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ABSTRACT .
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The vegctat.ron colonizing dn'rige spoil i~ described trorn the Itrst year following massive beach nourish
ment Dredge spoil wa- deposit Pel in lat e 1~)90 glilfward of mean high w'at.er on Perdido Key, a harrier
Island 011" t he coast of t he Florida panhandle, for a distance of H km and averagi n~ 150 m in width A
grid of permanent plots was used to measure density and cover of the colonizing species. With a de nsity
of 997 plant" per 1111 ill Sum mer 1m~ I, ('akll(, coristric / a was the most a bundan1 of ten species colonizing
the dr('dgt' ..;poi\. Other ~pe('ie~ with a density (If more Ihan;")() plants per ha were Uruola paniculat a, lea
imbrunt a, Pnrucu m am aru m, and t tcnut ncr« h urnrju sa Sand fenCing 10 1:) m below old mean high water
i nr reasr-d the dr-nsu-, of l pruu culat o \1aps of C curist.rtct n show that the highest densities were adjacent
10 and he low t he old mean high water. A new strand lint' 01 (' conet n, fa that was establishing Just above
t.he new Illg-h water mark in 1\'1a) 19~) I was lost fol lowma overwashing from late spring <tnrms. Canonical
Corre--pondenr« Aualvsi« was w"ed 10 rumpare .... pevies cover data from plots on the dredge spoil to cover
ciHta [r orn permanent pl(Jl~ on till' m.un i-Iand dlld above t h« old mean hlg'h water. Vegetation in the first
.Vt'iH of C'oltlllizat ion most closely rt'~('mhJed d ;;peclt's-rich ~t rand Of jm... ds-nsit.y developing dune veget.at ion.
Th» precarious n.u u re of t lw vf'getallo)) colonizing on to t he d rf'dgt-' "poi I durrng the rust year following
depo-.u i..n ll\l!IC'all's 1hOlt additional dredge spoil deposit ion J~ not advisable for several years.
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INTRODl1CTION

Beach nourishment is a common coastal man
agement tool used in hoth the disposal of dredge
spoil and the replenishment of beach sediment
lost through erosion (D.\\'I~()~ et a! .. 1992). While

there has been much concern as t () the geornor
phological impact and success of beach nourish
ment projects (PILhEY, 199()). virtually nothing is
known about the subsequent ecological impacts
on the coastal vegetation. Indeed. t he Monitoring
Completed Coastal Project established in 1981 bv
the U.S.Army Corps of Engineers to provide plan
ners, designers and builders with an evaluation
of coastal projects makes no mention of the eco
logical impact of beach nourishment projects
(HEMSLE1', 1990). A review and annotated bibli
ography by DAVISON et al. (1992) contains 110 re
ports on the effect of beach nourishment on coast
al vegetation. Exceptions to this apparent lack of
plant ecological interest in nourishment projects
in the past have included C()llLT.\~ et al. (1978)

and LANDIN'S (1985) studies of planting success
and habitat development on dredge spoil (but not
beach nourishment projects), and SYLVIA and

921:36 received Y.,) :'V()('l'm{wr 1992, acccm e d III rvtt st cn) 2-: Murch 199:/
Present address: Depart meni of Plant HlcJ!ogy. I :nivf'rsity of ~Otl( her n

Illinois at Carbondale, Carbondale, IL (129tll

WlI,L'S 1988 study of soil fungi on a beach re
plenishment site. Coastal dune managers in Eu
rope have also considered t he importance of in
corporating an ecological perspective into
evaluating the success of beach nourishment ie.u.,
.... :\\; DEH l\1EI I,Er\ and v \ N I )I'~l-\ MAA HEL, 1989),

The 1990 Pensacola Naval Air Station Home
porting Project was one of the largest ever beach
nourishment projects in the eastern IJ.S. and in
volved the nourishment of P. km of the Gulf beach
\.H1 the eastern end of Perdido Key, Florida, bv
the deposition of approximately ll).4 million m ' of

beach quality sand (LE()~;\HIJ et al., 1990; ZI1Vl

\1 EIU'vlA j\,", 1990). The plant species colonizing the
dredge spoil have been monitored since deposi
tion of the dredge spoil as a part of a compre
hensive monitoring program established by the
lJ.S. National Park Service (WORK et al., 1991).

In this report, the plant species colonizing the
dredge spoil in the first year after deposition are
reported and plant communities compared with
those that existed on the barrier island prior to
nourishment. The spatial pattern of the first and
most abundant species to colonize the dredge spoil
in the first year, i.e., Cakile constrict.a, is de
scribed to allow the processes and dynamics of
primary succession to be followed.
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Figure 1. Map of the eastern end of Perdido Key. Florida. showing t.he extent of heach nourishment <hatched area) and even
numbered DNR markers used in the placement of cross-island line transects and permanent sample plots.

MATERIALS AND METHODS

Study Area

The study was conducted in the Gulf Islands
National Seashore (GINS) on the eastern 11 km
of Perdido Key, a barrier island off the northwest
coast of Florida (87°24'W, 30018'N) (Figure 1).

The island consists of coastal dunes dominated
by Uniola paniculata. Three hundred and twen
ty-three species of vascular plants have been re
ported for the GINS portion of Perdido Key
(LOONEY et al., in press) in a variety of habitats
ranging from coastal strand just above mean high
water (MHW) to several types of U. paniculata
dunes, wet and dry swales and a Juncus roemer
ianus dominated marsh at the back of the island
(GIBSON and LOONEY, 1992). The area is largely
undeveloped except for the ruins of a WWII ar
tillery battery on the extreme eastern end of the
island. Off-road vehicle use has been banned since
1983.The only major recent disturbance was Hur
ricane Frederic in September 1979 which exten
sively overwashed the island flattening as much
as 90~;, of the dunes (COlI";EN";, 1988).

To counteract shoreline erosion (0.5 m per year
from 1859-1985 [STONE et al., 1992] and to dis
pose of spoil from the dredging of Pensacola Pass.
the U.S. Army Corps of Engineers nourished ap-

proximately 8 km of the GINS in late 1990 with
5.4 million m' of beach quality sand (WORK et al.,
1991). Beach nourishment almost doubled the
width of the barrier island in some places (Figure
1). In late 1990, 50 m long sand fences 10-15 m
below the old MHW were erected on the dredge
spoil to facilitate the dune building process and
arrest the landward. wind borne movement of the
dredge spoil. Each sand fence was constructed of
50 m long x 0.61 m high plastic mesh buried to
a depth of 5-7 em. The fences were placed in
groups of three with different groups being a
slightly different distance from the old MHW.
Gaps were left between some adjacent groups of
sand fences to compare dune establishment and
vegetation colonization in the absence of sand
fences. Plantings have not been carried out. and
vegetation is being allowed to colonize the dredge
spoil naturally.

Data Collection and Analysis

In Autumn 1990, permanent plots were estab
lished along thirteen transects on the dredge spoil
(Figure 1). The transects were located along even
numbered Department of Natural Resource
(DNR) profiles R-40 through R-64 and were a
continuation of transects established in 1989 to
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monitor the vegetation on the barrier island above
the old MHV (GIBSON and LOONEY, 1992). Two
sizes of permanent plots were established: :2 x 5
m plots established every 12 m at and below the
old MHW for species cover estimates, and con
tiguous 12 x 5 m plots running from 36 m above
the old MHW to the new MHW for density counts.
The smaller 2 x 5 m plots were established to be
consistent with the plots used in an ongoing veg
etation monitoring program on the barrier island
above the old MHW (GIBSON and LOONEY, 1992).
Up to twelve plots were established across the
width of the dredge spoil (depending on the dis
tance to the new MHW) and twelve plots were
established off the dredge spoil above the old
MHW. Within each plot, the vegetation was sam
pled in Spring (May), Summer (July), and Au
tumn (November) 1991, by estimating cover of all
species according to the Daubenmire scale (Dxu
BENMIRE, 1959) within 25 permanently located 0.1
m' quadrats that were randomly located within
the permanent plot for the first sampling. Within
the 12 x 5 m plots, the density of all Cahile con
stricta plants (mature plants and seedlings) was
counted in December 1990 and Spring 1991, the
presence/absence of all vascular plants was re
corded in Spring 1991, and the density of all vas
cular plants was counted in Summer and Autumn
1991.

The effect of sand fencing upon the establish
ment of vegetation on the dredge spoil was in
vestigated by comparing the density of species in
the 12 x 5 m plots in July 1991, through which
the sand fence passed (n = 14) with the density
in plots at the same distance below old MHW in
which a sand fence was absent (n = 11) using
Analysis of Variance (ANOVA) of square root
transformed density data. Possible differences in
the density of plants in plots above (n = 13) or
below (n = 13) the line of sand fencing were also
tested in the ANOVA.

Diversity and evenness (the distribution of
abundance among species in a community) were
calculated from the mean cover and density of
each species on the dredge spoil for Spring, Sum
mer, and Autumn 1991. Diversity was calculated
as the exponent of Shannon's H' (HILL, 1973),
and evenness was calculated according to Hill's
ratio (HILL, 1973). Calculations were performed
using programs provided in Lnnwu: and RE'lNOLDS
(1988).

Detrended Canonical Correspondence Analysis
(eCA; TER BRAAK, 1986, 1987) was used to or-

dinate cover data summarized per permanent plot
(mean species cover per plot) collected from the
new beach in Spring, Summer, and Autumn 1991.
CCA is a multivariate method of direct gradient
analysis that seeks to order samples along gra
dients such that the corresponding species abun
dances follow a unimodal distribution. In addi
tion, the ordination axes are constructed so that
the axes are linear combinations of environmental
variables. For this analysis, species cover data from
178 plots above the old MHW surveyed in May
1990 prior to deposition of the dredge spoil were
used to construct the ordination axes. Two hun
dred and twelve plots surveyed in Spring, Sum
mer and Autumn 1991 from at and below the old
MHW ti.e., on the dredge spoil) were held "pas
sive" in the construction of the ordination (i.e.,

did not contribute to the extraction of the ordi
nation axes) and added to the ordination after
wards (TER BHAAK, 1988; see SCHMALZER and
HINKLE, 1992, for an example). This procedure
was followed so that the ordination portrayed the
relationship of the vegetation in plots on the
dredge spoil (i.e., at and below the old MHW) to
vegetation in plots on the main part of the island
(i.e., the plots above the old MHW). Thus, the
analysis revealed how the vegetation on the dredge
spoil related to the vegetation on the rest of the
island prior to the deposition of the dredge spoil.

Previous analyses (GIBSON and LOONEY, 1990)
had shown that the vegetation on Perdido Key
was strongly related to location on the island.
Consequently, sample scores on the CCA axes were
constrained to be linear combinations of environ
mental variables; specifically in this case, plot el
evation above datum, distance from MHW, tran
sect number, and sand loss. Elevation above datum
and distance from MHW for each plot were taken
from data presented by WORK et al. (1990). Tran
sect numbers identified the Florida Department
of Natural Resource profile line along which the
plot lay (see Study Area) and allowed possible
east-west gradients to be identified. Loss or ac
cumulation of sediment in each permanent plot,
referred to as sand loss, was estimated by mea
suring the height of permanent marker stakes
above the ground level at each sample date. The
difference between the heights on two subsequent
sample dates indicated whether sediment was ac
cumulating or being lost from the plot. When
stakes had been removed or obviously disturbed,
a measurement was not taken. Sand loss data were
expressed as + or - depending on whether the
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Ten species colonized the new beach in 1991
(Table 1). Of these, Cakile constricta was the most
abundant both in terms of cover and density, ex
cept in the Autumn. Uniola paniculata and Iva
imbricata were also important colonizers with the
former being the most abundant species in the
Autumn. The maximum density of plants and the
largest number of species were associated with the
old MHW, and there was a decline in density of
plants from the old MHW across the new beach
to the new MHW (Figure 2). A secondary peak
of plant density occurred close to the new MHW
associated with higher densities of U. paniculata.

During 1991, there was little change in the total
cover of the colonizing species, especially between
Summer and Autumn (Table 1). Mean cover of
all species remained below 0.4 %. Over the period
from Spring to Autumn 1991, the cover of C. con
stricta decreased while other species such as U.
paniculata and 1. imbricata increased. Changes
in density (Table 1) led to marked seasonal dif
ferences in the composition of the vegetation across
the new beach (Figure 2). In Spring 1991, C. con
stricta had the highest cover; but in the succeed
ing Summer and Autumn, the other colonizing

RESULTS

elevation of the plot had increased or decreased
over the previous six months.

The distribution of plots with respect to the
CCA axes was summarized by constructing
Gaussian confidence ellipses (ELM procedure in
SYSTAT [WILKINSON, 1990]). Confidence ellipses
circumscribed plots prior to dredge spoil depo
sition in May 1990 according to vegetation types
identified by GIBSON and LOONEY (1992). Plots
surveyed on the dredged spoil were circumscribed
according to sample date (Spring, Summer or Au
tumn).

Isoline maps showing the distribution of Cakile
constricta plants on the dredge spoil in December
1990, Spring, Summer or Autumn 1991, were con
structed using a Kriging procedure in the software
package SURFER (Golden Software, Inc., Gold
en, CO). Kriging is a spatial interpolation pro
cedure that provides a means of estimating values
for points not physically sampled (LEGENDRE and
FORTIN, 1989). With this procedure, it was pos
sible to estimate the density of C. constricta across
the whole dredge spoil area throughout the first
year of colonization using the density counts in a
195 element grid.
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Figure 2. Density of plant species across the new beach in (a)
Spring, (b) Summer, and (c) Autumn 1991 with respect to dis 
tance from old MHW. Counts of only Cak ile constric ta were
made in Spring 1991. Negative distances refer to plots on the
dredge spoil, whereas positive distances refer to plots above the
old MHW.
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Table 1. Densitv and corer' of plant species coionieuu; the dredge spoil below old MH Hl on Perdido K e,\ in Spring, Summer,

and Autumn /991.

Species

Cakile constricta
Uniola paniculata

Iva imbricate
Panicum amnru m
Oenothera hurnijusa
Chomaesvce ammnnnioide«

Schizach yriurn maritimum

l pomoea stnlonifera

Heterotheca .....ubaxillaris
Froelichia tioridana

Total

Density
no·ha '

l.,-t~

Spring

Cover
(

(

0.:)7

n.Oi
o.u,

0.01

o.ot

o.r);~

Summer Autumn

De-nsity Cover Densitv Cover

no·ha no·ha I I'
I

997 0.20 184 O.l:~

4()!) 0.05 541 O.1~3

1:11 O.()2 170 0.05

102 94 0.02

9 119

6 9 +

11 0.0] 8 0.01
t) -+ :~

~

1,72;~ 0.28 1,130 0.34

• Indicates species present in the densit.y plots; on Iv (' con s! riel a numbers were counted in the Spring
t Indicates species that occurred in the density plots, but were absent from the plots used to assess cover
I Cover was calculated as t he mean cover from plot-. containing vegetation, whereas density values are based on all plots surveyed

species became proportionally more abundant in
terms of density and more widespread across the
new beach. These changes were reflected in an
increase in diversity and a decrease in evenness
even though the number of species did not mark
edly change (Table 2).

The occurrence of sand fencing significantly in
creased the density of U. paniculata (Table 3).
The density of Oenothera humijusa was also
higher in areas of sand fencing, although the effect
was not significant (P = 0.06). The density of
Cakile constricta and Iva imbricata and other less
abundant species was not affected by the estab
lishment of sand fences. The density of none of
the species was significantly different above or
below the line of sand fencing.

The first two ordination axes extracted by the
CCA procedure accounted for 76(1(\ of the varia
tion in the May 1990 species abundance data set.

Table 2. Diversll) (exponent of Sh annon ',..... H') and ('('NUll'SS

(Hill's ratio) based on corer and densit.y csl inuu c« uf plant
species colonizing the dredge "put! bclou: old M H~' on Perdido
Key, in Spring, Summer, and Autumn /9.41

Spring Summer Autumn

Cover

Number of species [) f)

Diversity 2.55 :2.:i5 ;U)~

Evenness 0.26 O.:i6 0.20

Density

Number of species 10 9 9

Diversity 1.4~ :t 1:~ 4.;~~

Evenness 0.81 0.77 0.11

CCA axis 1 explained 67 <; of the variation in the
data set and separated marsh and swale vegeta
tion from dune vegetation (Figure 3). Wooded
dunes and back slopes were assigned intermediate
positions along this compositional gradient while
strand and developing dunes were associated with
dunes. All four environmental variables included
in the analysis were significantly associated with
the first eCA axis (t-values of regression coeffi
cients with eCA all :> 2.1, P < 0.05) with plot
elevation and distance to MHW having the
strongest relationships (canonical coefficients with
CCA 1 = 0.64 and - 0.50, respectively; transect
and sand loss coefficients both less than ±0.2).
Thus, the marsh to dune gradient in vegetation
composition above MHW in May 1990 is best
related to distance above MHW and plot eleva-

Table S. De n."'· it)· (number per 60 m- plot) of plant ...... colonizing
dredge spoil In Julv 1.991 in plots uiith tin d without sand [enc
Inp

Without
With fencing fencing

Species Mean Sf' Mean se pi

Cahile constrict a 11.6 4.2 1:L4 6.5 0.98
l lniola paniculat a 20.4 4.8 2.5 1.5 OJ)03

t-« imbricata 7.4 :{.9 1.4 0.9 0.15

Oenoth era hu mijusn .'{.6 2.4 0 o.os
Other species

(n = 6) 6.0 4.0 0.3 o.a 0.11

Total 48.2 11.1 17.5 6.H 0.0:3

, P = probability level (ANOV A) testing the effect of sand fenc-
ing (presence or absence) upon density

.Iournal of Coastal Research, Vol. 10, No.1, 1994
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Figure :1, Canonical Correspondence Analysis of 17Hplots sur
veyed on Perdido Key in May 19~jO, Conridence ellipses circum
scribe the distribution of plots (not shown for clarity} according
to their assignment to vegetation types in GlH:--iON and LOOI\JE ....

(1992).

tion (marsh plots being far from MHW and at a
low elevation; dune plots being the opposite). This
primary gradient in species composition was re
lated to the abundance of Juncus roemerianus in
the marshes, Muhlenbergia capillaris. flex oomi
toria, and Smilax bona-nox in the swales, and
Uniola paniculata, Chamaesyce ammannioides,
Oenothera humifusa, and Schizachyrium mari
timum in the dunes (Figure 4). The second CCA
axis explained 9.6~~ of the variation in the data
set after extraction of first CCA axis and provided
a distinction between developing dunes, dunes,
and strand vegetation (Figure 3). This gradient
was significantly related to transect number, dis
tance to MHW, and sand loss (regression coeffi
cient t-values > 2.1, P < 0.05), but not elevation
IP > 0.05). Transect number had the largest ca
nonical coefficient ( -1.06) with distance to MHW
(0.74) and sand loss (-0.47) having smaller coef
ficients. These relationships indicate that devel
oping dunes, characterized by Iva imbricate (Fig
ure 4), were more common to the west of the study
area (lower numbered transects). By contrast,
strand vegetation, characterized by Cakile con
stricta, was closer to the front of the island (small
er distance to MHW) and associated with sand
loss.

Figure 4. Plot of species scores for Canonical Correspondence
Analysis of I7R plots surveyed on Perdido Key in May 1990,
Only species given species weight ing« (1'10:1< H""'If', 19881 greater
than f,O shown, CAKL ~ Cakil« conet ricta, CHMA - ChamaI'·
,'.WI' ammann;oiae". CHRY ~ ('hry80psis uodfrevi. CHRV ~

(", J.i(Jdfrt'yi f. ciruiis, CONR " tnnrndinc "allcse""". HTRO ~

Hct eroth eco subnxillnris, ILEX - lin romirurui, IVA = Iva
i mbricatn, OENO - t n-nothcra hu miius«, PARO - Paronychia

erect.a, QlIER = Qlu'rcus peminala, .JlTNC 0- Juncus roemer
IIlnus, MliLY - Muhlvnbcruia mpillaris, PANC = Panicum
amarum, SCHZ= Schizachvrium maritimum, Sl\ll.X -= Smilax
bona-n"x, SPRT - Spart ina patens, lINIO = Unioio pani
culat a.

Plots surveyed on the new beach were all as
signed high CCA axis I values (Figure 5) reflecting
a high degree of similarity with strand, dune and
developing dune vegetation types. Plots on the
new beach surveyed in the Spring and Summer
were associated with strand vegetation; but by
Autumn, the plots were more diverse and showed
an overlap in distribution on the ordination with
developing dunes as well as strand. Plots surveyed
above the old MHW in May 1991 were placed on
the ordination in the same place as these same
plots when they were earlier surveyed in May 1990
and assigned to the dune vegetation type.

Colonization Pattern of Cakile constricta

The spatial pattern of C, constricta on the
dredge spoil indicated that colonization was not
a random process (Figure 6). In December 1990,
two main invasion fronts were present: the largest
associated with transects 50 through 58, and a
smaller associated with transect 46 (Figure 6A).

Journal of Coastal Research. Vol. 10. No, I. 1994
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This study presents data from only the first
year of primary succession on the nourished beach
dredge spoil. Nevertheless, comparisons with the
characteristics of succession and colonization in
other dune systems are useful. GnuHB (1987) con
trasts the pioneer species of coastal fore-dunes
(developing dunes of GIBSON and LOONEY, 1992)
and drift-lines (strand). Fore-dune pioneers are
normally long-lived perennials, whereas drift-line
pioneers are characteristically annuals. The dif
ference between life forms in the two habitats
reflects the continually wind-blown, sand dis
turbed and nutrient-poor fore-dunes and the nu
trient-rich drift line that is disturbed by winter
storms. The nourished beach on Perdido Key pos
sesses characteristics of both of these habitats.
Four of the ten colonizing species were annuals
or biennials (Cakile constricta, Chamaesyce am
mannioides, Froelichia jforidana and Heteroihe
ca subaxillaris), and many seedlings of C. con
stricta were observed in wrack (sea weed) washed
up at the new MHW. This was reflected in the
high density of C. consiricta plants (mostly seed
lings) just above the new MHW in May 1991 (Fig
ure 6). KEDDY (1981) suggested that high nutrient
levels beneath stranded wrack enhanced the re-

5

N OLD BEACH

<C 0U
U

-5

Figure 5. Confidence ellipses circumscribing the distribution
of plots surveyed on the new beach in Spring. Summer and
Autumn 1991. and plots on and up to 144 m above old MHW
in May 1991 (i.r .. old beach) with respect to Canonical Corre
spondence Analysis axes 1 and 2 of plots surveyed above MHW
in May 1990 (Figure x).

DISCUSSION

Primary Succession

The most abundant species on the dredge spoil
during the first year following deposition was the
annual, Cahile constricta. This species and its
congeners from other coastal areas are coastal
strand species that colonize open sand at or within
a few meters above MHW (MAliN et al., 1990).
Colonization onto the dredge spoil was highly
variable both spatially and seasonally (Figures 2
and 6) reflecting the annual habit of this species.
Towards the end of the first season, other species
such as Uniola paniculata, Oenothera humifusa
and Iva imbricata were also colonizing the new
beach (Figure 2). The continuing establishment
of U. paniculata is particularly encouraging since
it is the dominant foredune perennial grass along
the Gulf of Mexico, and is involved in dune build
ingand stabilization (WA(;N~~H, 1964; WOODHOllSE
et al., 1968). Populations of U. paniculata are
less likely than the annual species (e.g., C. con
stricta) to be extirpated by storms and wash overs
and the growth of seedlings of U. paniculata has
been shown to be promoted by salt spray. How
ever, sea water flooding can lead to salt stress
(SRNEC'A, 1972). I. imbricata and O. humifusa are
perennial species that can also establish perma
nent populations, although I. imbricata seedlings
have been shown to be sensitive to salt water in
undation (COLOSI and MCCORMICK, 1978).

The sand fences were erected to arrest excessive
landward movement of the dredge spoil and to
encourage dune development and vegetation col
onization. The higher densities of U. paniculata
in plots associated with the sand fence (Table 3)
reflect the short-term success of this policy.
MENDELSSOHN et al. (1991) have shown that sand
fences increase the survival rate of transplanted
dune grasses, including U. paniculata.

The larger colonization front was still present in
May 1991 (Figure 6B), but several new foci were 10,-----,--------,----,-----,--------,

forming a new strand line just above the new
MHW. In July 1991, the distribution pattern (Fig
ure 6C) was similar to that from the previous
December (Figure 6A) following the loss of the
plants associated with the new strand line in May
(Figure 6B). The pattern of distribution of C. con
stricta was similar in November 1991 (Figure 6D)
to the preceding July (Figure 6C) except that the
overall densities were lower. The new strand line
evident in May (Figure 6B) had not reestablished.
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productive output of the related C. edentula. By
contrast, the other six colonizing species were pe
rennials, which are longer lived and better able
to withstand the disturbance of wind-blown sand
movement and burial. The perennials consisted
of both rhizomatous ii.e., Iva imbricate; Panicum
amarum) and stoloniferous (i.e., Uniola pani
culata, Oenothera humijusa, Schizachyrium ma
ritimum, and Ipomoea stoloniierai life forms.
MORENO-CASASOLA (1988) has emphasized the
importance of these life forms in colonizing and
stabilizing dune sand on Gulf of Mexico beaches.
RAN\VELL (1960) demonstrated the importance of
species of contrasting life forms in colonizing and
hastening the accretion of sand on a dune system
in Wales.

Relationships to Existing Vegetation

The vegetation above the old MHW was related
to distance from MHW and elevation. More im
portantly, however, the CCA plot showed the re
lationship of the vegetation on the dredge spoil
to the older vegetation above old MHW (Figure
5). Compositionally, the dredge spoil vegetation
most closely resembled strand in the Spring and
Summer and developing dune vegetation in the
Autumn (GIBSON and LOONEY, 1992). These sim
ilarities occurred primarily because of the domi
nance of Uniola paniculata in a community with
few other species. However, while there is the
compositional similarity, the cover of vegetation
between the new beach community and vegeta
tion above the old MHW is very different. For
example, the cover of Uniola paniculata on de
veloping dunes was 4.3 °'(1 in Autumn 1989 and
3.3r-; in Summer 1990 (GIBSON and LOONE'r, 1992),
whereas its cover on the dredge spoil in Autumn
1991 was <0.] ': (Table 1). Nevertheless. by the
end of 1991, there were a few scattered, small
clumps of flowering U. panieulata on the dredge
spoil. Total vegetation cover on the dredge spoil
was less than 1 (\ throughout 1991, considerably
less than even strand vegetation (total cover ap
proximately 4 ci' ), the most sparse vegetation type
above old MH\V. Even casual observations show
that the nourished beach is, for the 1110st part,
open sand. The relative slowness of colonization

of plants onto the dredge spoil is perhaps not
surprising given the flat profile of the nourished
beach, low nutrient availability (the dredge spoil
sediment consists of almost pure quartz grains),
continuous salt spray, desiccating effects of wind,
and occasional inundation from storm overwash.
Primary succession under such conditions is typ
ically slow; indeed, COllSEN~ (1988) did not record
vegetation cover over 5(1~ until 1981 in an area on
Perdido Key scoured by Hurricane Frederic in
1979. Cover did not exceed 10(,1"( until 1983. It is
likely that it will be some years before the plant
communities on the dredge spoil are comparable
to those above the old MHW in terms of cover
abundance.

CONCLUSIONS

Despite PStl'}'Y et al.(1974) and REll\10LD'S (1977)
call for ecological assessments to be made of dredge
spoil projects, there are few other studies with
which to compare the results of this study. EH
HENFELD (1990) showed that the pattern of suc
cession on barrier islands was extremely variable
depending on local topography, soil moisture and
sand accretion or deflation. Comparable studies
of colonization onto nourished beaches and dredge
spoils are few. AHT (1976) observed a large num
ber of annual species two years after deposition
on a dredge spoil island off Fire Island, New York.
KHUCZYNSIO et al. (1978) found that natural in
vasion over a fourteen month period onto dredge
spoil placed in a saline intertidal environment was
insufficient to provide adequate ground cover.
Certainly, the sparse and open nature of the veg
etation on the nourished beach on Perdido Key
twelve months after deposition of the dredge spoil
indicates that an ecologically equivalent habitat
to that above the old MHW has yet to form. Fu
ture deposition of dredge spoil above the tide line
should not occur until the beach profile has better
stabilized and vegetat ion cover has increased.

ACKNOWLEDGEMENTS

This project was supported by funds from the
United States Department of the Interior through
the National Park Service (Cooperative Agree
ment Number CA-5320-9-8001). Thanks are due

t-

Figure 6. Isoline map of the density (number of plants per 60 m' sample plot) of Cahile con .... tricta on the dredge spoil on (A)

December 1990, (B) May, (C) July, and (D) November 1991. The thicker solid line shows the position of the new shore line on the
Gulf of Mexico. The old MH\V is at l) m. Transects are GOO m apart.

,Journal of Coastal Research, Vol. 10, No.1, ] 994



142 Gibson and Looney

to Robin McCall, and Diana Athnos for help in
the field. Beth Middleton and Philip Rohertson
provided critical review of an early draft of the
manuscript. This is leER Publication Number
PUB92-4.

LITERATURE CITED

Awl', H.W., 1976. Ecological Stu dies of the Sunken For
est, Fire Island National Seashore, New York. Na
tional Park Service, Scientific Monograph Series, 7,
2~17p.

COLOSI, J.e. and MCCOHJ\lICK, J.F., 1978. Population
structure of Iva imbricate in five coastal dune habi
tats. Bulletin of the Torrey Rotanical Club. 105, 175
186.

CO\ILTAS, C.L.: BHEITENBA('K, G.A.; K1H TZYNSI\I, W.L.,
and St 1HRA H M AN V A M , C.B., 1978. Vegetative stabili
zation of dredge spoil in North Florida. Journal of
Soil and Water Conservation. 3;1, 18:1-185.

COllSENS, l\J1.l., 1988. Phytosociology and Hurricane
Initiated Revegetation on Perdido Key, Gulf Islands
National Seaahore . Atlanta, Georgia: Final Report to
the U.S. Department of Interior. National Park Ser
vice. 14.5p.

DAUBENMIRE, R., 1959. A canopy-coverage method of
vegetational analysis. Northwest Science, 33, 4~3-66.

DAVISON, A.T.; NICHOLLS, R.J .. and Lt-<:ATHEB,MAN, S.P.,
1992. Beach nourishment as a coastal management
tool: An annotated bibliography on developments as
sociated with artificial nourishment of beaches. Jour
nal of Coast a! Research, 8,984-1022.

GIHSON. D.J. and LOONEY, P.B., 1990. Vegetation Mon
itoring Before and After Beach Renourishrneni on
Perdido Key. Pensacola, Florida: Institute for Coastal
and Estuarine Research, University of Vtir est Florida,
l.C.E.R. Report OL09-27 -90, l6p.

GIHSON, D.J. and LOONRY, P.B., 1992. Seasonal variation
in vegetation classification on Perdido Key, a barrier
island off the coast of the Florida panhandle. Journal
of Coastal Research, 8, 94:3-956.

GHl TI--H3, P.J., 1987. Some generalizing ideas about col
onization and succession in green plants and fungi.
In: GIlAY, A.J.; CHA\VLEY, M.J., and EDWAHDS, P.J.
(eds.), Colonization, Succession and Stability. Ox
ford: Blackwell, pp. 81-] 02.

HEMSLEY, J.M., 1990. Monitoring completed coastal
projects: Status of a program. Journal of Coastal Re
search, 6, 253-263.

HILL, M.O., 1973. Diversity and evenness: A unifying
notion and its consequences. Ecolog», 54. 427-432.

KEDDY, P.A.! 1981. Experimental demography of the
sand-dune annual, Cakile edent.ula, growing along an
environmental gradient in Nova Scotia. Journal of
Ecology, 69, 615-630.

KHUCZYNSl<I, W.L.; HlTFFMAN, R.T., and VI NCt-<:NT, M.K.,
1978. Habitat deoelopmcnt field iruiestiuatums: Ap
alachicola Bay marsh deuelopment site, Apalachi
cola Bay, Florida. Summary Report. Vicksburg, Mis
sissippi: U.S. Army Engineer Waterways Experiment
Station, Dredged Material Research Program. Tech
nical Report D-78-32.

LANDIN, M.e., 19S5. Long-term monitoring of habitat
development sites, 1974-1984. Environmental Ef-

[ects of Dredging (Information Exchange Bulletin),
D-83<3, 1-7.

LE(;ENIlHE, P. and FOHTIN, M.,]., 1989. Spatial pattern
and ecological analysis. Vegetatio, 80. 107-138.

LgONAHD, L.T.; CLAYTON, T.O., and Pn,I<EY, O.H.~ 1990.
An analysis of replenished beach design parameters
on U.S. East Coast barrier islands. Journal o] Coastal
Research, 6, 15-36.

L()()~EV, P.B.; GIBSON, D.J.: BLvTH, A., and COl:SE:-.JS,

M.1. (In press). Flora of the Gulf Islands National
Seashore, Perdido Key, Florida. Bulletin of the Tor
rev Botanical Club, 120.

LtTIl\VIC. J.A. and REYNOU>S. ,].F., 1988. Statistical
Ecoloe». New York: Wiley Interscience.

MAt IN, M.A.: Boy», R.S., and OL~()N, L., 1990. The bi
olog-ical flora of coastal dunes and wetlands 1. Cahile
edentula (Bigel.) Hook. Journal of Coastal Research,
6,137-156.

M~;NI)l-<:LSS()HN, I.A.; HESTEH, M.W.; MOl\'TEFEHRANTE,

FA., and TALBOT, F., 1991. Experimental dune build
ing and vegetative stabilization in a sand-deficient
barrier island setting on the Louisiana coast, U.S.A.
Journal of Coastal Research, 7, 1~7 -149.

MOH~;N()-CASAS()LA,P., 1988. Patterns of plant species
distribution on coastal dunes along the Gulf of Mex
ico. Journal of Biogeograph.y, 1.5,787-806.

PI L1\.f<:Y, O.H., 1990. Editorial: A time to look back at
beach replenishment. Journal of Coastal Research,
6, iii-vii.

Psurv, N.P.; N01{J)STROM, K.F.~ HASTIN(;, R.vV., and
BONSAI.L, S., 1974. Dredged spoil disposal on the New
Jersey wetlands: The problem of environmental im
pact assessment. Shore and Beach, 42. 25-30.

RANW":LI., D., 1960. Newborough Warren, Anglesey II.
Plant associes and succession cycles of the sand dune
and dune slack vegetation. Journal of Ecology! 48,
117-142.

RE1T\1l)LD, R.rJ., 1977. Constructive- use of dredge spoil.
In: CLARK, J.R. (ed.), Coastal Ecosystem Manage
ment. New York: Wiley, pp. 589-59~3.

Sl'Hl\lALZEH, P.A. and HINKLl·:. C.R., 1992. Recovery of
oak-saw palmetto scrub after fire. Castanea, 57, 158
17~t

SENECA, E.n., 1972. Germination and seedling response
of Atlantic and Gulf coast populations of Uniola pani
culata. Anlerican Journal of Botany, 59, 290-296.

STONE, G.W.; STAPOH, F.W.; MAY, rJ.P., and J\loHGA\I,
J.P., 1992. Multiple- sediment sources and a cellular,
non-integrated. longshore drift system: Northwest
Florida and southeast Alabama coast, U.S.A. Marine
Geology', l05~ 141-154.

SVLVIA., D.M. ANn WILL, M.E., 1988. Establishment of
vesicular-arbuscular mycorrhizal fungi and other mi
croorganisms on a beach replenishment site in Flor
ida. Applied and Environmental Microbiology, 54,
:~48-:~;)2.

TEl{ BBAAI<, C.J.F., 1986. Canonical correspondence
analysis: A new eigenvector technique for multivar
iate direct gradient analysis. Ecology, 67, 1167-1179.

TEH BHAAK, C.~J.F., 1987. The analysis of vegetation
environment relationships by canonical correspon
dence analysis. Veget.atio, 69, 69-77.

TEH BHAAK, C..1.F., 1988. CANOeD-A FORTRAN
program for canonical community' ordination by
[partial} [detrerided] [canonical] correspondence

.Iournal of Coastal Research, Vol. 10, No.1, 1994



Vegetation Colonization of Dredge Spoil ]43

tiruilvsis, principal components analysis and redun
dancy analysis (version 2.1). Wageningen, 1'he Neth
erlands: Agricultural Mathematics Group. Technical
Report LWA-88-02, 95p.

VAN DEH MEllLEN, F. and VAN DEH MAAIH:L, E.. 1989.
Coastal defence alternatives and nature development
perspectives. In: VAN DEI{ ME11LEN, F.; J1IN(~EHl1TS,

P.D., and VI:-iSEH, J. (eds.I, Perspectives in C;oastal
Dune Management. The Hague, The Netherlands:
SPB Academic Publishing, pp. 183-195.

\\rA(;NER, R.H., 1964. The ecology of Uniola paniculat a
in the dune strand habitat of North Carolina. Eco
logical Monographs, ;i4, 79-96.

WILKINSON, L., 1990. SYSTA T: The Svstem fur Sta
tistic." Evanston, Illinois: SYSTAT, Jnco

WOODHOlJ:-iE, W.W., JH.; S ..:NE<. 'A, E.D., and COOPl<:H,

A.W., 196R Use of sea oats for dune stabilization in
the southeast. Shore and Beach, 36, 15-21.

WOHK, P.; CHAHLES, L., and Dl-<:AN, R.C., 1991. Perdido
Key Historical Su mmary and Interpretation of Mon
itoring Programs. UFL/COEL-91/009. Gainesville,
Florida: Coastal and Oceanographic Engineering De
part.merit, University of Florida, 49p.

WOHK, P.; LIN, L.-H., and DEAN, R.G., 1990. Perdido
Key Beach Nourishment Project: Gulf Islands Na
tional Seashore. Pre-Nourishment Survey-Con
ducted Octoher 28-November 3, 1989. Gainesville,
Florida: Coastal and Oceanographic Engineering De
partment, University of Florida.

ZIMMERMAN, C., 1990. Perdido Key Beach Renourish
ment 1989-1990. Gulf Islands National Seashore, Gulf
Breeze, Florida. Unpublished memorandum.

Journal of Coastal Research, Vol. 10, No.1. 1994




