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Bonanno, S. E., D. I. LeoroLD, aND L. R. St. HiLaIRE. Vegetation of a freshwater dune barrier under high
and low recreational uses. J. Torrey Bot. Soc. 125:40-50. 1998.—The 27.4 km freshwater dune barrier on the
eastern shore of Lake Ontario protects an extensive system of high quality wetlands. The vegetation was pre-
viously undescribed. and development pressures required management decisions for which data were needed.
The objective of this study was to describe and compare the vegetation under high and low recreational use.
We found four community types using hierarchical classification (TWINSPAN): (1) Ammophila breviligulata
(beachgrass) (2) Toxicodendron radicans-Vitis riparia-Populus deltoides (brushland) (3) Quercus rubra—Acer
rubrum (forest), and (4) Alnus incana (thicket). Reciprocal averaging ordination displayed communities along a
first gradient of distance from the beach. A second gradient is likely related to disturbance. Species composition
was similar in beachgrass and brushland communities under high and low recreational use. Under low use, forest
and shrub thicket were present on the back of the barrier, but were absent under high use. Species richness and
ground cover of vegetation, and density of colonizing species were lower on equivalent physiographic zones
under high compared to low recreational use.
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Colonizing dune vegetation is well-adapted to  richness (Liddle and Moore 1974; Liddle and
the severe growing conditions of the beach en- Greig-Smith 1975b; Hosier and Eaton 1980;
vironment (Disraeli 1984; Maun and Lapierre  Charette and Shisler 1985; Carlson and Godfrey
1984), but very susceptible to human distur- 1989), density (Bowles and Maun 1982), above
bance. Disturbance from recreational use (e.g., ground biomass (McAtee and Drawe 1980;
trampling and off-road vehicle traffic) causes Nickerson and Thibodeau 1983), and mean
changes in foredune microclimate, soils, and height (Boorman and Fuller 1977) of colonizing
vegetation. Soil and microclimate changes in- foredune vegetation. As a result of these
clude increased soil bulk density (Liddle and changes, sand is vulnerable to erosion, which
Greig-Smith 1975a; Slatter 1978), near-ground  destabilizes foredunes (McAtee and Drawe
wind velocity (McAtee and Drawe 1981), and  1980; Nickerson and Thibodeau 1983).
fluctuations in soil temperature and moisture When the foredune is destabilized, vegetation
(Liddle and Moore 1974). Vegetation changes on the barrier interior may also be affected,
include decreased percent cover and species  gince the foredune shelters and contributes to al-

tering the growing conditions of the barrier in-

! Funding was provided by New York Sea Grant In- terior (Olson 1958, McAtee and Drawe 1981).
stitute and the Edna Bailey Sussman Fund. The Nature  On an interior dune heath-grassland community
Cons.er\fancy. Central and Western NY Chapter gave gp Lake Huron, vegetation was reduced 50% af-
permission to sample, field assistance, and valuable ad- .. 300 trampling passes (Bowles and Maun
vice. The Ontario Dune Coalition provided recreation- .. .
al use data. Oswego County Soil and Water Conser- 1982). Similarly, on a Danish heath-grassland
vation District and New York Agricultural Stabiliza- community, vegetation cover was reduced 50%
tion and Conservation Service provided aerial photos.  after 200 passes, but after 2560 passes, only two

? Author for correspondence. We thank Ed Wyroba of 19 species remained, with a total of 2% cover

for permission to sample; Marie Parsons and Theodora . . .
Mulcahy for historical information; Richard Harrtis, (Hylgaard and Liddle 1981). While vegetation

George Argus, and Dudley Raynal for taxonomic as- changes within actual trampling paths on both
sistance; Larry Lane and Peter Smallidge for statistical  foredunes and interior dunes have been docu-

j software assistance; and Dudley Raynal, Danie! Din- mented, no information is available on changes
dal, and Reed Rossell for reviewing the manuscript. ; : °
? Current address: The Nature Conservancy Central leeward of such paths.
and Western New York Chapter, 315 Alexander Street, In New York State, freshwater dunes of Lake
Rochester, NY 14604. Ontario are found only on the eastern shore.
¢ Current address: 127 South Street, Rockport, MA Land use on these dunes ranges from full pres-

01966. .
Received for publication January 10, 1997 and in  ©rvation to development for camping and sea-

revised form July 23, 1997, sonal housing. Pressure for increased use has ne-

40




1998]
A
T.
Lakeview
WMA
(-]
Sandy Island
Beach =
Deer Creek
WMA
8 km

Fig. 1.
cles indicate sampling locations.

Lake Ontario eastern shore study sites. Cir-

cessitated long-range land-use planning. Very
few data have been available on which to base
estimates of the probable effect of management
decisions. Therefore, the objective of this study
was to describe the vegetational patterns of the
dune barrier on the eastern shore of Lake On-
tario under high and low recreational use.

Methods. StupY SIiTES. We selected four
study sites, two under low and two under high
recreational use (Fig. 1). Two years of recrea-
tional use data from The Ontario Dune Coalition
provided the use criterion (S. Bonanno and B.
Schrader, unpubl. data). Recreational use density
was defined as mean visits/hr/km during day-
light hours from the last weekend of May
through the first weekend of September in 1988
and 1989. A visit represented any use constitut-
ing at least one hour of time in the dune beach
area. Activities included swimming, picnicking,
fishing, and hiking. Camping is prohibited in the
dune areas, but does occur illegally. Low use
sites (8 visits/hr/km) were located in high and
low dune areas at Lakeview Wildlife Manage-
ment Area (WMA). High use sites were located
at Sandy Island Beach high dunes (1269 visits/
hr/km), and Deer Creek WMA low dunes (251
visits/hr/km).

Dunes on low dune sites were all 1 to 10 m
in height, while high dune sites included low
dunes as well as secondary dunes 15 to 20 m in
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Fig. 2. Dune physiography on the eastern shore of
Lake Ontario. Horizontal axis represents width of zone
which varies considerably, see text description under
sampling methods.

height. Sites altered from a natural state by sand
mining, filling, excavation, building, or planting
of ormamental species were excluded to control
potential sources of variation other than recrea-
tional visitation. Historical accounts do not in-
dicate past manipulations in the sampled sec-
tions of Lakeview WMA or Deer Creek WMA.
Sandy Island Beach, at the time of the study,
was operated as a day-use swimming beach. In
addition, a former pond outlet to the lake existed
there as recently as 75 years ago, so some of the
dunes in that site are younger than their coun-
terparts in the low-use/high dune site. We sam-
pled Sandy Island Beach nonetheless because no
other potential high-use site fits criteria better.
All four sites have been open to casual day use
for 12 or more years.

SAMPLING. Since dune vegetation varies with
physiography and distance from the beach
(Cowles 1899; Oosting and Billings 1942; Olson
1958), we defined six physiographic zones (Fig.
2). Beach (zone 1) extended from the water to
the drift line marking the highest reach of sum-
mer storms. Foredune front (zone 2) began at
that drift line and ended at the windward edge
of the first dune crest. Foredune back and swale
(zone 3) included the crest and lee face of the
first dune and all flat terrain in the barrier inte-
rior. Swales were frequently not continuous, but
intermittent with secondary dunes. Secondary
dunes (zone 4) included windward and leeward
faces as well as crests of all dunes lee of the
first. In high dune sites, the last lee face of the
most leeward secondary dune constituted zone
5, this zone was absent in low dune sites. The
flats (zone 6) included the last lee face of low
dunes and the low lying ecotone between the last
secondary dune and open water or marsh. The
leeward edge of woody vegetation defined the
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far limit of zone 6. This zone was absent in the
high dune high use site (Sandy Island Beach).

Pilot sampling and species area curves indi-
cated that five plots per sampling site would cap-
ture the common canopy species, but 10 would
better sample shrubs and herbs (Bonham 1989).
At each site, we oriented five transects perpen-
dicular to the lake, across the width of the bar-
rier. We located a random sampling point within
each physiographic zone along each transect and
sampled tree, shrub, and ground layer vegeta-
tion. Long rectangular quadrats for trees (29.4
m X 3.4 m) and shrubs (8.8 m X 1.7 m) com-
pensated for contagious distribution of vegeta-
tion (Olson 1958). Two 15 m?® subplots for
shrubs were nested in opposite corners of each
100 m? tree plot. We used the point intercept
method for ground vegetation (Greig-Smith
1963), with a single point of 2 mm diameter,
lowered from a height of 1 m. For trees, we
recorded species and dbh of woody stems = 7.5
cm dbh. For shrubs, we recorded species and
stem diameter at 1 m above the ground; stems
> 2 cm were measured and those < 2 cm were
grouped into one of two size classes (< 1 cm;
1-2 cm). The ground layer sample comprised 2
sets of 20 points, located along the center line
at either end of the canopy plot. We spaced
points at 20 cm intervals to avoid distortion due
to contagious distribution (Greig-Smith 1963)
and recorded number of contacts between pin
and each species, including woody individuals
less than 1 m tall. To evaluate the pattern of
Ammophila breviligulata in zones where it oc-
curred, we used a 0.50 m? quadrat (33.3 cm X
150 cm) parallel to the shrub subplots, and re-
corded number of Ammophila breviligulata til-
lers rooted within the plot.

Sampling occurred between early-July and
mid-August, 1990 and 1991, completed one
zone at a time to avoid differences attributable
to season. Nomenclature follows Mitchell
(1986) for vascular plants and Egan (1987) for
lichens.

ANALYsIs. For tree and shrub layers, we cal-
culated density, relative density, basal area, and
relative basal area. Shrub basal area calculations
used the size class mid-point for basal area of
smaller stems. Ground layer calculations includ-
ed species percent cover (pins making con-
tact/20 pins), relative cover, and percent sward
(species contacts/total contacts).

Each full sample consisted of a tree plot, two
shrub subplots, and two ground point sets. Suc-
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cession in dune communities involves a shift in
dominance among layers from herbaceous to
shrub to tree species, so classification required
consideration of three-layer sample data. TWIN-
SPAN (Hill 1979) aided the identification and
description of vegetative communities. Because
raw data parameters for tree and shrub layers
differed from those for the ground layer, input
to TWINSPAN was species presence/absence in
a three-layer total sample. We deleted 14 plots
with no vegetation and one outlier sample (all
occurred on high use sites). We deleted one tax-
on (Solidago spp.), because the taxon represent-
ed four species which tended to differ in distri-
bution among the zones. To reduce the effect of
rare species, only species occurring in = 3 plots
were included. We allowed no pseudospecies,
set number of divisions at four, minimum group
size at five, and used defaults for all other pro-
gram options. The edited input file contained 54
species and 90 plots (4 sites X 6 zones X 5
transects = 120 plots, minus 5 transects absent
in zone 6 at Sandy Island Beach, minus 10 tran-
sects absent from zone 5 of low dunes, minus
14 unvegetated plots, minus one outlier = 90
plots).

Communities were named and described by
calculating total basal area (whole sample tree
+ shrub) and mean ground layer percent cover
of clusters identified by TWINSPAN. We ex-
amined the pattern of community occurrence on
the physiographic zones under high and low use.

We conducted Reciprocal Averaging ordina-
tion in ORDIFLEX (Gauch 1977) using the ed-
ited presence/absence TWINSPAN input file.
We plotted ordination scores of high and low use
plots separately, marked by physiographic zone,
and identified TWINSPAN community types on
the display.

ANOVA was conducted with SAS (SAS In-
stitute, Inc. 1985) to determine differences in
Ammophila breviligulata density, whole sample
species richness, and ground layer species rich-
ness and percent cover among zones under high
and low recreational use. We used a split-plot
factorial experiment design (Petersen 1985;
Mead 1988), with ‘“‘use’” as the whole plot factor
(2 levels) and *‘zone” as the split unit factor 4
levels for Ammophila breviligulata density and
6 levels for species richness and percent cover).
Since ‘“‘use” is not applied in a controlled way
to the entire site, but by many individual recrea-
tionists, it is considered as applied to a whole
plot experimental unit “transect.” ‘““Zone” de-
scribes an unspecified suite of differing growing
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conditions within successive physiographic
zones.

For Ammophila breviligulata density, we par-
titioned treatment sums of squares with orthog-
onal contrasts. The response variable was Am-
mophila breviligulata density*, since the original
data were positively skewed and had unequal
variance (Mead 1988).

For whole sample species richness and ground
layer percent cover, we used a set of planned
contrasts to ccmpare main effects (use) within
split units (zone), and to make two Cross-zone
comparisons (zone 2 vs high use zone 5, and
zone 2 vs high use zone 6). Simple effects ex-
perimentwise error rates were controlled at 0.05
using the Bonferroni technique (Devore and
Peck 1986). Response variables included origi-
nal data, and square root transformation because
of skewness and unequal variance.

Results. CrassiFiIcaTION. TWINSPAN re-
vealed four community types. The species com-
position, including basal area of woody species
and percent cover of ground vegetation, of these
community types is listed in Table 1. Table 2
lists mean species richness, total cover, and
woody basal area of these communities. The
largest community type was Ammophila brevi-
ligulata (beachgrass), characterized by low spe-
cies richness, total cover, and woody basal area.
The dominant ground layer was comprised chief-
ly of Ammophila breviligulara and Artemisia
campestris ssp. caudata. Populus deltoides was
the only important woody species. The beach-
grass community occurred in low-use beach,
foredune, and swale plots and on some plots of
every zone under high use.

The Toxicodendron radicans—Vitis riparia—
Populus deltoides (brushland) community type
{16 plots) was also ground layer-dominated. Ba-
sal area was about double that of the beachgrass
community type (Table 2), with Populus del-
toides forming a patchy, open canopy, mostly on
dune crests. While all dominants of the beach-
grass community were also present in the brush-
land community, species richness and total
ground layer percent cover were nearly triple
that of the beachgrass community. The brush-
land community occurred in secondary dune and
swale plots, and also in flats under high use.

The Quercus rubra—~Acer rubrum (forest)
community type (15 plots) was dominated by an
open canopy. Dominants of the beachgrass com-
munity were all but gone, species richness was
double that of the brushland community, and to-

tal basal area reflected the presence of large trees
(Table 2). Forest communities were restricted to
the lee faces of high dunes, a narrow and infre-
quent habitat on Lake Ontario’s eastern shore
dunes.

The Alnus incana (thicket) community type
(five plots) had the highest species richness (Ta-
ble 2). Shrubs were dominant, with a closed can-
opy of A. incana ssp. rugosa and a sparse over-
story of Fraxinus pennsylvanica and Salix spp.
The Salix taxon consisted of a few large, multi-
stemmed individuals of Salix fragilis and §. x
rubens. The two species were combined for the
analysis because they were an important element
of this community that would have been elimi-
nated individually under the rarity criterion
(presence in = 3 plots). The ground layer was
dominated by Phalaris arundinacea, Rubus
idaeus, and Glyceria striata and was character-
ized by a wide variety of herbaceous species
present in low abundance. The thicket commu-
nity occurred in plots on flats, secondary dunes,
and lee of high dunes. ’

ORDINATION. Reciprocal Averaging separated
TWINSPAN community types well under both
low use (Fig. 3a) and high use (Fig. 3b). Under
low recreational use, the first axis separated
samples generally by distance from the beach.
The second axis further separated the Toxico-
dendron radicans-Vitis riparia—Populus delto-
ides (brushland) community (CT2) from the Am-
mophila breviligulata (beachgrass) community
(CT1), and also separated the Quercus rubra—
Acer rubrum (forest community) (CT4) from the
Alnus incana (thicket) community (CT3) (Fig.
3a). Under high recreational use, samples were
well separated along the first axis, distance from
the beach (Fig. 3b.). The Reciprocal Averaging
species ordination illustrates the disjunction of
species distribution between beachgrass and for-
est community types (Fig. 3¢). While there is an
overlapping species distribution between adja-
cent community types (e.g., beachgrass and
brushland), there is none beyond that.

ANOVA. Square root transformation of stem/
tiller density data satisfied ANOVA assumptions
better than original data, and differed somewhat
in interpretation, so results are reported for
transformed data. Interaction was important for
Ammophila breviligulata density* between use
and zones 2 versus 3—4 (F = 4.14, P = 0.05).
The interaction plot (Fig. 4) reveals a difference
in magnitude of response rather than direction,
indicating that density* P values are meaningful,
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Table 1. Species composition of all community types identified by TWINSPAN. Major species itemized:
canopy and shrub species with =0.01 m? ha~! basal area, and ground species with =2% cover in the community
type. Community types are: CT1, Ammophila breviligulata (beachgrass); CT2, Toxicodendron radicans-Vitis
riparia-Populus deltoides (brushland); CT3, Querus rubra-Acer rubrum (forest); CT4, Alnus incana (thicket).

CT1 CT2 CT3 CT4
Species (beachgrass) (brushland) (forest) (thicket)
Woody (BA, m? ha~!)
Acer pensylvanicum 022
A. rubrum (ACRU) 7.42
A. saccharum (ACSA) 3.99
Alnus incana ssp. rugosa (ALIN) 11.96 0.61
Amelanchier spp. 0.19
Cornus amomum 0.28
Fagus grandifolia 4.51
Fraxinus pennsylvanica 4.24
llex verrticillata (ILVE) 0.50
Populus deltoides (PODE) i 2.70 4.11
Prunus serotina 0.02 1.96
P. virginiana (PRVI) 0.02 0.04 0.02 0.21
Quercus rubra var. borealis (QURU) 13.33
Rhamnus cathartica 0.03
Rubus allegheniensis 0.04
R. idaeus (RUID) 0.29 0.08
Salix cordata (SACO) 0.02
Salix spp. 0.02 3.09
Solanum dulcamara 0.02
Viburnum lentago 0.02 0.79
V. recognitum (VIRE) 0.02 0.07
Vitis riparia (VIRI) 0.07 0.20 0.01
All others 0.01 0.36 0.03 0.52
Ground (% cover)

Alnus incana spp. rugosa 3.0
Ammophila breviligulata (AMBR) 14.7 4.5 33
Aralia nudicaulis (ARNU) . 7.5
Artemisia campestris ssp. caudata (ARCA) 3.6 4.7
Boehmeria cylindrica 25
Calamagrostis canadensis 2.5
Centaurea maculosa (CEMA) 5.6
Deschampsia flexuosa 2.8
Equisetum X litorale 2.0
Festuca ovina 2.5
Galium triflorum 35
Glyceria striata 12.0
Impatiens capensis 2.5
Juncus balticus var. littoralis 3.1
Lycopus virginicus 3.0
Lysimachia terrestris 2.0
Moehringia laterifiora (MOLA) 3.0 2.7
Onoclea sensibilis (ONSE) 7.0
Phalaris arundinacea (PHAR) 14.5
Placynthiella oligotropha (PLOL) 2.5
Poa compressa (POCO) 2.7 35 5.0
Polygonum cilinode 4.0
Prunus virginiana 5.0
Rubus allegheniensis 2.5
R. idaeus 7.3 14.0
Saponaria officinalis (SAOF) 38 2.8
Smilacina stellata 22
Smilax hispida 2.2
Solidago caesia 4.2
Solidago spp. 10.3 8.0 2.5
Toxicodendron radicans (TORA) 22.5 10.5 2.0
Vitis riparia 1.8 22.8 7.3
All others 4.0 9.8 28.8 14.5
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Table 2. Mean species richness, total cover, and total woody basal area of TWINSPAN-identified community

types (CTs).

Mean species Mean total Mean total
Community type # Plots richness (#/plot) cover (1-bare) BA (m® ha"")
Ammophila breviligulata (beachgrass) 54 3.0 23 2.73
Toxicodendron radicans-Vitis riparia—
Populus deltoides (brushland) 16 8.1 66 4.65
Quercus rubra-Acer rubrum (forest) 159 68 34.45
Alnus incana (thicket) 17.0 64 20.19

though interpretation is modified by use (Mead
1988). The data provide strong evidence that
Ammophila breviligulata density* is significant-
ly greater under low versus high use (F = 5.9,
P = 0.02) and significantly greater on the fore-
dune versus the interior zones (zone 2 vs 3-4,
F = 25.5, P = 0.0001). Ammophila breviligulata
density* is higher on the beach and foredunes
(zones 1 and 2) under low use than high (simple
effect P = 0.05 and < 0.01, respectively). On
swales and secondary dunes (zones 3 and 4),
Ammophila breviligulata density drops more
rapidly under low use than high (Fig. 4), so that
density* is not significantly different under high
use than low, and interaction is not significant.
Since interpretation of ground layer percent
cover, ground layer species richness, and three
layer species richness did not differ between
transformed and original data, results from orig-
inal data are reported (Mead 1988). Interaction
between the effect of zone and use level was
highly significant for ground layer percent cover,
ground layer species richness, and three layer
species richness (P = 0.0006, Table 3) and in-
dicated a difference in magnitude rather than di-
rection. Differences in the mean under high ver-
sus low recreational use within each zone (sim-
ple effects comparisons) for all three variables
were significant on swales, secondary dunes,
back lee faces of high secondary dunes, and flats
(zones 3-6) (P < 0.01 in all cases, Fig. 5a,b,c).
In cross-zone comparisons, the data provide no
evidence that the back lee faces of high dunes
and the flats under high use support significantly
greater ground layer percent cover or species
richness than foredunes under low recreation.

Discussion. The classification and ordination
results reveal a pattern where the character of
dune vegetation communities and the progress
of dune vegetation succession are similar under
both low and high use, but delayed and abridged
under high. Where sand and colonizing vegeta-
tion were disturbed on the lakeward side of the

barrier, stabilization was deluayed, both there and
in the barrier interior because sand movement
and deposition remained at high levels.

The gradient suggested by the Reciprocal Av-
eraging first axis is distance from the beach,
along with the associated complex set of chang-
ing conditions. Changes with distance include
decreased wind velocity, particularly at the soil
surface (Baldwin and Maun 1983; Willetts
1989), increased air temperature and soil mois-
ture (Baldwin and Maun 1983), and reduced
sand accretion (Goldsmith et al. 1990). Factors
associated with soil development, which increas-
es with distance from the beach, include increas-
ing organic matter and moisture retention, de-
creasing pH, and increased leaching of cations
and mobile nutrients (Olson 1958; Baldwin and
Maun 1983; Costa et al. 1991). Aggregation of
sand by microorganisms increases (Forster and
Nicolson 1981) with increasing populations of
bacteria and fungi (Halvorson and Koske 1988)
associated with distance from the beach.

The second axis may be related to frequency
of physical disturbance relative to beachgrass
and brushland community types. The Toxico-
dendron radicans-Vitis riparia—Populus delto-
ides (brushland) community low-use plots (Fig.
3a) are lower along axis two than the high-use
plots (Fig. 3b). Placynthiella oligotropha, a
crustose sand-binding lichen of undisturbed,
bare sand (Brodo 1961) occurred only on these
low-use plots and lies in the lowest second axis
position for that community. Physical distur-
bance associated with high use is likely respon-
sible for the absence of this lichen in high use
sites. In trampling experiments on Lake Huron
dunes, lichens were the most heavily impacted
taxon (Bowles and Maun 1982). A year after
cessation of trampling, lichen cover had de-
clined further, while other species showed varied
levels of recovery.

Axis two separation for forest and thicket
community types may be related to fluctuating
water levels as opposed to amount of moisture.
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Fig. 3. Reciprocal Averaging ordination of Lake
Ontario eastern shore dune vegetation. (a) low use
samples, (b) high use samples, (c) species ordination
(23 most important species). Boxes delimit TWIN-
SPAN community types (CTs): (CT1) Ammophila
breviligulata (beachgrass); (CT2) Toxicodendron rad-
icans=Vitis riparia—Populus deltoides (brushland);
(CT3) Quercus rubra-Acer rubrum (forest); and (CT4)
Alnus incana (thicket). Species codes are the first two
letters of genus and species and are identified in Table 1.
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Fig. 4. Density (in transformed units) of Ammo-
phila breviligulata on Lake Ontario eastern shore
dunes in 4 different zones: (1) beach; (2) windward
side of foredunes; (3) crest and lee of foredunes and
swales; and (4) secondary dunes. Zone numbers fol-
lowed by an asterisk (*) represent a significant differ-
ence of P = 0.05 at that zone between high and low
use, two asterisks (**) represent a significant differ-
ence of P = 0.01.

The Quercus rubra-Acer rubrum (forest) com-
munity included samples on well-drained lee
slopes and samples saturated to the surface, and
the Alnus incana (thicket) samples were all
moist to saturated. Wetter forest plots supported
Viburnum lentago, llex verticillata, and Alnus
incana populations of low basal area, rather than
the dense closed canopy of A. incana that dom-
inated the thicket community type. Alnus species
are early-successional colonizers that invade dis-
turbed or new soil, and form dense thickets

whose stability is measured in decades (Huen-
neke 1987), while succession to a mesic forest
is measured in centuries (Olson 1958). Succes-
sion is likely held in this early state by fluctu-
ating water levels and the attendant seasonal
flooding and subsequent drainage associated
with this type of wetland.

Ammophila breviligulata density is sensitive
to high recreational use and its associated in-
crease in trampling and sand movement. The
pattern of higher Ammophila breviligulata den-
sity on low use beaches and foredunes is similar
to differences in Ammophila breviligulata per-
cent cover on New Jersey dunes (Charette and
Shisler 1985) and on a northern Massachusetts
barrier (Carlson and Godfrey 1989) under high
versus low recreational use. The greater num-
bers of Ammophila breviligulata tillers on the
lakeward zones under low use trap sand more
effectively than the sparser supply under con-
ditions of high use, resulting in less sand move-
ment and therefore more stable conditions on the
interior zones under low use.

High recreation use on the beach is also de-
structive to ephemeral seedlings and character-
istic beach annuals such as Cakile edentula
(Payne and Maun 1984). These plants are
washed away seasonally, but they trap sand and
contribute to foredune initiation (Adair 1990)
and may provide an ephemeral habitat for in-

Table 3. Analysis of Variance table for ground layer percent cover and species richness, and three layer
species richness in low and high use zones of Lake Ontario eastern shore dunes.

Source df MS F p
Ground Layer Percent Cover
Use 1 19486.67 83.04 0.0001
Transect (Use) 18 234.66
Zone 5 6611.55 24.94 0.0001
Zone * Use 5 1293.82 4.88 0.0006
Error 73 265.09
Total 104
Ground Layer Species Richness (#/point set)
Use 1 187.43 132.31 0.0001
Transect (Use) 18 1.41
Zone 5 53.97 23.78 0.0001
Zone * Use 5 16.14 7.11 0.0001
Error 75 2.27
Total 104
Three Layer Species Richness (#/full sample)
Use 1 762.23 119.35 0.0001
Transect (Use) 18 5.56
Zone 5 283.72 44.43 0.0001
Zone * Use 5 76.75 12.02 0.0001
Error 5 6.39
Total 104
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Fig. 5. Ground layer percent cover (a), ground lay-

er species richness (b). and three layer species richness
(c) on Lake Ontario eastern shore dunes. Zones 1, 2,
3, 4, 5, 6 are beach, foredune, swale, lee of secondary
dunes, and flats, respectively. Zone numbers followed
by two asterisks (**) represent a significant difference
of P = 0.01 at that zone between high and low use.
SE for Fig. 5a. is 5.15, SE for 5b. and S5c. is 0.48.

vertebrates and the shorebirds that feed on them.
In high use sites these ephemeral habitats are
often lacking (nine of the ten beach plots were
unvegetated).

Lower ground layer percent cover in zones
five and six (lee of secondary dunes and flats)
under high use is consistent with increased den-
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sity of colonizing species (Ammophila brevili-
gulata and Artemisia campestris) on the interior
zones (swales and secondary dunes). These find-
ings suggest destabilized conditions, with sand
moving more freely on the barrier interior and
lee side under high use than low. Under severe
foredune microclimate conditions few species
can survive (Liddle and Moore 1974; McAtee
and Drawe 1981; Baldwin and Maun 1983), and
those that do provide lower cover than vegeta-
tion supported by more stabilized conditions
(Oosting and Billings 1942; VanDenack 1961).

The radical difference in vegetation between
high and low use on zone 5 (lee of last second-
ary dune) is likely confounded by dune age
since stabilization is a critical factor associated
with both soil formation (Olson 1958) and veg-
etation development (Olson 1958; Morrison and
Yarranton 1973, 1974). The eastern Lake Ontar-
io dune barrier is believed to have originated at
about 5000 years ago, during significantly lower
lake water levels (Sutton et al. 1972). A com-
parison of USGS topo maps of the area from
1893 and 1958 show that the barrier width has
changed over time, from narrower to wider in
some areas, and the reverse in other areas. The
high secondary dunes at Sandy Island Beach
flanked a pond outlet channel to the lake 100
years ago, suggesting that the available time for
stabilization of that site is shortened. The dune
high use area was developed after the channel
closed, around 1910. The dune low use area has
likely not been disturbed by channel processes
in recent history. The differences on the lake-
ward and more recently stabilized interior zones
(beach, foredunes, swales, secondary dunes, and
flats) were very likely developed during a sim-
ilar time span under similar influences from lake
and wind.

The recreation impacts associated with the
eastern shore dunes of Lake Ontario involve on-
going disturbance with no likelihood of cessa-
tion. Studies have shown an increase in ruderal
species on mined and other disturbed dunes that
persisted or even increased over time (Carls et
al. 1987, Buckney and Morrison 1992, Partridge
1992). While recreation disturbance is relatively
minor when compared to development, sand
mining, or even the natural cycle of erosion and
accretion, it is continual. Some areas (not sam-
pled) of Lakeview WMA barrier received an-
thropogenic disturbance 25-100 years ago, but
have been undisturbed since. These areas sup-
port a flora noticeably richer than adjacent, un-
altered areas, though this increased richness is

.
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due to ruderal species. On U.S. Atlantic coast
barrier islands, ruderals occurring in developed
areas, e.g., on roadsides and near parking lots,
greatly expanded the species richness of Assa-
teague Island (Stalter and Lamont 1990) and
Fire Island (Stalter et al. 1986). Where all other
factors are equal, dune communities on the east-
ern shore of Lake Ontario are held in a very
early, species-poor successional state under high
recreational use.

It might be argued that indicators of healthy
vegetation such as high percent cover, richness,
and diversity are not necessarily the only value
to be preserved, particularly on resource areas
dedicated to recreation, e.g., Sandy Island
Beach. However, on a dune barrier the integrity
of the vegetation is essential to maintain the
sand dune resource that is so attractive for rec-
reation. Carlson and Godfrey (1989) compared
vegetation percent cover and species richness on
a Massachusetts dune barrier impacted by heavy
recreational use before and two years after im-
plementation of a management plan. With fenc-
ing, walkovers, education, trail restrictions, and
vehicle control, vegetation showed statistically
significant increases in percent cover and species
richness two years after implementation of the
management plan, even with continued heavy
recreational use of the resource. While recrea-
tion can and does clearly compromise the integ-
rity of a dune barrier, well-planned and executed
management can mitigate those effects while al-
lowing high recreational use.

On the eastern shore of Lake Ontario, the
dune bartier is valued for differing reasons by
competing interests. However, the interests of all
groups depend on the continued existence of the
dune barrier, which depends on healthy dune
vegetation. Therefore, it is in the best long-term
interest of every dune property owner and land
manager to protect dune vegetation from the ef-
fects of recreational use and other disturbances.

Literature Cited

ADAIR, I. A., T. R. HIGGINS AND D. L. BRANDON. 1990.
Effects of fruit burial and wrack on the germination
and emergence of the strandline species Cakile ed-
entula. Bull. Torrey Bot. Club 117: 138-142.

Batowin, K. A. aND M. A. MAUN. 1983. Microenvi-
ronment of Lake Huron sand dunes. Can. J. Bot.
61: 241-255.

BonHAM, C. 1989, Measurements for terrestrial veg-
etation. Wiley, New York. 338 p.

BOORMAN, L. A. anD R. M. FULLER. 1977. Studies on
the impact of paths on the dune vegetation at Win-
terton, Norfolk, England. Biol. Conserv. 12: 203~
216.

BowiLgs, J. M. AND M. A. Maun. 1982. A study of
the effects of trampling on the vegetation of Lake
Huron sand dunes at Pinery Provincial Park. Biol.
Conserv. 24: 273-283.

BroDO, 1. M. 1961. A study of lichen ecology in cen-
tral Long Island. Am. Midl. Nat. 65: 290-310.
BUCkNEY, R. T. AnND D. A. MORRISON. 1992. Temporal
trends in plant species composition on mined sand
dunes in Myail Lakes National Pack. Australia.

Aust. J. Ecol. 17: 241-254.

CarLEs. E. G., D. B. FENN anD S. CHAFFEY. 1987.
Cumulative impact of oil and gas operations on the
soil and vegetation resources of Padre Island Na-
tional Seashore. National Parks Service Coopera-
tive Park Studies Unit Technical Report No. 9. Tex-
as A. and M. University. College Park, TX. 165 p.

CARLSON, L. H. anD P. J. GODFREY. 1989. Human im-
pact in a coastal recreation and natural area. Biol.
Conserv. 49: 141-156.

CHARETTE, D. J. AND J. K. SHISLER. 1985. Comparison
of the plant community in natural and managed
foredunes along the Atlantic Coast of New Jersey.
p. 19-28. In The Coastal Society. Gambling with
the shore. Proceedings of the 9th Annual Confer-
ence of the Coastal Society. The Coastal Society,
Bethesda, MD.

CosTa, C. S. B., U. SEELIGER aND C. V. CORDAZZO.
1991. Leaf demography and decline of Panicum
racemosum populations in coastal foredunes of
southern Brazil. Can. J. Bot. 69: 1593-1599.

Cowtes, H. C. 1899. The ecological relations of the
vegetation on the sand dunes of Lake Michigan.
Bot. Gaz. 27: 95-117, 167-203, 281-308, 361-
391.

Devore, J. AND R. PECK. 1986. Statistics, the explo-
ration and analysis of data. West Publishing Co,,
St. Paul, MN. p. 578.

DisrEaLt, D. I. 1984, The effect of sand deposits on
the growth and morphology of Ammophila brevi-
ligulata. J. Ecol. 72 145-154.

Ecan, R. S. 1987. A fifth checklist of the lichen-form-
ing, lichenicolous and allied fungi of the continen-
tal United States and Canada. Bryologist 90: 77~
173.

FORSTER, S. M. anp T. H. NicoLsowN. 1981. Microbial
aggregation of sand in a maritime dune succession.
Soil Biol. Biochem. 13: 205-208.

GaucH, H. G., Jr. 1977. ORDIFLEX—a flexible com-
puter program for four ordination techniques:
weighted averages, polar ordination, principal com-
ponents analysis, and reciprocal averaging, release
B. Comell University, [thaca, NY. 76 p.

GOLDSMITH, V., P. ROSEN, AND Y. GERTNER. 1990. Eo-
lian transport measurements, winds, and compari-
son with theoretical transport in Israeli coastal
dunes. p. 79-101. In K. E Nordstrom, N. P. Psuty
and R. W. G. Carter [eds.], Coastal dunes: Form
and process. John Wiley and Sons, Ltd., London.

GREIG-SMITH, P. 1983, Quantitative plant ecology. 2nd
ed. Blackwell Scieatific Publications. 359 p.

HaLvOrson, W. L. anD R. E. KOSKE. 1988. Coastal
dune communities. Chapter 10. /n R. G. Sheath and
M. M. Harlin [eds.], Freshwater and marine plants
of Rhode Island. Kendall/Hunt, Dubuque, 1A,

HiiL, M. P 1979, TWINSPAN—a FORTRAN pro-
gram for arranging multivariate data in an ordered




50 JOURNAL OF THE TORREY BOTANICAL SOCIETY [Vou. 125

two-way table by classification of the individuals
and attributes. Comnell University, Ithaca, NY. 48 p.

Hosier, P E. anp T. E. EaToN. 1980. The impact of
vehicles on dune and grassland vegetation on a
southeastern North Carolina barrier beach. J. Appl.
Ecol. 17: 173-182.

HUENNEKE, L. FE 1987. Demography of a clonal shrub.
Alnus incana (Betulaceae). Am. Midl. Nat. 117:
43-55.

HYLGAARD, T. aND M. J. LipDLE. 1981. The effect of
human trampling on a sand dune ecosystem dom-
inated by Empetrum nigrum. J. Appl. Ecol. 18:
559-569.

LipDLE, M. J. AND P. GREIG-SMITH. 1975a. A survey
of tracks and paths in a sand dune ecosystem. L.
Soils. J. Appl. Ecol. 12: 893-908.

AND . 1975b. A survey of tracks and
paths in a sand dune ecosystem. II. Vegetation. J.
Appl. Ecol. 12: 909-930.

AND K. G. MooRre. 1974. The microclimate of
sand dune tracks: the relative contribution of veg-
etation removal and soil compaction. J. Appl. Ecol.
11: 1057-1068.

MauUn, M. A. anND J. LAPIERRE. 1984. The effects of
burial by sand on Ammophila breviligulata. J. Ecol.
72: 827-839.

MCATEE., J. W. anp D. C. DrRawe. 1980. Human im-
pact on beach and foredune vegetation of North
Padre Island. Texas. Environ. Manage. 4: 527-538.

AND . 1981. Human impact on beach
and foredune microclimate in North Padre Island.
Texas. Environ. Manage. 5: 121-134.

MeaD. R. 1988. The design of experiments. Press
Syndicate of the University of Cambridge, London.
327 p.

MiTcHELL, R. S. 1986. A checklist of New York State
plants. New York State Museum Bulletin No. 458.
State University of New York, Albany, NY. 272 p.

MOoRRISON, R. G. aND G. A. YaRrRANTON. 1973. Di-
versity, richness, and evenness during a primary

sand dune succession at Grand Bend, Ontario. Can.
J. Bot. 51: 2401-24.

AND . 1974. Vegetational heterogene-
ity during a primary sand dune succession. Can. J.
Bot. 52: 397-410.

NickersoN, N. H. ano E R. Tuisooeau. 1983. De-
struction of Ammophilia breviligulata by pedestrian
traffic: quantification and control. Biol Conserv.
27. 277-287.

OusoNn, J. S. 1958. Rates of succession and soil
changes on southern Lake Michigan dunes. Bot.
Gaz. 119: 125-170.

OosTiNG, H. J. anp W. D. BiLLinGgs. 1942, Factors
affecting vegetational zonation on coastal dunes.
Ecology 23: 131-142.

ParTRIDGE, T. R. 1992. Vegetational recovery follow-
ing sand mining on coastal dunes at Kaitorete Spit,
Canterbury, New Zealand, Biol. Conserv. 61: 59—
71.

PAYNE, A. M. aND M. A. MauN. 1984, Reproduction
and survivorship of Cakile edentula var. lacustris
along the Lake Huron shoreline. Am. Midl. Nat
111: 86-95.

PeTERSEN, R. G. 1985. Design and analysis of exper-
iments. Marcel Dekker, Inc., NY.

SAS INSTITUTE, INC. 1985. SAS user's guide: Statis-
tics, version 5 edition. SAS Institute, Inc., Cary.
NC. 966 p.

SLATTER, R. J. 1978. Ecological effects of trampling
on sand dune vegetation. J. Biol. Educ. 12: 8§9-96.

STALTER, R. AND E. E. LamonT. 1990. The vascular
flora of Assateague Island. Virginia. Bull. Torrey
Bot. Club 117: 48-56.

, , aND J. NORTHRUP. 1986. Vegetation
of Fire Island. New York. Bull. Torrey Bot. Club
113: 298-306.

VaNDENACK, J. M., SR. 1961. An ecological analysis
of the sand dune complex in Point Beach State For-
est, Two Rivers, Wisconsin. Bot. Gaz. 122: 155-
174.

WILLETTS, B. B. 1989. Physics of sand movement in
vegetated dunes. Proc. R. Soc. Edin. Sect. B Biol.
96: 37-49.






