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This report summarizes the main results from sampling for plants and invertebrates in the dunes at Kiawah Island, SC. This work was 
completed by Dr. Eric McElroy (Associate Professor, Biology, College of Charleston) and Kristen Gold, Mary Bresnihan and Kaitlyn 
Darlymple (all students from the College of Charleston).  
 
Sampling Scheme: Five sites were sampled at Kiawah Island. The sites were clustered in two main areas: two sites within West 
Beach and three sites with Surfsong. Note that this deviates from the original proposal: I was unable to obtain permission for 
approximately ½ of the sites originally proposed.  
 
 
 

 
 
 
 
 
 
Figure 1: Sampling sites at Kiawah Island.  

Within each site, a 20 meter x 20 meter grid was established with a sampling station at each corner. The grid always started 
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with a site on the foredune (to avoid interference with nesting sea turtles). From this site, Google Earth was used to determine 
the compass direction that was perpendicular and parallel to the beach/ocean. Then, a handheld compass and tape measure was 
used to establish the grid. Blue surveyors flagging was used to temporarily mark sampling stations. This process was repeated 
until the entire sampling area (see map above) was marked with a grid and sampling stations (Table 1). Stations on ROWS 40 
m and 60 m are less numerous and/or missing because those sampling sites would have been on private property. 

 
Table 1: Number of stations at each SITE by ROW.  ROW is measured as the distance from the sample on the foredune, 
perpendicular to beach. SITE abbreviations: SS = Surfsong, SS1 = Surfsong 1, SS2 = Surfsong 2, WB = West Beach, WB1 = 
West Beach 1.   

 SITE 
WB WB1 SS SS1 SS2 

ROW 

0 m 10 12 14 18 21 
20 m 12 10 14 19 21 
40 m 10 - 13 19 20 
60 m 5 - - - - 

 
 
Plant sampling:  Plants were surveyed twice; once in July-August and again in October-November 2018. The later sampling allowed 
for the identification of various grasses and other late flowering species. 
 
Invertebrate sampling: Invertebrates were sampled in June 2018, July 2018, August 2018 and May 2019. A 50 mL centrifuge tube 
was sunk at each sampling station and left for ~ 24 hours. Tubes were then collected and all captured invertebrates were identified in 
the laboratory.   
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RESULTS, PLANT DIVERSITY 
 
Table 2: Species abundances sorted by SITE and ROW. SITE abbreviations: SS = Surfsong, SS1 = Surfsong 1, SS2 = Surfsong 
2, WB = West Beach, WB1 = West Beach 1. Row abbreviations: A = 0m, B = 20m, C = 40m, D = 60m. 
 
!"#$%&#'#"()*+$( ,-++-%()*+$ (

!!(
. (

!!/(
. (

!!0(
. (

12(
. (

12/(
. (

!!(
2(

!!/(
2(

!!0(
2(

12(
2(

12/(
2(

!!(
, (

!!/(
, (

!!0(
, (

12(
, (

12/(
, (

12(
3(

Uniola paniculata Sea Oats 97 27 44 37 28 56 130 34 38 1 30 85 18 0 0 0 

Panicum amarum Seaside panicum 24 105 127 46 22 11 19 12 7 2 17 32 7 0 0 0 
Salsola kali Russian Thistle 6 1 1 17 8 0 0 0 0 0 0 0 0 0 0 0 

Croton punctatus Beach Tea 20 25 16 20 16 4 12 4 3 0 0 3 1 0 0 0 

Heterotheca subaxillaris Camphorweed 0 1 4 5 65 12 24 19 46 25 30 40 23 0 0 9 
Triplasis purpurea Purple Sandgrass 13 20 23 4 58 49 48 39 33 33 41 56 36 0 0 4 

Eragrostis spectabilis Purple Lovegrass 0 0 0 0 0 0 2 10 0 0 0 7 0 0 0 0 

Polypremum procumbens Rustweed 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 
Sabal palmetto Cabbage Palm 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 
 Clover 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Sabatia stellaris Marsh Pink 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 
Iva imbricata Seashore Elder 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Onethera sp. Evening Primrose 6 2 17 0 10 12 25 8 6 0 6 21 11 0 0 1 

Strophostyles helvola Wild Bean 0 0 1 8 13 7 4 0 3 0 2 12 0 0 0 0 

Spartina patens Saltmeadow 
Cordgrass 0 0 0 1 2 3 0 25 14 0 0 0 31 3 8 0 

Opuntia pusilla Devil-joint 0 0 1 1 9 52 6 97 21 3 73 28 24 0 0 0 

Physalis sp. Ground Cherry 0 0 0 0 0 0 0 4 0 0 0 0 1 0 0 0 
Erechtites hieracifolia Fireweed 0 0 0 0 0 0 0 11 0 0 0 0 1 0 0 0 

Centrosema virginianum Climbing Butterfly 
Pea 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 1 

Persea borbonia Redbay 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 
Phyla nodiflora Frog Fruit 0 0 0 0 0 0 0 8 0 0 0 0 17 0 0 1 

Rubrus sp. Blackberry 0 0 0 0 0 0 0 0 0 0 1 1 5 2 3 1 
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Quecrus geminata Sand Live Oak 0 0 0 0 0 0 0 2 2 1 0 0 3 1 0 1 
Fimbristylis caroliniana Sedge 0 0 3 0 0 1 0 323 2 8 37 17 219 2 0 11 

Hydrocotyle bonariensis Seaside Pennywort 1 17 23 11 2 5 13 32 0 0 0 37 15 0 0 0 

Chamaesyce bombensis Southern Seaside 
Spurge 0 3 0 0 0 0 2 1 0 1 0 0 3 0 0 0 

Eustachys petraea Fingergrass 0 0 0 0 0 1 0 51 0 0 6 0 22 0 0 0 

Opuntia humifusa Eastern Prickly 
Pear 0 1 0 0 3 1 1 0 1 7 0 1 0 0 0 0 

Osmunda sp. Fern 0 0 0 0 18 0 0 0 0 27 0 0 0 0 0 0 
Oenothera 
humifusa/drummondii 

Seabeach/Beach 
Evening Primrose 3 7 2 5 0 0 9 3 4 0 3 0 2 0 0 0 

Ipomoea imperati Beach Morning 
Glory 1 9 0 0 7 10 2 2 0 0 0 0 0 0 0 0 

Diodia teres Poorjoe 0 0 0 1 0 0 0 0 0 26 3 0 0 0 0 2 
Eremochloa ophiuroides Centipede grass 0 0 0 0 0 0 0 0 0 0 0 0 13 0 0 8 

Paspalum setaceum Thin Paspalum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 
 Dr. Suess Grass??? 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 6 
Hypericum hypericoides St. Andrews Cross 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Galium sp. Bedstraw 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 

Sedum sp. Stonecrop 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 

Cakile edentula American 
Searocket 1 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 

Eupatorium capillifolium Dogfennel 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 2 

Parthenocissus quinquefolia Virginia Creeper 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 

Pinus elliottii Slash Pine 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Yucca gloriosa Spanish Dagger 0 1 0 0 0 0 0 0 4 0 9 0 0 0 0 0 

Quercus virginiana Live Oak 0 0 0 0 0 0 0 2 0 0 0 0 0 4 0 2 

Ampelopsis arborea Pepper Vine 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Toxicodendron radicans Poison Ivy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Stenotaphrum secundatum St. Augustine Grass 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
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Erigeron canadensis Canadian 
Horseweed 0 0 3 0 0 0 0 10 0 0 0 0 12 0 0 0 

Mikania scandens Climbing 
Hempweed 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 

Digitaria ciliaris Southern Crab 
Crass 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 

Passiflora incarnata Passion Flower 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 
Sporobolus/Distichlis Dropseed/Saltgrass 0 4 0 1 4 0 0 2 0 0 0 0 0 0 0 0 

Muhlenbergia filipes Sweetgrass 0 0 0 0 0 0 0 8 0 0 1 0 17 0 0 0 

Lechea mucronata Hairy Pinweed 0 0 0 0 0 0 0 0 0 34 0 0 0 0 0 0 
Cenchrus incertus Coastal Sandbur 1 4 22 6 30 27 17 5 6 4 9 11 1 2 0 6 

Cenchrus tribuloides Dune Sandbur 1 1 5 12 4 5 0 1 5 0 0 0 0 0 0 0 

Smilax bona-nox Fringed Greenbrier 0 0 0 0 6 4 0 0 8 26 20 5 0 27 6 22 
Smilax auriculata Dune Greenbrier 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 

Chamaesyce sp. Spurge 0 0 2 0 0 0 0 1 0 1 0 0 0 0 0 0 

Chamaesyce polygonifolia Seaside spurge 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 

Myrica cerifera Southern Wax 
Myrtle 0 0 0 0 0 0 0 3 0 0 0 1 2 12 0 0 

Andropogon gryans Elliot's Bluestem 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 

Andropogon tenuispatheus Maritime Bushy 
Bluestem 0 0 1 0 1 8 2 3 6 9 3 9 11 8 3 1 

Grass Sp.  2 5 1 0 1 12 8 7 2 21 4 7 2 0 0 1 
Herb sp.  0 0 0 0 0 0 0 3 13 0 0 0 1 0 0 0 
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Table 3: Unique plant species per SITE or DISTANCE FROM FOREDUNE  
 
SITE Unique Species 
     West Beach Redbay, Thin Paspalum, St, Andrews Cross, Peppervine, Poison Ivy, Seaside Spurge, Slash Pine 
     West Beach 1 Hairy Pinweed, Fern 
     Surfsong Seashore Elder 
     Surfsong 1  
     Surfsong 2 Rustweed, Fireweed, Ground Cherry, St. Augustine Grass, Elliot’s Bluegrass, Maypop, Southern 

Crabgrass, Climbing Hempvine, Canadian Horseweed 
DISTANCE FROM 
FOREDUNE 

 

     0 m Russian Thistle, Seashore Elder, American Searocket 
     20 m Clover, Marsh Pink, St. Augustine Grass, Southern Crabgrass, Maypop, Hairy Pinweed, Seaside 

Spurge, Elliot’s Bluegrass 
     40 m Redbay, Virginia Creeper, Slash Pine, Peppervine, Climbing Hempvine 
     60m Thin Paspalum, Poison Ivy 
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Table 4: Plant abundance, richness and diversity indices for ROW and SITE at Kiawah Island, SC. ROW is measured as the 
distance from the sample on the foredune, perpendicular to beach. SITE abbreviations: SS = Surfsong, SS1 = Surfsong 1, SS2 
= Surfsong 2, WB = West Beach, WB1 = West Beach 1. Measured abundance and richness are tabulated directly from data. 
Estimated (Est.) richness, Exponential (Exp.) Shannon and Inverse Simpson were computed using the iNEXT function in R 
and are all presented as mean (lower 95% confidence interval – upper 95% confidence interval). Exponential Shannon can be 
interpreted as the number of species that might typically be encountered within each ROW or SITE. Inverse Simpson can be 
interpreted as the number of abundant species within each ROW or SITE.    
 

  Measured 
Abundance 

Measured 
Richness 

Est. Richness 
(LCL-UCL) 

Est. Exp. 
Shannon 

(LCL-UCL) 

Est. Inverse 
Simpson 

(LCL-UCL) 

ROW 

0 m 1192 29 31 (29-48) 11 (11-19) 7 (7-8) 
20 m 1823 51 55 (52-72) 19 (18-20) 11 (11-12) 
40 m 1271 45 57 (48-98) 17 (17-18) 11 (11-12) 
60 m 99 22 34 (25-75) 15 (13-19) 9 (9-12) 

       

SITE 

SS 754 29 50 (34-116) 13 (12-14) 8 (8-9) 
SS1 931 26 41 (29-95) 11 (11-12) 8 (7-8) 
SS2 1549 46 47 (46-55) 13 (13-14) 6 (6-7) 
WB 576 43 92 (51-358) 24 (23-26) 16 (16-18) 

WB1 575 32 50 (35-160) 19 (18-20) 13 (13-14) 
 
Interpretation of Table 4: Plant richness, abundance and diversity are lowest on the foredune and increase at 20m and 40m landward 
from the foredune. Data at 60 m should be interpreted cautiously because samples at that row were only obtained at WB.  SS2 and WB 
are the most diverse sites. The relatively high diversity at WB may be driven by additional sampling at 60 m from the foredune, which 
typically included sampling in scrub-thicket and/or dunes behind scrub-thickets. In addition, many sampling stations at 40m at WB 
were in the scrub-thicket. Table 3 shows that several unique species found at WB are more characteristic of maritime forest and/or 
scrub habitats than of dune habitats. The high diversity at SS2 is likely due to it being both the largest site and also due to the much 
higher abundance of plants (see below, Figure 2). At all SITES and ROWS, ~ 25-33% of species are typical and slightly lower 
percentages are abundant; thus, SITES and ROWS have several plant species that are atypical or uncommon (i.e. low abundance, 
TABLES 2 and 3). 
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Figure 2:  Interpolation and extrapolation of plant species richness (Y axis) vs. abundance (x-axis). Solid symbols are 
measured species richness and abundance. Solid lines are interpolated richness-abundance curves, dashed lines are 
extrapolated to 2x the sample size based on the solid curves. The envelopes are the 95% confidence intervals. q=0 indicates 
Hill number = 0 (i.e. species richness).  
 
Taken together, Figure 2 and Table 4 suggest that SS2 and WB are the most species rich sites. Additional sampling at WB should 
produce many additional species (likely in the wooded areas behind the 2ndary dunes). Additional sampling at SS1, SS2 and WB1 are 
also likely to produce some additional species, yet even with additional sampling they are likely less diverse than SS2 and WB (Table 
4, compare measured species richness with estimated species richness). Species richness is highest at 20m and 40m from the foredune. 
Additional samples are needed at 60m to determine a more accurate estimation of richness. Table 3 suggests that unique species can 
be found at each distance, highlighting that the entire dune system is critical for supporting a diverse plant community.  
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RESULTS, ANT DIVERSITY 
Table 5:  Ant genus abundances sorted by SITE and ROW. SITE abbreviations: SS = Surfsong, SS1 = Surfsong 1, SS2 = 
Surfsong 2, WB = West Beach, WB1 = West Beach 1. Row abbreviations: A = 0m, B = 20m, C = 40m, D = 60m. 
 
  !! ( !!/ ( !!0 ( 12 ( 12/ ( !! ( !!/ ( !!0 ( 12 ( 12/ ( !! ( !!/ ( !!0 ( 12 ( 12 (
4$%56( !57'*+#89( . ( . ( . ( . ( . ( 2( 2( 2( 2( 2( , ( , ( , ( , ( 3(
Solenopsis Myrmicinae 10 151 53 13 26 10 7 92 24 27 12 14 218 51 11 
Pogonomyrmex Myrmicinae 11 8 13 0 15 6 18 5 7 78 6 12 4 0 0 
Dorymyrmex Dolichoderinae 35 23 78 34 99 3 16 21 10 93 5 4 18 4 0 
Forelius Dolichoderinae 13 28 33 13 37 29 37 9 13 40 21 40 10 3 2 
Brachymyrmex Formicinae 2 1 1 0 0 0 90 0 0 0 5 29 5 0 0 
Pheidole Myrmicinae 15 23 32 22 9 39 12 19 10 1 38 37 0 7 2 
Tetramorium Myrmicinae 0 1 0 0 0 0 3 0 0 0 1 0 0 0 0 
Monomorium Myrmicinae 0 0 0 0 0 5 1 0 0 0 3 0 0 6 2 
Paratrechina Formicinae 3 0 2 2 1 0 0 0 0 0 0 0 1 0 0 
Crematogaster Myrmicinae 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Linepithema Dolichoderinae 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Camponotus Formicinae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Cyphomyrmex Myrmicinae 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
Hypoponera Ponerinae 0 0 0 0 0 0 0 2 0 0 0 0 0 2 0 
Trachymyrmex Myrmicinae 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 
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Table 6: Ant abundance, richness and diversity indices for ROW and SITE at Kiawah Island, SC. ROW is measured as the 
distance from the sample on the foredune, perpendicular to beach. SITE abbreviations: SS = Surfsong, SS1 = Surfsong 1, SS2 
= Surfsong 2, WB = West Beach, WB1 = West Beach 1. Measured abundance and richness are tabulated directly from data. 
Estimated (Est.) richness, Exponential (Exp.) Shannon and Inverse Simpson were computed using the iNEXT function in R 
and are all presented as mean (lower 95% confidence interval – upper 95% confidence interval). Exponential Shannon can be 
interpreted as the number of species that might typically be encountered within each ROW or SITE. Inverse Simpson can be 
interpreted as the number of abundant species within each ROW or SITE.   
 

  
Measured 
Abundanc

e 

Measured 
Richness 

Est. Richness 
(LCL-UCL) 

Est. Exp. 
Shannon 

(LCL-UCL) 

Est. Inverse 
Simpson 

(LCL-UCL) 

RO
W 

0 m 808 9 10 (9-23) 5 (5-5) 4 (4-4) 
20 m 730 11 11 (11-16) 6 (6-7) 6 (6-6) 
40 m 559 12 14 (12-31) 5 (4-5) 3 (3-3) 
60 m 19 6 7 (6-13) 5 (4-7) 3 (3-5) 

       

SITE 

SS 272 9 9 (9-11) 6 (6-6) 5 (5-5) 
SS1 555 8 8 (8-9) 6 (5-6) 5 (5-5) 
SS2 616 8 8 (8-9) 4 (3-4) 3 (3-3) 
WB 246 13 13 (13-18) 5 (5-6) 4 (4-5) 

WB1 427 7 8 (7-21) 4 (4-4) 3 (3-4) 
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Figure 3:  Interpolation and extrapolation of ant species richness (Y axis) vs. abundance (x-axis). Solid symbols are measured 
species richness and abundance. Solid lines are interpolated richness-abundance curves, dashed lines are extrapolated to 2x 
the sample size based on the solid curves. The envelopes are the 95% confidence intervals. q=0 indicates Hill number = 0 (i.e. 
species richness).  
 
Interpretation for Table 5, 6 and Figure 3: WB is the most diverse site, 3 genera are found there but not at other sites (Camponotus, 
Cyphomyrmex, Crematogaster). All other sites have similar diversity (~7-9 species). The Surfsong sites had Brachymymex and 
Tetramorium; thus, even though diversity is lower at these sites than at WB, they still harbor some unique ant genera. Ant 
communities at all sites are dominated by a few common genera (~3-6 genera, Solenopsis, Dorymyrmex, Pogonomyrmex, Pheidole, 
Forelius). Ant diversity increases landward from the foredune, from ~ 9 species present on the foredune to ~12 present on 40m from 
the foredune. The decline in diversity at 60 m from the foredune should be interpreted with caution, very few tubes were deployed 
(Table 1). 
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RESULTS: ALL INVERTEBRATE DIVERSITY 
Table 7: Invertebrate taxon abundances sorted by SITE and ROW. SITE abbreviations: SS = Surfsong, SS1 = Surfsong 1, SS2 
= Surfsong 2, WB = West Beach, WB1 = West Beach 1. Row abbreviations: A = 0m, B = 20m, C = 40m, D = 60m. 

   SS SS1 SS2 WB WB1 SS SS1 SS2 WB WB1 SS SS1 SS2 WB WB 
Higher 
Classification 

Lower 
Classification Common Name A A A A A B B B B B C C C C D 

Acari Ixodida Tick nymphs 0 3 13 12 30 2 2 126 14 70 0 27 113 1 5 

Acari  Mites 235 275 324 253 264 470 427 390 710 427 495 611 723 81 148 

Araneae   Spider A 1 2 2 0 0 0 2 3 1 0 1 0 4 1 0 

Araneae   Spider B 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Araneae   Spider C 8 5 8 3 5 1 4 3 2 3 4 0 9 6 1 

Araneae   Spider D 0 1 0 0 1 1 1 1 0 1 0 1 0 0 0 

Blattodea  Cockroaches 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 

Coleoptera Anthicidae Ant-like flower 
beetles 20 28 48 16 12 0 19 3 16 0 9 5 19 1 0 

Coleoptera Carabidae Ground beetles A 0 0 0 0 0 1 1 1 2 2 4 1 0 0 0 

Coleoptera Carabidae Ground beetles B 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 

Coleoptera Chrysomelidae Leaf beetles 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Coleoptera Curculionoidea Weevils 1 1 1 0 0 1 0 0 0 0 1 0 0 0 0 

Coleoptera Derodontidae Tooth-necked fungus 
beetles 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Coleoptera Elateridae  Click beetles 15 2 10 1 3 1 1 1 0 2 0 2 0 0 0 

Coleoptera Histeridae Clown beetles 2 9 0 4 13 8 13 11 3 5 3 8 5 3 0 

Coleoptera Mordellidae Tumbling flower 
beetles 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 

Coleoptera Oedemeridae False blister beetles 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Coleoptera Phyllophaga June bugs 0 0 2 0 0 0 1 1 0 0 2 0 0 0 0 

Coleoptera Scarobaeoidea Scarobs 0 0 1 0 0 0 0 0 0 6 0 0 1 3 3 

Coleoptera Scolytinae Bark beetles 0 0 0 1 0 0 0 0 1 0 0 2 0 0 0 

Coleoptera Staphylinidae Rove beetles 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Coleoptera Tenebrionidae  Darkling beetles A 0 8 1 0 0 0 0 1 0 0 0 0 3 0 0 

Coleoptera Tenebrionidae  Darkling beetles B 0 3 0 0 1 0 1 3 1 1 1 1 2 1 0 
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   SS SS1 SS2 WB WB1 SS SS1 SS2 WB WB1 SS SS1 SS2 WB WB 
Higher 
Classification 

Lower 
Classification Common Name A A A A A B B B B B C C C C D 

Coleoptera Zopheridae  1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Coleoptera  Larvae A 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 

Coleoptera  Larvae B 0 0 0 0 0 0 2 0 0 0 3 0 0 0 0 

Coleoptera  Larvae C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Coleoptera  Larvae D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Coleoptera  Larvae E 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 

Collembola  Springtails 1 1 8 11 8 1 7 30 9 2 1 1 14 2 1 

Dermaptera  Earwigs 0 0 0 0 1 0 0 0 13 0 0 0 11 10 4 

Diplopoda  Millipedes 0 0 0 0 0 0 0 0 4 3 0 0 0 26 3 

Diptera Acalyptratae Acalyptrate muscoid 
flies A 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Diptera Acalyptratae Acalyptrate muscoid 
flies B 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 

Diptera Asilidae Robber flies 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Diptera Dolichopodidae Longlegged flies 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Diptera Empididae Danceflies 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Diptera Sciaridae Dark-winged fungus 
gnats 0 0 0 0 0 0 0 0 1 0 1 0 0 2 0 

Hemiptera Aphidoidea Aphids 0 0 0 2 1 0 0 1 0 0 0 0 0 1 0 

Hemiptera Blissidae Chinch bugs 0 1 1 2 0 0 0 1 0 0 0 1 0 0 0 

Hemiptera Cicadellidae Leafhopper A 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Hemiptera Cicadellidae Leafhopper B 0 0 0 0 0 1 0 1 0 0 0 1 1 0 0 

Hemiptera Cicadellidae  Leafhopper C 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Hemiptera Cydnidae Burrower bugs A 0 0 0 0 0 0 0 1 2 0 0 0 1 0 1 

Hemiptera Cydnidae Burrower bugs B 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Hemiptera Geocoridae  Big eyed bugs 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hemiptera Hemiptera Hemiptera nymph 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Hymenoptera Formicidae Ants 89 136 203 85 178 92 148 148 57 231 82 136 256 76 19 

Hymenoptera Megachilidae Bee 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 
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   SS SS1 SS2 WB WB1 SS SS1 SS2 WB WB1 SS SS1 SS2 WB WB 
Higher 
Classification 

Lower 
Classification Common Name A A A A A B B B B B C C C C D 

Hymenoptera  Parasitic wasp 1 0 0 0 0 0 0 1 2 0 0 0 1 1 0 

Hymenoptera  Wasp 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isopoda  Pillbugs 4 1 0 4 3 0 1 3 9 0 0 0 3 222 78 

Lepidoptera Tineidae  Caterpillar 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Lepidoptera  Butterfly 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Myrmeleontidae  Antlion larvae 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 

Orthoptera Acridoidea Grasshopper 0 0 1 0 0 0 0 0 0 1 0 1 2 1 1 

Orthoptera Grylloidea Cricket 0 0 1 1 1 0 0 8 0 1 0 1 13 7 0 

Pseudoscorpiones Pseudoscorpiones Pseudoscorpion 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 

Psocoptera  Booklice 1 0 0 0 0 1 2 1 0 0 1 0 0 0 0 

Thysanoptera  Thrips 0 1 0 1 1 1 0 0 0 2 0 0 0 0 0 

Zygentoma  Silverfishes 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
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Table 8: Invertebrate abundance, richness and diversity indices for ROW and SITE at Kiawah Island, SC. ROW is measured 
as the distance from the sample on the foredune, perpendicular to beach. SITE abbreviations: SS = Surfsong, SS1 = Surfsong 
1, SS2 = Surfsong 2, WB = West Beach, WB1 = West Beach 1. Measured abundance and richness are tabulated directly from 
data. Estimated (Est.) richness, Exponential (Exp.) Shannon and Inverse Simpson were computed using the iNEXT function in 
R and are all presented as mean (lower 95% confidence interval – upper 95% confidence interval). Exponential Shannon can 
be interpreted as the number of species that might typically be encountered within each ROW or SITE. Inverse Simpson can 
be interpreted as the number of abundant species within each ROW or SITE.   
 

  Measured 
Abundance 

Measured 
Richness 

Est. Richness 
(LCL-UCL) 

Est. Exp. 
Shannon 

(LCL-UCL) 

Est. Inverse 
Simpson 

(LCL-UCL) 

ROW 

0 m 2413 36 53 (41-98) 3.8 (3.8-4.1) 2.5 (2.5-2.6) 
20 m 3573 43 69 (50-131) 3.2 (3.1-3.3) 2.0 (2.0-2.1) 
40 m 3046 41 67 (48-129) 3.8 (3.8-4.0) 2.3 (2.3-2.4) 
60 m 267 14 35 (19-100) 3.7 (3.5-4.3) 2.5 (2.5-2.8) 

       

SITE 

SS 1578 30 63 (38-160) 2.5 (2.4-2.7) 1.6 (1.6-1.7) 
SS1 1918 33 47 (37-82) 2.9 (2.9-3.1) 1.9 (1.9-2.0) 
SS2 2555 37 63 (44-125) 4.0 (4.0-4.2) 2.6 (2.6-2.7) 
WB 1960 32 36 (32-52) 4.0 (4.0-4.3) 2.4 (2.4-2.6) 

WB1 1288 28 46 (33-99) 3.6 (3.5-3.9) 2.5 (2.5-2.7) 
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Figure 4:  Interpolation and extrapolation of invertebrate species richness (Y axis) vs. abundance (x-axis). Solid symbols are 
measured species richness and abundance. Solid lines are interpolated richness-abundance curves, dashed lines are 
extrapolated to 2x the sample size based on the solid curves. The envelopes are the 95% confidence intervals. q=0 indicates 
Hill number = 0 (i.e. species richness).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Interpretation for Table 7, 8 and Figure 4: All sites were equally diverse, harboring ~ 30 invertebrate taxa. However, extrapolation 
curves uniformly suggest that invertebrate diversity was under-sampled (i.e. the curves have not reach an asymptote). Considering this 
sampling issue, we can interpret the estimated taxa richness as suggesting that SS and SS2 are more diverse than the other sites. Taxon 
richness goes up when moving away from the foredune (again caution should be exercised when interpreting data from the 60 m 
ROW, which was grossly under-sampled). Each ROW and SITE has 3-4 ‘typical’ taxa (ants, mites, ticks, Anthicid beetles, 
Springtails) and ~ 2 very abundant taxa (ants and mites) 
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RESULTS: DOES PLANT DIVERSITY PREDICT ANT/INVERTEBRATE 
DIVERSITY?  
 

Data: We used the community matrix of species abundances of plants to predict the community matrix of species abundances 
for ants and for invertebrates.  
 
Analysis: Two types of analysis were used. 1) Co-correspondence analysis tested for multivariate association between plant 
and ant/invertebrate communities. This analysis computes latent factors (called components) that attempt to maximize the co-
variation explained between communities. The significance of these axes was tested using a permutation test. This analysis 
was done using all data, and then separate analyses were done for West Beach sites (WB, WB1), Surfsong Sites (SS, SS1, 
SS2), and for 0m, 20m, 40m samples. 2) Linear models with per site plant species richness (or abundance) as the predictor and 
ant/invertebrate species richness (or abundance) as responses.   

 
RESULTS 

 
Plant-Ant: Co-correspondence analysis found no significant components (all P > 0.10) and even the first 5 components, which 
accounted for ~ 50% of the variation in plant community, collectively only explained 14% of the variation in ant community. 
There were no significant components for the foredune (0m) or 40m samples or when Surfsong or West Beach were separated. 
However, the 20m sample had one significant component. For the 20m sample, this component jointly explained 19% of the 
variation in plants and 25% of the variation in ants and only the first component was significant. This axis was principally 
driven by an association between Crematogaster and Quercus geminata (sand live oak).  
 
The overall species richness of plants was not predictive of the species richness of ants (F1,216 = 0.058, p = 0.810). The overall 
abundance of plants was not predictive of the abundance of ants (F1,216 = 0.013, p = 0.908). 
 
Plant-Invertebrate: Co-correspondence analysis found one significant component (Component 1, P = 0.01). This component 
jointly explained 13% of the variation in plants and 4% of the variation in invertebrates. The figure below shows the scores of 
invertebrates and plants on the first two components. The plot suggests that trees (sand live oak, live oak, redbay, slash pine) 
and species associated with trees (Virginia creeper) are the main drivers of patterns of a few invertebrate species (labeled in red 
on Figure 5). Overall, the analysis shows some interesting patterns, but is not powerful, in that it only explains 4% of the 
variation in invertebrate abundances.  
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Figure 5: Co-correspondence analysis of plants and invertebrates. Plants are in black, invertebrates in red.  Some 
species with high scores are labeled to highlight that they drive patterns on the first component.  

 
 

There were no significant components for the foredune (0m) or 40m samples or when Surfsong or West Beach were separated. 
However, the 20m sample had one significant component. For the 20m sample, this component jointly explained 19% of the 
variation in plants and 8% of the variation in invertebrates and only the first component was significant (P=0.01). This axis 
was very similar to the overall analysis (Figure 5) with the addition that the darkling beetle also scored negative on component 
1, suggesting that it was more abundant in areas with trees.  
 
The overall species richness of plants was not predictive of the species richness of invertebrates (F1,216 = 0.837, p = 0.361). The 
overall abundance of plants was not predictive of the abundance of invertebrates (F1,216 = 0.432, p = 0.606). 
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RESULTS: DO STATION ENVIRONMENTAL CHARACTERISTICS PREDICT 
BIODIVERSITY? CONCLUSION: MOSTLY NO 
 

Data: At each sampling station the % open sand, % grass, % shade, % herbaceous vegetation, and % shrubby vegetation was 
estimated using a 1-meter circular quadrat. Additionally, mean soil penetrance was estimated at each site based on average of 5 
measurements.  
 
Analysis: Partial least squares (PLS) analysis was used to predict plant species richness and abundance (Y-variables) from new 
latent variables (called components) that were used to summarize % open sand, % grass, % shade, % herbaceous vegetation, % 
shrubby vegetation and soil penetrance (X-variables). Cross validation was using to determine the number of components kept 
for the in the final model; which was the point where the RMSE reached its minimum value or where RMSE plateaued (i.e. 
adding more components did not appreciably reduce RMSE of the model). The importance of each X-variable was assessed by 
computing variable importance projections (VIP) and by testing the significance of each variable’s coefficient using t-tests 
based on jackknife variance estimates. 
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RESULTS, PLANT DIVERSITY: PLS found that the first two components jointly explained 60% of the variation in the 
environmental variables and that these components explained 28% of the variation in plant species richness and 32% of the variation 
in plant abundance. Sites with more grass and herbaceous coverage and less shade, shrub and open sand coverage had greater plant 
species richness and abundance. Additionally, sites with greater soil penetrance (i.e. firmer soils) had higher plant species richness and 
abundance. 
 VIP Richness 

Coefficient 
Abundance 
Coefficient 

% sand 1.05* -0.43* -1.86* 
% shade 1.74* 0.13 -1.52 
% grass 1.16* 0.62* 6.41* 
% herb 0.46 0.31* 1.77* 
% shrub 0.29 -0.13 -1.43* 

penetrance 0.49 0.46* 2.92* 
 
 
Figure 6: Biplot of PLS showing patterns of covariance among 
sites, rows, plant diversity and site characteristics.  
 
Some general patterns: 
 
-Grassy sites and sites with few shrubs tended to have higher plant 
abundance (N).  
 
-Higher plant richness (S) was associated with higher soil 
penetrance, more herbaceous coverage and less open sand.   
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RESULTS, ANT DIVERSITY PLS found that the first two components jointly explained 57% of the variation in the environmental 
variables and that these components explained 5% of the variation in ant species richness and 3% of the variation in ant abundance. 
Sites with less shade and shrub had greater ant species richness (both) and abundance (shade only). Additionally, sites with greater soil 
penetrance (i.e. firmer soils) had higher ant abundance. 

 
 
 
 
  
 
 
 
 
 
 

 
 
Figure 7: Biplot of PLS showing patterns of covariance 
among sites, rows, ant diversity and site characteristics.  
 
-Grassy sites and more herbaceous vegetation tended to have 
higher ant abundance (N).  
 
-Higher ant richness (S) was associated with less shrub and shade, 
but this effect is relatively weak.   
 
 
 
 
 
 
 
 

 VIP Richness 
Coefficient 

Abundance 
Coefficient 

% sand 0.41 0.09 0.71 
% shade 0.32 -0.15 -1.56* 
% grass 0.97 0.03 0.84 
% herb 0.70 0.02 0.53 
% shrub 1.50* -0.11 -0.26 

penetrance 1.42* 0.05 1.25 
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RESULTS, INVERTEBRATE DIVERSITY: PLS found that the first two components jointly explained 37% of the variation in the 
environmental variables and that these components explained 2% of the variation in invertebrate species richness and 8% of the 
variation in invertebrate abundance. Sites with less shade and shrub had greater invertebrate species richness (both) and abundance 
(shade only). Additionally, sites with greater soil penetrance (i.e. firmer soils) had higher invertebrate abundance. 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 8: Biplot of PLS showing patterns of covariance among 
sites, rows, invertebrate diversity and site characteristics.  
 
-Less shady sites and sites with more herbaceous vegetation and 
firmer soils tended to have higher invertebrate abundance (N). 
 
 
 
 
 
 
 
 
 

 VIP Richness 
Coefficient 

Abundance 
Coefficient 

% sand 0.49 -0.06 -2.14 
% shade 1.08* -0.17 -6.54* 
% grass 1.41* -0.10 -3.04 
% herb 0.34 0.08 3.94 
% shrub 1.56* 0.02 -0.16 

penetrance 0.21 0.14 5.90* 
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SUMMARY OF MAIN FINDINGS 
 

1)! West Beach had the highest plant and ant biodiversity. West Beach was the only site that had intact forest that was sample; it 
may be that this small strip of forest harbored additional species not found at the other sites, which all lacked forest or for 
which forest was on private land and thus not accessible for sampling. Additionally, species richness increased at 20m and 
40m from the foredune (but was lower at 60m, due to under-sampling at that distance). Note that 20m and 40m from the 
foredune was mostly in the dune proper, but occasionally sampling stations were in patches of dense shrubs and/or trees. 
Together, these results suggest that maintaining the biodiversity of the dune systems at Kiawah Island may benefit 
from conservation of adjacent segments of forest and maintaining the widest dune system possible.  

 
2)! All sites had unique species. Additionally, sites generally had a core set of the same species (e.g. sea oats, camphorweed, 

purple sandgrass, seaside panicum, Solenopsis, Dorymyrmex, Pogonomyrmex, Pheidole, Forelius ants, ant-like flower beetles, 
clown beetles, sand mites, springtails, ticks). This suggests that the ‘dunes’ on Kiawah Island should not be considered as a 
homogenous biological community. Rather, different locations likely have slightly different environmental conditions, 
biological interactions and/or historical factors that have led to slightly different plant, ant and invertebrate communities at 
each sampling site that occur amidst a core of common species. Maintaining as many of the dune systems as possible and 
ensuring connectivity between the dunes should help to conserve the observed biodiversity. Even small pieces of highly 
impacted dune (e.g. West Beach 1) should be conserved, because they may harbor unique species that increase the 
overall biodiversity at Kiawah Island.   

 
3)! Plant community biodiversity was not generally predictive of ant community or invertebrate community biodiversity. There 

was some evidence that sample stations with trees were associated with some invertebrate species; but the predictive power of 
this multivariate model was relatively weak. This strengthens the argument in #1 that the presence of woody vegetation in 
the dunes or adjacent to the dunes proper is important for biodiversity. 
 

4)! Site environmental characteristics were moderate predictors of plant diversity, explaining ~ 30% of the variation in plant 
diversity. Site characteristics are poor predictors of ant diversity and invertebrate diversity, explaining less than 10% of their 
variation. Firmer soils were important predictors of increase biodiversity (although the effect was sometimes quite 
weak); an interpretation here is that sites disturbed by wind (i.e. foredune) or foot traffic result in looser sands and this 
results in lower biodiversity.  

 


