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Objectives: 
 
The overall purpose of the proposed work was to identify factors driving spatial variability in 
macrobenthic invertebrate communities in South Carolina beach habitats. Previous work by SCDNR has 
established relationships between beach alteration projects and changes in macrobenthic organism 
composition and abundance, but these studies represent specific beach habitats that have experienced 
some type of major disturbance (i.e., beach nourishment, inlet relocation). The relationship between 
the benthic infaunal community in these heavily modified habitats and relatively unaltered areas has 
not been examined. Data collected at the more pristine habitats provides a much-needed reference for 
macrobenthic species monitoring work conducted at highly impacted sites. In addition, there is 
concern over habitat disturbance on many of the SCDNR managed lands such as Botany Bay. This 
includes recent erosion events, which have exposed large areas of relic marsh on the beach face, as 
well as visitor foot traffic on these habitats. Data collected at the erosional sites will improve our 
understanding of how habitat quality can be expected to change with rising sea levels. 
 
The specific objectives of this study were to: 

1. Characterize benthic infaunal communities associated with pristine beaches and erosional 
beaches; 

2. Compare these communities to existing datasets for highly managed beaches compiled by 
SCDNR; and 

3. Conduct a synthesis of prey resources available to migratory shorebirds in these three 
dominant beach habitats found along the SC coast. 
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Objective 1: Characterize benthic infaunal communities associated with pristine beaches and erosional 
beaches. 
 
Accomplishments:   
We collected 80 samples from the three study areas (two study sites at each area). The sites sampled 
were identified based on input from SCDNR and USFWS biologists and included Deveaux Bank Seabird 
Sanctuary (SCDNR-managed), Botany Bay Plantation Heritage Preserve (SCDNR-managed), and Harbor 
Island (Figure 1). Deveaux Bank was chosen to represent pristine conditions. Although it is also 
erosional, the erosion rate is relatively low in the areas sampled, with erosion occurring primarily on 
the seaward edge. Deveaux Bank supports relatively large populations of migratory piping plovers in 
both exposed beach and sheltered flat habitats (Figure 2). The second habitat, Botany Bay, was 
selected to represent highly erosional habitats, and served as a surrogate for what other South 
Carolina beaches may look like with continued sea level rise and the absence of beach nourishment 
(Figure 3). This erosional habitat includes exposed marsh and back-barrier mudflat sediments from 
periods of lower sea level that underlie many South Carolina beaches. Botany Bay does not support 
migratory piping plovers on a regular basis, although there have been occasional sightings. The third 
habitat sampled, Harbor Island, was identified as a semi-pristine habitat in that no beach modifications 
have been performed, yet the island does support one of the state’s largest piping plover populations, 
as well as houses and pedestrian beach access for the conservation-oriented community (Figure 4). 
 
A total of 80 benthic samples were processed; 40 samples were from Botany Bay (10 erosional beach, 
30 marsh relic on beach), 20 were from Deveaux Bank (10 sheltered, 10 exposed beach), and 20 were 
from Harbor Island (10 sheltered, 10 exposed beach).  With the exception of the marsh relic samples 
from Botany Bay, each sample represents a composite of three 0.0047 m2 cores, or 0.0141 m2 total. 
The marsh relic habitat was too variable to justify composite sampling, and samples were maintained 
as individual 0.0041 m2 cores. This habitat exhibited three major types that were sampled discretely: 
marsh relic with Spartina, exposed mud, and sandy/shelly depressions. Hilton Head samples were 
collected as individual cores, but composited within the database to facilitate comparability to the 
majority of the studies included here.  
 
A total of 56 unique species, and 3,662 individual organisms were identified and counted (Table 1). 
Sandy, exposed beachfront habitat on Harbor Island exhibited the greatest density of benthic 
organisms, followed by the marsh relic at Botany Bay, and the sheltered flat on Deveaux Bank (Table 
2). The Harbor Island beach and Deveaux Bank sheltered sites exhibited the greatest species richness, 
with the exposed beach on Harbor Island containing 23 species and the sheltered flat on Deveaux Bank 
holding 30 species (Table 1). The exposed marsh relics on Botany Bay displayed a unique substrate, and 
correspondingly exhibited 12 unique species that were not observed in the other beach habitats. These 
included three amphipods, a nemertean worm, an isopod (Sphaeroma destructor, a wood-borer), and 
the bivalve Sphenia antillensis. 
 
A total of 80 sediment samples were processed from the same locations identified above. Overall, 
Deveaux Bank and Harbor Island exhibited the greatest sand content at both the exposed and 
sheltered sites (93-95%, Table 3 and Figure 5). The exposed beach habitat on Botany Bay had a sand 
content averaging 74%, while the relic habitat had a sand content averaging 48%. Silt/clay content was 
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greatest at the Botany Bay marsh relic site (48%). Deveaux Bank and Harbor Island each exhibited low 
calcium carbonate and organic matter content. The exposed beachfront habitat on Botany Bay 
exhibited the greatest calcium carbonate content (24%) across all sites. In general, substrates at highly 
erosional Botany Bay were characterized by both greater silt/clay and calcium carbonate fractions, and 
a corresponding relative lack of sand. Although one of the Harbor Island sites was classified as exposed 
beach, the area faces St. Helena sound rather than the Atlantic Ocean, and exhibited a silt/clay fraction 
comparable to some of the areas classified as sheltered habitat (Figure 5). 
 
Reasonably strong associations between habitat type (sheltered/exposed), sediment type, erosion 
status, and infaunal community were observed, with amphipods and the clam Donax variabilis 
occurring in higher abundances along sandy, energetic exposed beaches and polychaetes dominating 
the sheltered habitats characterized by lower wave energy and the accumulation of finer sediments 
(Figure 6). Furthermore, areas inhabited by foraging piping plovers exhibited significantly greater prey 
resources than nearby unoccupied areas (See Objective 3). This was particularly notable with regard to 
abundances of Haustorid amphipods, a known target prey of piping plovers. Although Donax clams are 
also considered a prey species, a determination that was based on shell fragments in fecal matter, 
abundances did not correlate with foraging status. SCDNR bird biologist, Janet Thibault, has observed 
piping plover feeding for many years and has never observed Donax clams being consumed. These two 
pieces of information suggest that these may be consumed opportunistically rather than targeted. 
Despite these patterns, however, some areas foraged by piping plovers, such as sheltered habitats on 
Harbor Island and Deveaux Bank, exhibited relatively low overall prey abundances. These areas were 
also relatively unimpacted by direct or indirect human disturbance. Previous research on piping plover 
have identified a number of factors that are important regarding site selection including high site 
fidelity, lack of disturbance, and prey availability .  
 
The community observed at Botany Bay represents that of a highly erosional, retreating beach. Marsh 
relic habitats on the beach face were distinguished by a benthic community characterized by a relative 
deficit of haustorid amphipods and densities of polychaetes comparable to those typically found in 
sheltered habitats such as the backside of sand spits and islands (Figure 6). These differences were 
confirmed by community-level analysis, which grouped both Botany Bay habitats (beach marsh relic 
and erosional beach) as significantly different from each other and all other sites (Figure 7). 
Interestingly, however, the subset of prey species at the Botany Bay marsh relic site was statistically 
similar to the community at the more sheltered Deveaux Bank site, an area with relatively high 
abundances of piping plovers. The erosional sandy beach at Botany Bay was very prey poor, exhibiting 
only Donax, a marginal prey species. A greater proportion of South Carolina beaches would be 
expected to exhibit these characteristics if there are increases in sea level or hurricane 
intensity/activity leading to beach erosion. 
 
Significant deviations: 
 
None. 
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Objective 2: Compare these communities to existing datasets for highly managed beaches compiled by 
SCDNR. 
 
Accomplishments:   
Beyond the comparisons made between sites sampled as part of this study (Objective 1), additional 
data from previous research was incorporated into some of the analyses to explore how these 
relatively pristine and highly erosional beaches compare to several other studies that were limited to 
anthropogenically-impacted locations (Figures 5-7). Three areas were incorporated: Captain Sam’s inlet 
2017 data (inlet relocation), Kiawah North End 2017 data (inlet relocation), and Hilton Head Island 
2017 data (beach nourishment impact sites and reference sites). Although other piping plover foraging 
areas such as Tybee Island have been studied by SCDNR, only 2017 data was used. This was done in 
order to minimize effects from inter-annual variability. 
 
There were no clearly-defined trends between altered and pristine beaches, although unimpacted 
beaches tended to exhibit greater abundances of both amphipods and the subset of haustorid 
amphipods (Table 4, p=0.0076 and 0.0105, respectively). For instance, polychaetes as a whole were 
more abundant at impacted sites (p<0.0001), yet the subset of prey polychaetes were more abundant 
at unimpacted sites (p=0.0035). This is in agreement with previous research that has observed small 
opportunistic polychaete species will colonize disturbed systems in higher abundances than larger, 
errant polychaetes (Peterson et al. 2006). These differences were not readily distinguished by the 
community analysis, however (Figure 7). 
 
Significant deviations: 
 
None. 
 
Objective 3: Conduct a synthesis of prey resources available to migratory shorebirds in these three 
dominant beach habitats found along the SC coast. 
 
Accomplishments:   
Previous research efforts have used stomach contents of incidentally-deceased birds and fecal samples 
to identify a set of benthic invertebrates consumed by piping plovers (Cisek 2013, Sanger and Levisen 
2016). The benthic invertebrate data collected through this effort was further analyzed as the subset of 
these prey species. The dominant prey species found throughout the study were haustorid amphipods, 
particularly Lepidactylus dytiscus and Neohaustorius schmitzi, as well as the polychaete worm Alitta 
succinea and bivalve clam Donax variabilis. With the exception of Alitta, these prey species were found 
primarily on exposed, sandy, energetic beaches. However, the less abundant polychaete worms are 
also larger in size than haustorid amphipods, and so the smaller abundances are likely offset by a 
greater caloric reward per individual consumed. Furthermore, sheltered habitats near exposed 
beaches offer foraging opportunities at a variety of tide stages.  
 
Piping plover presence is most strongly and consistently correlated to the abundances of haustorid 
amphipods (p<0.0001 for beach habitats, Figure 8). Piping plover utilization of sheltered habitats is also 
broadly associated with the presence of prey polychaetes, although this relationship was not 
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statistically significant (p=0.2). Logistic regression was also used to examine the relationship between 
occupied status and haustorid amphipod density (p<0.0001, Figure 9). Habitats exhibiting abundances 
in excess of 1000 haustorid amphipods per square meter were more likely to be occupied by foraging 
piping plovers. At abundances near 5,000 per square meter, the model predicted that a site is 75% 
more likely to be occupied by foraging piping plovers. Donax clams do not appear to be associated with 
foraging status. This may indicate that this species is consumed opportunistically rather than targeted.  
 
Erosional beach habitats, including both marsh relics and shelly exposed beach, appear to support 
lower abundances of piping plover prey species than either exposed or sheltered habitats, regardless 
of anthropogenic impact status. The shelly beach on Botany Bay did contain high abundances of Donax, 
but these do not appear to be a primary prey species for piping plovers. The marsh relic habitats did 
contain Alitta in abundances within range of some sheltered habitats sampled, although it is unknown 
whether these could be exploited by the plover’s foraging strategy or if the high site fidelity observed 
in piping plover may result in areas not being used due to the highly erosional conditions. Haustorid 
amphipods were relatively absent from both erosional habitats, with the exception of the corophid 
amphipod Apocorophium louisianum, which is an epibenthic species typically associated with salt 
marsh habitats. 
 
Based on these results and remaining uncertainties with regard to piping plover habitat utilization, 
further research should be conducted to refine the prey species list for piping plovers and other 
threatened and endangered species which exploit intertidal marine invertebrates and further assess all 
of the site selection factors (e.g., prey availability, human disturbance, roosting habitat quality, and 
predator avoidance). New techniques, such as DNA barcoding of fecal samples, may be able to help 
refine the prey community for this and other imperiled species. 
 
Significant deviations: 
 
None. 
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Figures and Tables: 
 
 

 
 

Figure 1. Map showing general areas sampled as part of this project (green), and areas sampled as part 

of previous SCDNR research (yellow). 
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Figure 2. Aerial image of Deveaux Bank taken within several months of sampling, with sheltered 
habitat (green) and exposed beach habitat (orange) sampling areas shown. These two areas were also 
popular foraging locations for a variety of shorebirds, including piping plovers.  
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Figure 3. Aerial image of Botany Bay taken within several months of sampling, with sandy beach habiat 
(blue) and exposed marsh relics (brown) outlined. This area was later isolated from the majority of 
Botany Bay Heritage Preserve by the formation of a new inlet breached by Hurricane Irma in the fall of 
2017. 
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Figure 4. Aerial image of Harbor Island taken within several months of sampling, with sandy beach 
habitat (yellow) and sheltered habitats (violet) outlined. Both areas were popular foraging areas for 
piping plovers. 
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Figure 5. Mean (+/- SE) sediment composition, by study location, including areas sampled as part of 
previous studies. Percent sand is shown at top, and the minor constituents are shown at bottom. 
Occupied status (occ or unocc), impact status (imp or unimp), and habitat type (sheltered or exposed). 

Key to Sites: 
HH(F,R,I,Q): Hilton Head Floater, Reference, 

and impact sites I and Q. 
HarIs: Harbor Island 
BB: Botany Bay 
DevB: Deveaux Bank 
CS(S,K): Captain Sam’s Inlet Seabrook and 

Kiawah sides 
KNE: Kiawah North End 
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Figure 6. Mean densities of benthic macrofauna observed during this study as well as several previous 
studies. Total benthos are shown at top and the subset of piping plover prey species are shown at 
bottom.  
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Figure 7. Community analysis (non-metric multidimensional scaling, nMDS) plots depicting the 
relationships between benthic infaunal communities at the various study sites. The top graph depicts 
the entire benthic community and the bottom graph depicts the subset of known piping plover prey 
species. Significant differences (p<0.05) are delineated by the black lines. 

 
 

Key to Sites: 
HH: Hilton Head 
HI: Harbor Island 
KNE: Kiawah North End 
DB: Deveaux Bank 
CSK: Captain Sam’s Kiawah side 
CSS: Captain Sam’s Seabrook side 
BB: Botany Bay 
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Figure 8. Summary of the relationships between occupied status (site foraged by piping plovers) and 
the three dominant prey taxa. Haustorid amphipod abundance is most strongly correlated to foraging 
status exposed beach habitats, while polychaete abundances, and to a lesser extent haustorid 
abundances, are correlated to occupied status in sheltered habitats. 
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Figure 9. Logistic regression of haustorid amphipod abundance with piping plover foraging status at 
exposed beach sites across all beach sites depicted in Figure 6. As haustorid abundances increase, the 
likelihood of piping plover foraging increases. Abundances greater than 1,000 haustorid amphipods per 
square meter are more likely to be occupied by forging piping plovers. The blue line depicts the 
probability of a habitat being occupied for a given haustorid amphipod abundance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abundance (#/m2) 
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Table 1. Table of observed benthic taxa densities (#/m2), by site and piping plover prey status. 

sand
marsh 

relic beach shelt. beach shelt.

Corophiidae Apocorophium louisianum 0 149 0 0 0 0

Acanthohaustorius millsi 0 0 0 0 85 0

Acanthohaustorius sp. 0 0 57 376 1631 0

Lepidactylus dytiscus 0 7 50 191 4504 121

Neohaustorius schmitzi 7 0 1887 21 71 7

Parahaustorius longimerus 0 0 0 149 1035 0

Parahaustorius sp. 0 0 21 0 0 0

Protohaustorius wigleyi 0 0 0 0 170 0

Caprellidae Paracaprella tenuis 0 7 0 0 0 0

Idunella sp. 0 35 0 0 0 0

Idunella barnardi 0 21 0 0 0 0

Microprotopidae  Microprotopus raneyi 7 7 0 0 0 0

Americhelidium americanum 0 0 0 0 113 0

Ameroculodes edwardsi 0 0 0 21 0 0

--- Amphipoda 7 0 7 0 0 0

Cancridae Gammarus sp. 0 71 0 0 43 0

Paguridae Pagurus sp. 0 0 0 7 0 0

Idoteidae Edotia triloba 0 0 14 0 43 0

Exosphaeroma diminutum 0 0 0 0 4 0

Sphaeroma destructor 71 1759 0 0 0 0

Bodotriidae Spilocuma watling 0 0 0 0 7 0

Diastylidae Oxyurostylis smithi 0 0 7 0 0 0

tanaid No Leptocheliidae Leptochelia rapax 7 0 0 0 0 0

insect Yes --- Insecta 0 7 0 0 0 7

Yes Donacidae Donax variabilis 1496 106 539 7 57 0

Corbulidae Caryocorbula contracta 0 0 0 7 0 0

Crassinella lunulata 7 0 0 21 0 0

Crassinella martinicensis 0 0 0 28 0 0

Mactridae Mulinia lateralis 0 0 0 0 7 7

Myidae Sphenia fragilis 0 1284 0 0 0 0

Mytilidae Geukensia demissa 0 1376 0 0 0 0

Nuculidae Nucula sp. 0 0 0 7 0 0

Cyrtopleura costata 0 730 0 0 0 0

Martesia striata 0 43 0 0 0 0

Semelidae Abra aequalis 0 0 0 7 0 0

Solecurtidae Tagelus plebeius 0 7 0 0 0 0

Oudardia iris 0 0 0 50 0 0

Tellina sp. 0 7 0 255 14 0

Veneridae Mercenaria mercenaria 0 7 0 0 0 0

--- Bivalvia 0 206 0 7 0 0

cnidarian No --- Actiniaria 0 0 0 7 0 0

Carinomidae Carinomella lactea 0 35 0 0 0 0

--- Nemertea 7 0 0 28 57 0

oligochaete No Tubificidae Monopylephorus rubroniveus 0 0 0 0 0 43

Glycera americana 0 7 0 7 0 0

Glycera sp. 0 0 0 14 0 0

Nereididae Alitta succinea 0 773 0 2106 128 21

Capitella capitata 0 340 0 1418 14 177

Heteromastus filiformis 0 0 0 0 0 35

Mediomastus sp. 0 50 0 92 7 0

Lumbrineridae Scoletoma tenuis 0 14 0 0 0 0

Magelonidae Magelona sp. 0 0 0 14 0 0

Nephtyidae Aglaophamus verrilli 0 0 0 7 14 0

Orbiniidae Leitoscoloplos fragilis 0 0 0 7 106 92

Aricidea bryani 0 0 0 7 0 0

Aricidea sp. 0 0 0 7 0 0

Paraonis fulgens 0 0 14 376 191 0

Phyllodocidae Hypereteone heteropoda 0 0 0 7 7 0

Sabellidae Sabellaria vulgaris 0 0 0 7 0 0

Polydora cornuta 0 7 0 0 0 0

Scolelepis sp. 191 14 0 64 50 0

Spiophanes bombyx 0 0 0 57 0 0

Streblospio benedicti 0 7 0 191 7 28

No

Crassatellidae

Glyceridae

Capitellidae

Paraonidae

Spionidae

Pholadidae

Tellinidae

nemertean 

worm

polychaete

Yes

No

No

No

No

No

Yes

No

Haustoriidae

Liljeborgiidae

Oedicerotidae

Sphaeromatidae

amphipod

bivalve

cumacean

decapod

isopod

Botany Bay Deveaux Bank Harbor Island

BeachOrganism 

Type
Family Taxon

Plover 

Prey
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Table 2. Summary metrics for macrobenthic samples collected at various beach habitats. Species 

richness indicates the number of different species observed at each site, and the respective density 

metrics (#/m2) were derived from the set of known piping plover prey species and all species identified. 

Metric 

Botany Bay Deveaux Bank Harbor Island 

Beach         

sand marsh relic beach sheltered beach sheltered 

Average Species Richness 3 5 3 10 10 3 

Average Density (#/m2) 1801 7078 2596 5574 8369 539 

Average Plover Prey Density (#/m2) 1504 1050 2553 2872 7681 156 

 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Summary metrics for sediment characteristics associated with benthic community analysis.  

Metric 

Botany Bay Deveaux Bank Harbor Island 

Beach         

sand marsh relic beach sheltered beach sheltered 

Sand 73.51 47.70 95.44 93.05 95.21 93.55 

Silt/Clay 2.09 48.42 0.88 3.86 3.39 4.97 

CaCO3 24.40 3.88 3.67 3.09 1.40 1.48 

Organic Matter 2.19 8.10 1.05 1.63 1.47 1.11 
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Table 4. Results of analysis of variance to explore the relationships between several categorical 
variables and abundances of various benthic organism groupings. The first three tests represent all 
benthos, and the second three represent the subset of known piping plover prey species. The erosion 
category distinguishes Botany Bay from all other sites. Some other locations, such as Hilton Head, are 
eroding over a longer timescale, but have not exhibited a dramatic change in habitat as in the 
conversion of sandy beach to marsh relic at Botany Bay. The notes for each test indicate the direction 
of the significant relationships (greater or lesser densities of that taxonomic grouping). 

 
All benthic organisms Subset of prey species

Amphipod Mollusk Polychaete Haustorid amphipods Donax Prey polychaete

Overall p <0.0001 <0.0001 <0.0001 <0.0001 0.0021 <0.0001

Erosion status (major, yes or no) <0.0001 <0.0001 0.3041 <0.0001 0.0991 0.0027

Habitat (beach or sheltered) <0.0001 0.0763 <0.0001 <0.0001 0.0059 0.0001

Impact status (yes or no) 0.3693 0.4528 <0.0001 0.8885 0.4844 0.0035

Habitat x Impact 0.0076 0.6564 0.0033 0.0105 0.6358 0.0132

Occupied (yes or no) 0.0118 0.4424 0.687

Occupied x Habitat 0.7310 0.3346 0.8411

Notes: erosive < nonerosive erosive > nonerosive sheltered > beach erosive < nonerosive beach > sheltered erosive > nonerosive

sheltered < beach impacted > unimpacted sheltered < beach sheltered > beach

imp beach < unimp beach sheltered impacted > all occupied > unoccupied unimpacted > impacted

occupied beach > all unimpacted sheltered > all

unimpacted beach > all  


