
4 Temperate Zone Coastal Dunes

A.M. Wiedemann and A.J. Pickart

4.1 Coastal Temperate Zone Climates

Almost half of the world’s coastal areas are included in the temperate climatic
zone, and of these areas, many support coastal dune systems. The objective of
this chapter is to characterize the vegetation of these dune areas and to show
how their plants can be sensitive indicators of small climatic shifts as well as the
transitions to adjoining polar and Mediterranean/tropical climates. The use of
the word “temperate” as in “temperate zone climate” implies a physical habitat
that experiences neither wide extremes of temperature nor very low levels of
precipitation. In its broadest sense, it refers to the areas of the Earth lying
between 23.5° and 66.5° latitudes on both sides of the equator. These bound-
aries, however, are determined by astronomical factors that have very little to
do with the physical and biological factors governing the growth and distribu-
tion of plants. For the purposes of this chapter, the classification of Bailey
(1958), used by Van der Maarel (1993) in the Dry Coastal Ecosystem volumes,
will be the basis for defining “temperate zones” based on physical data. Bailey
uses a number of parameters in the classification: maximum mean tempera-
ture of the warmest month,minimum mean temperature of the coldest month,
annual precipitation,and percent precipitation in summer.There are two types
of temperate zones:“wet winter temperate”(WWT) and “wet summer temper-
ate”(WST). Most temperate coastal zones fall into the wet summer group. Only
a few, chiefly along the west coast of North America and in New Zealand, are of
the wet winter type. All of the coastal zones of Europe, from the Baltic Sea to
approximately the north shores of the Mediterranean Sea (about 60°N to 45°N)
are of the wet summer type. In both Hemispheres temperate zones are bor-
dered poleward by the subpolar (SPO) and toward the equator by the summer-
dry subtropical (SDS) (Mediterranean) climatic zones.

The dune systems of these temperate coastal zones are characterized by a
variety of distinct plant habitats: upper beach, foredune, backdune or sand
plain, deflation plain, slack, and old stabilized dune, this last defining the
inner margin of the Holocene dune field. Distinctive plant communities
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occupy these habitats. The upper beach and foredune are occupied by plants
tolerant of salt spray, strong winds, and sand burial. These communities tend
to be permanent because of the special adaptations required to grow and
thrive. On the lee side of the foredune and the broad sand plain frequently
found farther inland begins a succession with a set of plants that initially sta-
bilize the sand. These sand-tolerant grasses and forbs gradually cover the
sand surface with a dense mat-like layer of vegetation. Once this dune mat is
fully developed, shrub species (and sometimes tree species concurrently)
become established. The “shrub stage” may persist a long time or only briefly,
depending on microclimatic conditions (such as the presence of ground
water, the distance from shoreline, and salt spray effects, as well as a source of
tree seeds). On the “most temperate” coastal areas, a forest eventually devel-
ops that contains many tree and shrub species found in adjoining habitats.
Where there is a gradual shift to Mediterranean climates, scrub or chaparral
develops and remains more or less permanently.

Table 4.1 is a floristic characterization of selected temperate zone coastal
dune areas based on regions delineated by Van der Maarel (1993). Easily seen
is the almost universal occurrence of similar species and genera on the upper
beach and the active sands of the foredune. Behind the foredune, where stabi-
lization is taking place, there is less similarity.At the shrub stage of vegetation
development, communities are more heterogenous depending upon variation
in the microclimates of the site. Finally, at the arborescent stage (if there is
one) there is identity with the regional tree flora. This has been noted and dis-
cussed in many ways (see, e.g., Doing 1985).

The climatic zones, no matter what the basis for their delineation, do not
have sharp boundaries, but change gradually. In general, plants signal the
transition from one zone to another quite clearly, either as single species or
as small groups of species. Because of the ameliorating effect of the sea on
local climate, beach species tend to be almost azonal in their occurrence,
having worldwide distributions at the species level (e.g., Honkenya peploides,
Cakile maritima). On the foredunes identity is more at the generic level,
especially in the Northern Hemisphere. In fact there seems to be a continu-
ity in species and growth form around the Northern Hemisphere. Consider,
e.g., Carex macrocephala and Carex kobomugi linking Asia and North Amer-
ica or Leymus mollis and Leymus arenaria linking northern Europe and
North America. The connections in the Southern Hemisphere are not so
clear; the small number of temperate climatic zones and the long isolation
may be factors. However, the physiognomy and vegetation zonation are sim-
ilar everywhere. There is, however, one universal link. The obligate psam-
mophyte Ammophila arenaria (along with its subspecies and its congener,
Ammophila breviligulata), has a distribution, both natural and human-
induced, that lies roughly between 32° and 60° on both sides of the equator.
Because of the effectiveness of these species in stabilizing active dunes, they
(chiefly Ammophila arenaria) have been introduced into almost every part

A.M. Wiedemann and A.J. Pickart54



Temperate Zone Coastal Dunes 55

Ta
bl

e
4.

1.
Fl

or
is

ti
c 

ch
ar

ac
te

ri
za

ti
on

 o
fs

el
ec

te
d 

te
m

pe
ra

te
 z

on
e 

(w
et

 s
um

m
er

 a
nd

 w
et

 w
in

te
r)

 c
oa

st
al

 d
un

e 
ar

ea
s.

A
re

as
 w

er
e 

se
le

ct
ed

 o
n 

th
e 

ba
si

s
of

th
ei

r f
lo

ri
st

ic
 a

nd
 p

hy
si

og
no

m
ic

 re
pr

es
en

ta
ti

on
 o

ft
he

 m
aj

or
 te

m
pe

ra
te

 z
on

e 
du

ne
 sy

st
em

s.
Lo

ca
ti

on
 c

od
es

 in
 p

ar
en

th
es

es
 re

fe
r t

o 
re

le
va

nt
 c

ha
p-

te
rs

 in
 V

an
 d

er
 M

aa
re

l (
19

93
),

th
e 

le
tt

er
 A

 o
r 

B 
re

fe
rs

 to
 v

ol
um

e,
th

e 
nu

m
be

r 
to

 th
e 

ch
ap

te
r 

in
 th

e 
vo

lu
m

e.
Sp

ec
ie

s 
lis

te
d 

ar
e 

ty
pi

ca
l o

ft
he

 lo
ca

lit
y,

bu
t n

ot
 p

ec
ul

ia
r 

to
 it

Lo
ca

ti
on

B
ea

ch
 a

nd
 fo

re
du

ne
D

un
e 

m
at

a
St

ab
ili

ze
d 

sh
ru

b
O

ld
 d

un
e 

fo
re

st

S 
N

or
w

ay
C

ak
ile

 m
ar

it
im

a/
H

on
ke

ny
a 

pe
pl

oi
de

s
C

la
do

ni
a 

sp
p.

Em
pe

tr
um

 n
ig

ru
m

Q
ue

rc
us

 ro
bo

r
58

°N
 (

A
9)

A
m

m
op

hi
la

 a
re

na
ri

a/
El

ym
us

 fa
rc

tu
s

Se
du

m
 a

cr
e

C
al

lu
na

 v
ul

ga
ri

s
N

et
he

rl
an

ds
C

ak
ile

 m
ar

it
im

a/
El

ym
us

 fa
rc

tu
s

Fe
st

uc
a 

ru
br

a
H

ip
po

ph
ae

 r
ha

m
no

id
es

Q
ue

rc
us

 ro
bo

r
52

°N
 (

A
l7

)
A

m
m

op
hi

la
 a

re
na

ri
a

O
en

ot
he

ra
 a

m
m

op
hi

la
Sa

lix
 a

re
na

ri
a

B
et

ul
a 

pe
nd

ul
a

Ja
pa

n
G

le
hn

ia
 li

tt
or

al
is

/L
at

hy
ru

s j
ap

on
ic

us
C

al
ys

te
gi

a 
so

ld
an

el
la

R
os

a 
ru

go
sa

Q
ue

rc
us

 d
en

ta
ta

44
°N

 (
B1

3)
C

ar
ex

m
ac

ro
ce

ph
al

a/
Le

ym
us

 m
ol

lis
C

ar
ex

 k
ob

om
ug

i
C

el
as

tr
us

 o
rb

ic
ul

at
a

N
ew

 Z
ea

la
nd

C
ak

ile
 e

de
nt

ul
a/

A
m

m
op

hi
la

 a
re

na
ri

a
Eu

ph
or

bi
a 

gl
au

ca
Lu

pi
nu

s a
rb

or
eu

s
K

un
ze

a 
er

ic
oi

de
s

44
°S

 (
B1

5)
D

es
m

os
ch

oe
nu

s s
pi

ra
lis

C
al

ys
te

gi
a 

so
ld

an
el

la
Sa

m
bu

cu
s n

ig
ra

Po
do

ca
rp

us
 to

ta
ra

N
ew

 H
am

ps
hi

re
H

on
ke

ny
a 

pe
pl

oi
de

s
H

ud
so

ni
a 

to
m

en
to

sa
M

yr
ic

a 
pe

ns
yl

va
ni

ca
Pi

nu
s r

ig
id

a
U

SA
 –

 4
2°

N
 (

B2
2)

A
m

m
op

hi
la

 b
re

vi
lig

ul
at

a
Le

ch
ea

 m
ar

ít
im

a
Pr

un
us

 m
ar

ít
im

a
A

ce
r 

ru
br

um
S.

C
ar

ol
in

a
U

ni
ol

a 
pa

ni
cu

la
ta

Iv
a 

im
br

ic
at

a
Il

ex
 v

om
it

or
ia

Q
ue

rc
us

 v
ir

gi
ni

an
a

U
SA

 –
 3

2°
N

 (
B2

2)
Pa

ni
cu

m
 a

m
ar

um
Sp

ar
ti

na
 p

at
en

s
M

yr
ic

a 
ce

ri
fe

ra
O

re
go

n
A

m
br

os
ia

 c
ha

m
is

so
ni

s
Fe

st
uc

a 
ru

br
a

Va
cc

in
iu

m
 o

va
tu

m
Pi

nu
s c

on
to

rt
a

U
SA

 –
 4

7°
N

 (
B2

3)
A

m
m

op
hi

la
 a

re
na

ri
a/

Le
ym

us
 m

ol
lis

So
lid

ag
o 

sp
at

hu
la

ta
G

au
lth

er
ia

 sh
al

lo
n

Ts
ug

a 
he

te
ro

ph
yl

la
Pt

.R
ey

es
C

ak
ile

 m
ar

ít
im

a
Er

io
go

nu
m

 la
ti

fo
liu

m
Er

ic
am

er
ia

 e
ri

co
id

es
C

oa
st

al
 s

cr
ub

b

U
SA

 –
 3

8°
N

 (
B2

4)
Le

ym
us

 m
ol

lis
/A

m
br

os
ia

 c
ha

m
is

so
ni

s
Er

ig
er

on
 g

la
uc

us
Lu

pi
nu

s c
ha

m
is

so
ni

s
A

rg
en

ti
na

C
ak

ile
 m

ar
it

im
e

Pa
ni

cu
m

 u
rv

ill
ea

nu
m

Ba
cc

ha
ri

s g
en

is
ti

fo
lia

A
ca

ci
a 

ca
ve

ni
a

39
°S

 (
B3

3)
Sp

ar
ti

na
 c

oa
rc

ta
ta

C
el

ti
s s

pi
no

sa

a D
en

se
 g

ro
un

d 
co

ve
r 

of
he

rb
ac

eo
us

 s
pe

ci
es

 o
n 

ba
ck

 d
un

es
 a

nd
 s

an
d 

pl
ai

ns
b C

oa
st

al
 s

cr
ub

 a
nd

 c
ha

pa
rr

al
 r

ep
re

se
nt

 th
e 

tr
an

si
ti

on
 to

 a
 M

ed
ite

rr
an

ea
n 

cl
im

at
e



of the world. In Europe, with its long history of planting the species widely
for “coastal defence” Ammophila arenaria is found on all coastal dune areas
of the European temperate zone (Huiskes 1979). Its northern-most occur-
rence seems to be southern Finland, at 60°N (Hellemaa 1998). It was intro-
duced into South Africa in the 1870s and widely planted. It did not natural-
ize, but maintained populations without spreading (noninvasive) (Hertling
1997). In Australia (Wiedemann, pers. observ.), it has been planted in the
Perth and Sydney areas, but did not spread here either. It flowers poorly, if
at all, and does not compete well with the native Spinifex species. Its poor
growth at the latitudes of these three places (32°S) indicates the species is
probably at the equatorial limit of its range. A little farther south, on the
southwest coast of Western Australia (35°S), it grows well but still does not
spread to any significant extent. At Wilson’s Promontory in Victoria, south-
east Australia (40°S), it grows and reproduces vigorously. It also grows well
in Tasmania (41°–44°S) and is well established in New Zealand (40°–45°S). In
1927 it was introduced to the Falkland Islands (55°S) and today is a major
component of the littoral vegetation (Moore 1968).

On the east coast of North America, the native Ammophila breviligulata has
a natural distribution from eastern Canada (50°N) to South Carolina (32°S),
where it is replaced by the ecologically equivalent Uniola paniculata (Stalter
1993). A. breviligulata is found also on the shores of the Great Lakes (Maun
1993). It occurs today in scattered small patches on the Pacific coast, but was
introduced in stabilization plantings. From the moment in 1869, when
Ammophila arenaria was first planted on the active dunes that today underlie
the city of San Francisco, the species flourished.Within 75 years, both through
natural spread and large-scale planting, A. arenaria spread along the entire
west coast of N.America, from about 34°N at Los Angeles to Vancouver Island
(49°N), then to 54°N on the Queen Charlotte Islands (Breckon and Barbour
1974). This distribution on the west coast of North America is of interest in
two respects.

First, it is continuous between its latitudinal limits, from the subpolar in the
north to full Mediterranean in the south; only a few upper beach species with
global distributions share this characteristic. Secondly, it is on the west coast
of North America that the first alarms were raised with respect to the effect of
the grass on native plant communities and on the very morphology of the
dunes themselves.

4.2 Coastal Dunes of Western North America

This very long, continuous temperate zone coastline, the very active “dune
restoration” activities along its length, and the intimate knowledge the
authors have of its history and characteristics, make this area suitable to pre-
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sent as a case study. Coastal dunes are a common feature along the 2091 km
shoreline from Cape Flattery at the northwestern-most tip of Washington
State to San Diego in California (48° to 32°N). Dunes occur on 610 km of this
shoreline.

There are small dune systems on the west coast of Vancouver Island (49°N)
and the northeast corner of Graham Island of the Queen Charlottes (54°N).
The overall directional trend of the coast is west of south along the north half;
at Cape Mendocino, about half way down, it rounds to east of south to the
Mexican border. The annual wind regime is fairly consistent along the entire
coast, with local deviations and a somewhat weakening of the general pattern
southward (Cooper 1958, 1967). In summer (June to August) onshore winds
from the sector N-NW greatly predominate. They result both from off-shore
high pressure centers and sea-land winds. These winds have a high average
velocity. In winter (December to March) onshore winds from the sector S-SW
related to seasonal low pressure centers predominate. The centers produce
frontal storms that bring heavy rains and strong south to southwesterly
winds.

These wind regimes, along with abundant sand supply, an extensive recep-
tive shore, and variations in coastal trend, produce a variety of dune forms
(Wiedemann 1984). North and south of the Columbia River, accreting shore-
lines have resulted in a series of beach ridges parallel to the shore. South of the
river at least nine ridges can be seen, all presently stabilized. Farther south on
the Oregon coast very large parabola dunes (many over 1 km in length) have
been produced, mostly by the winter winds. At one location “nested” parabo-
las, over 4 km in length have resulted from cycles of active sand movement
and subsequent stabilization by plants. In California most of the dune systems
are made up of parabola dunes (Fig. 4.1). On the central Oregon coast are
extensive active dune fields (Fig. 4.2) extending several km inland with mas-
sive winter transverse dunes (crests 1000 m long and 50 m high) moving
northward, formed and driven by the winter winds. Smaller transverse dunes
are formed and driven southeasterly by the summer winds.

Neither of these two kinds of dunes is vegetated. The foredune has a signif-
icant history. Formerly present in southern California as a shoreline zone of
large hummocks (or mounds) and as an upper beach ridge in northern Cali-
fornia, early accounts and aerial photographs indicate it was absent along the
Oregon coast (Cooper 1958), except for the prograding shoreline at the mouth
of the Columbia River in the north. The present day foredune along the west
coast is entirely the result of the introduction and spread of Ammophila are-
naria, a high, broad foredune developed in less than 100 years. The native
flora of the foredune has been almost entirely replaced by this aggressive
species (Wiedemann 1998; Wiedemann and Pickart 1996).

Table 4.2 demonstrates the significant shift in climate along the Pacific
coast as reflected in the distribution of selected dune species. It is distinctly
wet winter from Neah Bay at the northern tip of the Washington coast to
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Fig. 4.1. Parabola dunes at Humboldt Bay, northern California.View is to the south. The
distance from shore to parabola tip exceeds 1000 m. (Photograph by A.Wiedemann, June
l983)

Fig. 4.2. The winter transverse dunes of the central Oregon coast. View is to the south,
the dunes moving toward the observer (note slip faces). Average crest length is about
1000 m and height above dune base can exceed 50 m (Cooper 1958) (Photograph by Ore-
gon Dept. of Transportation, May 1972)
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about Coos Bay on the southern Oregon coast. From there to Arcata, on the
north coast of California, the gradual shift to a Mediterranean climate is
reflected in the greatly decreased precipitation. New species appear in the
transition zone. From Santa Cruz southward the climate is distinctly Mediter-
ranean.

4.3 Conservation and Management

The introduction and spread of Ammophila has resulted in major changes in
the dune landscape. A highly successful competitor, A. arenaria has “taken
over” or created most of the existing foredunes throughout its current range.
In most places it has virtually eliminated the native dune-forming species and
the distinctive low, open, rounded and high diversity foredunes created by
them (Fig. 4.3). The native dunegrass, Leymus mollis, was once prevalent on
beaches and foredunes of the western U.S coast north of 38°N (Barbour and
Johnson 1988). Significant stands of this grass are now restricted to dune sys-
tems at Point Reyes and Humboldt Bay, California. In addition, A. arenaria has
invaded many back dune ridges and completely stabilized some formerly
active dunes. At Bodega Bay, California, where A. arenaria was extensively
planted (Cooper 1967), the entire parabola dune system has been virtually
frozen under a dense blanket of A. arenaria. Along the central Oregon coast
the massive high foredune created by A. arenaria (Fig. 4.4) has cut off all sand
supply from the beaches to the back dunes. It is not known how dependent the
high winter transverse dunes are on a continual supply of sand from the
beach, but the lack of sand has resulted in the wind eroding an extensive back-
dune sand plain to the water table – a “deflation plain”. Vegetation develops
quickly and follows the progressive development of the deflation plain toward
the base of the high dunes (Fig. 4.5). The perceived “danger” (according to
“dune managers”) is that this scenic dune landscape will soon vanish under a
dense mat of vegetation.

Despite the widespread invasion of A. arenaria worldwide, management
(control and eradication) of this species has until recently been confined to
the west coast of North America. In his seminal work on the coastal dunes of
Oregon and Washington, Cooper (1958) noted the topographic and vegetation
changes brought about by this species: higher, more sharply ridged, densely
vegetated foredunes, and the colonization of open dune fields and dune mat
leading to a hummocky topography dominated by Ammophila and overall to
a repressive effect on the native dune flora. His observations were soon fol-
lowed by alarm over the impact of the species on coastal dune biodiversity
(Breckon and Barbour 1974; Barbour et al. 1976). By the early 1980s, experi-
mental trials in controlling the species had begun at what is now the Hum-
boldt Bay National Wildlife Refuge (Lanphere Dunes Unit) by The Nature
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Conservancy (Van Hook 1985). The first successful eradication program,
using manual techniques, was completed there between 1992–1996 (Pickart
and Sawyer 1998). Similarly, recent research on the impacts (primarily loss of
native plant habitat) of the species in Australia and New Zealand (Duncan
2001; Heyligers l985; Humphries 1996) has led to the initiation of control
efforts: attempts to stop its spread and, if possible to eradicate it.

There are currently numerous A. arenaria control programs being imple-
mented along the US west coast that are intended to restore natural dune
processes. Methods of control include one or a combination of techniques:
manual removal, excavation/burial with heavy equipment, burning, and
application of the herbicide glyphosate (Pickart and Sawyer 1998). Projects
relying on manual removal enjoy the advantage of unaided native plant recov-
ery through the dispersal of relict native plants and the ameliorating condi-
tions (relative stability, fertility, and moisture) created by decaying rhizomes
of A. arenaria left in place. However, this method is extremely labor-intensive
and mostly suitable for areas in which A . arenaria has not become extensively
established.

The original project at Humboldt Bay resulted in eradication of 10 acres
(4 ha) of dense A. arenaria growing on the foredune and adjacent dune ridges.
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Fig. 4.3. Lower, more rounded profile of foredune at Humboldt Bay, California, after
restoration (removal of A. ammophila). Vegetation is dune mat. (Photograph by A.
Pickart)



This project was carried out over a 4-year period (1992–1996) at a total cost of
US$ 350,000. By the final year of treatment native cover was 36 % of that mea-
sured in comparable, uninvaded areas; by 2002 it had reached 100 % (unpubl.
data). Removal of A. arenaria returns the dunes to an early stage of vegetation
development, adding back in the important agent of instability. Species diver-
sity is predictably lower (by approximately 10 %) than in comparable native
areas. Restored conditions favor those species that rely on disturbance and
openings in the vegetation, including the federally listed endangered annual
species Layia carnosa, which occurred at increased densities in the year fol-
lowing restoration.

Although the first restoration efforts targeted only the earliest and most
obvious plant invaders, advances in awareness and understanding of the dune
ecosystem has led both to earlier detection of problems and to more systems-
based approaches to restoration. Restoration efforts now focus on re-estab-
lishing dune processes, and involve management of multiple taxa in an inte-
grated fashion. These include, in addition to A. arenaria, Lupinus arboreus
(native south of 30°N, but introduced and invasive on dune systems to the
north), Carpobrotus edulis, and a suite of annual grasses (including Bromus
diandrus, Vulpia bromoides, Briza maxima, and Aira spp.). Vegetated dunes
south of 38°N are also susceptible to invasion by Ehrharta calycina, which has
led to the conversion of large areas of native dune scrub to non-native grass-
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Fig. 4.4. Typical steep profile foredune vegetated with Ammophila arenaria prior to
restoration. Humboldt Bay, California. (Photograph by A. Pickart)



land (Pickart 2000), and Conocosia pugioniformis which is in a relatively early
stage of invasion, but has the potential to impact foredune and dune scrub
communities (Albert and D’Antonio 2000).

The type and severity of these invasions vary. Some invoke complex ecosys-
tem changes. For example, the intrusion of Lupinus arboreus into the native,
herbaceous dune mat of northern California results in soil enrichment that
triggers invasions of other plant species (Pickart et al. 1998). Together and
individually, however, these invasions share the important consequence of
greatly reducing or eliminating sand movement. Whereas plant succession in
dunes moves the system naturally towards stability, non-native invasions
greatly accelerate the process (Wiedemann and Pickart 1996). One result is
rapid local extinction rates, with long-term consequences for the re-establish-
ment of early successional species after the infrequent, large-scale tectonic
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Fig. 4.5. Dune mat vegetation on the central Oregon coast with shrub (Arctostaphylos)
and tree (Pinus) vegetation becoming established. (Photograph by A. Wiedemann)



events that periodically rejuvenate dunes in the Pacific Northwest (Clark and
Carver 1992; Leroy 1999).

The full extent of the impacts of plant invasions on dune systems world-
wide is unknown. There are only a few places in which any assessment has
been attempted. At the Humboldt Bay dunes, a geographic information sys-
tem (GIS) was employed to map and classify dune vegetation (Aria 1999). The
results indicated that 52 % of total dune vegetation, or 82 % of non-forested
vegetation, was dominated by introduced species. A rough estimate in 1997 of
total area occupied by A. arenaria along the west coast of the US south of Flo-
rence, Oregon, exceeded 6000 ha (Pickart 1997). Clearly, “the Ammophila
problem,” and that of other invasive dune species, is of a magnitude far
exceeding the resources available to address it. Careful prioritization of con-
servation efforts is essential, divided appropriately among preservation,
restoration, and management, including steps taken to slow or prevent further
invasions.
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