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This study examines the hahilat preference of the US federally threatened northeastern beach tiger boetle, Cicindela
dorsalis dorsalis, and the effect of beach nourishment on existing habitats along two western Chesapeake Bay beaches,
Winter Harbor Beach and 8mith Point Beach, located approximately 100 km 4o the north, historically have supported
large populations of C. d. dorselis. Grain size distributions, sediment compaction at two dopths, temperature, mois-
ture, and beach width habitat parameters were analyzed by analysis of variance and Puley’s honestly significant
difference multiple comparison test and related to the distribution and abundanee of C. d. dorsalis, The results from
this study indicale that this species prefers beaches at least 6 m wide, with moderately well-sorted sands having a
mean grain size of 0.5 to 0.6 mm, and relatively compacted sediment with averages of 69 psi and 110 psi at depths
of 10 and 15 cm, respectively. In addition, the two nourishment. projects had a positive short-term effect en the heetle
habitat despite differences in deposition location. At Smith Point Beach, deposition occarred on top of the subaerial
beach with a minimal iacrease in beach width. At Winter Harbor Beach, nearshore deposition caused a 50-m increase
on average in beach width. Within weeks of deposition, adulis of C. d. dorsalis rapidly moved onte the nourished
sections of hoth beaches and produced large numbers of larvae. Winter Harhor Beach experienced the greatest increase
in beetle numbers, most likely beeause of the additional habitat ereated by nearshore deposition, However, continued
erogion from natural and anthropogenic sources could produce a chronic threat to productive habitats. These findings
will assist coastal engineers and developers in detcrmining eifective measuves designed to aid both economic and
ecologic interests.
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species under the Endangered Species Act because of its de-
cline in range and abundance (Kn1sLEY and ScHu1.TZ, 1997,
USFWS, 1990). KnvigLeEY, LUEBKE, and BEATTY (1987) attri-

salis, is one of several species of tiger beetles that inhabits
sandy beaches along the United States east coast, This spe-
cies has a historic range from New Jersey to Cape Cod and
along much of the eastern and western shorelines of the
Chesapeake Bay from southern Maryland to Virginia (Knis-
LEY, LUEBKE, and BeaTry, 1987). Although C. d. dorsalis
once swarmed on these Atlantie coast beaches (LENG, 1902},
especially in the northeast, the species is now extirpated from
nearly this entire region. Therefore, in 1890, the US Fish and
Wildlife Service placed C. d. dorsalis on the list of threatened
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buted human development and coastal ercsgion to this decline
in beetle numbers and habitat. However, little is known
about the actual effect of natural processes and shoreline ero-
sion control methods—both hard and soft—on tiger beetle
beach habitat.

Studies of other beach organisms have provided some in-
sight into preferred habitat parameters. For example, many
studies of habitat preference and the effect of beach nourish-
ment exist for the federally threatened loggerhead turtle
(Carette varetla, eg., ACKERMAN, 1996; BROADWELL, 1981;
Cramy, Bovuren, and BJORNDAL, 1995; ERRHART, 1995;
MorTmMER, 1982, 1980; NELSON and DICKERSON, 1988;
NEvgoN, MAUCK, and FLETEMEYER, 1987; RAYMOND, 1984;
Ryprr, 1993; STEINITZ, SALMON, and WYNEREN, 1998;
Woop and BsornpaL, 2000). STEINITZ, SALMON, and Wy-
NEREN (1998), among others, documented an increase in sur-
face hardness after beach nourishment and a decrease in
beach width from long-term erosion as detrimental factors on
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C. carefta reproduction. WooD and BJORNDAL (2000) deter-
mined that sediment moisture, salinity and beach slope are
key factors in the nesting sites of C. carefic.

Additional studies have analyzed preferred habitat param-
oters of and examined the effect of heach nourishment on
invertebrates. For example, BowMaN and DorLan (1985)
showed that wave energy, wave refraction, grain size distyi-
bution, beach slope, and tide height control the spatial and
temporal distribution of the mole crab (Emerita talpoida). In
a study of the swash zone at Cape Hatleras National Sea-
shore, HAyDEN and DoLAN (1974) showed that beach nour-
ishment caused a redistribution of E. talpoida rather than an
increase in mortality. REOLLY and BELLIS (1983) attributed
high water turbidity and a lack of compatible nourishment,
material on the drastic effects of beach nourishment on mi-
ero- and macrofauna along the intertidal zome at Bogue
Banks, North Carolina. Pestnourishment monitoring showed
that these effects extended beyond the nourishment site and
were more dramatic on species dependent on recruitment
from pelagic larval stocks. DONOGHUE (1999) found that
wave height, wave period, and water temperature in the
swash zone influence the distribution and abundance of both
E. talpoida and cogquina clam (Donex variabilis). In a 10-year
study along Pea Island, North Carolina, DoLAN (2008) attri-
buted continued dredge spoil disposal to a decline in several
species, including coquina clams and mole crabs, This study
related the decline to “hardening” of the beach face as a result
of an increase in fine-grained sands and heavy minerals com-
ing from Oregon Inlet dredge disposal material. In short,
most studies report a rapid reduction in organism abundance
at the disposal site, with either a relatively immediate recov-
ery (e.g, GORZELANY and NEL3ON, 1987; LvNcH, 1594) or
longer term effects (eg, CUTLER and MABADEVAN, 1982;
McLacHLAN, 1996; OLIVER and SLATTERY, 1976; SALOMAN,
1976). Longer term effects typically have resulied from sig-
nificant changes in the sediment grain size or timing (sea-
sonality) of nourishment. However, we are not aware of any
studies that have examined the habitat preference and effect
of beach nourishment on beach-dwelling insects.

This project determined the habitat preference and the ef-
fects of beach nourishment on the distribution and abun-
danee of C. d. dorselis at two Chesapeake Bay beaches in
Virginia. In particular, two beach nourishment projects con-
ducted 1 year apart, on two different beaches along the west-
ern shore of the Chesapeake Bay, and with the use of two
different deposilion locations provided an exeellent opportu-
nity to examine the effect of anthropogenic alterations. Spe-
cifically, we tesled the null hypotheses that: (1) differences
in habitat parameters would have no influence on the abun-
dance and distribution of the beetles along the beach, and (2)
beach nourishment would have no effect on the distribution
and abundance of adults and larvae of C. d. dorsalis in the
nourishment area.

C. D. DORSALIS LIFE CYCLE

Adults of C. d. dorsalis emerge from their pupal chambers
in the beach in mid-June, reach peak numbers in late June/
early July, and decline through August. Mating occurs

throughout the period of adult activity, and the females ovi-
posit eggs in burrows located in the upper foreshore to the
lower backshorve (KNTSLEY and ScHULTZ, 1997). The firvst in-
star larva hatches from the egg during smmmer and digs a
burrow at the site of oviposition. Development continues
through a seecond and third instar and a pupal stage, which
all occur in 15-40-om-deep bwrrows at or near the site of
oviposition. The total life cycle generally lasts 2 years, but
some proportion of the population develops in 1 year. Larvae
are sedentary predators that feed on small arthropods, which
they capture from the mouth of their burrows. Adults actively
prey on arthropods, especially amphipods, but will also scav-
enge on dead fish and crabs (KNisLEY and ScHULTZ, 1997).

Several biotic and abiotic factors limit the survival of €' d.
dorsalis. Birds, wolf gpiders, and asilid flies prey on adults,
whereas an antlike parasitic wasp of the genus Methocha lim-
its tarval survival {(KnisLEy and ScHULTZ, 1997). Mortality
during development is high in C. d. dorsalis, and only 5% of
the tarvae survive to the adult stage (USFWS, 1993). In a 3-
year study of unmodified (“natural”} beaches and thosge with
various engineered projects, Knistey and HiLL (1996) found
that natural beaches, especially those wider than several me-
ters, had larger numbers and greater densities of both adult
and larval C. d. dorsalis than those sites with engineered
modifications.

STUDY AREAS

Two beaches along the western shore of the Chesapeake
Bay provided an excellent opportunity to examine the effect
of beach nourishment on the distribution and abundanee of
C. d. dorsalis. Prior io these two nourishment projects, the
U3 Fish and Wildlife Service (USFWS) and the US Army
Corps of Engineers (USACE) developed agreements that
would permit nourishment at these two sites if deposition
minimized the effect on beetle habiiat. Monitoring of the pop-
ulation followed, and effects on the population were studied.
This information would be used to evaluate future deposition
projects and the protection and recovery of this rare insect.
Both projects took place in May during the period of low lar-
val activity and before adult emergence.

Smith Point Beach is located at the mouth of the Potomac
River, northwest of Smith Peint, Virginia (Figure 1). This
wave-drminated beach exhibits semidiurnal tides with a tidal
range of 0.5 m and fetch-limited, deep-water maximum wave
heights of 0.6-1.8 m (HarpawAY and GUNN, 1999; MILLER,
1983). An extensive nearshore platform (paleoriver terrace)
reduces approaching wave energy. However, a northwest—
southeast shoreline orientation places Smith Peint in direct
exposure to frequent northeast extratropical storms
(nor'easters). Storm surge sstimates for Windmill Point, with
a gimilar shoreline orientation but located approximately 25
km gouth of Smith Point Beach, range from 1.0 to 1.5 m, with
a recurrence interval of 10-100 years (HARDAWAY and
Bynng, 1999). In addition, the beach has experienced a re-
duction in sand supply, primarily from updrift erosion control
devices (MLLER, 1987). As a result, the beach has eroded
almost 100 m over the past 60 years at the northern end
{Figure 2). In recent decades, severe storms have completely
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Figure 1. Study areas: Smith Point Beach and Winter Harber Beach on
the western shove of the Chesapeake Bay, approximately 60 km apart.

removed the dune system at the north end and have produced
a broad, relatively flat overwash deposit.

As a result of the severe erosion at the north end of Smith
Poaint, the USACE placed spoil material dredged from the Lit-
tle Wicomico River tidal inlet (stabilized with jetties) and
backhbarrier into the nearshore of the northernmost reach in
July 1977, April 1990, and Janvary 1994. As part of the
agreement with the USFWS, the USACE placed over 11,900
m? of inlet dredge spoils onto the existing subaerial beach
during May 2001 with little increase in beach width {Figure
3). Although Smith Point has supported a relatively large
population of C. d. dorsalis, only a small portion of the pop-
ulation occurred in the deposition reach. The southernmost
300 m of the beach, adjacent to the Little Wicemico River
tidal inlet, has also supported few beetles, Historically, the
middle 850 m of the beach had served as the prime habitat
area for C. d. dorsalis (Figure 2).

Winter Harbor Beach is located 97 km south of Smith

—

Figure 2. (A) Digital Ortho Quarter Quadrangle (DOQQ) from 19284 of
Smith Point Beach with the 1937 shoreline superimposed. Note the land-
ward shareline migration at the north end and the seaward migration at
the south end during the past 60 years. (B) Oblique aerial photograph
taken 13 December 2000, before npurishment, showing the division of the
beach at Smith Peint inte four sections on the basis of previous . d.
dorsalis counts, Section 2 is the primary habitat area and section 4 was
the site of beach nourishment. Note Lthe severe eresion at the northern
end evideneed by the lack of dunes in section 4 and maritime forest on
the backshore in sections 3 and 4. (Photograph and DCQQ courtesy of
C.5. Hardaway, Jr., of the Virginia Instifute of Marine Seiences),
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Figure 3. Postuourishment oblique aerial photograph of Smilth Point Beach taken June 2002 showing the placement location of beach nourishment.
Nourishment accurred primarily on the subacrial beach and inshere in section 4 at the northern end. American beach grass was planted to create a low
vegetated dune.

Point, also on the western shore of the Chesapeake Bay (Fig-
ure 1). Similar to Smith Point Beach, this site has experi-
enced chronic erosion at the northern end, Agatn, as part of
the agreement with the USFWS, the USACE nourigshed this
site in May 2002 with 50,000 m® of outer channel dredge
spoils., Deposgition occurred in the nearshore of an 800-m
reach and widened the beach by approximately 50 m (Figures
4 and 5). Winter Harbor, like Smith Point, has also supported
a large (. d. dorsalis population along its shoreline. However,
most of the population has been concentrated in the southern/
middle 1000 m of the beach (I{misLEY, HIiLL, and ScHULZ,
1098}

METHODS

This research consisted of developing an experimental de-
sign capable of statistical hypothesis {esting, field and labo-
ratory analyses, and quantitative data analyses. The fallow-
ing sections describe the method used for each component of
this study.

Sampling Design

Seven years of historical adult population data between
transects enabled us to divide Smith Peint Beach into habitat
and nonhabitat sections (Figure 2): (1) the south end of the
site adjacent to the northern jetty of Little Wicomico tidal
inlet {400 m long, nonhabitat, transects 1-5), (2) to the north

(500 m long, habitat, transects 6-10), (3) highly eroded and
to the north of section 2 (350 m leng, nonhabitat, transects
11-14}), and (4} in the nourishment area at the northernmost
end (300 m long, transects 15-21), Dividing the beach into
sections enabled us fo examine beetle habitat preference and
to determine the effect of beach nourishment on the habitat
selection process.

We also divided Winter Harhor into sections, but previous
beatle surveys indicated that habitat of C. d. dorsaiis extend-
ed along the entire reach, Therefore, we divided the beach
into two sections (Figure 4): (1} natural beach (control area,
transects £-9) and (2) the nourishment area (fransects 10—
18). This division also allowed us io determine the effecis of
beach nourishment on beetle distribution and abundance.

Within these sections, we developed and used a systematic
random sampling design to collect sediment samples, mea-
sure habitat parameters, and quantitatively analyze these
data. At each site, we sampled at predetermined intervals
along the beach beginning from a random starting position
(determined by drawing from a hat a number that repre-
sented distanece) within each section, The number of samples
needed per section for a statistically significant quantitative
analysis determined the sampling interval at each heach. We
determined the number of samples needed per section with
a statistically derived sample size estimate based on data
from previous studies along these beaches, For each habifat
parameter, we used a 95% confidence level, a mean squared

Journal of Coastal Research, Vol. 22, No. 5, 2006
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Figure 4. Obligue aevial phetographs taken June 2002 showing the division of the beach at Winter Harbar Beach info iwo sections gn the basis of
natural and modified beach sections and the localion and style of heach nourishment, At Winier Harhor Beach, nearshore deposition widened the beach
by an average 50 m. The navigation channel shown on the larger photograph shows the lacatien of source material.

error (MSE), and {olerance level to determine sample size
(Table 1). This scheme previded 155 sample sites every 10 m
along the 1.5-km-long Smith Point Beach and 87 sample sites
every 20 m along the 1.7-km-tong Winter Harbor Beach for a
total of 242 samples of each parameter. Sampling occurred
shortly after nourishment on 27 June 2002 at Winter Harbor
and approximately 1 year after nourishment on 2 July 2002
at Smith Peini.

Field Methods
Beetle Surveys

To determine the number of adults en the beach, we used
the standard visual index count method (KwISLEY and
ScruLTz, 1997). This survey method is carried out during
conditions of maximum adult activity and involves walking
slowly along the water's edge and counting all adult beetles
between the transect markers. At Smith Point, we surveyed
the adult beetles hefore nourishment (30 June 2000), approx-
imately 1 and 2 months after nourishment (26 June and 20
July 2001), and approximately 1 year later (19 June 2002).
At Winter Harbor, we also surveyed the adult beetles before
nourishment (8 July 2001), approximately 1 and 2 months
after nourishment {18 June 2002; 3 July 2002}, and 1 year
later (7 July 2003).

Larval abundance is quantified by counting all larval bur-
rows present within the 2-m-wide transects across the width

of the beach during times of peak larval activity, Like adult
surveys, larval surveys were conducted at Smith Point and
Winter Harbor before and after deposition, At Smith Peint,
we surveyed the beetles on 11 October 2000, 20 October 2001,
and 15 October 2002, At Winter Harbor, we surveyed the
beetles on 12 October 2001, 18 October 2002, and 25 Qetoher
2003.

Beach Habitat Surveys

We obtained surficial sediment samples (2.5-5.0 em deep)
near the preferred aduit foraging and oviposition sites ap-
proximately 1 m landward of the high waterline. At each sed-
iment sample site, we also measured moisture and temper-
ature with an Aguaterr meter and compaction (shear resis-
tance) with a Spectrum Technologies penetrometer. Compac-
tion readings were obtained at depths of 10 and 15 cm to
analyze the potential effect of different levels of shear regis-
tance on adult oviposition and larval burrewing. All other
probe readings took place at depth (d) = 10 ¢m. Sampling
took place at Smith Paint on 20 June 2002 (1 y after the most
recent nourishment) and at Winter Harbor on 2 July 2002
1<1 mo after the most recent nourishment). Beach profiles
were obtained by standard field (stadia) survey techniques
from & transect marker landward of the foredune ridge
twhere present) to an area seaward of the shoreline. Beach

Journal of Coastal Research, Vol. 22, Na. 5, 2008
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Figure 5. Topographic base map showing the 1965 shoreline position at
Winter Harbar, a June 2000 prencurishment surveyed shoveline, and a
dune 2002 postneurishment shoreline (top). A representative beach pro-
file before and after nowrishment at sample transeet 15 shows the mor-
pholegic changes anrd beach widening that oceurred along this reach {see-
tion 2; bottom},

widths were measured from the dune toe, where present, or
the vegetation line seaward to mean sea level.

Lab Methods
Percent Moisture

Percent moisture (sand percent wet weight) was deter-
mined with gravimetric methods by deying 150 cm? of each
of the 242 sand samples from Smith Point and Winter Harbor
at 38°C in an oven until constant weight was achieved with
a minimum drying time of 24 hours. We obtained the water
percentage with the use of the ratio of the difference between
the wet and dry masses divided by the dry mass multiplied
by 104 (BLACE, 1965).

Grain Size Analysis

To determine grain size distributicns, we used a sample
splitter to provide a 25—40-g subsample of each field sample,
Each subsample was shaken in a Ro-Tap Mechanical sand
shaker for 10 minutes with sieves stacked at 1-¢ intervals.

Table 1. AMean squared errors (MSE} and tolerance levels used to deter-
mine sumple sizes for each habital parameter used in this study.

Rabitat Parameter MBE Tolerance
Beacl compaction 827 25 psi
Mean grain size 0.22 0.5 &, 0.7 mm
Barfing 0.04 0.2
Skewness .47 0.6
Moisture 34.9 5

We then used standard methods to calculate grain size per-
centage by weight (KRUMBEIN and PRTTLIOHAN, 1938). The
mean, sorting, skewnass, and kurtosis were determined for
each of the sand samples with the use of statistical moment
measures (FOLK, 1966).

Statistical Analysis

To determine whether statistically signifieant differences
existed between and among sections of the beach, we used a
vne-way analysis of variance (ANOVA) at a 96% confidence
level an each of the habitat parameters collected. If signifi-
cant differences existed, we used a Tukey’s honesily signifi-
cant difference (HSD) multiple comparison test to determine
between or among which sections these differences oceurred.

RESULTS
Cicindela d. dorsalis Adult and Larval Surveys

Results from the four adult surveys at Smith Point re-
vealed a generally consistent large number of adults both be-
fore and after nourishment. Numbers varied among the four
sections on the four survey dates but showed a progressive
increase in numbers of adults in section 4 {nourishment area)
through time (Figure 6). Numbers also increased significantly
in seetion 2 in 2001 and 2002 and decreased dramatically
tmore than fivefold} in section 3 in July 2001 and Junre 2002
(Figure 6). Despite the three- to fourfold inerease in numbers
in section 4 over the study period, section 2 contained more
than three times the number of adults than did section 4—
even after nourishment, The increased numbers in section 1
evidenced during 2002 most likely resulted from downdrifi
beach fining and more suitable compaction at the transect
(i#4} located next to section 2 (Figure 6).

Larval abundance among the four sections at Smith Point
was generally simnilar to that of adults. However, more larvae
were found in section 4 than in section 2. In particular, the
results show that larva numbers increased by an order of
magnitude following nourishment in section 4 (2001; Figure
T). Before nourishment, this section had one of the lowest
number of larvae, but in the three subsequent years, this
section had the highest number of larvae. These counts in-
dicate that, after nourishment, adults moved into this section
and oviposited, and the resulting larvae survived. Numbers
of larvae were consistently low in section 1 and decreased in
section 3 over time (Figure 7).

Winter Harbor Beach trends mirrored those of Smith Paint
Beach (Iigure 8). In particular, immediately after nourish-
ment, the number of adults increased in the nourished sec-
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Figure 6. Swiith Point Beach adult pre- and postfitl C. d, dorselis counts hy lranscet {top’ and hy seclion (bottom). Note the consistently high numbers
in sevtion 2, the decrease in section 8, and the increase in section 4 after nourishment,

tion 2 after all of the adults had apparently emerged. Unlike
Smith Point, however, where numbers remained high in the
historical habitat reach (section 2}, the adults at Winter Har-
bor decreased in section I and simultaneously increased in
section 2 (I'igure 8}, Of the total adults that populated the
beach on 3 July 2001, sectien 1 had 62.4% and section 2 had
37.6% of the adults. Two weeks after deposition on 18 June
2002, 78.5% of the total population occupied section 2. On 3
July 2002, the numbers remained high, with 71.8% of the
acult population inhabiting section 2 (note the increase in
hoth sections on 3 July 2002; Figure 8). The patiern remained
similar in 2003. These results indicate that, at Winter Harbor
Beach, a relatively large shift in the distribution of the adult
population accurred toward the nourished reach (Figure 8).
The results of the larval survey at Winter Havrbor indicated
that, like the adults, the numbers of larvae increased signif-
icantly in the nourished beach in the 2 years after nourish-
ment (Figure 9). Conversely, the numbers decreased in the

conlrol reach in section 1. However, the decrease in this sec-
tion was not evident until the year after nourishment. In ad-
dition, the numbers of larvae deereased in both the controf
and ncurished areas 1 year after deposition (Figure 9),

Habitat Parameters

The ANOVA revealed that all habitat parameters at Smith
Point and Winter Harbor were statistically significantly dif-
ferent from at least one other section {Table 2). We present
the results of Tukey's HSD multiple comparison test that
shows, by habitat parameter, which sections were signifi-
cantly different from the other sections.

Grain Size Distributions

The mean grain size in section 1 at Smith Point (0.22 ¢,
(.86 mm} was statistically significantly different from the
mean grain sizes of sections 2, 3, and 4 (0.85 «, 0.55 mm;
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Figure 7. Smith Point Beach larval pre- and postfill C. d. dorsalis counts by transeel (top) and by section (bottom), Note the consisteatly low numbers
of larvae in section 1, high numbers in section 2, decrease in section 3 after nourishment, and increase in section 4 after nourishment,
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Figure 8. Winter Harhor Boach adult pre- and postfill C. d. dorsalis counts by {ranseet (top) and by section (bottom). Note the population shift from

section 1 {control area) to section 2 (nourishment area),

0.98 ¢, 0.51 mm; and 1.03 ¢, (.49 mm, respectively; Table
2). Additionally, the mean grain size within section 2 differed
significantly from the mean grain size in section 4. These
results show that the beach at Smith Point is dominated hy
medium to coarse sands that coarsen to the south toward the
Littte Wicomico River tidal inlet. At Winter Havbor, a statis-
tically significant difference in mean grain size occurred be-
tween sections 1 and 2 (Table 2). The mean grain size for
section 1 was 0.90 ¢ {0.54 mm) and for section 2 was 1.21 ¢
{0.43 mm). Thesc results show that section 1 contained coarse
sand and seclion 2 consisted of medium sand on average,
The sorting of sediments within scetion 2 was significantly
different from all of the other sections at Smith Point, The
average sorting value of the other three sections clustered
around 0.64 ¢, whereas section 2 had an average sorting val-
ue of 0.77 ¢ (Table 2). These values show that moderately
well-sorted sands dominate all of Smith Peint, but that the
beach within section 2 was less well sorted. A statistically

significant difference also existed between sections 1 and 2
of Winter Harbor. Bection 1 had an average sorting vatue of
0.53 ¢, and section 2 had an average sorling value of .63 ¢
{Table 2). Similar to Smith Point, the beach aleng its length
displayed moderately well-sorted sands, but section 2 was
less well sorted than section 1.

At Smith Peint, the skewnass of beach sands within sec-
tions 1 and 2 differed from that of section 4, The average
skewness per section varied greatly among sections. The
skewness had a range from —0.50 (sirong coarse skew, sec-
tion 1) to +0.16 (fine skew, section 4; Table 2). In general,
the results show that the frequency distributions of the sands
become more symmetrical and slightly positive (finer) to the
north. Winter Harbor also showed significant differences be-
tween sections 1 and 2 for average skewness. Section 1 av-
eraged —0.16 (coarse skew) and section 2 averaged 0.16 (fine
skew). Similar to Smith Point, skewness became more posi-
{ive to the north (Table 23,

70 300
SECTION 1 SECTION 2 [ 100122001
<10 T O (P [J 1071872002
- ; ; 256
L1 worm2/2001 W 10252003
R R I | 0 tonerzooz| g
£z f N 10/25/2003 R LR P L LT PR
[t 1]
a0 A0 a2 R & U | U -
k3] B 180 e
o 30- ________________________________ S 1 .. [
é é 100
S 20l L Rt Gl I R R . 5 B R I I
] =
10 | S ___‘]:!_ ___________ i ”1 | By H N . R e & - REEEEEEFEEEEE 3
° o 'I-Io-:L'w'v'[E'rg'[h'é'[ﬁﬁ o 'N'm'v}m'ﬁrr—'[& ° Section 1 Section 2
b " = TR oe how I
FFFFFFRFREFRESE LD ECECEREE

Transect Number

Figure 9. Winier Harbor Beach larvat pre- and postfill C. o, dorsalis counts by rranseet (tepY and by section fhotiom). Note the similar trends found for

adults in Figure 8.
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1.33 (+£1.19)

Kurtosis

—0.88 (£1.87)

0.05 in boldfuace.

Skewness
—0.50 (%0.82)
—0.22 (£0.66)

20.05 (+0.21)

Grain Size Distribution

0.66
0.62

Sorting
D]
(2017

(

Mean
{himm)
0.22/0.86

{*£0.57/0.35)
0.85/0.55

(+0.43/0.1T)
0.88/0.51

Temperature
°C)
313 (1.9}

33.53 (+1.8)

Moisture
(% weight)
1.31(£0.78)
2.34 (x1.87}
1.18 {+1.08)

Moisture
(%)
96.6 (1.4}
95.3 (£2.1)
96.7 (1.0

(psi)
$8.6 (£11.0)
1128 (2119

Compaction, 15 cm

Compaction, 10 ¢in
(psid
39.4 (£7.1)
68.6 (+20.3}

Table 2. Mear values with 1 SD for kabitot veriebles enalyzed in ench section at Smith Point Beach and Winter Harbor Beach. Stotistically significant veriables ot o

Smith Point Beach

Seciion

+0,29 (£0.29)

33.7{*x1.4)

114.3 (2:15.8)

711 (x12.3}

No significant difference existed in the kurtosis betwaen or
& g o among sections at Smith Point. The wide range of unex-
¢ T 5 plained variance produced a situation in which no significant
é g é differences could be identified {Table 2). At Winter Harbor, a
S SIS significant difference in kurtosis existed between sections 1
and 2, which had average kurtesis values of (.84 and 0.17,
respectively.
§ § E Compaction
l ool
CHE a @ At Smith Point, beach sand compaction measurements talk-
= ; p en after nourishment within section 1 differed significantly
from compaction within sections 2, 3, and 4 for both d = 10
em and & = 15 cm (Table 2). The average 10-cm depth com-
5w & R paction values by section show that the compaction in sec-
sea i tions 2, 3, and 4 (68.5-71.1 psi) were nearly twice as great as
o oz the compaction values in section 1 (39.4 pai; Table 2}, Like-
wise, the average compaction at 15 cm depth in sections 2, 3,
and 4 {109.7-114.3 psi) exceeded compaction within section
- . 1 (68.6 psi) by a factor of 1.6 (Table 2). These results indicate
— o g <hw oy o s . -
i i RS that coarser grained, less compact sands dominated section 1,
S oS A significant difference also existed in compaction between
f;' ~ ?I = ?I — 3 sections I and 2 at Winter Harbor. The average compaction
- - = of 79.2 psi within section 2 exceeded the average compaction
of 68.4 psi for the sands within section 1 at d = 10 cm, Al d
= 15 cm, the average compaction within section 2 of 123.1
§ i § psi also exceeded the compaction of 110.2 psi within section
H HoH 1. However, the magnitude of differences among averages
o2 a9 was greater at Smith Peini than at Winter Harbor, Finalily,
= = the compaction within both sections at Winter Harbor was
generally similar to sections 2, 3, and 4 at Smith Point.
g § E Percent Moisture and Percent Moisture by Weight
% % :‘_’I The moisture measurements obtained in section 4 of Smith
a a5 Point were significantly different from the other sections of
the beach. However, the average moisture per section varied
from 87.6% (section 4) to 96.7% (section 3}, Again, at Winter
) 2 = Harbor, a significant difference existed between sections 1
% -;; r;} and 2 despite the similar average values for each section (sec-
- > = tion 1, 91.3%; section 2, 95.6%; Table 2),
= Wwoo Similar to percent moisture, percent moisture by weight
was statistically significantly different in section 4 from all
other sections at Smith Point (Table 2}, In addition, seetion
I 5 & 2 displayed statistically different values from sections 1 and
7 .- 3. In particular, section 2 values exceeded other sections by
§ 2 g a factor of two to nearly an order of magnitude (from section
@ g 9 4). Sections 1 and 2 of Winter Harbor were also significantly
™ - different from each other. The mean percent moisture for sec-
tions 1 and 2 were 0.88% and 1.67%, respectively, The section
_ P 2 average percent moisture by weight value was nearly dou-
pet 2 o= hle the average value for section 1.
—t — i
€ 0 #
g E % :'_3 Temperature
E Even though average temperature values were very similar
E among all sections at Smith Point, the ANOVA indicated that
ﬁ the section 2 average temperature (31.3°C) was significantly
- different from all other sections at this site. Section 1(33.3°C)
B was also statistically different from section 4 (33.9°C).
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Beach Width

Mean beach widths were determined but not analyzed sta-
tistically beeause of the large number of transects {i.e, small
spacings between transects) required for an ANOVA, How-
ever, we did use beach profile data in a qualitative manner
io compare beetle counts to beach widths.

Beach widthg at Swmith Point transects varied from 1.8 m
(section 3) to 17.6 m (section 1). The narrowest reach oceurred
in the highly ercded section 3 (average — 8.2 m). Highly
scarped dunes, overwash deposits, the lack of a backshore,
and maritime forest in foreshore atiest to the vulnerability
of this section (Figure 2). The widest reach cecurred in section
1 adjacent to the northern jetty of Little Wicomieo River tidal
inlet {average width = 9 m). Aerial photographs indicate that
the beach in section 1 accreted nearly 250 m in 57 years be-
cause this jetty blocks the southeast longshore transport of
gediment (Figure 2). The heach abutting the jetty confinued
to accrete through the 1960s and had stabilized by the 1970s
{HARDAWAY ef al, 2002). However, recent profile data indi-
cate that the average beach width in this section has nar-
rowed by a factor of two between 2000 and 2003 (11.8 to 5.5
m). These data suggest that a reversal in the long-term shore-
line migration trend has occurred, In the preferred tiger hee-
tle habitat area between sections 1 and 3, beach widths av-
eraged 8.3 m. In the chronically eroding section 4 reach (2.8
m/y), the onshore nourishment raised the backshore by near-
ly 2 m in some locations and expanded the beach width by
up to 20 m. After nourishment, the US Corp of Engineers
planted American beach grass (Ammophila breviligulaia) to
creale a low vegetated dune in this reach.

At Winter Harbor, prenourishment beach widths averaged
5.8 m (range 48 m) in section I and 5.6 m {range 2-10 m)
in section 2. After nowrishment, the beach in section 2 wid-
ened by 56.3 m on average (range 4668 m; Figures 4 and 5),
No plantings were conducted at this site. The year after nour-
ishment (2003), the average width increased to 9.8 m in sec-
tion 1 and decreased fo 39.5 m in section 2, These data in-
dicate that erosion continued in the northern sectien 2 and
sediment migrated to the south in the predominant longshore
transport direction.

DISCUSSION

This study analyzed heach parameters suitable for C. d.
dorselis habitat and examined the effect of beach nourish-
ment on the populations at two beaches on the western chore
of the Chesapeake Bay. First we discuss why some beach var-
iables emerged as statistically, bt not biologically, signifi-
cant. We then identify the significant (emergent) habitat pa-
rameters that explain beetle distribution and abundance of
C. d. dorsalis. Finally, we examine the effects of beach nour-
ishment on the population. Given the increased numbers in
adult and larval populations, the guestion remains as to what
in particular the beetles found favorable about the nourished
beaches.

The variables that we consider to be hiologically unimpor-
tant include temperature, moisture, grain size skewness, and
grain size kurtosis-——despite statistically significant differenc-
es among beach sections, Beach temperature and moisture

vary as a [unetion of ambient conditions. Consequently, the
time of day, weather conditions, tidal phase, wave conditions,
or & combination of factors contribute to sample bias, More-
over, the low varability among sample means suggests that
the statistical sipnificance is highly sensitive to within sec-
tion variation. Skewness and kurtosis do not explain beetle
distribution and abundance because of the large differences
in the averages among sections of suitable tiger beetle habi-
tat and the similarity in valrzes between habitat and nonha-
bitat sections.

The mean grain size and sediment compaction at 10 and
15 ¢m emerged as the statistically and biologically significant
hahitat variables at all of the habitat reaches (sections 2 and
4 of Smith Point; sections 1 and 2 of Winter Harbor). Addi-
tionatly, the parameter values from the nonhabitat sections
differed significantly (statistically) from those of the habitat
areas. OQur results indicate that C. d. dorsalis prefer low to
moderately compacted (69 and 110 psi at depths of 10 and 15
cin on average, respectively) medium- to coarse-grained sand
(range 0.43-0.55 mm). Moreover, tiger beetles favor moeder-
ately well-sorted sands.

Previous research has shown that adulis and larvae of
most tiger beetle species occupy the same habitat (KNISLEY
and ScHULTZ, 1997). Consequently, mean grain size and sed-
iment compaction are biologically important because fomale
tiger beetles oviposit in parficular sediment types related o
their ovipositor shape. For example, sand-inhabiting species,
like C. d. dorsalis, have long thin ovipositors and prefer hab-
itais with medium to slightly coarse, moderately compacted
sand for oviposition. Coarser, less compact sediment makes
digging by larvae difficulf and could result in burrow col-
lapse, Conversely, finer grained sediment with increasad
compaction is more suitable fur species with broader ovipos-
itors.

Beach width is a predominant factor that controls habitat
suitability because wider beaches provide more adult and lar-
val habitat and reduce mortality from erosion and high-en-
ergy events. However, wide beaches might not accommodate
beetles if other parameters are not suitable. For example, the
wide heach adjacent to the jetty at Smith Peint historically
has had low numbers of tiger beetles. The results of this
study indicate that the coarse-grained sediments and low
compaction restrict adult use of this section. The low beetle
counts within the highly eroded section 3 at Smith Point in-
dicate that, although a suitable mean grain size and compac-
tion exist, severe erosion has produced a beach too narrow
for beetle presence.

Contrary to previous studies that showed detrimental ef-
foels of heach nourishment on open ocean coast organisms
(e.g. CuTLER and MAHADEVAN, 1982; DoLan, 2003; Mc-
LacHLan, 1996; OLivER and SLATTERY, 1976; SALOMAN,
1976}, the beach nourishment projects along the two western
Chesapeake Bay beaches provided suitable beetle habitat at
both sites, This phenomenon directly relates to the suitable
particle size and compaction, and an increase in beach width
afforded by the nourigshment prajects. In concert, these beach
parameters provided habitat for adult foraging, ovipositing
and larval survival.

The highly eroded section 4 along the nerthern reach of
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Smith Point historically had displayed low beetle counts
(Enispey, Hing, and ScHunz, 1998). However, adults moved
immediately into the deposition area (section 4} soon after
their emergence during the summer of 2001 and continued
to vccupy this reach in proportionally high numbers until
2002, In fact, 1 year after deposition, the nourished section 4
contained larger numbers of adults than sections 1 or 3 to
the south. Moreover, the adults oviposited in the deposition
reach, and their larvae developed there in larger numbers
than in other sections. Among the four sections of Smith
Point Beach, section 4 had the second highest adult count and
was second in total numbers only to the known habitat in
section 2. In addition, after deposition. sections 2 and 4 dis-
played similar habitat conditions in terms of the statistically
and biologically significant emergent variablas—namely
mean grain size and compaction and increased beach width,

The nourished section 2 at Winter Harbor Beach alse pro-
vided suitable habitat for C. d. dorselis. In perticular, pre-
nourishment adult tiger beetle surveys showed that adulis of
C. d. dorsalis were more abundant in the scuthern reach (sec-
tion 1} than in the northern reach {(section 2) at the site of
the proposed dredge depoesition. Following nourishment, how-
ever, many adults immediately moved into the deposition
beach from the south, and the adults used the newly depos-
ited beach to a greater extent than the adjacent nondeposi-
tion reach. The results showed that the beetle population in
section 2 more than deublad after deposition (from 31% to
73%). Additionally, because nourishment occurred in the
nearshore, a large number of beetles apparenily emerged
from tarvae that pupated on the “new’” backshore of the nour-
ished area or the “old” foreshere of the origina! beach, Qur
observations during the deposition revealed no disturbances
landward of the original shoreline that would have interfered
with adult emergence.

CONCLUSIONS

This study is the first to examine the sffect of beach nour-
ishment on a federally threatened insect. A high-density sam-
pling scheme allowed us to use a one-way ANOVA and Tu-
kay’s HSD multiple comparison analysis to test two null hy-
potheses: (1) differences in habitat parameters within each
study area would not influence the abundance and distribu-
tion of the northeastern beach figer beetle (C. d. dorsalis:
along the heach, and (2) beach nourishment would have no
effect on the distribution and abundance of adults and larvae
of C. d. dorsalis in the nourishment area.

These analyses demonstrated that we could reject null hy-
pothesis 1 because C. d. dorsalis preferred beaches at least 6
m wide that have moderately well-sorted sand with 2 mean
grain size of 0.5 to 0.6 mm and sediment compaction aver-
aging 69 and 110 psi at depths of 10 and 15 c¢m, respectively.
In addition, we rejected null hypothesis 2 becauss the two
nourishment projects resuited in an increase in adults and
larvae of C. d. dorsalis in the nourished sections of hoth
Smith Point and Winter Harbor. The greater increase in the
numbers of adults and larvae in the deposition area at Winter
Harbor compared with Smith Point most likely resulted from
the additional habitat (beach width) provided by the near-

shore deposition. This finding further documents the impor-
tance of beach width as a significant habitat requisite for C.
d. dorsalis. Favorable habitats develop and subsist when suf-
ficient (natural or artificial) space (beach widtl:) exists and
when the sediment characteristics of the dredge disposal ma-
terial and natural beach habitat closely match. However,
wave relraction studies indicate that the bathymetry offshore
of these two areas might concentrate storm wave energy at
the north ends of these two beaches (SHIFFLETT, FENSTER,
and KnisLEY, 2001). These natural conditions, in concert
with updrifi. sediment deprivation (reduction of source ma-
terial input because of shoreline armoring and other engi-
neering projects), might produce a chronic threat to produe-
{ive habitats. In fact, continued monitoring has revealed ero-
sion al both sites. Consequently, longer ferm studies are
needed to assess these threats relative {o the longevity of the
nourishment projects and beetle hahitat. These findings will
assist coastal engineers and developers in determining effec-
tive measures designed to aid both econemic and ecologic in-
terests.
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