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ABSTRACT
Dunes are invaluable to coastal areas as dynamic buffers to erosion during high tides
and storms, but do not accrue naturally in developed areas without assistance. Wood
paling fencing is commonly used to cultivate dune development and thereby increase
the protection afforded to coastal areas. In 2012, Superstorm Sandy devastated the
mid-Atlantic, especially New Jersey where many areas are still recovering. At Island
Beach State Park, NJ, parts of the primary dune system were destroyed and efforts
were made to rebuild these areas as an emergency response. These efforts consisted
of the installation of fencing in straight and zigzag patterns to catch-windblown
sand and rebuild dunes. We collected field measurements of the short-term vertical
sand accretion of recovering fenced localities and non-destroyed established dunes
receiving no management intervention. We also collected 1.5 m cores to examine
particle size after sieving in a Ro-Tap cascade shaker. There was high stochasticity
among weekly changes in dune height and fence configuration affected growth rates.
Zigzag fenced areas increased in height over time whereas straight fenced dunes did
not. The sand composition of the dunes varied with height such that coarse sand de-
creased with height whereas finer sediments increased. At the initial stage of recovery
fencing configuration seems to be an important factor in determining dune growth
and assessing particle size can give insight into the means of sand transport. These
results have implications for coastal management and restoration aimed at accruing

the most sand in least time for immediate post-storm recovery efforts.

hough dunes are invaluable
Tnatural resources that are integral

components of healthy coastal
systems, coastal squeeze and develop-
ment have diminished their extent and
made management of these areas neces-
sary as opposed to supplementary (Elko
et al. 2016). Coastal areas worldwide
are the most vulnerable to the effects
of climate change (Luettich et al. 2014)
and as a result, coastal management will
become more difficult in the years to
come with the increase in the frequency,
severity, and unpredictability of natural
disturbances (Mann and Emanuel 2006;
Miller et al. 2013). Dunes are ecologi-
cally important habitat areas (Freestone
and Nordstrom 2001; Saye et al. 2005)
with high relevance for economies and
shoreline stability; they are dynamic buf-
fers to erosion, protecting upland arecas
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during high tides and storms (Nordstrom
and Jackson 2013). As the interface be-
tween land and sea, our coasts are inher-
ently geologically unstable and dunes
are in a dynamic equilibrium, constantly
shifting between periods of erosion and
accretion. This equilibrium can shift from
more erosional to more depositional at
any site and between sites depending on
conditions such as sediment supply and
obstruction on the beach surface (Hsu and
Weggel 2002; Doody 2012) which play a
role in contributing to the inherent vari-
ability within and among dune systems
(Houser et al. 2008; Houser and Mathew
2011). Although there is a diverse array
of manmade protective structures that can
buffer our coasts, these ultimately reduce
the resiliency of the areas they intend to
protect whereas continuous dunes are
more resilient to short-term storm dam-
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age and long-term erosion (Cooper and
Pethick 2005).

With wind and a sand source, a dune
will form if there is also an obstruction,
natural (i.e. plants and wrack; Castro
1995) or manmade (i.e. fencing; Savage
1962; Mendelssohn et al. 1991; Miller et
al. 2001). However, dunes tend not to not
accrue naturally on developed beaches
due to activities that remove obstructions
(sand raking) and a lack of sediment as
many beaches are eroding. Thus, install-
ing wood paling fences and planting
dune-building grasses along supra-tidal
areas are common and necessary man-
agement methods to build and maintain
a dune. To save on fencing costs, coastal
managers have attempted to use synthetic
fabrics instead of wood, but over time
these deteriorate and cause the dune to
collapse (Miller et al. 2001). It is impor-
tant to consider fence configuration prior
to installation as different orientations
have the potential to increase accretion
rates. However, the increased surface area
of some configurations, such as spurred
(continuously parallel to the shore with
perpendicular short segments evenly
spaced) and zigzag (continuous fencing
at 45°), does not always result in faster
accretion than traditional straight fencing
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parallel to the beach (Savage 1962; Miller
etal. 2001). Similarly, zigzag and spurred
patterns initially accrue sand at high rates,
but after three years, straight configura-
tion exceeded all others (Mendelssohn
et al. 1991). There is debate over the
cost-benefit of different configurations
for management, but it is clear that there
is no accretion without fence or plant
aid on recreational beaches due to the
interference of anthropogenic activities.

Vegetation can be as effective as fenc-
ing and has the added advantage of con-
tinuing to accumulate and grow vertically
in time with the dune (Miller ez al. 2001).
However, anthropogenic effects on recre-
ational beaches, such as foot-traffic and
pollution, often prevent vegetation from
successfully colonizing barren foreshore
areas naturally. As a result, communities
engage in dune grass planting events and
planting guidelines often vary by town
and state. By planting vegetation, a dune
can become a functioning ecosystem as
well as a more stable protective structure
(Freestone and Nordstrom 2001). The
roots of grasses such as native American
beachgrass (Ammophila breviligulata)
provide the dune with necessary struc-
tural support by binding sand and thereby
holding mature dunes intact (Silva et al.
2016), but vegetation may play a minimal
role in the initial accretion of nascent
dunes, newly formed, compared to fences
(Mendelssohn et al. 1991).

Dune maintenance can be cumber-
some, but is paramount for the protec-
tion and safety of densely populated
and inherently geologically unstable
coastal communities worldwide; this is
especially true in New Jersey, which is
home to the first recreationally and com-
mercially developed coastline and today
boasts the most developed and densely
populated coastline in the United States
(U.S. Census 2010). When large-scale
storms, such as Superstorm Sandy (Oc-
tober 2012) — the most physically and
economically impactful hurricane to the
mid-Atlantic region in decades (Cuomo
2012) — occur, dune and subsequent up-
land damage can be inevitable. However,
coastal communities that think ahead and
preserve and care for dunes years prior
to storms suffer less in damages than
towns that do not (Nuwer 2012); thus,
emphasizing the importance of dunes
for protecting infrastructure in developed
coastal areas.
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Figure 1. A map of our field site, IBSP with beginning, middle, and end
accesses labeled; A23 is the last labeled beach access path in the park
whereas A24 is a drive-on access and the most southerly location to enter
the beach (adapted from from Wootton et al. 2005).

The recovery of New Jersey coastal
ecosystems after Superstorm Sandy af-
forded the opportunity to examine dune
growth from a baseline of zero. This
study is a quantification of dune growth
over time as a result of emergency fenc-
ing restoration efforts post-Sandy at
Island Beach State Park (IBSP). Prior
to Superstorm Sandy, the IBSP barrier
island coast had been protected by largely
continuous dunes, the longest stretch in
New Jersey. We set out to test if: (1) areas
being restored with fencing accrued sand
at the same rate as non-destroyed natural
dune areas without fencing; (2) dune ac-
cretion varied by fencing configuration,
specifically zigzag or straight; and (3)
grain sizes atop non-destroyed dunes
and areas being restored with fencing
differed. This study is short-term and
focuses on the immediate accretion at-
tained post-fencing installation and what
configurations work to accrue the most
sand in the least time for immediate post-
storm recovery efforts.

METHODS

We collected our data at Island Beach
State Park, Berkeley Township, Ocean
County, NJ. The park is an approximately
16 km barrier island with sandy beach
shoreline transitioning into a complex
dune system spanning the full beach-dune
successional gradient (first dune ridge to
maritime forest) into tidal marsh. Precipi-
tation and wind speeds along Barnegat
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Bay are lowest seasonally April through
August with prevailing winds from the
southwest. Conversely, northerly winds
and storms in the fall and winter seasons
have the potential to cause erosion along
the micro-tidal environment (tidal range
<0-2 m). The park offers automobile
beach access at four locations and has
23 public beach access areas with foot-
paths. We collected data along all ac-
cessible public beach accesses, A1-A23
(A=access; Figure 1). Sandy dissipated
the primary dunes, the first dune ridge of
the system, in the northern beach access-
es, A2-A12. There are ongoing efforts to
recover these now vulnerable areas which
are referred to throughout this paper as
“restoring dunes.” During the duration
of this study, restoring dunes were accru-
ing sand aided by paling snow fences in
straight or zigzag configurations during
our collections. The primary dunes in the
southernmost part of the park A15-A24
were eroded, but the system progression,
primary to secondary and tertiary dunes
and maritime forest with characteristic
successional changes in vegetation re-
mains intact such that average height of
the crest is 3.74 m £+ 0.86 m SD; these
areas will henceforth be referred to as
“established dunes.” A13-A14 and Al are
unique transition areas whereby parts of
dune system were washed-out and are be-
ing restored, but the area is still sprinkled
with lone standing established dunes that
were not destroyed.
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Table 1. Abiotic conditions during our study period. All
values are the average of the measures taken from NOAA
Buoy #44091 the day prior to and morning of each weekly

measurement.

Wind direction  Prevailing
Week (degrees) wind direction
1 130° SE
2 56.67° NE
3 292° NW
4 161° SE
5 43.75° NE
6 110° SE
7 85° E
8 64° NE
9 302.5° NW
10 156° SE

Wind Wave
speed (m/s) height (m)
1.94 0.24
417 0.2
3.84 39.72
3.84 39.9
4.375 0.6
3.13 74.33
1.55 1.65
2.86 0.3
2.65 0.3
212 0.3

We were able to access and collect
data from 19 of IBSP’s 23 beach accesses
at 43 dune localities. Of the four accesses
not surveyed, A2 and A3 were inacces-
sible due to scarping and A17 and A22,
were inaccessible due to piping plover
(Charadrius melodus) nesting sites. The
43 localities (individual points along a
dune), consist of 19 established dune
localities and 24 restoring dune localities,
the latter of which IBSP management
had installed fencing at beach level as
an emergency effort after Sandy during
winter 2013. The fencing was traditional
1.27emx 0.95 cm x 1.22 m natural wood
lathe slatted fencing, commonly used for
snow and sand management supported
by twisted wire, 0.5 strands of 14-gauge.
Fencing configuration was continuous
and in a straight (north to south orienta-
tion) or zigzag (fencing at a 45° angles
to the ocean). Throughout the park, there
was more straight fencing than zigzag
and zigzag was not evenly distributed,
because of the higher price of installing
zigzag fencing, which requires more time
and fencing; this is represented in our
sample sizes for restoring dune localities
which contain 15 straight and 9 zigzag
localities.

We collected data weekly for 10 weeks
(4 June to 5 August 2013); collecting for
a longer duration was not possible as the
initial installation was done with emer-
gency funds that were later unavailable
to raise the covered fences or install new
ones to allow for continued monitoring.
During the duration of the study, average
wind speed for Barnegat Bay was 3.67
m/s, wave height was 0.39 m, and wind
direction was 161.15° (NOAA Buoy
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#44091). We sampled 1-3 localities per
access based on access length, whereby
longer accesses had more localities; all
localities in a beach area were equidistant
from one another and the southern-most
and northern-most ends of the beach area.
The average distance between localities
was 109.6 m, and all were a minimum of
33 m apart. At each locality we measured
dune height and assessed vegetation
weekly at a standard time and collected
one core.

We measured dune height to assess
sand accretion at each locality as a func-
tion of dune type, established or restoring
and among the latter, zigzag or straight
fence. At the toe of each dune, we used
a Leupold 6x23 RX-600i Laser Range-
finder to measure the length of the fore-
dune slope (toe to crest) and the angle of
the slope using a clinometer. To account
for the variability in dune height and de-
velopment over short distances, we took
these measurements at the initial marked
point and 3.5 m to the left and right and
averaged the values; we sampled at
multiple points in a locality to account
for localized variability within dune
systems (Houser and Mathew 2011). We
then used these values to infer height
using trigonometry (Dune height = Sin
(Angle, ) x slope length). We took mea-
surements weekly from restoring dune
localities, and every three weeks from
established dunes which are more stable
over time (Millington et al. 2009). We
calculated net and weekly flux in height.
Small errors in measures of slope angle
will result in large changes in calculated
height, especially in dunes with a longer
foredune slope — we do not believe this to

be a source of error in our study as fore-
dune slopes were relatively short for our
recovering dunes and averaging multiple
angles per dune accounted for variability
in height along the dune.

Lastly, we took cores to examine if
sand grain size and thus texture varied as
a function of locality type. We collected
one vertical core from each locality using
a standard metal coring device to extrude
an unmixed and continuous 1.5 m core
(Glew and Smol 2002). We took cores 1
m landward from established dune crests
and adjacent to and abutting the landward
side of the fence of restoring dunes. Ex
situ, we oven-dried and mixed each core
prior to sieving 100 g samples, using a
RX-29 Ro-Tap cascade shaker. We sorted
samples into silts and coarse, medium,
fine, and very fine sands using eight U.S.
Standard Sieve Mesh Sizes ranging from
0.71 mm to >0.105 mm (Folk 1980) with
sieve time standardized to 5 min as in-
creasing time increases the effectiveness
of sorting with added energy (Diaz-Zorita
et al. 2007).

STATISTICAL ANALYSES

We used JMP Pro 11.0 to perform
analyses. All tests are two-tailed using
a=0.05 as the threshold of significance
and all means are reported + standard
deviation. We used regression to exam-
ine average dune height as a function of
time as well as to examine a relationship
between wind and change in height in
restoring dunes. Wind data is from off-
shore NOAA Buoy #44091, we did not
have anemometers throughout the park to
measure wind at individual localities and
thus assume uniform speed and direction
along IBSP for analyses with wind. To
look at the potential effect of location,
we used Analysis of Variance (ANOVA)
to compare the growth of restoring dune
localities by beach access, holding time
constant and regression of initial dune
height as a function of growth rate. We
compared mean initial and end dune
heights using Student’s t-tests. We also
used Student’s T-tests to analyze the
composition of our cores, simplifying
particle sizes to coarse (mesh #25 and
#35), medium (mesh #45 and #60), fine
(mesh #70 and #100), and very fine/silt
(mesh #140 and smaller).

RESULTS
The established dunes did not show
significant change in height as a function
of time (R?2=0.21; P = 0.54), but restor-
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ing localities increased (R? = 0.54; P =
0.01). This latter result is due to the sand
accretion observed at zigzag localities.
Examining the two restoring fence con-
figurations revealed that straight fenced
dunes did not change in height with
time (R? = 0.00; P = 0.87), but zigzag
fenced localities increased (R*= 0.85; P
=0.0001; Figure 2).

Comparing start and end heights of
dunes did not show a statistically sig-
nificant increase in straight fence (X ¢ =
3535cm=+18.87cm; X =44.91 cm=+
27.56 cm; ¢,=-1.11; P>0.20) or zigzag
pattern (X (= 23.74 cm £ 15.21 cm;
X ,,=3445cm = 16.5 cm; ¢, = -1.43;
P = 0 09). Similarly, straight fence lo-
calities began at a greater relative starting
(base to crest) height than zigzag (X (=
3535cm+18.87 cm; X, = 17.85 cm
+14.52 cm; ¢, = -2.28; P < 0.05; Figure
2) such that comparing relative heights
is not statistically appropriate. However,
initial height did not affect restoring lo-
cality growth rates (R = 0.00; P = 0.96)
and the initial height discrepancy was
not a function of linear location, north to
south, in the park (R?=0.09; P = 0.22).
The previous two findings are supported
by the fact that there were no differences
in weekly changes as a function of access,
i.e. location (ANOVA; Fom= 0.10; P=
0.99). Restoring height change (i.e. accre-
tion or erosion) from first to last collec-
tion did not vary by fence conﬁguration
(X =999 cm+16.09 cm; ¢,,=0.17; P
= 0.87) and week to week, there were
only significant differences in the height
change of the two fence types during two
collections: week two to three zigzag
accumulated more sand than straight (
X =-85cm+32.77 cm; X ,,=13.48
cm=+12.59 cm; ¢, =2.21; P=0.04) and
week nine to ten straight accrued more
than zigzag (X (=-1.76 cm = 14.55 cm;
x —-83cmi69cm t,=2.21,P=

zZ

0.04; Figure 3).

Change in height among restoring lo-
calities was unrelated to abiotic parame-
ters of the study location. Wind speed was
unrelated to height change (R?= 0.05; P
= 0.36), as was wind direction split into
North, South, East, and West based on
degrees on a compass rose (ANOVA;
P>0.05). Please see Table 1 for abiotic
conditions (wind and waves) associated
with Barnegat Bay during the length of
the study. At the end of the study, three
localities, two straight and one zigzag
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Figure 2. Of the two fence configurations, straight fenced (SF) dunes (solid

line) did not increase significantly (R? =

0.00; P = 0.87), whereas zigzag (ZZ)

fences (dashed line) increased (R? = 0.85; P =0.0001).

Figure 3. There was high variability among the mean changes observed in
the two restoring dune types, straight fenced (SF, solid line) and zigzag (ZZ,

dashed line) localities.
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fenced, were almost completely buried
(less than 15.2 cm of paling exposed).

There were no differences in the grain
particle size between the two fence con-
figurations (P > 0.05), but differences
in sand composition by dune type and
height. Restoring dunes were composed
of a greater percentage of coarse sand (
X ,=-21.63£9.31; X ,=12.31£10.95;
t,,=2.55; P=0.009) whereby established
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dunes are composed of more fine sand (
X ,=-3.04+1.74; X ,=10.46+3.38; ¢,
=-7.61; P <0.0001) and very fine sand/
silts (X , =-0.11 £0.11; X, =047 =
0.14; t,, = -7.95; P < 0.0001; Figure 4)
and did not differ in medium sand content
(X ,=-7541+8.09; X ,,=78.52+3.19;
t,, =-1.42; P=0.17). These findings are
supported by an observed positive rela-
tionship between average dune height and

% very fine sand (R*>=0.76; P <0.0001)
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Figure 4. There were no differences in medium sand, but established

dunes had greater fine (t,, = -7.61; P<0.0001) and very fine/silts (; t,, = -7.95;
P<0.0001) than restoring dunes. Restoring dunes had a greater proportion
of coarse sands (t,, = 2.55; P = 0.009). Error bars represent +/- standard

deviation.

Figure 5. Grain size composition changes as a function of dune height;
medium, fine, and very fine sand increase with dune height whereas coarse
sand decreases with rising dune crest height.
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and % fine sand (R*>=0.75; P <0.0001),
a positive trend for % medium sand (R?
=(0.11; P =0.06), and negative relation-
ship with % coarse sand (R*=0.15; P =
0.03; Figure 5).

DISCUSSION

When a community is recovering after
a storm, there are many strategies and
management options to consider (Cooper
and Pethick 2005). Building dunes is one
of the best solutions for restoration as it is
nature-based, meaning it mimics the buf-
fer system nature intended with minimal
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synthetic and man-made elements. As
a result, dunes are much less expensive
than hard engineered structures (Harman
et al. 2015). When using fencing to aid
in dune growth, configuration should
be considered from the perspective of
cost, effectiveness, and implementation.
The fences at IBSP were installed as
an emergency response effort to begin
recovery after Superstorm Sandy com-
pletely eroded the dunes of some areas
of the park and different fence configu-
rations were installed to note differences
in initial accumulation rates. Based on

our results, we recommend that a zigzag
or similar pattern be used at the onset of
restoration to aid in faster initial creation
of nascent dunes; the dune is a phalanx
defense line such that areas where a storm
levels, breaches, or greatly erodes dunes
renders these areas, and the upland areas
that they buffer, vulnerable. Zigzag fence
configuration increased dune height over
time whereas straight fencing parallel to
the shore remained statistically the same.
There was noticeable accretion (=10 cm
from week 1 to 10) over our study period
though the change in start and end dune
height for fence configurations did not
reflect this.

Zigzag appears more effective at
trapping sand in the short term than the
traditional straight fence pattern; this re-
sult is likely due to increased surface area
(Manohar and Bruun 1970) and angles
to catch windblown sand, which should
both increase accumulation. However, it
is important to note that there may be no
long-term differences in accumulation
rates among configurations (Mendels-
sohn et al. 1991). Long-term rates were
not tested, as there was no additional
funding to raise or reinstall fences. Both
fence configurations accrued sand such
that while only three localities were
covered and in need of reinstallation,
many posts were close to 2/3 covered
— the point at which fencing should be
lifted or reinstalled to continue to see
growth (Savage and Woodhouse 1968).
Once a fence is covered, if it is not lifted
or additional fences added atop the old,
then the accumulation rates are not sus-
tained and eventually diminished (Dahl
and Woodard 1977; Mendelssohn et al.
1991). This is important to note, as one
could lose the progress and investment of
time and money spent without continued
management and monitoring of the fenc-
ing. Based on findings from this study,
after the initial zigzag fencing is covered,
we recommend reinstalling this configu-
ration, or installing straight fence atop the
older zigzag if funding is lacking.

There is currently a general lack of
studies quantifying the effectiveness of
fencing restoration efforts. Mendels-
sohn et al. (1991) found that zigzag and
spurred fence configurations, in the first
three years, accrued sand better than
traditional straight fencing. However,
straight fencing has also been document-
ed as very effective (Woodhouse 1978;
Anthony et al. 2007) and spurred and
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angled patterns have been documented
as ineffective comparatively (Savage
1962; Knutson 1980; Miller et al. 2001).
Varying configurations may be effective
in some areas and not in others; based
on sediment characteristics, fetch, and
wind speed and direction, all of which
can vary among and within a coastline
locality (Hsu and Weggel 2002); these
factors should be considered when mak-
ing management decisions regarding
configuration. To our knowledge, this
is the first study to quantify short-term
initial accretion of fence-aided dunes
installed as an emergency response from
a baseline of zero accumulation. Though
it is difficult to compare our short-term
findings to long-term studies, our findings
are most consistent with Mendelssohn et
al. (1991). Our study suggests that a zig-
zag fence configuration may work better
in some areas at the onset of installation
such that the more than 20% of additional
cost factor associated with non-straight
configurations could be argued as worth
the added investment for more fencing
(Knutson 1980).

It is difficult to compare and replicate
fencing studies because of variable abi-
otic conditions and study durations at dif-
ferent sites and within sites. Other stud-
ies monitored dunes for a longer term,
but collected less and more temporally
spaced data (Savage 1962; Savage and
Woodhouse 1968; Knutson 1980; Men-
delssohn et al.1991; Miller et al. 2001).
Our study was shorter term (i.e. three
months), but is more comprehensive in
documenting accretion, as we monitored
weekly dune growth during a full sum-
mer season, which to our knowledge has
not been previously carried out. Most
dune erosion and accumulation occurs
in the fall and winter months with storms
and a seasonal shift in prevailing winds
from southerly to northerly (Dolan and
Davis 1992). Management focus is often
long-term (over years and decades), for
example it takes a dune planted with
vegetation about seven years to become
established (Maun 2009), but short-term
changes (over months) or episodically
with storms, ultimately direct the course
of the long-term result. The long-term
goal in coastal restoration is often to pro-
tect upland infrastructure and maintain
beach width. Right after a storm, we want
to do this in the most effective way to re-
buffer an area with a dune more quickly
and thus render it less vulnerable.

There were differences in the starting
height and morphology of the restoring
dunes, but this did not affect short-term
growth rate. The starting height dis-
crepancy, between straight and zigzag
localities could be a function of: (1)
localized variation in wind direction,
wind speed, sediment size, and tidal
fluctuations (Houser and Mathew 2011);
(2) differences in beach width, as ero-
sion is highest in narrower beach sec-
tions (Keijsers et al. 2014) and set-back
distance from the ocean affects fencing
success (Manohar and Bruun 1970; Hsu
and Weggel 2002); (3) frequent changes
in dune shape over time, which does not
always reflect beach morphology (Saye et
al. 2005); (4) small sample size; (5) vari-
able storm impacts over short distances
(Houser and Mathew 2011), for example,
winter storms that occurred shortly after
the fences were installed could have
deposited sand unevenly along the park;
or (6) variations in dune shape from ac-
cumulation patterns due to fence types,
e.g. anecdotally zigzag localities col-
lected sand in a mounded shape whereas
straight fencing created a ramp like slope,
an observation noted previously by Ruz
and Anthony (2008) where straight fence
height may not equate to sand volume and
if so would be less effective in preventing
dune overwash during storms.

There were differences in grain size
between the restoring and established
dunes. Restoring dunes were composed
of a greater percentage of coarse sand
and established dunes of greater fine
and very fine sands and silts. Courser
sand can be transported by tidal fluctua-
tions during storms, as was the case with
Hurricane Dennis and Katrina (Houser
and Hamilton 2009). Winter storms that
occurred after the installation of the
fences likely distributed larger sediment
particles to the restoring localities. We
were not surprised that our established
dunes had greater amounts of fine and
very fine sands and silts, as we would
expect the top layer of tall established
dunes to be largely aeolian deposited.
Coarser sand at restoring dune localities
is likely also a function of the erosion
incurred by Sandy, which eroded the
dunes down to former high beach areas,
which we would expect to have larger
sand grain size. Coarser sand at restoring
dune localities may also be indicative of
a lack of retention of smaller particles by
the fences alone. Vegetation can be very
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effective in aiding the dune growth ver-
tically and horizontally (Knutson 1980)
and planting vegetation can be as effec-
tive as fencing. However, accretion is
often delayed at least a year as the plants
become established (Mendelssohn et al.
1991) and fencing downwind of plants is
superfluous; the plants will catch most of
the sand (Savage and Woodhouse 1968).
We recorded minimal vegetation estab-
lishment during our study and noted no
difference in the appearance of restoring
areas with 4. breviligulata plugs planted
behind them than those without.

While collecting our data, we encoun-
tered numerous forms of human distur-
bance that should be avoided, such as
walking, trampling, and driving on dunes.
Beach-goers may not recognize that the
slopes in front of fencing are nascent
dunes, as they do not yet possess “dune-
like” characteristics, such as vegetation
and or a clear crest and toe. Therefore,
beach-goers may think the fencing is
to keep them out of the area behind the
barrier as opposed to off the area entirely.
This notion requires further attention, but
in the interim, signs can be effective at de-
terring foot traffic and should be installed
(Gémez-Pina et al. 2002). String has also
proved effective in protecting terrapin
nesting areas, e.g. at A15, and could
also be used to rope off dune toes. This
action could result in public opposition as
perceived beach space would be reduced,
but could accelerate accretion by limiting
anthropogenic effects that may slow the
building process. These issues should be
addressed to increase the effectiveness of
fencing as a management tool.

CONCLUSIONS
In response to the need for short-term
emergency efforts to rebuild after storm
devastation, different fence configura-
tions can result in varying short-term
accretion rates. At Island Beach State
Park, NJ, a zigzag fence configuration
was more effective in the initial baseline
period than traditional straight fence con-
figuration. Further monitoring is needed
to see if this finding persists longer-term
in other seasons with changing abiotic
conditions. Factors that were not consid-
ered are localized wind, sediment supply,
beach width, and the possible effect of
sandbar locations. Anthropogenic effects
may have a strong influence on stability
and should be minimized to increase the

protection afforded by dunes.
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Dunes are critically important to
protecting coastal communities. The
results of this study have applications
for coastal management and conservation
in response to the need for short-term
emergency efforts to rebuild after storm
devastation. Enhancing the dune accre-
tion process is becoming increasingly
important in these inherently vulnerable
and unstable coastal areas. Dunes will
continue to be one of the best forms of
defense against destructive abiotic fac-
tors. Their maintenance and restoration is
essential for the continued maintenance
of safe and well-fortified coastal com-
munities.
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