wene

unexpectedly hjgh (see the Djscussion section fot'elucidation of this

i dea) . For examp'le, for the f j nst 60-day run (September 19-t{ovember 18 '

1980) the reading for the sample fnom station 7 was slight'ly highen than

the r.eading for the sampie from stat j on 9, and the r"ead j ng for the sam-

ple from statjon B was nearly twice as great as the read'ing for the sam-

p'le from station 9. Results for the other runs wene slimilar' Hence,

the salt spray data for the pine forest obtained during th'is study was

rejected because jt was considered to be aberrant, and does not appear

on Tables 22 through 25.



DISCUSSION

VEGTIAIION

DUNES

Based on quantitative data, reconnaissance 
dbservations, and a::':::,::ff l:':;::::,,'i_,::::,,i1:, :, 

,he prfsen, s,udy si,e may
be considered as typicaJ nr 

.-;lvwuLrurr au the Prfsent study site ma1>rthwest Floridaexcept for the absence there of five specier 

coastal strand vegetation,

Jl'l,:::::;: **:C.roton punctatu:, Ipomoea pes_capraer dfid Cethese (!. wesri-anus ancr r. &;""uffi,ffi;rJ;.:JFlorida coastaJ strand and consitute major floristic comp*nents of it,adding an element of uniqueness to this flora.
Ca lculation of Sorensen,s Index values (Carlton, Ig77) providednumerical expression of the similarity between strand vegetation at thepresent study site and vegetation at other coastal siteF along thenorthern Gurf of Mexico, the eastern seaboard of the united states, andnorthern plexico (Table 26). The values presented in Tahle 26 wenedetermined by using the plant rist for the sea oats zone of the presentstudy and plant lists for the equivalent community pubtished in the ref_erences cited with the various geographic rocations ristedr except asnoted for comparisons with vegetation on 0cracoke Isr*nd, North

91



Iable 26
Index

Gulf

J

Stud,v S i te
FLORIDA

l::ll-Rosa rsland
1 uar I ton, tgll) -
b!: r' stone s
1r,arr ton, r silf 

t. nu.r

)I: 99otge Istand
1uailton, 1977) -

ft. ct inch sta
luarlton, lgzz)" 

tu.k

Ft. Matanzas I,l,luarlton, 1g77lt' 
Monument

Apol'lo State park
(Larlton, lg77)
Sanibel Island
ILootey,'1955)

SOUTH CAROLINA

Edisto island
(Pinson, lg13)
Kiawah Island
(Finson, lg73)
Kiawah Island
(Hosier, I 975)

Isle of palms
(Pinson,.l973)
isle of Palms
(Stalten, l975)
North Island
( Pi nson, I 973 )'
f,Jaiter Isl and
(Pinson,.l973)

SI

59.1

38.1

33. 3

s7.2

34.8

'tB. 
2

.l3.6*

ModerFte

Low

Low

Low

Low

Very Low

Very LoW

Low26.1

30.4

38. I

32 .8

3t.8

32.6

29.?

Low

Low

Low

Low

Low

Low

"i;l;H;11,"



Table 26
( Conti nued )

studY site sr ,r$:Tll?:li{.,
f!ntjngton Beach State park
(Stal ter, 1976) 28.6 Low

NORTH CAROLINA

Shackleford Bank
(Au, 1974) 23.8 Very Low

Cape Lookout Nat. Seashore
(Godfrey and Godfr;v,-igi6l 20.5 VEry Low

0cracoke Island
( van der Vai k, I 975) 3l .6** Lpw

Portsmouth Isl and
(Burk, l96la) 21.6 Very Low

Outer Banks
(Burk, 1962) 25.0 Vqry Low

Vi RGINIA

Smi th I s'l and
( Cl ovi s, 'l 968) 0.0 No

Parramore Island
(Harvill, 1965) 6.2 Almost No

VI RGINIA.MARYLAND

Assateague Island(Harvill,1967) 15.8 VelryLow
Assateague Island
(Higgins et al., l97t ) 19.5 Vepy Low

PIASSACHUSETTS

Cape Cod
(Boyce, I 954) 0.0 No

ALABAi4A

Dauphin Island
( Deramus, I 970) 4l .0* Lo,n

MISSiSS I PPI

Horn Island
(Eleuterius, 1g7g) 37.7 Low

Ship Island
(Miller and Jones, 1967) 6.9 Al4ost No



Table 26
( Conti nued)

Study Site
Simi I ari ty

Cl alssi f i cati on

-.1%

Low

SI

Cat Isl and
(Penfound and 0,Ne.ill, .|934) 27.0

LOUISIANA

Breton I s'land
(Gould and Ewan, .l975)

TEXAS

South Padre Island
(Lonard et al., lgTg)

MEX ICO

Isla Aguada
(Sauer, I 967)

19.2

27 .0

'l'l .g*

VBry Low

LFw

Vpry Low

SI Sorenson's Index of Sim'ilarity
* Plant l'ists for sea oats zone and shrub zone from thp presentstudy used for this calculation

** Plant 'list for Innt s]opg of barrier dune from the presentstudy used for thjs calculation
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caro]ina, sanibel Isrand, Florida, Dauphin Island, Alabama, and Isra
Aguada , Hex'ico.

According to the simirarity rimits, or rankings, presented by

carlton (1977), the sea oats community at the present study site had

only moderate similarity to the strand vegetation which was exarnined by

carlton (197r) onry 2.3 km to the west on santa R'sa Isrand. The

Sorensen's Index value (59.1 percent) for these two sites was much Iower
than expected, since the two sites were fairly close to each other.
Th j s I ow val ue was probably due to the use of di fferent sarnp'ling tech-
niques at the two sites (viz. car^lton used only a singl e 76 m line_
i ntercept transect ).

As indicated by the sjm'irarity index varues, vegetation a.rong the
Florida coast becomes incneasingly dissimilan in comparison with that of
the present study site as sites farther^ and farther to the east and

south are considered. For example, coastal strancl vegetation at Apo'llo
state Park and saniber Isrand had very row simi'rarity (in the range of
II'25 percent) to that of the present study site accord.ing to carlton,s
classifjcation. The same tr end of decreasing sjmilariliy was seen when

vegetation at the present study site was companed with sites progres_
si ve'ly farther to the north along the Atl antic coastr of the uni ted
States. For example, coastal vegetation of parnamore Island, Virginia,
had almost no simjlarity to that of the present study sfte, and coastal
vegetation at smith Isrand, vinginia, and cape cod, Massachusetts--wfth

s'imi I arity index values of 0.0 fon both sites--had no simiar..ity at al I
to that of the present study site.

coastal strand vegetation on Dauphin Island, A1abamo, had low sim.i-
'larity to that of the present study site, wiih the simirarfty index
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value for the two locations being on'ly 4i.r3. simi larity between vegeta-
tion at the present study site and other sites farther west and south in
Mississippi, L0uisiana, Texas, and northern Mexico, wag even less, with
the similarity index value for ship Island, Mississippi, being onry 6.9,
for Breton Island, Louisjana, being only lg,2, for South padre Island,
Texas, be.ing only 27.0, and fon Is'ra Aguada, Mexico, beting on]y r.1.8.

0f the 32 comparisons made between the plant cofrununities at the
present study site and other coastal sites of the Gulf and Agantic
united states and Mexico, only one produced a rat.ing qf moderate simi-
larity, seventeen produced a rating of row simirarit.vp ten pnoduced a

rating of very row simirarity, and the four remaining comparisons
yielded.atings of a'rmost no or no simirarity (Tab1e p6). This indi_
cated that the fro.istic composition of the present stu y site can gen_

erally be considered as not very similan to that of othen coastal areas
to the east and west in the southeastern and eastern United states and

northern l,lexico.

It shou'ld be noted that 26 of the comparison sitqs shared unio.la
paniculata with the present study site (and that it was flominant at many

of them), 25 sites shared 0enothera humifusa, 23 sites shared panicum

amarum' 1'7 sites shared conyza canadensis, 17 sites sh4red Heterotheca
subaxil laris, 16 sites shared Hydroc-otyre bonariensiso and 14 sites
shar"ed Iva imbricata (Table 27). It thus appeared that s certain physi-
ognomic simi'larity existed among many coastal strand sit4s in the south-
eastern and eastern united States--a similarity which wlas not strictly
reflected in the nrathematical ca'lculation of sorenson,s Index of simi-
larity.
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It was interesting to note that many of the p1$nts found in the
thr"ee dune strand z'nes examined in the present stqdy also conmonry
occurred at inland sites well removed from the coast6l strand. These

included such weil -known prants as ceratiora eriFoides, chrysoma
paucifloscu'lo:g, conradina canescens, conyza canadensfs var. pu.s.]llus,
Heterotheca subaxj r]ari s, Hydrocotyr e bonariensi s, h umi fu.s a ,
Polygonella gracil-is, and smi lax auriculata. However, luniola panicula-ta

and schizachyrium maritimum--the two most outstanding dunar species--
were restricted to the coastaj strand and cid not grow at inland sites;
the same was true for panicum amarum.

uniola panicura!g, of course, dominates the zone just inrand from
the bare beach strip. Its various xeromorphic characters, its ability
to withstand sand buriar, its resistance to sart spray, and its ron sojl
mo'i sture requi rements , make u. panicul ata i deal ly sui te(l for^ survi val i n
this harsh environment of continuous wind, strong suplight, shiftinq
sand, and intense wind-borne salt spray. In fact, U. paniculata suc-
ceeds in this environment as does n0 other plant and seems to thrive
there to such an extent that its covenage at the crest of the barrier
dune (41.5 percent) fs greater than that of any other f,une stranc spe-
cies at any point in the three dune zones. The success of U. pan.icul.ata

on the barrier dune is particu'larly noticeable when it flowers in sum-

mer, covering the dune with a dense anray of innumerab.le tall inflones_
cences.

The ecology of Lf. paniculata is well known, and has been e'lucidated
bv l'{agner (1964), Kurz (I942), Godfrey (Lg77), and Dahlr et al . (1975),
among othens. This species is, without doubt, ther primary dune_
stabilizing element of the coastal stnand flora in tlhe southeastern
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United States, and serves this function from the $outhern part of
virginia southward t'o F'lorida's east coast down to the keys, and along
Florida's northwest coast westwand to Texas and south into l4exico. It
is the ability of th'is grass to produce abundant hor.izontal rhizomes,

and to do so jn tiers as sand bujlds up around its main axis, which
allows it to have its pne-eminent dune-building role" uniola js the
main pioneer species respons'ib1e for the genesis of har rier dunes by

trapping wind-bonne sand around its base. As sand acc:umulates and the
dune builds up, the main axis of uniola grows upward thr:ough the accumu-
lated sand, producinE horizontal rhizomes fnom each subrterranean node--
which, in turn, produce upright shoots at their nodes--iiormjng a network
of tiered rhizomes within the mound of sand which is the dune (for. a

diagram which'iilustrates this see Dahr et ar., rgTs). uniora thus cre_
ates the dune, then holds .it together and prevents it from being blown

away' lJhen the dune has become thus stabilized, other species of plants
(e'g'Galactia m'icrophylla) become establjshed and, with their roots and

stems, add to the stability of the dune.

Panjcum amarum is another grass which occurs on the front of the
barrier dune and participates in the pnocess of sand entrapment and dune

building. The autecology of this prant has been discussed by Dahr et
al ' (19i5). 0n santa Rosa Isrand this species occuns primari 1y as

remotely scattened clumps' It does not seem to reproduce vegetatively
as vigorously as does U. paniculata and does not form tlhe large inter-
connected clones charactenistic of uniora. These c'rumps of p. amarum,

however, do entrap wind-borne sand and can withstand considerable sand

burial, and thus a small hummock of sand in the immediate area of each
piant nesults.
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00sting and Bir'rings (rg42) observed that uniorla panic-urata was
dominant where salt spray intensity was greatest. Data from the present
study showed that this observation also applied to the santa Rosa Island
coastal strand, fon more sart spray was clearly neceived at stations
whene Uniora was dominant than at dune stations where it was not.

; ;;.; ;;.,' ;.;;;..,.;;',@;:;
which they referred by the old name Andropogon littoralis) was dominant
where the salt spray intensity was less than at sites dominated by u.
paniculata' For northwest Florida schizachyrium maritinlrun is apparent.ty
the ecologicar equivarent of s. ritt.orare (and is a species crosery
related to it)' At the present study site s. maritimum rvas clearly dom-
inant over u' paniculala in the zone along the north side of santa Rosa
Island, ,uhere ress sart spray was received than in the,sea oats zone.
This distribution pattern was simi'rar to that observed by 0osting and
Billings (1942) for S" rfttora're in North carorina.

0osting and Billings (1g42), among others, conclqrded that wind-
bonne salt spray was the main environmental factor^ producing and main-
taining the zonation of coastaJ strand vegetation. The same conclusion
appfies at Lhe present study site (cf. the discussion of wind-borne salt
spray in this report for additional information). It mBy also be con-
cluded that the froristic composition of the prant comryunities of the
zones is determined by sart spray intensity, since in each zone grow
only those prants which can torerate the amount of wind_bprne sait spray
deposited there. As long as the salt spray input remains constant for a
given zone (and it will renain so as long as the distantce of the zone
from the ocean and the wind regime remafn uncha4ged ), species
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colitpos i ti on and domi nance of the vegetati on i n that zqne shoul d remai n
unchanged' once vegetation becomes estabrished there.

If the pioneer community for a particu'lar coasta'l strand zone
remains unchanged in composition and dominance for a protracted period
of tirne, thus constitutjng a stable community, it may be concruded that
succession as it is general 1y perce'i ved by ecologists and botanists
(i.e. autogenic or biotic succession) does not take place there, and
that the pioneer community is arso the crimax commun.ity. This appears
to be the situation for the coastal strand zones of extreme northwest
Flor^ida. A study of the coastar strand of perdido Key recently con_
ducted by Dr. rrr. I. cousens (pers. comm. ) reveared that the pioneer com_

munity of a dunal area there which was denuded by Hurricane Freceric had

the same species composition as the apparently stable qommunity of the
sea oats zone examined on santa Rosa Isrand during the present study,
anc uniola paniculata. was the most abundant plant colonizing the bare
sites there' This suggests that in the sea oats zone, at least, succes_
sion does not occur,

ldells (1942) stated that each of the zones along a gtable coasgine
are climax communities and are "stabjlized by differenE salt intensi-
ties. " 0osting (1954 ) considered coastar strand succ6ssion in great
detail and concluded that the dominants in each zone,,ane there because
of physiographic position, which in turn determines exposure to wind and
sal t spray, and depth to water tab1e,', and that ,,The zones are then
stable, too, with litile or no evidence of succession,,and,,there is no

neason to believe that a shrub zone woulcl invariably develop on a

uniola-dcminated zone, and ft is highly improbable that ilive oak forest
could ever grow there." Martin (1959) stated that the herbaceous zones
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of coastal vegetation at Island Beach, New Jersey, were ,,structurally

and compositionally stab'le under the environrnental 6onditions which

characterjze them," and that "The herbaceous, shrubby, and arborescent

zones do nct necessarily represent seral stages in biotic (autogenic)
succession'" Daubenmire (1968) considered the matterr and necognized

that near seacoasts the zones of ternestrial vegetat.ion were relatively
per-manent and did not show successional trends. Tyndall and Levy
(1978) concurr^ed with the conc'lusions of trtel ts (Lg4Z) and Martin (1959)

and stated that "Fonedune-grass, shrub, and tnee zones Fre not progres-

sive seral stages on stable or degnading coasts,,,

0f course, it can be seen that if something, such as shorerine
migration, should cause the sart spray deposit.ion patltern to change,

then the zones of vegetation would shift accordingly, but their posi_

tions relat'i ve to one another anc thei r community conlpositions would

remain unchanged. Boyce (1954) stated the same idea as follows: ,,Suc-

cession in the salt spray community is actually an oscillation in space

of the physiognonric zone, which is contnol'led by the long-period fluctu-
ation of salt spray intensity." Daubenmire (196s) a'r$o erucidated a

similar point: "shourd the course of physiographic flevelopment, or
rnanipulation by rnan, bring about a prognessive change jn the intensity
of the factors controlling the be]ts [zones], the latter must migrate in
an appropriate direction" and "The mere juxtaposition of communities on

a gradient, then, is only an indication of possible successional re'la-
tionships that may pnoceed in either of two directions.,,

0n1y if a physiographic change would produce an area sheltered from

salt spray, cou'ld autogenic or bjotic succession take plpce in the dune

strand. An apparent example of such a sftuation was sesn just west of
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the Dunes [{ote] on santa Rosa Island, where a large high sand dune
apparently had a she'ltered anea on its leeward s1ope. In this she,ttered
spot an unusuar assemb'rage of prants had developecr , including the
following species, most of which are usually associated with mesic habi-
tats : Magnol i a grg{l]gra , Toxi codend ron radi cans , Loni cera semper_
vi rens ' and Erythrinq herbacea. such snra'tJ areas of p'lant communi ties
showing autogenic succession in a habitat (the dune stnand) which is
genera'lly in a state of stabilized dysclimax due to salt spray cannot be
interpreted as the monoclimax that wi'll eventually be achieved in the
sea oats, shr^ub, and bJuestem zones. These protected associations are
pnobably best interpreted as ectopic communities which owe their exis-
tence in this unusual setting (the leewar.d dune slope) to a fortuitous
quirk of nature' namely, being shertered from sart spray impact.

PINE FORTST

The we'-devel0ped p'ine forest on the western encr of santa Rosa
Island is a heterogeneous community and at of its major species arso
.ccur at inland sites on the mainrand. It is crear ly donrinated by _u_tgr.
el I iotti i (sl ash pine), with the next most abundant species beino
Quercus virginiana var. geminata (sand live oak). Similan Pinus-@ercus
forests have been described for banrier isrands ofli the coast of
14ississippi (Penfound and 0'Nei11, i934; pessin and Burr.reigh, 1941).
Pessin and Burleigh (1941) noted that there were fewer live oaks than
slash pines on Horn Island, but they could not explain why, and that
"Most of the vegetation on Horn Isrand does not differ appr.eciably from
that on the mai n'l and . "
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The present study has been unab'le to demonstrate that sa] t spray i s
the factor which r'estricts the pine forest to the intgrion part of the
island between the shrub and bluestem zones, but it is still postulated
that such is the case. In other words, it is postulate6 that salt spray
intensity is too great at the sites occupied by exposed dune communities
(sea oats zone' shrub zone' and bluestem zone) for- pine forest to exist
there, and that it i:s actuaily the row intensity of sa1t spray near the
interior of the isrand which permits pine forest to exist thene. The
species composition of the forest, however, may be infruenced by other
environmentar factors as wer1, and considering the eccll0gy of the two
majon trees (pinus el liottii and Quercus vi rginiana var. geminata) pro-
vides hypotheses which may account for the species composition. These
conjectures, which are discussed be1ow, will require further. invest.iga-
tion to be verified for the pine forest on santa Rosa Island,s western
end.

Pi nus el l i ottr'i seems to prefer^ si tes that have a sha l l ow water
table' It is found in "wet fratwoods, branch-swamps, areas border.ing
shallow ponds, and a'rong'ragoons and bays near the coasts,,(Kunz and

Godf rey , 7962) , hence j ts al ternate common narne ,,svlarilp pi ne.,, It i s
also occasionalry seen along eroded banks of bayous an bays with its
roots exposed and extelnding into the water to the substr.ate be'low, thus
presenting a peculiar and pnecarious mangrove-1ike appearance. At the
present study site, the water table was generally shallow whene p.

elliottii occurred. l'his was part'icu'larly evident near Blackbird Mar^sh

whene the largest pines grew. In fact, the presence 0f a nelatively
deep water tabre (>3.0 m) in the dredge spoil area (bluestem zone) north
of the pine for:est may exp'rain--at reast partia'r1y--why srash pines have
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not become establjshed there since deposition of the spoil in 19SB_59.

In contrast, Pinus ilausa prefers well-drained sites, and thus would not
do well at the sites occupied by I, eiliottii cn santa Rosa IsJand. The

other pi nes nati ve to northwest Fl ori da (q. ech.i natal, t. gr abra , L,
palustris, P. senotina, p. !3!!e), as weil as p. craus_q, are apparently
less tolerant to wind-borne sart spray than is p. eiliottii (cf. ile1rs,
1942), and this might explain their absence from the study area.

tven though p. sl-]i-gur-r- is quite resistant to sarll spray, it could
not withstand the extneme onslaught of salt spray and sea t.later
inundat'ion experienced during the night of september 12-i3, lgrg, when

Hurricane Frederic struck. l,lany tnees at the study site were killed,
panticularly those near the south side of the forest, but arso some at
the intenior (near station B) as weil. It is interesting to note here
that stoneburner (1978) has shown that on barrier islands off the
Mississippi coast, in areas whene rive oak forests (Q. vir.giniana van.
geminata) are expected, pure slash pine forests (p. elliottii) were

maintajned by hurricane effects. He stated that hurricane-generated

overwash destroyed the sand live oak seedlings in the urrderstory, leav-
ing only the matune oak trees, and that this destruction of the competi-
tive understory permitted the germination and gr^owth of slash pine seed-
I ings' stoneburner (1978) also observed that hurnicane ovenwash

appeared to temporari'ly stimulate the growth of established slash pines
which survived, and that this was clearly shown in the annual ring pat_
terns of tree trunk increment cores.

It appears that salt spray intensity
great for even pinus elliottii to grow,

i sl and the sal t spray i nput i s much

too

the

south of the pine forest is
and that at the interior of

reduced, but is still great
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enough to excrude many sensitive p'rants. If sart spray is indeed the
environmental factor" which determines the ljmits of the pine forest,
this wou'ld explain why pine forest exists only on the wider parts of
santa Rosa Isrand. 0n the narro$/er parts of the isrand, sart spray
intensity would be so great at al.l points across the width of the fsland
as to prevent the establfshment of pine trees.

In generar, the woody species composition of the pine forest was
not greatly different from that of an inrand srash pine fratwoods, as
determined from reconnaissance obsenvations, This was particularly
noticeable in areas where I'lgx glabra dorninated the understory vegeta-
tion at the study site--a situation wh'ich is common at inland flatwoods
forests.

One outstanding prant which occur.s in this pine forest, but is not
found in inland fratwoods, is the sand rive oak, Quencus virginiana var.
geminata' This species is one of the most salt spray-resistant trees of
the southeastern uni ted states , and , as r^/er r s (1939 ) poi nted out, i n
coastal areas where it is dominant, its presence may b<e interpreted as
constituting a "sart spray cr imax." its occurrence as a sart_spray_
fonmed shrub in the shrub zone on santa Rosa Island is indicative of
this resistance. In the pine forest Q. virginiana var. geminata occurs
on the old dune ridges (which usually rfse less than two meters above
the lower' moisten aneas), where some specimens have achieved consider-
able dirnensions. Interestingry, 0osting (1g54) has observed that in
Fl o.ida coastar strands sand r i ve oak (q. vi rgini ana var. geminata)
domi nated on steri r e aci d si tes " such as those found at the present
study area' while live oak (Q. virginiana) occurr.ed on less-acid and
probably geological'ly older s jtes.



108

The pine forest at the study site thus is dominalted by two of the

most salt spray-resistant trees of northwest Florida. In addition to
salt spray resistance, g" e'l I iottii and g. virginiqna var. geminata

appear to be able to grow, and even thr-ive, in soils of very low

ferti'lity, and this abiljty may also be an important factor in explain-
'ing the composition of the santa Rosa Island pine forest.

Data fnom the present study showed that seed'lings of Q. virginiana
var. geminalg greatly outnumbered those of P. elliotqii, the dominant

species of the forest canopy. This pnedominance of {Juerc.us seedlings

may indicate that a type of succession is taking plaqe in which slash
pine will eventually be supplanted in dominance by sond live oak. A

similar type of succession (in which Quercus virginjant and other hard-

woods succeeded Pinus cqribaea (= p. ellio-ttii )) Was described by

Alexanden (1953) for a site on northern Key Largo, FlOr^ida. Alexander

considered the slash pine to be a pioneer. species at the site he stud-

ied. However,'it seems unlikely that sand live oak wjll ever comp'letely

d'isplace slash pine at the present study site, since thg low areas where

the slash pine thrives are not suitable for live oak deyelopment. A)so,

it is possible that some of the Quercus seedlings talljed may actually
have been root sprouts, thus pnoducing a misleading courlt. Furthermone,
'if the observations made by stoneburner (197s) also appny to the present

study site, the occurrence of periodic hurricane-generalted overwash can

be expected to prevent the sand'rive oak from becoming (ominant.
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THE ENVITONMENT

SOIL FACTORS

Organic Matter, Moisture, Nutnients, and 0ther chemical; Factors

Dunes. Organic content of dune soils at the present study site was

very low (1ess than 1.0 percent at al'l dune stat'ions And less than 0.1
percent at four (1, 2,3, and 4) of the five sea oat$ zone stations).
In fact, it was uniformly so low at al'l dune stations that no pattern of
coincidence between soil organic content and vegetatiOna,l zonation was

indicated by the data.

!{agner (1964) measured organic content of coastal strand soils on

Eogue Bank, Nor th Carolina. 0f seven sites sampled, five had virtua'l1y
no soil onganic matter (0.0 percent), and the other two had soil organic
matter of 0.1 percent and 0.2 pencent. Au (rg74) reporfed similar.ly low

organic content for the dune strand soils he examinerd on Shackleford
Bank , North Car-ol i na.

0lson (1958), in the United states, and scott (196s), in England,

concluded that succession of plant conmunities'in the sandy soil of an

inland dune (near Lake l4ichigan) and of a shingle beach habitat, respec-
tively' was dependent upon the accumulation of organic Fratter from dead

plant remains in the soil. Since the harsh environmenlt of the coastal
strand apparently prevents the accumulation of any congiderable amount

of humus in the dune soil, it can be hypothesized that tlhe type of auto_
genic succession desc.ibed by 0lson (1g5g) and scott (1965) ooes not
take place in such a habitat.

The dune soils in the present study area were compoped primarily
wh i te , coarse , si I i ceous sands mi xed wi th var^i ous amounrs

of

of
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ocean-derived shell fragments. The shell fragments wene most abundant

at the southern and rnorthern edges of the island nean the Gulf of l,lexico

and Santa Rosa Sound shorelines and at stations 9 and 10 in the bluestem

zone.

The coarse sandy nature of these soils allows water to percolate

very rapidly. fherefore, above the water tab'le the moisture content of
these soils is not great--a fact which makes the area studied an inhos-
pitable site for most plant species. Au (1974) obsenverC that jn a North

Carolina coastal strand area the water table was usually 30 to 60 cm

bel ow the surface and was not i nf requently 1 m or so .l'rom the surface.

He also noted that one day after a nain, water had moveqi down to a depth

of 15-30 cm below the soil surface, and that aften thnee days of penco-

I atjon fo'l1owjng a rainstorm the water had moved down to a stable depth

in the soil profile whfch remained unchanged after three weeks.

lJjth the exception of station 1, dune soil moisturel content for the
present study, measured several days after rai nfal'l , was uni fonm'ly I ow

in the upper 20 cfr, ranging from 1.0 to z.B percent. station 1 showed

somewhat higher soil moisture content (3.5 to 3.6 per"cent), presumably

due to ocean spray inputs.

Au (1,974) found that three days after a nain, foredune and rear-
dune soil moistune to a depth of 5 cm cid not exceedl 1 percent, was

almost 0 percent at the very surface, F,as between 2 and 3 perceni at a

depth of 18 cm, and did not exceed 4 percent at a depth of 4g cm. He

also reported that two weeks after a rain fonedune so'fl moisture to a

depth of 5 cm did not exceed 1 percent, was nearly 0 pencent at the very

surface' v/as between 1 and 2 percent at a depth of 1g cm, d.id not exceed

2 percent at a depth of 48 cfr, and r.Jas between 2 and 3 per^cent at a
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depth of 63 cm. Sot'l moisture results of the present study for all dune
stations' except station 1, were withjn the same range as those reported

by Au (t974). However, van der valk (1974a) reported somewhat higher
resu I ts for samp'les f rom 20 , 40, and 60 crn depths on .toredunes at Bodi e

and 0cnacoke Islands, North canolina, with soil mcisture ranging from
3.1 to 4.5 pencent.

0osting and Billings (1942) also measured dune soil moisture at
depths of 10 cm and 20"cm. Their nesurts (excruding one station (3A)

which was located in a dune swale) ranged from a rovr varue of r.7 per-
cent of dt"y weight to a high value of 4.8 percent for samples collected
at 10 cm depth a'long one transect. Their samples frorn 20 cm depth had

somewhat gr"eater soil moisture content than did the 10 cm samples, con-
taining up to 8.6 percent for the two transects studied. rhis pattern
of somewhat greater soil moistune content at 2c cm than at 10 cm depth

was the same as that obser"ved in the present study, and was similar to
nesults reponted by Au (rgl4), who also observed that the uppermost l5
cm of dune strand soi I dries rapidly after^ rajn and tha,[ the dr.y surface
layer probably acts as a mulch contributing to preservation of moisture
at I ower soi I level s.

0osting and Bi'llings (r942) observed that soil moisture require-
ments of Uniola.pj.llirri'13!s were less than those of _schizachyrium
littorale (referred to under its old name of And_rcLqg.g!. littoralis), the
second most important plant in the coastal dunes of llorth Carolina.
Although 0osting and B'i1'lings (rg42) stated that soil moisture values
fon the upper 20 cm of their various stations seemed not to be signifi-
cant'ly diffenent fr^om each other--a statement which may also be made for
soil moisture nesults from the present study--and that ,,no correration
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i s apparent between the vegetational zonation and pny soi I moisture
f actor between the surf ace and ?.0 cfr,,, they ar so observed that u.
paniculata predominated on higher, drier sites, such asi the crest of the
barrier dune, and that s. littorale predominated in habitats neaner the
water tabre, such as at the base of the reeward slope of the barnier
dune ' An apparentl.y s jmi I ar di strj buti on patter.n rn1as observed for u.
panicu'lata and schizachyrium maritimum in the present study.
schizachyriurn maritimum is supposedly the ecorogicar equivarent of, and
a closely-rerated species to, s. r ittorare. 0n santa Rosa Isrand s.
maritimum l{as found to be dominant at station 5, wprich was rocated
i nl and f rorn the barr j er dune ridge and at which sori I moi sture v',as

sl ight'ly greater than at stations z, 3, and 4, where u_. panicurata was

dominant' At stations 9 and 10 the soil moisture content was about the
same as at station 5, and at these two stations s. maritimum was also
dominant' It is possible that soil moisture content or proximity to the
water table may be a factor in the distributional zonation of uniola
paniculata and schizachyrium rnaritirnum; however, the distribution of
these tno gnasses in relation to water table depth on santa Rosa Island
seemed to be contrary to the hypothesis stated by Oosting and Billings
(1942)' The water tairle depth at station 5, where s. malritirnurn was dom-
inant' was the same as at station 1, where u. panicuralta was dominant,
and the water tabre depth at stations 9 and 10, where s. maritimum also
dominated' was three times as great as that at station 5 (cf. Table 6).

Tyndall and Levy (197S) studied soil moisture in relation to plant
dist.ibution in a barrien dune system in southern virginia. They con_
cluded that soil r,roisture was an important factor influencing the dis-
tribution of the gnass spartina patens and stated that,,the paucity of
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swal es.
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at least in part, by insuffi-
study site S. patens was not

but was observed in some dune

soil pH varues for dune stations of the present study did not vary
greatly, ranging from 5.9 to 7.r, with most r-eadings heing between 6.0
and 6'9' The soil pH differences from zone to zone were not striking
and did not appear to correspond with the vegetationar zonation.

soil pH readings from the present study were not greatly different
fnom those reported by other investigators. 0osting anrl Billings ( Ig4z)
reported that ail soir pH readings at their dune study site on Bogue

Bank, Nor"th Caro'lina, nanged from 7.4 to 7.9 and that no consistent dif-
ferences between stations or depths were apparent. Gooding (1947)
recorded pH fon the coastal strand sands of Barbados, and all of his
readings were between 7.5 and g.5, with gs.7 percent of the readings
being B'0 or 8.5. t3oyce (1954) reponted that soiI pH values for the
coastal sanCs of Cape Fear, Nor th Car^ol j na varied betwreen 7.0 and g.0.
Readings of pH for coastal strand sands on Bogue Bank made by wagner^

(1964) al'l ranged f ron 7.r to g.0, with most readings being betwee n r.7
and 7-9. All of the soir pH values reported by Higgins et ar. (1971)
for the dunegrass comnunity of Assateague Island ranged from 6.0 to g.1,
with most being between 7.0 and 7.8. soil pH readings made by Au (rgr4)
in the dune strand of shackleford Bank ranged fron 7.44 to g.90, and

those recorded by vatl der Valk (Ig7S) for the Cape Hatteras fonedune

ranged from 6.7 to 6.9.

Soil calcium concentrations for^ samples from dune stbations south of
the pine forest'in the present study were extremely low (with many
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samples having only a tnace of calcium), but the samprles from the two

stations (9 and 10) north of the pine forest were many times greater in
calcium content. The higher varues for stations 9 and 10 can be

exp'lained by the greater abundance of seashell fragments observed at
those stations. Pnesumably these fnagments yielded considerable amounts

of calcium to soir of the bruestem zone via reach'ing. The higher con-
tent of soil calcium in the bluestem zone of the present study showed

that this macnonutrient was not responsib'le for the observed vegeta-
tional zonation, since Schizachyri-um maritimum was dominant over uniola
paniculata also at station 5 where there was only a trace of soil cal-
cium.

l.lagner's (1964) calcium data for the dune sands of Bogue Bank

ranged from 7-6 meq/r00 g (i,sz0 ppm) to 8.0 meq/l00 g (t,ooo ppm).

These figures wene many times gr"eater than the soil calcium concentra-
tions for dune stations in the sea oats and shrub zones of the pnesent

study, but were of the same orden of magnjtude as soil calcium concen-

trations reponted fnom the bluestem zone of the present study.

Au (I974 ) r'eported soi I calcium concentrations for dunes on

shackleford Bank which ranged fnom a low value of 4,6?,0 ppm to 3g,100

ppm' In view of these figures, the sands of the Santa Rosa Island dune

strand were remarkably low in calcium content (being at least an order
of magnitude less in calcium concentration than the dunr: sands exarnined

by Au), with even the front slope of the barrien dune registering on)y a

trace of soil calcium" Au (1974) also found that the calcium content of
his dune soi'l samples was considerably greater than the soil calcium

content reported for an inland sandhilrs habitat (19 pprm), and attrib-
uted this difference to contributions from sea shell fragments near the
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coast' Soil calcium concentrations fnom the present study lvere lower
than that neported by Au (rgr4) for a sandhiil habitat. H'wever, van

der valk (1974a) r^eported foredune soil calcium concentrations for Bodie

Isl and which wene of the same order of magni tude as tlirose observed for
the foredune of the present study, with results for his surface samples

and samples from 20 cm depth ranging from 4.4 kg/ha (2.0 ppm) to 7.0
kg/ha (3.1 ppm). For additionar comparison, various soirs for six
stands of'longleaf pine in santa Rosa county, Florida, had calcium
concentrations fo. the upper 30 cm which ranged from rc.0 meq/100 g (0
ppm) to 0.5 meq/100 g (100 ppm), with most samp'les having 0.2 meq/100 g

or less of calcium (Car1is1e et a1., 1978).

Soil magnesium content of the dune stations may be described as

exceedingly 'low, especial ly when compared with the findings of Au

(1'974)' who reported foredune soil magnesium concentra'bions which were

60 to 70 times greater than those of the present study! Higgjns et al.
(1971) reported soil magnesium concentrations for the rcunegrass commu-

nity of Assateague Isrand which averagec zr.3 ppm for the surface and

20'5 ppm for a depth of 20 cm. These figur"es were several times gneater

than those necorded in the present study. van der va']k (1974b), how-

ever' reported soil magnesium concentr"ations for the foredunes of Bodie

and 0cracoke Islands which wene sfmirar to those of the present study,
being, in fact, somewhat less; his concentrations for the surface and 20

cm depth ranged from 2,0 kg/ha (0.9 ppm) to 4.4 kglha (Z.O ppm).

Although in the present study soil rnagnesium concentratiCIns were consid-
enably greater in the bluestem zone than in the sea oats and shrub

zones, soi'l rnagnesium did not appear to coincjde with the vegetational
zonation for the following reasons: the floristic composition of the
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sea oats and bluestem zones were almost the same, even though the soil
magnesium concentrations were different; and Schizachylium maritimum was

dominant at both stations 5 and 10, although soil magnesium concentra-
tions were three times as great at station 10 as at station 5.

soil potassium concentrations from the present sturly were uniformly
very low for all dune stations and thus did not show any correspondence
with the vegetationa'l zonation. l,lagner (1964) reported dune sand potas-
sium concentrations 1'or Bogue Bank, North carolina, as nanging from 0.03
meq/100 g (11.7 ppm) to 0.05 meq/i00 g (19.S ppm)--figures which were

appnoximately thr'ee to five times as great as most of the dune soil
potassium concentrations for the present study. Higgins et al. (lg7r)
reported soil pctassium concentrations (as lbs/acre Kri0) for the dune-
grass community of Assateague Island as averaging 4.3 ppm for the sur_
face and 4'7 ppm for 20 cm clepth--results which wene similar to those
from the pnesent study. Au (rgr4) reported soil potassium concentna-
tions for the foredunes and rear dunes of shackleford Bank as ranging
from 35.2 ppm to 44"0 ppm for the upper 3C cn of the soil pnofi.le_-
values which were severaJ times gneater than those of the pnesent study.
For Bodie and 0cracoke Islands van der valk (lgl4b) reported foredune
soil potassium concentrations ranging from 1.6 kg/ha (0,7 ppm) to 4.5
kg/ha (2'0 ppm) folthe surface and 20 cm depth--concentratfons which
were Jess than those of the present study. For additipnal comparison,
Carlisle et al. (1978) reported soil potassium concentrations for vari-
ous soi I types at sj x stands of 1 ongl eaf pine forest i n Santa Rosa

county, Florida, as ranging fnom a mere trace to 0.69 nreq/100 g (269.1
ppm) for the upper 30 cm of the soil profile.
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Soil phosphorus concentrations for the present study wene extremely

low for dune stations south of the pine forest, indicating the infertil-
ity of the soil at those stations. The soil phosphorus concentration

did not differ between the sea oats zone and the shrub zone, indicating
that this nutrient was not causally related to the zonation of the vege-

tation. The somewhat higher soil phosphorus concentratjons found in the
bluestem zone did not show a pattern of coincidence with the vegeta-
t'iona'l zonation, since Schizachyrium maritimum was also dominant at sta-
tion 5 where the soil phosphorus concentnation was the same as those for
the other stations of the sea oats and shrub zones.

Hagner ( 1964 ) reported dune sand phosphorus concentrati ons for
Bogue Bank which ranged from 23.0 ppm to rzB.0 ppm--figures which were

many times greater than the dune soil phosphorus concentrations of the
present study. Higgins et al. (1971) reported soil phosphorus concen-

trations (as lbs/acre Pz05) for the dunegrass community of Assateague

Island which were jn approximately the same range as those found in the
sea oats zone of the present study. Their results, corrverted to ppm of
P, yield an average value of 1.09 ppm for. surface samples and.an average

value of 1.02 ppm fon samples from z0 cm depth. Au (rgl4) similarly
reported very low so.i1 phosphor.us concentraticns for" ghackleford Bank,

with samples from the foredunes having vfrtually no measurable phospho-

rus and the rear dunes averaging 5.0 ppm for the uppen 30 cm. bJright
(1956) also reported extremely low soil phosphate content for an English

dune.

soi'l nitrate concentrations for dune stations of

were very'low, and no coincidence between this factor
zonati on was evident " Al though ni trogen i s general 1y

the present study

and vegetational

con s'i de ned to be
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an important nutnient for" all higher vasculan plants, few investigations

0r measurements of i t have been made i n coasta'l strernd habi tats. Au

(1974) reported dune soi'l nitrogen concentrations whiah ranged from 20

ppm to 30 ppm for the upper 30 cm of the soil profile. This was several

t'imes greater than the soil nitrogen content of the present study, and

underscored how low in nitrogen the Santa Rosa Is'land dune sands were.

For additional comparison, soils from two inland sites had nitrogen con-

centrations of 47A ppm and 290 ppm (Au, 1974lr.

Au (1974) also performed phytometric stud'ies in which transplanted

dune species v,,ere watened wjth f iquid ferti I izers containing nitnogen,

phosphorus, and potassium. His results showed that .pot,assjum alone was

not a limiting facton for the growth of dune speci€s, but that njtrogen

and phosphorus were extremely important in th'is negard. He concluded

that "dune soils are conspicuously low in nitrogen ancl phosphorus, and

thus the supply of these erements may be a limiting facton for many

species," so that "oniy a few Iow-nutrient-requiring species . can

survive jn such environments" and that "competition for meager nutrjtion
i n the soi I may exp'lai n to some degr^ee the open vegetation in the dune

environments." Since the dune soil nitrogen and phosXlhorus concentra-

tions from the present study were lower than those found by Au (rg74),

the same conclusions may 'legitimatery .be applied to the santa Rosa

Island dune strand species.

Along the same lines, Boyce (1954) stated that',sea water appar-

ently contains all of the necessary mineral ions in sufficient quantity

for normal growth of land plants except nitrogen and phosphorus.',

Accordi n9lY, he exami ned the ef fects of phosphate and rl'itr^ate fenti I i z-

ers upon uniola paniculata, Panicum amarum, Triplasis purpurea, Croton
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punctatus, Physalis marit'ima,0enothera humifusa_, and Cakile edentula by

adding them to selected p'lots in natural stands of these plants. Boyce

found that phosphate-treated plants showed slightly betten growth than

untreated plants and that the susceptibility to salt spray of the

treated plants was not different from that of untreated plants. plants

treated wi th ni trate ferti I izer, however, showed better growth than

untreated p'lants, but were also much mone susceptible to salt spray

damage than the untneated plants due to the fact thart they developed

thinner leaf cuticles which allowed mone chloride to eniten their leaves.

Boyce concluded that low "availab'le nitrogen in the dune envjnonment

openates as a conditioning factorr" resulting "in an increase in the

tolerance of dune species to salt sprdJ," and that jf tlne ava.ilable sojl
nitrogen of the dunes brene somehow increased, the pattenn of plant zona-

tion and distributjon would change so that many species would become

restricted to areas of lower salt spray intensity. Since several of the

species considered by Boyce (1954) also occur on Santa Rosa Island at

the present study si te, the same observati ons and suggest'ions may a'lso

be appl i ed thene.

0osti ng and Bi'l 1 i ngs (rg4z) reported the Nacl content of dune

soils, and found the greatest concentratjon to be L.B1 mg/100 g, which

is equ'ivalent to 1.10 mg cl-/100 g (11.0 ppm cl-). Th.iis amount of soil
chl ori de was appnoxi mate]y two to ten ti mes as great as r.esul ts f rom

dune soil samples of the pnesent study; but 0osting anrd Billings sti'11

concluded that such "minute quantities of salt" as they observed in

thein soil samples could not affect the growth or d'istn'ibution of plants

on the dunes.



i20

Boyce (1954) merasured soil chloride content of the upper l cm.layen

and at a depth of 15 cm on the dunes at Long Beach, Brunswick County,

North Caroljna. He found that the surface )ayer had a much greater
chloride content (avenaging 36.8 ppm) than did the lower soil stratum
(averaging 8.0 ppm). This was the same situation reported by a number

of other i nvestigators cited in hi s di scussion. A simi lar resul t was

observed during the present study for soil samples collected at the very

surface and at depths of 5 cm and 10 cm near substitute salt spray dune

stat'ion 3: after a prolonged dry period the soil surface chloride con-

centration was found to be several times greater than that at 5 cm and

10 cm depths. Boyce (1954) also found that inr,medjately after a rain the

soil chloride content at a depth of 15 cm remained aJmost unchanged

(averaging 7-75 ppm), but the surface chloride content decreased to a

concentration (averaging 7.5 ppm) approximately equal 1ro that of the 15

cm stratum. He concluded that "most of the chlorides are leached fnom

the sands by the frequent r"ains" and that, since salts deposited as salt
spray remained at the sojI surface and were then rapid'ly leached through

the sand by rains, "a negligibie quantity of chloride is absorbed by the

roots of dune pl ants.',

Au (1974) investigated soil salinity in the dune strand of Shackle-

fotd Bank, North carolina, and reported the amount of salt in his sam-

ples as ranging from 3.3 x 10-4 N to 6.1 x 10-4 N. /\u,s soil samples

rt/ere approximate'ly 50 g in weight, and the aqueous extract for each sam_

ple for the salinity analysis was 100 ml in volume. lfhe extracts were

nead urith a conductivity bridge, and salinity was established fnom a

standard curve prepared with known concentrations of sodium chloride.
Based on this'information, Au's figures (expressed as normality of the
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sojl extnact) may be converted to the following approxirnate concentra-

tionsofNaClinthesoilsamples:38.6ppmto71.4ppm;andthesecon.

verted figur^es further yield soil ch'loride concentratjons of 23'4 ppm tO

43.3 ppm, respective]y, which were several tjmes greater than the soil

chloride concentrations neported jn the present study. However, it

should be noted that /\u's results for soil salinity ana'1yses were not

entire'ly reljable due'bo the analytical method which he emPloyed' Au's

read.ings were produced by the conductivity of all soluble salts from a

soj I sample, not iust l{acl . Applying such conducti vity' r"ead'ings to a

standard curve based on known concentratj ons of Nacl wou'ld yje1d concen-

trat.ions for NaCl which rntere erroneously gneater than the actual NaCl

concentnation of the solutjon whjch was measured' However' sjnce NaCl

probably comprises a considenable percentage of total soluble salts 'in

coastal strand soi'ls, Au's f igures, which were simj'lar to concentra-

t.ions reported by Bcyce (1954), were probably not gr^eat1y erroneous'

Nevertheless, Au consjdered the amounts of salt jn all of his soil

samples to be minuscu'le, and, although he did not rneasure the uppermost

5 cm of the dune sancl,, he stated that due to the low water content' this

soil layer would have h'igher relative sajjnity than deeper strata' Au

also observed that "contjnuous leachjng by rajnwater results in'ljttle

salt accumulation in soil "--an observation sim'ilar to ttrat nrade earlier

by Boyce (1954).

stalter (1976) measured soil chioride for the dune strand of

Huntington Beach state Park, south caro'lina. Hjs results shovled that

the uppermost layer oF dune soil had a greater chloride concentration

( and hence, greater saf i ni ty ) than did the deeper s0i 1 strata ' with

results for samples from 1 cm depth ranging in chloricle content from 5
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ppm to 160 ppm (average: 38.8 ppm). For soi'l depths of 15 cm and 37.5

cm Stalter's nesults ranged from 2 ppm to B ppm chloride (average: 3.6

ppm), with 60 percent of his samp'les having a chloride content of 2 ppm.

Stalter.'s results for^ the deeper sojl samples compared very c'losely to

results of the present study, even though different depths were consid-

ered in the two studies.

Higgins et al. (1971) measured soil salinity of the dunegrass zone

on Assateague Island using a conductivity bridge and a method which was

probably sjmilar to'lhat of Au (1974). For s,urface samples thein

results averaged 0.14 ppt (140 ppm), for" samples fr^om 20 cm depth the

mean was 0.26 ppt (260 ppm), and for samples collected at the top of the

water table (range: 45 cm to 190 cm depth) the mean wa1; 0.36 ppt (360

ppm). The results obs;erved by Higgins et al. (1971) wene most unusual

for two reasons. Fi rst, they reported i ncneasi ng soi I sal i n'i ty wi th

incneasing depth jn the soil profi'le, which was contrary to what other

jnvestigators have observed. Secondly, the concentrat'ions they reported

were much greater (as much as one order of magnitude greaten) than soil

salinit'ies reported by other investigators for Atlant'ic coast sites of

the United States and for the present study sjte. It'is possible that

these nesults yJere erroneous'ly too h'igh due to the anaiytical method

employed; but jt is also possible that the wind, salt spray, and precip-

itation regimes of Assateague Island were such as to produce these

apparent'ly excessive amounts of soil salinity or that salt water intru-

si on (or a si mi I ar phenornenon ) was evi denced .

Hi ggins et a'l . (19i1) a'lso measured sal inity of glroundwater col -

lected at the upper surface of the water table, and r"eported an average

of 3.19 ppt for sarnples fr"om the dunegrass conmunity. This fjgure bJas
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in the same concentrat'ion range as results reported for Soil waten sam-

p'les f rom Isl and Beach State Park, l{ew Jersey, by tilarti n (1959 ), who

considered as "a negligible amount" the concentratjons (which did not

exceed 2 ppt ) of soi I vlater sal 'in j ty whi ch he f ound '

Barbour and DeJong (1977 ) reported soil salinity vatlues fon beach

sjtes all along the Pacjfic coast of the United States. Thejn results

r.anged from 75 ppm to 2,800 ppm for samples collected at 10 cm depth

from 34 djfferent locations. These results were many times greater than

the concentratjons (extrapolated from chloride readings) reponted for

the present study, and the higher concentrat'ions Were at least ten times

as great as val ues reported by H'igg'ins et al . (1971 ) . Barbour and

DeJong's collection loc'i wene apparently very close to the ocean shore-

iine, and thjs may account for the'ir high beach soil salinity va'lues'

The low concentrat'ions of soil chloride observed in the present

study, and similarly'low concentrations of sojl chloride and/or soil

salin'ity reported by most other jnvestjgators of coastal strand habi-

tats, tended to support the fi ndi ngs of Kearney (1904 ) and Barbour

(1g70d) tnat dune strand spec'ies ane not edaphic halophytes. The obser-

vation made by Oost'ing and Billings (1942), Boyce (i954)' Clayton

(tgl2), Au (i974), and van der valk (1974b) tnat rapid leachjng by fre-

quent rains prevents the buildup of dune soil salinity' contlibuted by

wind-borne salt spray also appears to be true for the coastal strand of

Santa Rosa Island, Florida.

Sodi um was genera'l 'ly the most abundant cati on f ound i n dune so j I

samp'les from the present study site, with the exception that at stations

4 and 6 some calcium concentrations slightly exceeded the corresponding

sod'i um concentrati ons , and at statj ons 9 and 10 the soi I cal ci um
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concentratjons were much greater than the sodium concentnations. Never-

theless, soil sodjum concentrations for the dune stations of the present

study were not unusually high (with the highest nead'ing being on'ly 48

ppm) and did not demonstr"ate a pattern whjch coincided w'[th the vegeta-

ti onal zonat'ion.

Dune soil sodium concentratjons from the present study were much

less than those reporbed by Au (1974), who recorded dune soil sodium

concentrations which ranged from 337 ppm to 1,165 ppm for samples col-

I ected on Shackl eford llank .

However, Clayton (I972) reported soil sodium concentrations for the

california coast whjch ranged from 39.1 ppm to 57.5 ppm--results which

were not much greater than those reported'in the pnesent study. van der

val k ( 1974b ) al so reported dune soi I sodj um val ues fot" Bodi e and

0cnacoke Islands wh'ich were very similar to those of the present study.

Hj s resul ts r^anged f rom 17 r,slnu (7 .6 ppm) to B0 kg/ha (35.8 ppm) f or

sunface sojl samples, and from 5.0 kg/ha (2.2 ppm) to 24 kg/ha (10.7

ppm) for sarnples collected at 20 cm depth.

For fur.then companison, varjous sandy sojls at six stands of long-

leaf pine jn Santa Rosa County, Florida, had sodium concentrations whjch

ranged from 0.00 meq/100 g (0.0 ppm) to 0.05 meq/100 g (11.5 ppm) for

the upper 43 cm of the soil profi]e (carlisle et al ., 1978). This 'indi-

cates that coastal strand sands are generally higher in sodium content

than are inland sand.y s'ites, presumably due to greater sod'ium inputs

from ocean spray.

Soluble salts concentrations wene low in all dune soil samples,

particu]ar1y so in the samples from stations 3,4,5, and 6. No rela-

t.i onsh.ip was evi dent between total sol ubl e sal ts concentrati ons of the
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dune soil and the vegel.ational zonation. Total soluble salts nesults

from the present study showed that the dune soil on Santa Rosa Island

was very infertile in regards to p'lant growth and overall plant nutri-

tion--an observation which was verified by the low c0ncentrat'ions

observed for. the jndiviclual cat"ions and anions in the soil samples.

llo other Amerjcan investigator has measured the soluble salts con-

tent of dune soils. However, Boyce (1954) did comment on this aspect of

hi s coastal study s j ter; when he wrote that "si I i cate sattds of coastal

dunes furnish little or no avajlable mineral 'ions to dune p1ants."

Higgins et al. (1971) and Au (t974) supposedly measuned soil sal'in-

i ty, but an examj nat'ion of the j r^ methods shows that the conducti vi ty

readings which they measured rrene actual'ly indicati ve 0f al I soluble

salts 'in thejr" soil samples, not just NaCl or total sea salts pnesent.

But si nce thei r resu"lts were not expressed as so'lubl e sal ts , the

concentrations wh'ich they ppesented probably only approximated the

sol ubl e sal ts content of thei r sampl es .

Cation exchange capacity va1ues for soiI samples frorn dune stations

of the present study were extneme'ly 1ow, w'ith val ues less than 1 meq/100

g predomjnating. As wjth the soluble salts analys'is and the other so'il

nutpient analyses, th'[s indicated that the dune soi] of Santa Rosa

Is'land was extremely infertile. No other investigators have considered

the cation exchange capacity of coastal strand soils in the United

States. For comparison, however, the cation exchange capacjty values

for various soils at six long'leaf pine stands in Santa Rosa County'

Fiorida, cited by Carlisle et ui. OgTe) may be consjdeied. They

reported values which r^anged f ron 2.47 neq/I00 g to 20.81 meq/100 g for

the too 30 cm of the so'i l p rof i 
'le . Al though the sandy up'l and si tes on
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which long'leaf pine dominates are generally considened to not be very

fertile, it can be seen that the cation exchange capaqity values for

soils from these sjtes were consjderably greater than those for dune

strand sojls of the present study, thus emphasizing the infer^tifity of

dune sojl at the present study site.

In surffnany, the dune strand soi'l at the present study s'ite was very

low'in nutrient content and in all cations and anions vrfrich were meas-

uned, with the exception of sodium. It was particularly low'in organic

matter content and jn njtraie, phosphorus, potassium, and calcium. The

sod'ium concentration of the dune strand soil lvas somewhat greater than

that of jnland sandy sites vegetated by longleaf pine (cf. Car'lisle et

a1 . , 1978 ) . The r^esu I ts of pH measurements showed thalt the dune so j I

was somewhat acidic at all statjons. Analyses for chloride content

showed that the dune sojl was low in salin'ity, apparently due to rapid

leaching of salt spray inputs (cf. Boyce, 1954i Au, I974). Moistune

content of the upper porti on of the so'il profi 1e f'ras not gneat jn the

dune str^and, but other authors have reported that therq was no lack of

moisture avajlable to plants in subsurface soil layerg (usually at a

depth of 30-60 cm) 'in the coasta'l strand (Kearney, 1900i Au, 1974)'

Heasurements of soluble salts and cation exchange capaQity also demon-

strated that the dune strand soil of the present study sjte was very

infertile. llo relationship between any of the soil pafameters and the

vegetationa'l zonation in the dunes was evident at the present study

site--an observation which has also been made by other authors (Oosting

and Bi 1 1 i ngs , L942i Au, t974).
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Pjne Forest. Soil parameters measured for samples from the pine

forest showed distinct differences between station 7 (at the southern

edge of the forest) and station B (located deep inside the fonest).

For most soil factors, results for samples from station 7 did not

d j ffer greatly from cor^responding results for dune slration samp'les.

This was particularly noticeable for comparisons with results from sta-

tion 6, which was located not far to the south of station 7 within the

dune shrub zone. Station 7 may thus represent the edaphic limits wh'ich

can be tolerated by Pinu_s ell'iott'ij; that js, apparently P. elliotti j

can grow satisfactorily in soil which is almost identical to that found

in the treeless dune strand zones dominated by Uniola and Schizachyrium.

The fact that P. elliottii is absent from the treeless dune zones obvi-

ously cannot be explained on the basis of so'il factors; therefore, some

other environmental factor (or factors) must be determ'ining its distri-

bution on Santa Rosa Island.

0r^ganic matter content of soil at station 7 was s'l'ightly greaten

than at statjon 6, but slightly less than the sojl orgarnic matter con-

tent for dune stations 9 and 10. This ind'icated that the 1ow organic

content of the coastal strand soil would not preclude growth of t.
elliottij. In contrast to the organic matter content, soil moisture for

station 7 was considerably greater than that of al I dune stat'ions fot^

both depths measured. The greater soil moisture was orbviously due to

the shallowness of the water table, which was obsenved to be higher at

statjon 7 than at any of the dune stations (cf. Table (i) and was often

less than 40 cm fr"om the soil sunface.

For sojl samples from station 7, concentr"ations of calcium, magne-

sium,' potassi um, sodium, phosphot'us, and n j trate were approx'imately the
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same as, and in some cases were less than, cornesponding concentrations

for so'il samples from dune stations to the south and nor"th of the p'ine

forest. So'i1 pH readings fon station 7 wene almost ths: same as those

for station 6.

Soluble salts concentration for so'il from station 7 vlas considena-

bly greaten than corresponding concentrations at dune stat'ions 3, 4, 5,

and 6 for sampies taken at 5 cm depth, but was consjderably less than

corresponding nesu'lts from dune stations 1, 2,9, and 10. For so'il

samp'les from 10 cm depth station 7 had a soluble salts content that was

apprgximately the same as that of most dune stations, but was consider-

ably less than corresponding results for samples from dune stations 1,

9, and 10.

Station B, which was located in a.low area typical of the interior

of the pi ne forest near Bl ackbi rd Marsh , had cons'ider ably more orgeinic

matter in the soil than diC station 7 or any of the duns: stations. The

higher organic content and the shallowness of the waten ltable, which was

usua'l1y 'less than 30 cm f rom the soj I surface, contnibulfed to cons'ider-

ably greater so'il moi stune content at station B than w<ls found at sta-

tjon 7 or at any of the dune stations. Presumably also due to the high

humus content, the soil at station B had a 'lower" pH vallue than did any

other stat'ion.

The soil at station 8 was higher in concentnations of magnesium,

potassium, and sodium than was soil at all other stations, and also had

a gneater cat'ion exchange capacity and soluble salts content than d'id

the soil at all other stations. In fact, the cation exchange capacity

of the soil at station B was'in approximately the same range of values

reported by Carljsle et al . (i978) for^ inland soils srt six stands of
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'longleaf pine in santa Rosa county, Florida. SoiI magnesium concentra-

tjons for statjon B were similar jn magnitude to those reported by Au

( 1974 ) f or forest so j 'l on shackl ef ond Bank , but the stati on B so'i l

potassium and sodium values l/,,ere many times lower than th'ose observed by

Au (Ig74) for Shackleford tsank fonest soiI samples.

su rpri si ng'ly, the so'il phosphorus and n j trate concentrat'ions f or

statjon B were very 1qw, being about the Same as corresponding values

for soil from station 7. Concentrations of these two scil nutnients at

station 8 were less than corresponding values for soil samples from the

bluestenr zone, but were about the same as corresponding values reported

for sojl samples fnom the other dune stations' This was contrany to the

findings of Au (rclq), who r"eported slightly higher phQsphorus concen-

trations for the forest soils he examined than for the dune soils and

also reported hjgh 1eve1s of nitnogen jn the forest sojls on Shackleford

Bank. The low concentrations of these two nutlients at the pine forest

stat.ions i n the present study 'indi cated that the pi ne forest soi I was

probably not much more fert'il e than the dune stat j on srci I s and fut'ther

underscored the lack of any relationship between vegetational zonation

and the soil concentrations of these two nutrients.

ca I c i um content of the soi 'l at stati on g was marily ti mes greater

than corresponding concentrations at stat'ion 7 and at all dune stations

south of the pine forest, and also exceeded so'i1 calcjunt values reported

for stands of longleaf pine in Santa Rosa County, F1or"ida, by Carlisle

et al . (1978). This [righ calcium concentration obvious'ly contributed to

the higher cation exchange capacity of the soil at station 8' Sojl ca]-

cium concentrations at stations 9 and i0 exceeded those of station 8;

however, the fact that the values for cation exchange capacity of the
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Soilatstationsgandl0weremuchlowerthanthecorrelspond.ingvaiue

forstatjonBaddedevidencetothehypothesisthattheshellfragments

at these two stat'ions contributed to the ana'lyzed soii calc'ium value and

thatthishighcalc.iumvaluedidnotreflectahighso]ubleca]ciumcon.

tent j n the soi I at dune stat'ions 9 and 10 '

Thechloridecontentofthel0cmso.ilsamplesfrr:rnstatjonTof

thepresentstudyv.lasgreaterthanthecorrespond.ingconcentrationsfor

alldunestationsexceptstationl,forwhichsoilch]<lrideconcentra-

tionexceededthatofstat.ionTon.lyslightly;andtherch]or.idecontent

ofthe20cmsojlsamp.|efromstat.ionTwasnear.lytw.iceasgreatasthe

correspondingconcentratjonforthe20cmsamplefromstatjonl.The

chloride content of the soil at stat'ion B was much highen than that of

allother^stations,beingfjvetimesasgneatastheso.i]ch]or.idecon-

tent at station I' for a depth of 10 cm'

Thehighersoi]chlorjdeconcentrationsjnthepineforestind.i.

catedthatthesoilthene,withitsgreaterorganiccontent'wasacting

as a chloride trap. Th'is is not to say that chloride was be'ing chemi-

cal1y bound jn the soi'l matrix, but that sjnce the pine fonest sojl

reta.ined more moisture than did dune so'i'l , an increased chloride 'level

Wasprobablyproduceclsimplybecausethech]oridevtasr|otleachedoutas

r.apid]yasjtwasattheexposeddunestations,wherethesoi]was

almost pure sand w'ithout organ'ic matter'

Furthermore,awatersampleco]lectedneartheedgeofBlackb.ird

l,larsh (less than 2 m south of station B).on september 13' 1981' was ana-

lyzed (using a Dionex l,lodel IC 10 ion chromatograph) and l/{as found to

have a chl oride concentrat.ion of 50,0 ppm. Thi s addi ti onal ly i nd'icated

that the pine forest substrate was a chlorjde trap; however, salt water
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intrusion from the nearby bay and Gulf of Mexico may a.lso have contrib-
uted to the pine forest chloride pool.

Although the soi I chloricie leve'l in the pine forest was considena-
bly gneater than that found at most of the dune stations, it cannot be
considened unusually great. The highest soil chlor-icle value reconded
during the present study (27.0 ppm, statjon B) was much less than 0.01
percent.

Temperatu re

Dunes' Dune soir temper^ature data fnom the pnesent study showed
trends similar to those for dune soil temperature va'lues obsenved by
0osting and Bi'r r ing:; (rg42). The actual temperatures reported by
0ost'ing and B'il1ings (rg42) a'lso compared favorably to readings from the
present study' For example, they reported maximum soil surface tempera-
tunes of r2s or (si.6 oc) to rz7 oF (s2.7 oc;, rurinum temperature at a
depth of 4 inches (r0 cm) of 95 oF (35.0 oc), 

and a maximum tempenatune
at a depth of 10 jnches (25 cm) of 89 oF (31.7 oC;, rhile the respective
maxima for the same three depths recorded in the presenrt stuoy were as
follows: surface--54.0 0c, 10 cm--3g.0 oc, and 25 cm--34f.0 oc. 0osting
and Bi l'lings (1942) stated that the temperature conditrions which they
observed for lJorth Carolina dunes wene similar to those reported for
English dunes by saiisbury (1934), and they concruded that,,No soir tem_
perature variations |{ere noted which can be intenpreted as factors in
the zonal distribution of a species.,,

0osting (1956) also reported the results of a study which measuned
soi I temperatures on a sand dune at Beaufort, r,rorth carol.ina, i n August,
1947' The rnaximurn soir sunface temperature recorded was 133 0F (56.1oc), the maximum tempe.ature at a depth of 4'inches (10 cm) was gg oF
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(36.7 oc), and the rnaximum temperature at a depth of tB inches (a6 cm)
was 86 ot (:o'0 oc). 

These readings were similar to the respective max-
ima stated above for the surface and depths of 10 cm and 25 cm in the
present study.

Au (r974) did not study soir temperature.in great detair in his
study of dunes on Shacklefond Bank, but he did state that in the summer
the sunface of the bare sand reached a temperature of 51-s2 oc, 

which
was very close to the surface temperature maxima observed in the present
study.

van der Vark (r9r4a) measured soir temperatures in upper (s_10 cm
depth) and rower (za-zs cm depth) revers on the fr.ont, top, and back of
a foredune on Bodie Island, North carolina. His resul.bs for the front
slope companed very well with the temperatures recondecl in the present
study at station 2, located on the front slope of the barrier dune. For
example' van den valk reconded an average maximum upper soil temperature
of 13 oc fo'' the month of February, compared w'th a maximum soil temper-
ature of 13.0 0c for 10 cm depth at station 2 0f the pnesent study in
February; and for the month of September van der^ Valk recorded an aver-
age minimum upper soir temperature of 25 oc and an average maximum upper
soil temperature of 34 0c' 

compared with corresponding minimum and maxi-
rnum readings of 27.0 oc and 33.0 0c for soil temper-atures at 10 cm depth
for^ station 2 of the present study in September. van der valk also con-
cluded that soil temperature differences between zones ,,are not great
enough to have any intluence on the establishment or survival of dune
p1 ants. "

Oosting and Billings (Ig42) and van

the i dea that soi I temperatures j n

der Valk (I974a) both expressed

coastal dunes d.id not show



133

differences between vegetation zones which could be interpreted as a
causal factor in producing or maintaining the vegetational zonation.
Results from the present study red to the same conc,rusion. The forow-
ing observations senve to iilustrate this point: (1) on one occasion
soil temper"ature readings at a)l dune stations for a given depth and run
were the samei (Z) the highest and lowest sojl temperatures for a given
depth and run were both observed in the lea oats zone on thi nteen occa-
sions' with the rowest tempenature for the same depth and run aJso
necorded in the bruestem zone on four of those occasions, the highest
and lowest temperatures for the same depth and run also reconded in the
bluestem zone on one of those occasions, the highest temperatur.e for the
same depth and run a"lso reconded in the bluestem zone on three of those
occasions, and the highest terperature for the same depth and run arso
recorded in the shrub zone on five of those occas.ions; (3) the highest
soil tempenatune fon a given depth and run was recorde<d in the sea oats
zone' and the lowest temperature for the same depth and run was recorded
jn the bluestem zone, on two occasions, with the highest temperatune for
the same depth and rLln also recorded in the shr-ub zone on one of those
occasions; (a) the rowest sojr temperature for a given dlepth and nun was
necorded in the sea oats zone, and the highest temperature for the same
depth and nun was recorded in the biuestem zone, on thirteen occasions,
with the highest temperature for the lame depth and run also recorded in
the shnub zone on two of those occasions, and the lowest temper.ature for
the same depth and ruv] also necor^ded in the shrub zone on one of those
occasions; (5) the highest soir temperature for a g.iven depth and run
was recorded in the shr"ub zone' and the lowest temperatune for the same
depth and run was rec'rded in the sea oats zone, on two cccasions; and



(6) the highest soir temperatune for a given depth anrc nun
in the shnub zone' and the lovrest temperature for the same

was recorded in the bruester:r zone, on one occasion.
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was recorded

depth and run

Pine Forest. hrot surprisingly, soir tempenature patterns for the
present study at the two pine forest stations (l and tB) were distincilv
different from each other.

Soil temperatures at station 7, located at the south edge of the
pine forest, showed a pattern which was generalry sirnirar to the soir
temperature pattern f,or station 6, the nearest dune station located notfar from it to the south. This fact underscored the obsenvation that
soil ternperature was not a deciding factor in vegetational zonation at
the present study site, and showed that, as far as this environnBntal
factot" was concerned, slash pines would be abJe to gnow at dune sta_
tions, whene on'ry herbaceous species and shrubs are actua.rly found, if
some other environmental factor were not acting to pr^eclude thern from
the nonarboreous dune zones.

Genera'r1y, soir'remperature readings at station B uring the pres-
ent study showed a more moderate pattern than did soi'l temperature at
the dune statjons and at station 7. sojl temperature fluctuations were
less extrerie' and temperature differences fnom one depth to another wene
not as great at station B as they were at the dune stations and at sta_
t'ion 7.

Generally, soil temperature readings at statjon g wene slightly
less at a1l depths than were conresponding r^eadings at dune stations and
at station r in sprinE, summer, and autumn, and the sarne was true for
winter readings taken at midday and in the early evening. These
slightly lowen soil temperatures at station g were presumably due to a
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shading effect of the forest canopy which prevented tht: sun fr^om warming
up the soir as much as it did at the more exposed stations. In the win_
ter' early morning surface soi1 temperature at stati0n B was s.lightly
greaten than correspond'ing surface temperature at the dune stations and
at station 7' This was presumably due to the fact that the protection
of the forest canopy at station B caused less heat'loss than at the mone
exposed stations, and that before sunrise the exposed sjtes did not have
an opportunity fo'the sun to heat up the soir ther-e. The earry morning
winter so'il temperatures at the lower depths at station g were generally
slightly less than the corresponding temperatures at the dune stations
and at station r, ind'icating that, due to forest canopy shading, the
station 8 soiI at lowen depths had not warrned up as nruch the previous
afte.noon as did the soir at the more exposed stations.

AIMOSPHERIC FACIORS

Ai n femperaiur e

Dunes. Air temperature measurec at dune stations (Tables r , B, g,
and 10) in conjunction with soir temperature a'rso did not show a pat_
tern wh'ich appeared to coincide with the zonation of the vegetation.
Differences in air temperature from station to station and from zone to
z0ne vJere comnon , and f I uctuati ons at a gi ven stati on duri ng a si ng.le
24'hour period were as great as 1g.c oc. The forlowing observations
illustrate the absence of a coher.ent pattern in the air temperatune data
of the present study and the absence of any rerationship between air
temper'ature and vegetationa'l zonation: (1) on one occasion air tempera-
tune readings at all dune statfons for a given run r.lere the same; (Z)
the highest and rowest dune station air^ temperatures for a given nun
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were both obser^ved in the sea oats zone on three occasions, with the
highest air temperature for the same run also necordqd in the bluestem

zone 0n one of those 0ccasions, and the lowest air tompenatune for the

same run also recorded jn the bluestem zone on one oi, those occasions;
( 3 ) the hi ghest dune stati on aj r tempenatune for a gi ven run vras

recorded in the sea oats zone, and the lowest dune stotion air tempera-

ture during the same run was recorded in the bluestem zone, on three
occasions, with the highest air temperature for the same run also
recorded in the shrub zone on one of those occasions;; (4) the rowest

dune station air ternperatune for a g'iven run was necorded in the sea

oats zone, and the highest air temperatune for the same run was recorded
'in the bluestem zone' on four occasions, with the lowest air. temperature

also recorded in the shrub zone on thr"ee of those occasions; and (5) on

0ne occasion the highest dune station air^ temperatune for a given run

was necorded fn the shnub zone, and the Iowest a'ir. temperature for the

same run was recorded in the sea oats zone.

Oosting and Billings (1942) measured ain temperature simultaneously
at ten stati ons on two transects j n the dunes at Frcr.t Macon, Nor.th

Canolina, taking readings hourly during a 24-hour peniQd, and also made

simjlar simultaneous air temperature measurements at other isolated
times during the months of July and August. They did not report their
actual readings, but stated that much variation was observed and that
maximum temperatures did not exceed 100 oF (37.g oc). They concruded

that no correl ati on was apparent between ai r tempenatr; re .i n the dunes

and vegetational zonation, and that no correlation existed between air
temperature and topography in the dunes. The same obs,envatjons may be

made concerning dune air temperature readings from the present study.
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0osting (1956) a1so reported the resu'lts of a study which neasured
air temperature on a sand dune at Beaufort, North caro.rina, in August,
!947. The maximum air temperature recorded was 104 oF (40.0 oc), *hi.h
compared crosely to the maximum air temperature (43.5 oc) for the pres_
ent study.

Au (r974) r'ecorded air temperature continuously dur.ing a one-year
period at a single station in the coastal strand of shackleford Bank,
l'lorth carol ina. A'lthough he reported only weekly and monthly averages,
his.esults showed some simirarity to figures fr^om the pnesent study.
Au reported that the highest ai r ternperatures obsenved tn/ere ,,35 oc or
more," and in the present study 43.S oC *as the highr:st reconded dune
air temperature' Au also observed that air temperaturr: readings at his
single station varied as much as z0 oc .in a s.ingre day or week, whire
for" the present study the greatest range of air temperatune variation
yrithin a sing'le day at a given station was 19.0 oC.

Van der valk (1g74a) measured ai r tempenatur^e approximateiy _?s cm

above the sand surface on the front slope of a barrier dune at Bodie
Island, l'lor'th carorina for a one-year period. His resurts wene r.eported
as monthly avenages for daily minirnum and maximum readings and an aver-
age fon all readings during each month. Van der^ Valk,s average maximum

ai r temperatu re of 12 oc for the month of Februar^y connpared favorab.ly
with the maximum ain temperature of 14.0 oc necorded aib station 2 (the
front slope of the bar'nier dune) on February 17, rg7g, during the pres-
ent study; and his average maximum air temperatune 0f.31 oc for the
month of July was not greatly different from the maximum air temperature
of 34.5 0c recorded at station z on July 7, r97g, during the present
study' However, van der valk's average maximum ain temp<eratures for the
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months of April and september, l.rhich r,/ere, r.espectively, 1g oc and zgoc' did not compare well with the maximum air temperatunes (32.0 oc 
and

35.0 oc) recorded at station 2 during the present study on Apri.r 14,
1979, and september" 16, rg7g, respectively, The higher temperatunes
recorded in the present study may be a resu.lt of the fact that the
present study site was located approximately 7za km farther south than
was van der Valk's study site.

00sting and Biilings (1942) observed that during the summer, air
temperature in the dunes near Fort Macon, North canolina, was less than
sojl surface temperature (usually 11 oc to 14 oc less) measured at the
same time during the day, but was gneater than the soil sunface te,npera-
ture at night' Data collectecl in the present study during the months of
Apri1, July, and september, showed a simirar trend for air temperatune
in the dunes of Santa Rosa island.

Oost'ing and Billings (lg4l) also obsenved that, as in all soils,
the highest and lowest dune soil temperatures did not occur simultane-
ously with high and low ai n temperatures, but laggpd considerab.ly.
Hour]y ai n temperature readi ngs fr^om the present studyr (Tabl es 11 and
12) indicated that in the dunes of santa Rosa Island maximum air tempen-
ature occured at z pr4 to 3 pM on a given day. From this information, as
well as from the soil temperature data, it may be inferred that maximum
dune soil temperatures on santa Rosa Island normally occured between 3

PM anC 6 PM on a given day.

Pine Forest' Pine forest air temperatunes measure;d at stations 7

and 8 in the present study did not ci ffer" g.eaty in magnitude from
cornesponding ain temperatures measured at dune stations immediately to
the north and south of the pine forest. This was particurarly tnue for
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a'ir temperatures at station 7 (where the forest canopy bJas not veny
dense) in.e'ration to air temperatures at dune station 6, which was

I ocated not far to the south of stati on I .

Ai n temperatures recorded at station g showed less fl uctuation
withjn a 24-hour period than did corresponciing air temperatures measured
at station 7, with the noon air temperature at station g alvrays being
I ess than the correspondi ng noon ai r temperature at stati on I . The
cooler midday ai r" temperatures and the smailer range of dai ly air tem_
peratunes at station B (deep inside the pine forest) nnay be attributed
to the sheltering and moderating effects of the for^est canopy, which was
considerably denser at station B than at stati on 7.

Dunes' Relative humidity values for dune stationrs on santa Rosa
Island during the present study showed consider-able variation and fluc-
tuation with nespect to time and from station to station. lrlo discern-
ib'le pattern of relative humidity values dur-ing the present study showed
a rel ationship wi th the zonati on of the vQgetati on. Ihe fol I owi ng
observations about the relative hurnidity data serve to underscor.e this
point: (1) the relative humidit-v at all dune stations was the same for
a single run on one occasion; (Z) the highest and lowest dune station
relative humidity va]ues for a single run both occur-red in the sea oats
zone on thnee occasions; (3) the highest dune station rrelative humidity
value for a given run bras necorded in the sea oats zone, and the lowest
dune station relat'ive hurnidity value for the same nun was recorde. in
the bluestem zone' on four occasions; and (4) the lowest dune station
neJative humidity varue for a given nun occurred in the sea oats zone,

Rel ati ve Humidit
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and the highest re'lative humidity value for the same nun occurred in the
bl uestem zone, on four occasions.

0osting and Billings (1942) measured re]ative humidity in the dune
strand of Bogue Bank, llorth carolina. l4easurements wene made simultane-
ously at ten stations on different occasions, and simultaneously at
hounly intenvars thnoughout one day, during the months of Ju.ry and
August' They reported wide vaniations ancl fructuatfons from houn to
hour and from station to station, with a range of as much as 30 percent
(high: 84 percent; row: 54 percent) for simurtaneous r.eadjngs taken at
five stations on a single transect. This compared to l?1 percent for the
maxirnum range of readings taken at approximately the same time at all
dune stations (l4arch 11, 1979) in the present study. 0n one occasion
0osting and Eillings found that the relative humidity was identical at
every station; the same observation was rnade in the pnesent study for
readjngs taken at 6 AM on March 11, lg7g.

rhe highest rerative humidity varue recorded by 0osting ancr

Billings (1942) was gg percent, and the rowest was 54 percent. In the
pnesent study the hi ghest dune stati on reading ,,ias 9,,4 percent (6 AM,

August 4, tglg), which was crose to the maximum rearding reported by
0osting and Billings. The lowest dune station relatjvle humidity value
reported f nom the present study vras 35 percent ( i2 r,r, l*rarch 11, rglg) ,
which varied considerably fnom the lowest reading reprorted by 0osting
and Billings' The great difference in low readings between the two
studies may be attributed to the fact that readings were taken at dif-
fer^ent seasons of the yean in the present study (not just during the
summen' as was done by 0osting and Biilings), and.the row readinq
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observed in l'tarch may represent a seasona'l phenomenon pnoduced by winter

weather conditions.

0osting and Billings (1942) also conc'luded that their data did not

suggest a strong relationship between the djstnibution of vegetation and

relative humjdity on the dunes.

Pi ne Forest. Rel ati ve humi di ty val ues for the pi ne forest ( sta-

tions 7 and 8) in the present study showed no pattenn or outstanding

characteristics which distinguished them fnom relativg humidity values

for the dune stations. Values for stations 7 and 8 brere surprisingly

simjlan to relative humidity values for the dune statjqns, not differing

by more than 2 or 3 percent from corresponding values flor" dune stations,

and were often the same as a conresponding dune station re1ative humid-

ity va'lue. These findings added support to the 'idea that relative

humidity was not a causative factor in the distribution of vegetation in

the coastal strand of Santa Rosa Island, and indigated that pinus

elliottji, the dominant forest t.ree at the western qnd of Santa Rosa

Island, could exist under the same ne'lat'ive humidity cpnctitions expen'i-

enced by the dune vegetation communjties.

Evaporati on

Dunes. Averaging the nesults of evaporation ratq measurements on

the barrier dune (stations l thnough 4) for the tlo runls made during the

present study revealed the following pattern: evaporapion bras greatest

on the crest of the dune (station 3), being somewhat gtreater there than

on the front slope (station 2) and slightly greater there than at the

edge of the beach (station 1) (where the rate was intprmediate between

the rates fon the front slope and the crest); and er4aponation on the
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rear slope of the barrier dune slightly exceeded that gt the edge of the

beach and was slight'ly less than the rate at the dune onest.

0osti ng and Bi 1 
'l i ngs ( 1942 ) measured evaponati oF rates on North

Carolina dunes for a total of 217 hours during an l8:day period in the

months of July and August. The pattern of evaporation nates they

observed on a banrier dune closely paralleled the pattern obsenved fon

the barnier dune'in the present study; however, the regu'lts of the pres-

ent study for the months of August and September aver4ged approximately

2 n1/hr mone than the resu'lts reported by 0osting and $i11ings.

A'lthough evaporation rate data for the diffenent vegetation zones

jn the present study was not extensive, it clearl-v shqwed that evapora-

tion was greatest in the sea oats zone. Oosting and Billings (1942)

also obser'ved that evaporation was greatest in the durles where sea oats

were dominant and was not as great at stations where Arndropogon ry-
ralis (= Schizachyrium ljttora'le) dominated. This ledt them to conclude

that "greater daytime evaporation in the exposed sjtuations may contrib-

ute to the presence of Uniola and the absence of Ar[dropog-on in such

p1aces." The evaporation data of the present study apgeaned to add sup-

port to th'is hypothesis, since the evaporation rate whlere U. paniculata

dominated (sea oats zone) was greater than where Schiz4chyrium maritirnum

was dominant (b'luestem zone).

Davis {1942) (as necounted by Oosting, 1954) ep<posed Livingston

atmometers for two periods of 15 days each in three zorles on the F'lorida

keys: nean the beach,'in scrub, and in a mangrove mangal. The average

daj1y amount of water evaporated for the station 'locatted near the beach

was 3c.1 cc. This computes to an average of 1.25 ml/hr (assuming that

the 3c.1 cc was evaponated'in a 24-hour period), an evaporation rate
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which was'less than one-thjrd of the dune statjon averages of the pres-

ent study. The data from the present study showed tharL Davis's assurnp-

tion that evaporation rates on the keys must be greater than at points

farther north (because of greater exposune and the neatiness of the con-

tinuous tradewinds) vras false. Data reported by 0osting and Bi'l'lings

(1942) a'lso demonstrated that Davi s ' s assumpti on was no1! correct.

Evapor^ation rates are generally be'lieved to be directly correlated

with transpiration rates of dune plants; however,0osting (1954) found

that this assumption was not always true. His studies using Uniola

paniculata, Andropogon scoparius var. littoralis, Spartina patens,

Cakile edentula, and Heter^otheca subaxillaris, and plotting daiiy water

Iosses from atmometers with dai1y tr"anspiration Iosses lFor the five dune

species, showed manked discrepencies on enough occasi0ns that he con-

cluded that factors other than those of the atmosphere sometimes influ-
enced the loss of water by transpiration from dune spocies. He stated

that "Physiological and structural peculiarities of the plants must at

times have a controlf ing effect which exceeds thcse con<!itions determin-

ing evaporation rates." 0osting (1954) a'lso pointed ou'{: that an eanlier

study (Bowman,1918)'in the Tor"tugas showed that several coastal strand

species transpined mone in the s.hade than when they were exposed to
jntense sunlight and became overheated and partia'r1y wilted.

Pine Forest. Data from the present study (although not extensive)

clearly showed that evaporation deep inside the pine fo,rest (station B)

was considenably less than at the exposed dune stations. This was

assumed to be due to the sheltering effects of the forest canopy.

Although verification measurements vrene not made, reconnaissance obser-

vations indicated that wind velocity and incident solan radiation wene
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less withjn the p'ine forest than at the treeless dune stations. 0osting

(1954) also pointed out that evaporation was much great,er in positions

exposed to the wind than in protected sjtes, and the evaporation data

from the present study tended to support this observation.

At station 7, however, evaporation was approximately equar to that

at statjon 6 jn the shrub zone. Pr^esumably this rllas due to the fact

that the forest canopy was not as dense at station 7 as at stat'ion g,

and apparently w'inC and inciCent nadiation condjtions there l.,ere not

great'ly di f ferent from those at stati on 6, rvhich was only 40 m to the

south. The evaporation rate at station 7 indjcated that Pjnus el I iottii
can wi thstand evaponat;i on stress s'imi I ar to that experi renced by vegeta-

tion in the shrub zone to the south. since P. el I iotti i did not

actually occur as far south as the shnub zone, it may t5e inferr.ed that

some factor othen than evaporation stress deterrnined the distributjon of

this specjes at the present study sjte.

t^lind Directjon and Velocity

The wind direction pattern for Santa Rosa Island, based upon U. S.

Coast Guard data (Table 20), showed that winds measured there came pri-

marily from the south, west-southwest, and west in summen, and primar"ily

f rom the nor^th and nor theast i n w'i nte r , wj th the sp ri ng and autumn

months being somewhat erratic transitional periods in which predominat-

ing winds came from dinections intermediate between the summer and win-

ter prevai'ling directions, but wene primarily fnom directions on the

eastenn half of the compass. This was sf ightly different from the gen-

eral pattern for western Florida stated by Gorsline (196d): "During the

spring, vrinds come from the east; during summer, winds are southerly;

during winter, they appr^oach fror,r the northwest."
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Nix (1976) presented the wind direction patter^n for Pensacola Naval

Air Station, which was located directly nor^th of the present study site

across the mouth 0f Pensacola 8ay, g'iving percentageis of annual wind

direction as follows: north--16.0 percent, northea$t--10.5 pencent,

east--11.5 percent, southeast--1L.5 percent, south--13.C percent, south-

west--10.5 percent, west--8.0 pencent, northwest--9.0 percent. It was

not easy to compane this data with the wind direction pattern for Santa

Rosa Island, since the Coast Guard recognized eight more wind directions

than were shown on Nix's diagram; however, some differences did seem to

be jndicated by the Coast Guard wind djrection data cited in the present

study, for which the following percentages of total neadings were from

the north, south, and east, respectively: 9.0 percent,8.7 pencent,4.7

percent.

0osting and Biliings (1942) reported that.at Beaufort, I'torth

Canolina (wh'ich js 'located on the coast north of Sl"rackleford Bank),

winds were pnevailingly from the southwest during all months except

September, October, and November. This pattern was quite d'ifferent from

that reported for santa Rosa Island in the present study. Howeven,

somewhat farther to the north at Hatteras, l.lorth Carol jna (rvhich is

located on Hatteras Island southwest of Cape Hatter"as), prevaif ing winds

ytere neported to be from the southwest in spring and summer, and from

the northeast in autumn (0osting,1954)--a pattern whicfir was not greatly

different from the wind direction regime noted for Santa Rosa Island.

Au (I974) r^eported that the wi nd di recti on pattern at Mor^ehead City,

l{orth Car^olina (which is located on the coast north of Bogue Bank), was

the same as that at Hatteras. The similarjty in wind direction patterns

at santa Rosa Islancl, Hatteras, and Mor^ehead city may be due to the
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orientatjon of the coast'lines, which is basically the sarne at the three

sjtes, namely, in a pr'imari'ly east-rvest direction. In contrast to th'is,

prevai 1 i ng wi nds at Key l,lest brere f rom the west (Oost'ing, 1954 ) .

l.l'ind velocity data from the Santa Rosa Island Coast Guard Station

(Table 2I) showed that the strongest winds genena'lly occunred jn the

winter months of December, January, February, and March, although an

unusually strong wind (20,6 m/sec) was recorCed in the mjddle of sumrpr

(July). Average wind velocities for the nonths of December through

April exceeded the avenages for the rernaining months,, but by no more

than 2 m/sec for any given month and usually by no more than 1 m/sec.

The wjnd velocity pattern at Monehead City, l,lorth Carolina, dif-
fered from that at Santa Rosa Island, with the strongest winds generally

occurning in March, Apnil, May, June, and July (Au, 19714). The average

monthly maximum wind velocity for w'inter and spring months at l'lorehead

City was approxinateiy 5 mph (2 m/sec) less than thart of the surmer

months, but strongen winds were occasionally recorded jn winten months

than 'in summer (Au, 1974). The max'imum monthly wind velocity values for

Morehead City wene of approximate'ly the same magnitude as those necorded

at Santa Rosa Island and ranged fnom 12.0 m/sec (September) to ZS.6

m/sec (Decernber). The monthly means for daily maximum vtind velocity for

Morehead City were also of s'imilar magnitude to correspronding means for

Santa Rosa Island, ranging from approximately 6.0 m/srec (December) to

approx'imate'ly 8.4 m/sec (Apri 1 ).

The average wind velocity for all avajlable Coast Suard readings on

Santa Rosa Island (Table 21) was 5.0 rnlsec. This cornpared c'losely to

the average wind velor:ity of 13.4 mph (5.4 m/sec) report.ed for Hatteras,

North Carol i na (0ost'ing and Bi'l f ings , L942; Oosti ng, 1954 ) , but was
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somewhat greater than the average wind velocity df 9.6 mph (3.8 m/sec)

reported for Key l,lest, Florida (0osting, 1954). In c,cntrast to this,

van den Valk (19i4a) reported that the average annual wind velocity at

Cape Hatteras was 2.6 m/sec.

Boyce (1954) investigated the relationship of wind veloc'ity and the

product'ion of wlnd-borne salt spray jn coastal strand areas. He found

that at lower wind velocities only slight amounts of salt spnay were

produced, but that at wind velocities between 5.5 and 7.5 m/sec there

was a dramatjc increase (at least two- to three-fold) in the amount of

salt spray deposited in the coastal strand. Boyce presented h'is

findings in a striking diagram and also pointed out that his findings

agreed with the previous finding by Munk (1947) that 7.0 m/sec was a

crjtical w'ind velocity for^ air-sea boundary processes at which a number

of such processes undervrent abnupt changes.

The cri ti cal wi nd vel oc'ity f or" the movement and transport of sand

g r"ai ns was stated by Ranwel I ( 1972 ) as bei ng appr^oxi mately 4.5 rnlsec,

apparently based upon formul as g'iven b-v Bagnold (1965 ). Simi I ar1y,

Godfrey (L977) gave the cnjtical wind veloc'ity as arPPnoximately 4.0

m/sec for sand movement a'l ong the Atl anti c coast of tlne Un'i ted States .

It is assumed that these two figures apply genenally to sand grains in

the range of 0.08-0"5 mm diameter, which is the size range for dune

sands. Since the size of dune sand on Santa Rosa Island is 0.29-0.35 mm

diameter (van l,lyk, 19i3), which is langer than coastLal sand of most

areas jn the southeastenn United States (l'lartens, 1931), the higher'

crit'ical vrind velocity of 4'5 m/sec probably appl ies to Santa Rosa

Island. It should be noted, howeven, that critical wind velocity for

sand movement can only be approxirnated for purposes of general
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ecological discussion, since the critical velocity at any specifjc t'ime

and place is also determined by cohesjon of the sand grains, which is

greatly'influenced by molsture in the sand and jn the air,

0n Santa Rosa Island every month of the year from December to

September (and also pr^obably 0ctober and November) had $ome w'ind velocj-

ties whjch exceeCed the critical wind ve'locity (ca.4.5 m/sec) for

transport of sand particles and which also exceeded the crit'ical veloc-

jty (ca.7.0 m/sec) for the production and transport of considerable

amounts of salt spray, as'indicated by monthly maximum wind velocity

values. However, the avenage wind velocity for every month, except June

and August, exceeded the crjtical wind velocity for sand transport, but

i t tvas less than the' cri tica I w'inC vei ocity for sal t spray tr^anspor t
during a1'l months.

A d'ifferent picture presented itself when the monthly mean values

of dai 1y maximum wj nd ve'loc'ity h/ere examj ned: for every month of the

yean, the mean of dai'ly maxima exceeded the critical wind velocity for

sand movement (with the highest rneans occunring jn January, Februany,

Manch, September, and December); but, only for^ the months of January,

February, March, September, and December (and probably for October and

Novemben as well) did the monthly mean of daily niaxima exceed the criti-
cal wjnd velocity for salt spray transport. Thus, wfnds sufficient'ly

forceful to transport considerable arnounts of salt spray occurred on

most days of the months just stated, with the opposite being true for

the months of April through August, duning which the averages of the

daiiy maxima did not exceed the critical transport velocity for salt

spnay. This indicated that the salt spray regime of Santa Rosa Island

was a seasonal phenomenon; with most of the salt spnay activity
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occurring in late autumn ancl winter months through early spring, since

the greatest wind velocjties occured during that period.

14'ind veloc'ity data indicateC that salt spray on Santa Rosa Island

was a general'ly moderate process, with small amounts of salt spnay being

cleposjted continuously on most days, and, as was observed by Au (1974),

it apparent'ly builds up as a soj I surface deposit and on vegetat'ion sur-

faces during nonpluvious periods, only to be washed off and leached away

when rains occur.. l.lind velocity data also seemed to indicate that Santa

Rosa Island expen'iences only small amounts of sand movement on most

days.

Au (1974) discussed the importance of wind in the coastal strand

environment and rev'iewed the Ijtenature regarding it' He stated that

"of al I physi cal envi nonmental factot's i nf1 uenci ng coastal vegetati on,

vii nd seems to be the most important, " and he summani i:ed the irnpact of

the wind on vegetati6n in the following six statements: "(1) wind-borne

salt spnay kills susceptible species growing close to the ocean; (2)

abnasive sand blast created by stnong winds causes tissue wounds vrhich

enhance the tox'ic effect of salt spray on plants; (3) constant and

excessjve wind may'induce desiccat'ion of leaves; (4) strong wind

infljcts mechanical injury on plants such as breaking branches or defol-

iation; (5) winter storms cause salt-water erosion and flood the stnand

vegetation; and (6) wind causes shifting sands which in tunn bury and

destroy a'll vegetat'ion 'in the j r path. " It i s reasonabl e to assume that

al I of the si x poi nts made by Au pr"obab'ly apply , i n v0ri ous degrees , to

wind-jnduced phenomena in the coastal strand of Santa Rosa Island, but

the present study was not designed to identify or quantify all the

effects stated by Au.
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Sand Movement

Not much sand tmvement or accumul ati on vlas noted i n the coastal

strand of Santa Rosa Island during the present study. In pant, this was

pr^obab'ly due to the fact that at the primany study site the barrier dune

was well-stabil'ized b.y vegetation. Howeven, reasons for the accumula-

tion of such a small quantity of sand (1ess than 14 cm) at the primary

study sjte were not readily apparent. It'is possible that a type of

equilibrium existed there (determ'ined by the prevailing rneteoro'logical

and sand budget regimes) such that the stabilized dune could not accumu-

I ate additional sand because it had neached its maximum possible size.

It js also possible that not much sand was being deposited by lvave

action on the south side of the jsland, and that whatrever quantity of

sand was made avajlable in this manner was remaining in the exposed bare

beach strip. Perhaps winds from the south b/ere transporting this sand

only as far inland as the northenn edge of the beach during th. rrot..

months, and wi nter" wj nds f r^om the nonth were bl owi ng 'lhe sand back to

the south edge of the beach and even back i nto the Gul f of l'lexico.

Au (I97 4 ) i nvesti gated sand movement i n the croastal dunes of

Shackleford Bank, t\orth Carolina. He found that sand trras being removed

from the ocean side (prevailing windvrard slope) of the foredune and

being deposited on the leeward s1ope. Vegetational cov€)r determined the

amount of sand movefient, and the accretion rate t,tas nelatively sma11,

not exceed'ing 2A cn/yr and being less than 10 cm in a normal year. He

stated that maximum sand movement in the dunes "seems t0 occur in winter

(l'lovember to March ), " and concluded that duri ng the w'inter, sand move-

ment was the most important factor affecting the vegetation since



151

"herbaceous plants are ejther dorrnant or dead and thus nothing can pre-

vent the movement of sand."

Van der Valk (1974a) investigated sand movement 0n barrier dunes at

Bodje and 0cracoke Islands, North Carol ina, in Cape Hatteras llatjonal

Seashore. He found that most sand movement occurred duri ng wi nter

months, as had Au (i974). Van der Valk also found that on the bar"rier

dune at Bodje Island, which was over z.s m high, sand accumulation

occurred primarily on the front of the dune; whereas at 0cr"acoke Is]and,

where the barrier dune was less than 2.5 m h'igh, sand accumulation took

place on the front, top, and back of the dune. He further^ observed that

the annual sand depcrsit'ion rate at his study sjtes was 20 to 30 cm (sim-

ilar to what Au noted) and that sand could also be removecl from the

front of barrjer dunes by wind action.

Van der Valk (197aa) aiso studied the effects of sancl burial on

seed genminatjon and seed'l i ng growth of sjx speci es of dune strand

f ot"bs. He found that seeds of Iri geron canadensi s and So]'idago semper-

virens can tolerate only 1 cm of burial , seeds of Phl/salis v'iscosa can

tolerate 3 cm of burjal, seeds of Iva imbrjcata can tolerate 4 cm of

burjal , seeds of Criglon punctatus can tolerate lz cm of burial, and

seeds of Strophosty'Xes hel vol a can tol erate 14 crn of buri al , Thus the

winter deposition of 20 to 30 cm of sand which he recorded would make it
imposs'ib1e for these plants to become established on the fnont of the

banrier dune by means of seed germination. He observed that trans-

planted seedlings of, E. canadensis and !. helvola could not withstand

the salt spray conditions of the front slope of the foredune. Though

seeds of I. jmbricate could not survjve much bunial, the mature plants

and seedlings readily grew up through accumulatecl sand; ther^efore, this
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plant can only become established from germjnating seeds dur.ing year.s of

unusual]y low sand deposition. Van der Valk concluded that "Sand move-

ment, then, js the major" factor preventing the establishment of most

fot'bs on the front of the foredune or any other area of shifting sand"

and that "Salt spraJ/ plays only a secondary role in eliminating forbs

from the fnont of the dune."

Even though sarnd movement at the present study site on Santa Rosa

Island did not appear to be as great as that describecl by Au (1974) and

van der valk (1974a), it 'is possible that moving sand ther-e plays a role

sjmilar to that reported by van der Valk in determinirrg the compositjon

of vegetation on the front of the barrier dune.

Wind-bonne Salt Spray

General. The expected pattern for salt spray deposition (cf.
Oosting and B'i11ings, 1942; Martin, 1959; Randa11, 1970; Au, Ig74; van

der va1k,1974b; sta'lter, r976; Barbour,1978; inter alia) during the

pnesent study was as fol'lows fon al I stations, consider"ing r"elatjve

amount (or percentage) deposited at each station: station 1>station

2>stati on 3>stati on 4>stati on 5>stati on 6>stati on 7>stat'i on 8<stati on

9<station 10, with the amount deposited at station 9 approximately

equaling the amount depos'ited at station 5. The reasons fon expecting

this pattern are stated here. (1) If the amount of salt spray received

at a given point decreases with increasing distance from the Gulf of

l'lexico on from Pensacola Bay, the station nearest the ocean (station 1)

should receive the greatest amount of salt spray, and other stations

progressively farther inland should receive less and'less, with station

8, being farthest inland, receiving the least salt spnay. station 1c,

because of its proximity to Pensacola Bay, would be expected to recejve
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more salt spray than statjon 9, which was farther in'land from the bay.

(2) If tolerance to salt spray determines the location of a plant spe-

c'ies in the dune strand, then the vegetational zonat'[on pattern shou]d

be ind'icatjve of the r^elatjve amount of salt spray necejved in each

zone. It was expected that the sea oats zone wculd rece'ive more salt

spray than the shrub zone, and that, si nce there y./ere n0 shrubs ( such as

ceratiola ericoides, chnysoma paucjflosculosa, Ilex v(?r[i!_gl]_g_, etc.) in
the bluestem zone (except for a few scattered indjviduals of 0puntia

pusi I I a and Smi 1 ax auricul ata ), the bl uestem zone would necei ve more

than the shnub zone, Since the pine forest species u/ere general1y the

least tolerant to salt spray of the plants encountered at the present

study site, it was expected that the pine forest stattons would receive

the least amount of salt spray, cer"tainly less than was received in the

shrub and bluestem zones.

Sjnce the salt spray collectors employed during the present study

were open to the atmosphene, they received what is known as bulk precip-

itation (Gambell and Fisher, 1966), which cons'ists of inputs fr.om w'ind-

borne salt spnay, rainfa'll , and dry fal lout, I'lear thr: ocean, dny fal l -

out is negf igible, and, as Gambel I and Fisher (1966) further- pointed

out, sea salt is the only sign'ificant source of chlqrjde in rainfall.
Thus, ther"e is no need here to considen individua'l1y the thr.ee compo-

nents of bulk precipitation, since all chloride received in this study

was from the ocean. The amount of chloride received at[ the various sta-

tions may then be consjdered as indicative of the totall effect of ocean-

denived salt aerosols upon the vegetat'ion. A1so, for purposes of later

discussion, it must be stressed that the collectors employed in the
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pnesent study measured the amount of sa'lt spray received at the sojl

sunface.

Dunes. For dune stations 1 through 6 the observed pattern of salt

spray deposition jn the present study matched the expected pattenn, wit,h

p rogres si vely I ess sal t spnay bei ng recei ved at starti ons far"ther and

farther inland fnom the Gulf of Mexico.

If the barrier dune only is considened as a unit, the averaged pen-

centages of salt spray recei ved on the front (S3.7 p,ercent), top (?l .0

pencent), and back (19.3 percent) of the barrier dune in the present

study are sjmilar to the averages reported by van den Valk (1974b) for

the fnont (53.0 percent), top (32.s percent), and back (14.s pencent),

respecti ve1y, of two dunes on Bod'ie and 0cracoke Isl ands, l'lorth

Carolina. The barnier dune percentages of the present study were compa-

nable to the findings of 0osting and Billings (194?), who reported the

following percentages of salt spray deposition for two transects meas-

ured acnoss barrien dunes at Bogue Bank, Nonth Caroljna (cf. van der

va1k, 1973): Transect I--55 percent (front), 28 percent (top), 17 per-

cent (back); Transect II--59 percent (front), zg perc{:nt (top), 12 per-

cent (back). Percentages from the present study also compared well with

those reported by Stalter (Ig76) for a barrjer dune al Huntington Beach

state Park, south carolina: 52.7 perceni (front),34t.6 percent (top),

14.0 percent (back). Comparing the results of the present study with

these averages showed that on the Santa Rosa Island barrien dune some-

what less salt spray was deposited on the front slope anc cnest, and

that somewhat more was deposited on the back s1ope, Salt spr"ay thus

appeared to be more evenly distributed between the crest and rear slope
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of the Santa Rosa Island barrier dune than on the Canolina dunes studied

by other i nvesti gators .

This depositional difference may be attributed to djfferences in

sampling techniques. 0osting and Billings (1942), van der valk (1974b),

and Stalter (1976) all used collectors which were mounted above the soil

surf ace, and they p'l aced the co'l I ector measuni ng sal t spray deposi ti on

for the rear of the dune close to, or at, the base of the dune, In the

present study the collector for the near of the barriqr dune was placed

midway down the near slope, and was thus much closer to the collector on

the crest than was the case fon the three other studiesi cited.

Considerably less salt spray was neceived jn the bluestem zone than

in the sea oats zone (as shown by results for samp)es fnom stations 9

and 10), and this may expla'in the dominance of SchizaqbJr:Lum marit'imum

and the paucity of Uniola panjculata in this zone. 0osting and Bi'llings

(1942) observed that U. paniculata was dorninant only where salt spray

i ntensity was the gneatest and that Andropogon .]_!!lrs!_: (= schiza-

chyr"'ium littor"ale), whjch 'is apparently the ecologic;a1 equivalent of

Schizachyrium maritimum and is a closely-re)ated species, predominated

in areas which received less salt spray. Thein observatjons coincided

exactly with those of the pnesent study for the distributjon of s.

maritimum, which was dominant at stations 9 and 10, where less salt

spray was received than at sea oats zone stations where U. paniculata

was dominant.

To make comparisons of quantitative nesults from djffer^ent coastal

strand sa'lt spray studjes, it is of panamount importance to realize that

the arnount of sal t .spray recei ved by a col'lector at or near the so j I

surface is considerably less than the amount neceived by a collector
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mounted several cent;imetens above the soil surface and, obviously, is
also less than the amount received by parts of plants not near the soil

surface. This fact has been observed by l'1artin (i959), Randall (1970),

and Barbour (1978), who placed collectors at varjous heights above the

soil surface jn thein salt spray studies.

Martin (i959) found that traps placed I ft (30.5 cm) above the soil

surface along the New Jersey coast received 32 percent less salt spray

than did traps exposerd 3 ft (91.4 cm) above the surfacer. Randall (1970)

reported that traps at the soil surface in exposed coastal strand areas

of Barbados received only 16.7 percent as much salt spray as traps 1 m

above the so'il surface. Barbour' (1978) , wonking along the Cal'iforn ja

coast, found that traps placed 14 cm above the sojl surface recejved 75

percent as much salt spray as traps mounted 25 cm above the surface, and

that traps placed at the soil surface received only l4 percent as much

salt spray as traps 25 cm above the surface. Interrestingly, Barbour

( 1978 ) poi nted out rhat Etheri ngton (1961 ) and van der Val k ( 1973,

L974b ) overl ooked j n the'ir mi neral cyc'l i ng stud'ies th j s phenomenon of

salt spray depos'ition decreasing with proximity to the ground and, con-

sequently, presented figures wh'ich were ernoneously too high. Along the

same lines, Malloch (1962), who used cyiindrical col"lectors with open-

'ings near the soil surface, similar to those employed in the presenf,

study, reported that 5 percent to 15 percent less sodium was received by

his salt spray collectors than was collected by najn gauges with rjms

placed 50 cm above ground level.

Martin (i959), Randal I (1970), and Barbour (1978) used vert.ical

pieces of cheesecloth, toweling, or filter paper place<d at right angles

to the wind for their. above-ground-level traps and placeo horizontally
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at the soil surface. It does not seem unusual that such traps inserted
jnto the moving stream of salt-laden air would co'llect considerably more

s al t spray than a trap pl aced hori zontal ]y at the so'i I surf ace, si nce

the hori zonta'l trap wou'ld col I ect most'ly fal I out f rom the movi ng ai r

stream. In Malloch's study the salt spray collectons and rajn gauges

both col lected bulk precipitat'ion, and thus it is understandable that

the di f fer^ence he obsenved was less than that repor"tecl by investigators

using laminar traps, though it reflected the same pattern in negards to

the elevational gradient.

Randall (1970) and Barbour (i978) also observed that the difference

between arnounts of salt spray deposited at the soi I strrnface and at loci

above it decneased wjth increasing vrind speed. It shrould additionally

be noted that Boyce (1954) determined that cheesecloth traps situated

above the soi I surface d'id not col I ect as rnuch sal t spray as was depos-

ited on leaves and twigs of coastal vegetation, hut nnerely provided an

jnd'ication of the re'lative intensity of spray at djffer:ent stations.

0osti ng and Bi'l 1i ngs (1942) repor^ted the fo'l1owi ng averages for
,

NaCl (ng/dn'/day) received for the two barrier^ dune transects they

studied: 20.2 (front), 10.4 (top), 5.2 (back). Thiese figures were,

respect'ively, 14.7, 13.0, and 9.1 times as great as thre average amounts

of NaCl received on the front, top, and back of the barrier dune in the

present study (assuming that sea salt is 78.5 percent illaCl ).
Boyce (i954) measured salt spray at Long Beach, Nlorth carolina, at

various distances inland from the t'ide line and under various prevailing

wind speeds, and reported his results as ng/dm?/hr of total sea salts

neceived. Expressing Boyce's figures for a wind speed of 5.5 m/sec

(which was probably close to the approxir,iate extrapolated average wind
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speed fot'the time periods of the four salt spnay rL{ns of the present

study) as mg/d*? /d^y of tctal sea salts received, yiglds the fo'l'lowing

quantities for the stated distances from the tide linS: 45 m--16.g,9s

m--12.0,120 m--9.6. In the present study, stations 2r 4, and 5 were,

respectively, 58 m, 72 m, and r20 m in]and from the tjde line of the

Gulf of llexico. Expressing the salt spray data fnorn these stations as
t

ng/dn' /day of total sea sal ts , us i ng Boyce's complutati onal method

(salinity = 1.805 ch'lorinity + 0.03), yields the following averaged

figures: stati on 2--7.75, station 4--0.73, station b+-0.34. comparing

this data with Boyce's data shows that Boyce's concentrations were,

respectively, 9.6,16.4, and 28.2 times as great as th0se from the pres-

ent study.

llartin (1959) measured salt spnay at Island Beach State Park, New

Jersey, using cheesecloth tr^aps. He determined the chrlonide concentra-

tions of his elutriated test solutjons by t'itration with silver nitrate

using the Knudson method and reported his results as ng/dn? of total sea

salts recejved. For one run of 48 hours exposune dur'{ng rnoclerate winds

with traps mounted 1 ft (30.5 cm) above the soil surface, Martin's

resu'lts may be converted to ng/an?/aay of total sea salts received at

the following foredune locations: fnont--22.s0, top-+9.50, back--1.50.

Expressing the barrier dune salt spray data from the pr^esent study as
2

mg/dm'/day of total sea salts, using the Knudson equaltion to determine

salinity fnom ch'lorinity (salinity = 1.805 chlorinit3J + 0.03), yie'lds

the fo'l 1 owi ng averaged val ues: front--1 .75, top--f. .02 , back--0.73.

f'lartin's results were, nespectively, Lz.g, 9.3, and E.o times greater

than results fnom the present stucy for the front, top, and back of the

barrier dune.
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Cartica and Qtrinn (1980) also measured w'ind-bonne salt spray at

Island Beach State Park, New Jersey, using cheesecloth traps mounted

with centers 42 cm above the soil surface. During two Z4-hour runs they

neported the deposition of 5.I ng/an?/day and 6.7 ng/dnz/Ou, of chloride

at a station located approximately 2s m inland from the ocean. The

avenage value (5.9 nrg/d^?/duy) for these two runs was 6.1 times as great

as the average amount of chloricle (0.g7 mg/ctm2lCay) received at station

2 duning the present study. This difference is undenstanclable jn view

of the fact that Carti ca and Qui nn's traps were mounted several

centimeters above gnound level and were located much closer to the

ocean. At a distance of 550 m inland from the ocean Cantica and Quinn

(1980) collected 2.3 ng/dm?/au, and 2.6 ng/an?/day of ,chlor.ide (approxi-

matel-v ?,5 times the amount recorded at station 2 in tlre pnesent study),

wh'ich indicated that, the salt spray regime at their s'Ludy site was con-

siderably mone intense than that of the present study s'ite.

Clayton (I972) collected rajn and salt spray along the coast of San

l4ateo County, California (approximately 100 km south of San Francjsco),

using a cylindrical p'lastic bottle 25 cm deep and w'ith a cnoss-sectjonal

area of 19? r^2 located 40 m inland from the high tidfe line. After- g6

days of exposune the collected waten (2,380 ml) in his single bottle was

analyzed for chloride, sodium, potass'ium, magnesium, and calcium. The

concentration of chloride in the samp'le was 2.00 meq/L (70.91 ng/L).

This figure converts to a deposition rate of l.AZ ng/t)^z1duy, which was

close to the amount of chloride received in the presenl[ study at station

2 (approximate'ly 58 m inland from the high tide line). The arnount of

sodi um rece'ived by c'layton's col lector was al so 2.00 meq/L (4s..98 ng/L).

This figure converts to an input of z4r kg/ha/yr, which was not much
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greater than the avenage input (196 kg/ha/yr) of sodiu1rrr received at sta-

tion 2 in the pnesent study.

Malloch (I972) co'liected salt spray 0n the Lizard Peninsula of

England using co'llectors almost identjcal to those employed in the

present study. His results for sodium recejved at various distances

from the sea, expressed as kg/ha/day, were as follows,: 50 n--4.92;100

m--1.15. In the present study stations 2, 4, and 5 were, respective]y,

58 m, 72 n, and 120 m from the high tide line of the Gulf of Mexico. If
the average calculated sodium inputs for these stations are expressed as

kg/ha/day the following figures result: station 2--0.54, station

4'-0.22, station 5--0.10. Malloch's 50 m result was 9.1 times as great

as the station 2 input from the present study, and his 100 m result was

5.? times as great as the station 4 input from the present study and

11.5 times as great as the station 5 input, The gneatrer inputs reported

by Mal I och (1972 ) were probab'ly due to d j f ferences 'in the vri nd regines

of the two study sites.

Malloch (I972) also reported the inputs of sod'iurrr and chloride for

a rain gauge (with its njm 50 cm above the sojl sunface) located 30 m

from the ocean on the Lizard Peninsula. Sodjum deposiLion at this point

was ?04 kg/ha/yr; chlor^ide deposition was 366 kg/ha/yr. Assuming that

the rain gauge collected 10 percent more sodium than the ground-'leve1

tube (as Malloch stated), it can be seen that the inputs in the present

study wene actually sfight'ly greater than those reported by Malloch,

averaging 196 kg/ha/yr sodiurn and 353 kg/ha/yr chloride at statjon 2 (58

m from the ocean ).

Van der Valk (1974b) determined by flame photometry the cation

content of the test solutions derived from his salt spray collections
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( usi ng traps composed of stri ps of p1 asti c tape stretched across a

frame ) a1 ong the North Carol i na coast, and eXpr€SSsrd the resul ts as

kg/halyr received. His averaged results for sodium at two transects

across the foredune on Bodie and 0cnacoke Islands were as follows:

front--1040, top--635, back--280. Averaged sodi um i nput val ues

(kg/ha/yr) for the four salt spray runs of the pnesent study were as

follows for the three stated barrier dune locations: fnont--196, top--

I32, back--94. Van den Valk's values were, respectively, 5.3, 4.8, and

3.0 times as great a:s cornespond'ing results of the present study for the

front, top, and back of the barrien dune. Values for the two studjes

compare favorably, in view of the fact that van der Valk's collectons

wene mounted several centimetens above the soil surface.

Stalter (1976) collected salt spray at Huntjngton Beach State Park,

South Carol ina, using pieces of paper towe'li ng (10 cnl x 15 cm) mounted

w'ith the lower^ edge 15 cm above the soi I sunface. H'is results were

reported as ppm of chloride for the 100 ml solution whjch tvas used to

elutrjate the salt spray fnom the papen towel. If values from Stalter's

27 runs are expressed as ng/dn?/aay of chloride neceived, the following

averaged figur^es result for his barrjen dune stations: fnont--2.37,

top--1.58, back--0.90. These figures were amazingly sfmilan to the bar-

rier dune chloride averages (ng/anz/aay) from the pnestrnt study (front--

0.97 , top--0.56, back--0.40) and were, respectively, 2.4, 2.8, and 2.2

times as gneat as results fr"om the present study for the front, top, and

back of the barrier dune. The sim'ilarity of Stalter''s Cata to that of

the present study can be explained (at least pant'ly) by the fact that

his collectors wene mounted relatively close to the ground surface.
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Banboun and De,Jong (r977) reported results of salt spnay collec-

tjons made at two California beaches with cheesec'loth traps similar to

those employed by Oosting and Billings (1942). Inputs nanged fnom less

than 5 ng/dnz /day of total sal ts recei ved to qpproxinately 17s

ng/dnt/day during a one-year period, depend.ing upon the wind speed, with

most fi gur.es bei ng 50 ng/dm? lday or I ess. These resul ts were much

greater than those reported from the present study, but, since the col-
lectors were laminan in construction and were mounted several centi-
meters above the soi'l sunface, the disparity is understiandable.

Barbour (1978) rneasured salt spray along the Cali{ieppia coast using

5.5 cm-diameter cjrcles of filter paper with their centens mounted 14 crn

above the soil surface. These were arranged in 6 para1le1 nows spaced

at 4 m intervals from 60 m to 80 m inland fnom the rnean tide line.
Barbour's avenaged nesults for collectons at various djstances from the

tjde 1ine, expressed as ng/dn?/day of total sea salts, were approxi-

mately as follows: 60 m--2c, 64 m--18, and 7z m--lz. In the present

study, stations 2,3, and 4 wene, respectively, approximately 5g m,64

m' and 72 m from the high t'ide I ine of the Gulf of tlexico. The average

salt spray loads for these stations, expressed as ng/An?/aay of t.otal

sea salts recejved, were as follows: station z--r.75, station 3--1.02,

and station 4--0.73. Companing these values w'ith Barbour's data showed

that Barbour's concentrations were, respectively, 11.4[, 17.6, and 16.4

times as great as those from the present study (station 2 compared with

Barbour's 60 m concentration; station 3 compared w.ith Barbour,s 64 m

concentration; station 4 compared with Barbour's 72 m concentnation).

The disparity between Barbour's results and those of fhe present study

was probably caused by differ'ent wind r-egimes at the two study sites,
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Tyndall and Levy (1978) used cheesecloth traps exactly like those

of 0osting and Billings (1942) to measure salt spray input 10 cm above

the herbaceous vegetation 0n a peninsular foredune at Back Bay Hational

l"Iildlife Refuge near Virginia Beach, virginia, during two runs of 105

hours and 26 hours. A single trap was exposed (appanently on the dune

crest) during each run. The titration method descnibed by Martin

(1959), which employed the Knudson equation, r^las used to determine total

sea salts received as ng/dm?. Their nesults, expres$ed as ng/dn?/day,

yielded an average value of 1.84 for the two exposure per^iods. This

figure was only 1.8 times as great as the average dune crest input of
A

1.02 ng/dn'/day total sea salts for the present study (as calculated

accor^cli ng to the Knudson equati on ).

Th e compari sons just consi dered showed that , quanti tati ve1y, the

salt spray results of the present study compared wel'l with results

repoited by a number of other investjgatons, if allowances and adjust-

ments were made for d'ifferences in collection techniques and wind

regimes. The closest comparisons were between the results of the pres-

ent study and those recorded on the South Carolina coast by Stalten

(1976) and on the Virginia coast by Tyndall and Levy (1928).

In summany, the pattern of salt spray deposition across Santa Rosa

Island obsenved in the present study at the dune stations was essen-

tia11y the same pattern described by other investigators (Oosting and

Bi11ings, 19421 l,lartin, 1959; Randal'l , 1970; Stalter, 1976; Barbour,

1978; inter alia): salt spray intensity decreased w'i1Eh increasing dis-

tance inland from the ocean. This was particularly well-illustrated by

the results from statjons 2 thnough 6. And salt spray intens'ity also
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Cecreased with increasing distance inland from Pensacola Bay, as shown

by the results from stations 9 and 10.

The present stucly also showed that salt spray deposition on Santa

Rosa Island did coincjde with the zonation of the dune strand vegeta-

tion--an observation which has prev'iously been made by other" investiga-

tors (0ost'ing and Bi11ings, I94?; Boyce, 1954; Sta1ter", I976: inter

alia) at dune strand sites in the eastenn and southeastenn United

States. Clearly the sea oats zone receiveC considerably more salt spray

than was necejved by the shrub zone. However, the bltlestem zone devi-

ated somewhat fr"om the expected salt spray pattern. Although station 10

received more salt spray than the shrub zcne and less than the sea oats

zone during all fout" runs, station 9 received slightly less salt spr.ay

than the s.hrub zone duning three runs, but received more salt spray than

the shrub zone during the fourth run. This suggests that, for at least

a certain time of the year, sa'lt spray intensity at station 9 may be

suffjc'ient to effect'ive1y preclude the establishment of shrubs thene.

|,Jhether this situation of greater salt spray input al. station 9 is a

recurrent phenomenon (and, if So., at what intervals it occuns) can on'ly

be determined by further long-term studjes. It seerns possible that, in
the long run (per"haps oven a one-year period), stationr 9 receives more

salt spray than does station 6.

For the four runs of the pnesent study the avenage salt spray

inputs at stations 6 and 9 were approxirnately equal. I'f this is indica-

tive of long-term conrditions, it suggests that some factor other than

wind-bonne salt spnay is nesponsible for the absence at station 9 of

shrub species that are abundant just south of the pinq forest. Perhaps

depth to the water table, which was considerably greater at station 9
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than at station 6, is important here. 0bviously, further study is

needed to determine conclusively why common shrub zone shrubs are gener-

a1ly absent from the area of station 9. tievertheless, since edaphic and

other^ factors at sta[ion 9 were not gneatly different linom those at sta-

t'ion 10 (where salt spray intensity was clearly great enough to pneclude

the establishment of shrubs), salt spnay intensity was still assumed to

be the most probable cause for the absence of shnubs at statjon 9.

Martin (1959) and Au (i974), among others, presented excellent

discussions on the interactions of environmental factors in coastal

strand hab'itats. Au (1974) stated that "it js difficult to eva'luate

accurately the r"elative importance of different factons to the coastal

vegetation or to give preference to one factor" and that "There are

i nternel ated, sjmul taneous, and compensati ve effects which cannot be

dealt with separately." But he also stated that "A sirlgle factor may be

predominant at a certajn tjme and space" and concluded that "salt spnay

exerts a limiting effect on the strand plant.s within a short distance

from the ocean." As Au also pointed out, however, manit'ime vegetation,

iust like any other plant community on assocjation, was certainly "a

biotic expression of the holoccenotic envjronment." Nevertheless,

Oosting and Billings (1942), Boyce (1954), and Mar"tin (1959), among

others, have demonstrated beyond any doubt that wind"borne salt spray

lvas the major^ factor determining the zonation of coastal strand vegeta-

tion. And the results from the pnesent study showeql that salt spray

intensity was the only factor which had a clear patter^n of variation

that corresponded closely with the vegetaticnal zonation jn the coastal

stnand of Santa Rosa Island. Thenefore, it is concjluded that on the

western end of Santa Rosa Island, wind-borne salt spnay appears lo be
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the majn envjronmental factor responsible for the zonatjon of the

ccastal strand vegetation.

Pine Forest. The chloride concentrations observed in elutniates

from the salt spray collectors exposed in the pine forest on Santa Rosa

Island wene much greater than expected. Although the chloride concen-

trations for samples from stations 7 and 8 urere consequently nejected,

and thus were not reported, it should be noted that the sample from sta-

tion 7 had a higher chloride concentration than the sarnple from station

6 for all four runs, and the sample from station B hacl a chloride con-

centration greater than that of the sample from station 6 for all four

nuns and gneaten than that of t,he sample from station 5 for two runs.

It mjghL be asked if it were possible that the pine forest actually

was receiving the amounts of salt spr.ay indicateC by the chlor^jde con-

centrat'ions observed in salt spray col lector"s during the present study.

A simple biological indicator at the study site showed rLhat thjs was not

the case. For example, jf the salt spray 'input at stat,jon B were actu-

a1ly as gr'eat as indicated by the chloride flEasurements for salt spray

samples from that stat'ion, then one would expect that s'lash pines (Pinus

elliott'ii), which lvene abundant at station 8, would also be found at

least as far south as station 5 (since ihe chloride concentratjon of the

station 8 sample was greater than that for station $ in the 100-day

run). 0f course, no pine trees grew anywhere nean station 5; in fact,

they did not occur south of the vicinity of station 7.

As ment'ioned eanl ier, a waten sample collected 'in the stand of

Typha domingensis near station 8 was found to have a chlor^ide concentra-

tjon of 50.0 ppm. This was much higher than expected (particularly so

in view of the data presented by Beal (1977), which showed that he did
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not 0bsenve this cattail growing in water with a chlonide concentration

greater than 3.5 ppm). This relatively high chlonide concentration in

marsh water near statjon 8, as t^tell as the relatively high soil chloride

concentrations at stations 7 and 8 (Table 6), made it apparent that the

pine forest soi1, with its generally greater organic content, was acting

as a chloride trap.

It was thus also evident that soil chloride contamination had pro-

duced the higher-than-expected chloride concentrations in the sa'lt spray

collectors at the pine forest stations. Since the upper end of the

installed salt spray collecton was only 1 cm above the soil surface, it
can be seen that it was not d'ifficult for soil panticles to enter the

collector (e.9. via rainwater splashing or wind action). This was veri-

fied by the brovrnish color (due to humus leachate) of the elutriates

from the statjons 7 and 8 salt spray rcllectors for every nun and the

presence of soi'l organ'ic matter in the collectors frorn those stations.

Furthermore, stat'ion 8 was observed to be completely inundated with

water f rom nearby Bl ackb'i r d Flarsh to a depth of at I e'ast 15 cm on one

occasi on, and such i nundati on v{as undoub'ted'ly a source of excess j ve

chloride in the salt spray collector there.

Due to soil chloride contamination, it is probably not possible to

obtain an accurate long-term salt spray sample in the Santa Rosa Island

pine'forest with the type of collector employed in the present study.

Theoretically, a lamlnar collector mounted 30 cm above the soil surface

would be suitable for salt spray collection in the pine forest, but such

a co'llector is useful only during r"ainless periods, unless a rain shield

sjmilar^ to that descnibed by Randall (1970) were to be emp'loyed.
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Furthermore, at the present study site such a colleclor cou'ld only be

exposed for a short period of time before it would be vbndalized.

Therefore, the salt spray collections made in the pine forest dur-

ing the present study were not reliable, and further stirdy of salt spray

in the pine forest is needed. However, the'lack of pine forest salt
spnay data did not. seriously affect the present studyl, s.ince its pri-
mary focus was the exposed dune strand corrnunitiesr'and the pine forest

nas studied mainly for purposes of comparison.

It is believed, then, that stations 7 and 8 are aftually receiving

much less salt spnay than was indicated by chloridie concentrations

recorded during the present study. It was expecte!, in fact, that

almost no salt spray at al'l was being depos'ited deep inside the pine

fonest, and that only a small amount was being received at station 7.
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The coastal strand vegetation on the western end of Santa Rosa

Island was studied quantitatively, and a number of envlironmental factors

were examined to determine which ones might be responsib'le for the zona-

tion of the dunal vegetation. The pine forest locatFd at the interior
of the island l.las studied to compare data collected there with data

obtajned in the nonforested dunal areas. The principlte results ane sum-

mari zed be'lovr.

1. The coastal stnand vegetation on the western end of Santa Rosa

Island existec in distinct zones, as fol'lows: (1) sen oats zone, where

uniola pan'iculata was the dominant species; (z) ghrub zone, whene

Chrysoma paucjflosculos-a and Ceratiola ericoides werE co-donrinant spe-

cies; and (3) bluestem zone, where Schizachyrjum narjtlimurn was the domi-

nant species. An extensive forest dominated by Pilnus elliottii was

located at the interior of the island between the shrfub zone and blue-

stern zone.

2. Vegetation of the sea oats zone was generallS not very similar

to vegetation of the equivalent zone of other sites Flong the Atlantic

and Gulf coasts of the United States and northern l4exico (based on

sorensen's index), even though sorne of the specfies (e.g. uniora

pqfricul ata) were shared b.y several of the comparison stites"

3. Dune soil at the study site was low in c41cium, magnesium,

potassi um, phosohonus , anc! ni tr^ate, but was hi gh i n sofl i um.

169
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4 . Dune soi I at the study s.ite was I oyr i n or.ganfi c rnatter and was

slightly acidic.

5. llo'isture content of the dune soi I at the s{ucly site was not

great in the upper z0 cm of the soil profile, averaging only 2.2 percent

for all measurements.

6. Saljnjty of the dune sojl at the study site wals 1ow, presunab,ly

due to rapid leachinE of salt spnay inputs.

7. No definite relationship was evident betweeri any of the soil
parameters and the vegetational zonat'ion i n the duners at the pnesent

study sjte.

B. Soil at the southern edge of the pine forestt was similar to
that found in the dunes, but deep inside the forest the soil contained

much rnore organic matter and moisture than vras forlnd in dune soil
samples.

9. Dune soi1 tenrperatures generally sholed considerable variation

from statjon to statjon and at the various depths, but did not show djf-
ferences between vegetation zones which could be jnterpneted as a causal

factor in producing or maintain'ing the vegetational zonption.

10. Sojl tenperatures deep insicle the pine foregt were generally

mone rnoderate than those at dune statjons (presumably dUe to forest can-

opy sheltering), but soil temperatures measured near t,he southern edge

of the pine forest were sirnilar to those observed at the exposed dune

s i tes.

11. Dune station air temperatunes dfd not show a pattern which

appeared to coincide in any way vrith'the zonation of thg vegetation.
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12, Ai r ternperatures deep r*ith jn the p'ine forest lrere more moder-

ate than those observed at exposed dune stations (probably due to forest

canopy sheltering), but at the southern edge of the pirie forest, where

the canopy was sparser, air temperatures were sirniJar t{ those observed

at dune stations.

13. Relative humidity values for dune stations sholred considerab,le

variation and did not corresponC with the zonatjon of th$ vegetation.

14. Relative humidity vaiues 'in the pjne forest lwere sirnilar to

those of the exposed dune stations.

15. Evaporation was greater where Uniola paniculat{ dominated (sea

oats zone ) than where Schi zachyri um mari t imum was dom]'inant (bl uestem

zone ) .

16. Evaporation at the southern edge of the pine for'est was sirni-

lan to that observed in the shrub zone, but evaporationldeep inside the

pine forest was consjderab'ly less than at the exposed d$ne stat'ions and

was also less than at the souther^n edge of the forest.

17 . Wi nds rneasured on Santa Rosa Isl and catne prilmari 1y f rom the

south, west-southwest, and west in summer and pnirnarilyl from the north

and northeast in winter, with spring and autumn winds corfling from d'irec-

tions interned'iate between summer and ulinter prevailing {irections.

18. The avenage wind velocity for Santa Rosa Islun4t rur 5.0 m/sec,

which was slight'ly greater than the critical wind veloclty of 4.5 m/sec

f or the transport of sand, but was less than the critiica'l vel ocity of

7.0 m/sec for^ the transport of sa'lt spray; however, folr the months of

January, Februany, l'larch, September, and Decernber the rflonthly averages

for daily nraximum wind velocity readings exceeded both of these critical

velocities.



19. Salt spray and sand movement on Santa Rosa I

sma'll amounts on most days throughout the year, with

spray and sand movement activity occunring in 'late 
a

rnonths through early spring.

20, The pattern of w'ind-borne salt spra-v deposi

strand of Santa Rosa Island was simi lar to that de

investigators and appeared to coincide well with the

vegetation. Mone salt spray was deposited in the sea

the other two dunal zones, and the b'luestem zone ge

sornewhat more salt spna.v than did the shrub zone.

?1. tlind-borne salt spray appeared to be

factor responsible for the zonation of coastal

Santa Rosa Island.
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APPENDIX

ERRONEOUS REPORTS OF PLANT SPTCIES

IN THE DUNE STRAND OF SANTA ROSA ISLAND
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A number of vascular plants have been erroneously

'literature as occurrinq in the dune strand of Santa Rosa

Bl ai r ( 1951 ) reported Unio'la 1 axa as abundant in

study area on the western end of Santa Rosa Island, butf interestingly,

did not report the pnesence of g. pani cul ata. McFari^1 i n ( 1941) and

Car'lton (1977 ) djd not report U. laxa from Santa Rosa Island. Hitchcock

(1950) stated that U. laxa occurs in "Moist woods, Coa$ta1 Plain, Long

Island to Florida and Texas, extending to western ttforth Caro'lina,

Kentucky, Arkansas, and 0k'lahoma," and }Jagner (1964) a1$o described the

hab'itat of this species as "rich woods in the soutfleastern United

States." Uniola laxa was not observed in the coastal ]strand of Santa

Rosa Island during the present study. It is believed] that the plant

wh'ich was actual ly obscrved by Bl ai r (1951) was Uniola pFnicu'lata, which

js the dominant dune species of the northvrest Florida G{1f coast and is

abundant on Santa Rosa Island.

Carlton (1977) presented a list (Table 23, p,26) pf species wh'ich

he obsenved in the dunes near Ft. Pickens. flelenium atarum and Smjlax

laurjfolia are included in this list. By examinatiQn of Carlton's

voucher specinens it was determined that two misid

neported in the

Island.

he dunes of his

cations had

were listed

of llatu ral

was I abe'led

occurred and that consequently H. amarum and S. laurif

erroneously. Carlton 50 (herbarium of FloriCa Depa

Resources l'larine Research Laboratory, St. Petersburg),

as Smilax laurifolia 1., is actually Smilax auriculatd l,lalt.; Carlton

424 (herbar^ium of Flor^ida Department of Natunal Rpsour^ces Harine

Research Laboratory, St. Petersburg), which was labelledl Helenium amarum

(Raf.) H. Rock, is actua'l 1y Balduina angustifolia (Pur^sh) Robins.

ti fi
lia

nt

ich



Balduina angust'ifoljq and Smilax auriculata were found

the dunes of Santa Rosa Is'land duri ng the pnesent

tiel eni um amarum and S.mi I ax I au ri fol i a h,ere not obsenved

194

to be cornmon i n

study, whereas

there at al I .

The p'lant listed by Can'lton (1977) as Chrysops s gossypina is

rea11y Chrysops'is godfreyi, a species recently named b Semple (1978).

islands of westThis golden aster is endemic to the Gulf coast barrie

Flonida and has two readily-distingufshab'le forms (fo godfreyi and

forma viridfs). It is the most abundant go'lden asteri in the coastal

strand of Santa Rosa Island and Perdido Key and is fourld in association

with C. cruiseana where the distributions of the two lsRecies overlap.

Chrysopsis gossypina does not occur on either of these ilslands.

The plant listed by Car'lton (I977) as Cakile edenltula'is actually

caki'le constricta, a species recently named b,v Rodman](igz+). cakile

constricta is the only sea rocket which grows along tfre Gulf coast of

Florida. Apparently the name Cakile edentula has beer{r misapplied for

many years by numerous authors and botanists to sea focket specimens

from Florida's northwest coast. q. constnicta is cpmmon along the

northwest coast of FlorjCa and extends westyrard along t['re Gulf coast to

eastern Texas.

The plant l'isted by Carlton (I977) as Conyza ramds'issima is most

probably conyza canadensis var. pusilla, a plant th4t is common in

Florida's northvrest coastal strand. Conyza ramosissiima resembles C.

canadensis var. pusilla, and the two can be easily m1staken for each

other in fie]d observations. conyza ramosissima, hpwever, was not

neported by Clewe'11 (1980) for northwest F'lorida, andlMcFarlin (1941)

did not record it for Santa Rosa Island.
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The listing of Panicum adspersunr by carlton (I977) for the dune

stranC of Santa rosa Island is extremely doubtful and p

tutes a rni s'identi f i cati on. Pan j cum adspersum tras n0t

of the Florida panhandle by clewell (1980), nor djd McFarl 'in (i941) list

it for Santa Rosa Island. Carlton's 'listing of sal i _vi scosa van.

n, sj nce thi s

on Santa Rosa

rnaritima 'is poss'ib1y al so the result of a mi sidentificat j

plant was not obsenved by McFarlin (1941), nor was it se

Island during the present study. Another species, Ph lis angusti-

fo'lia, is, however, quite abundant in the dunes of wes rn Santa Rosa

island and may be the species which was actually obse by Carlton.

unfortunately, Carlton did not co'llect voucher specimen

he listed as Panicq! adspensum and Physalis JlJsg var'

Table ?6 in Carlton (1977 ) should, therefone, b

removi ng the names Hel erij um amarum, Smi I ax I au ri fol a, Chrysopsi s

ably consti -

rted for a] I

of the p1 ants

ari ti ma .

corrected bY

wi th Bal dui na

Cakile con-

gossypjna, and Cakile edentula, and replacing them

angustifol'ia, Smilax auriculata, Chrysopsjs godfreyi'

strjcta, respectively. Appendix I of Car'lton (I977)

have Balrluinq iIgg:!-&ll-t (Pursh) Robins. added to it a

to include Chrysopsis godfneyi Semple and Cakile constric

'td

d

, then, a1 so

be corrected

Rodman.a




	Cover
	i_viii
	1_10
	10_20
	20_29
	30
	30_40
	40_50
	50_60
	60_71
	70_80
	80_90
	90_100
	100_110
	110_120
	120_130
	130_140
	140_150
	150_160
	160_170
	170_180
	180_194
	Back

