
































Table 2. Summary of Cape Romain Lichens 
Values in ppm of thallus dry weight 

ClaQina 
p K Ca Mg Al Fe Na Mn Z(! Cu B Pb Ni Cr Cd s Locality 

------------------------------------------------------------------------------------------------------------------------
Mean 516 1424 241 313 457 400 214 .s 11.9 16.4 1.8 3.5 3.8 1.0 o.8 f 738 Cape Isl. @ 
Std. dev. 3 5 3 5 11 6 3.7 0.2 0.2 <.1 0.1 1.6 0.5 0.1 f 19 Cape Isl. @ 
Mean 449 1099 396 272 246 349 78.0 9.2 20.6 2.7 1.3 7.2 *1.9 0.4 0.2 513 Lighthouse Isl. 
Std. dev. 14 11 71 10 17 31 1.7 0.2 1.1 0.5 0.1 0.7 2.0 0.1 <.1 25 Lighthouse Isl. 

ClaQonia leporina 
p K Ca Mg Al Fe Na Mn Zn Cu B Pb Ni Cr Cd s Locality 

Mean 335 864 63 147 4H 503 .67. 5 6.5 10.9 1.4 1.4 5.9 1.1 0.7 0.2 487 Cape Isl. @ 
Std. dev. 8 6 <.1 3 12 30 1.9 0.2 o.s 0.1 < .1 0.3 0.1 0.1 <.1 15 Cape Isl. @ 
Mean 440 1064 170 200 487 708 68.6 9.1 22.9 1.9 1.2 15.5 0.8 0.8 *0.1 548 Lighthouse Isl. 
Std. dev. 26 30 16 2 20 56 10.2 0.3 0.9 0.1 0.2 2.1 0.1 0.1 0.1 26 Lighthouse Isl. 

Pamelia rigiQa 
p K Ca Mg Al Fe Na Mn Zn Cu B Pb Ni Cr Cd s Locality 

------------------------------------------------------------------------------------------------------------------------
Mean 732 1748 4567 210 353 232 175.8 6.8 21.0 2.0 6.0 3.4 *0.5 0.7 0.1 1230 Cape Isl. @ 
Std. dev. 47 84 476 9 15 16 3.1 0.2 0.4 0.2 0.2 1.0 0.2 < .1 0.1 75 Cape Isl. @ 
Mean 1068 2669 274 330 514 342 371.8 9.3 27.2 3.1 8.4 3.8 1.0 1.3 0.1 1597 Bull, NE Point 
Std. dev. 68 66 86 13 33 25 81.1 0.4 1.3 <.1 o.s 0.7 0.5 0.6 < .1 46 Bull, NE Point 
Mean 1891 3490 2349 803 707 405 1333.8 24.9 28.2 3.7 5.0 3.6 1.3 1.1 0.2 2017 Bull, Moccasin P 
Std. dev. 244 219 373 84 20 6 364.3 1.0 1.7 < .1 0.6 1.7 0.1 0.1 < .1 87 Bull, Moccasin P 
Mean 1366 2998 1067 519 402 257 239.7 19.2 24.1 3.1 5.7 3.3 1.0 1.1 *0.2 1523 Bull, Summerh. P 
Std. dev. 150 67 191 25 36 29 35.3 3.0 1.3 0.2 0.3 0.7 0.2 0.1 0.1 25 Bull, Summerh. P 
Mean 1664 3496 5332 487 621 492 276.4 21.4 44.9 5.4 9.3 9.8 1.6 5.4 0.1 2073 Isle· of Palms 
Std. dev. 225 137 493 38 15 18 66.6 1.1 0.3 0.1 o.s 0.1 < .1 0.3 0.1 183 Isle of Palms 

* = one value at or below detection limit; included as 0.7 of detection limit 
f = two or more values at or below detection limit; not included in calculations 
@ = ground before dividing into replicates 



replicates arranged by species. Table 2 gives the means and 

standard deviations for each set of replicates. Some of the 

reported values are below the lower detection limits of the 

instruments. If one reading was below the detection limit 

(indicated by* in the tables) 0.7 of the detection limit was 

used for that reading in the calculations. If two or more 

readings were below the detection limits (indicated by # in the 

tables) no calculations were done on that species at that 

locality. Some samples were ground before being divided into 

replicates to determine instrument error and are indicated 

with "@" in the tables. 

There are no literature reports on elemental analysis of 

these species and valid comparisons cannot be made between 

different species. From these tables it can be seen that there 

is only a slight correlation between element levels and 

location in the refuge. The sulfur levels at Isle of Palms 

near Charleston and at Moccasin Pond on Bull Isl. are above 

2000 ppm, and this is quite high for any species. 

The sulfur levels in lichens tested range from 470 to 

2280 ppm for all samples. Background levels for other species 

of lichens in clean areas range from 300-1300 ppm (Solberg 

1967; Erdman & Gough, 1977; Nieboer et al., 1977; Puckett & 

Finegan, 1980). Levels may be as low as 200-300 in the arctic 

(Tomassini et al, 1976) while levels in polluted areas are 

4300-5200 ppm (Seaward, 1973) or higher. Different species may 

accumulate different amounts of elements and this is evident 

when comparing sulfur levels of Parmelia £jgidg and Cladoni£ 
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leporina. 

All of the other elements show normal levels at most 

localities. The high levels of K, Ca, Mg and Na at some 

localities probably reflect enrichment from the ocean spray. 

The high levels of lead at Lighthouse Isl. may be due to past 

activity around the lighthouse. The buildings there were in 

use until 1943 and most likely lead based paints were used. 

The buildings have now been removed but the stone lighthouse 

remains (built in 1857). At Isle of Palms Zn, Cu, Pb and Cr 

are high and are probably due to automobile and city 

pollution. Further study of these high lead levels is 

recommended. 

These tables indicate that there may not be air pollution 

problems in the refuge but because the sulfur levels at some 

localities on Bull Isl. are as high as Isle of Palms, caution 

is needed in interpreting these data. 

In 1983 an air monitor was established at Moores Landing 

near the refuge. Data are available for 1983-1988 and show the 

highest one hour maximum for sulfur dioxide occurring on June 

1, 1988, with a concentration value of 221 pg/cubic meter (Air 

Pollution Measurements of the South Carolina Air Quality 

Surveillance Network) • Dames & Moore (1985) report the sulfur 

dioxide one hour maximum for 1983 at 80 pg/cubic meter. These 

levels may not be damaging to most of the lichens now in the 

area but some of the most sensitive species may have already 

been eliminated. 

Ozone values are fairly high. An Environmental Protection 
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tabulation from the Moores Landing monitors 

from March to December, 1987 the maximum one hour 

ozone was 0.107 ppm (occurring on May 2). During the 1988 

Agency 

that 

reported 

value 

of 

state considered "ozone season" (April 1 - Oct. 31, 1988) the 

maximum one hour ozone value recorded was 0.116 ppm which 

occurred on May 31. Sulfur dioxide and ozone together may 

produce an enhanced effect on lichens and the levels in Cape 

Romain may or may not be damaging to lichens. 

CONCLUSIONS 

The lichen flora of Cape Romain National Wildlife Refuge 

is quite diverse even though there are not a lot of species 

present and there is no obvious impoverishment of the lichen 

flora in any part of the the refuge. However, because there 

are no historical records from the refuge, there is no way to 

be sure some species have not already been lost. There are 

only a few species in the most sensitive category to sulfur 

dioxide in the refuge and these are relatively uncommon. This 

rarity may be due more to ecological and climatic conditions 

than pollution since these species are quite healthy when 

present. The maps of the distributions of the more sensitive 

species do not show any significant voids that are not due to 

normal ecological conditions but all of the species mapped are 

too uncommon to be of much value with this mapping technique. 

There is no evidence of damaged or dead lichens in any area 

where healthy ones are not also present. The elemental 

analyses shows fairly high levels of sulfur in one species at 

some localities on Bull Isl. and at Isle Of Palms. With the 
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fairly high levels of ozone also present, caution is needed 

before saying that additional sulfur emissions would not 

damage the lichen flora. 
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APPENDIX I 

Collection Localities 

Collection numbers are those of Clifford Wetmore. All 

collections are listed in ascending order by collection number 

and date of collection. 

61272-
61316 

61317-
61368 

61369-
61412 

Charleston County 

Bull Isl. Half mile NE of fire tower along Old Fort 
Road. In oak-pine forest with some sweet gum, magnolia 
and palms. 21 June 1988. 

Bull Isl. Just SW of Jack Creek near north shore. On 
ridge with loblolly pines, oaks and palms near 
tidewater swamp area. 21 June 1988. 

Bull Isl. Northeast Point on sand dunes and oak-pine 
forest near tip with oaks, pines, palms and holly. 23 
June 1988. 

61413- Bull Isl. East of Moccasin Pond on ridge near shore 
61447 with oaks, pines, palms and holly. 23 June 1988. 

61448-
61492 

61493-
61531 

61532-
61559 

61560-
61579 

CHEMICAL ANALYSIS • 

Bull Isl. North side of Upper Summerhouse Pond. Around 
a salt marsh and fresh water pond with oaks and palms. 
24 June 1988. CHffi.1ICAL ANALYSIS. 

Bull Isl. On ridge near south end of Beach Road 1 mile 
south of fire tower. On ridge with short oaks and some 
pines on rolling land. 24 June 1988. 

Cape Isl. Along ridge with loblolly pines and sandy 
openings and in brush near shore. 27 June 1988. 
CHffi.HCAL ANALYSIS. 

Lighthouse Isl. Near old lighthouse around loblolly 
pines with open sandy areas and along shore in brushy 
area. 28 June 1988. CHE?-1ICAL ANALYSIS. 
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L--::~~.c::":- Upper Summerhouse Pond -----
Fig. 1. Open circles are collection local­

ities, solid circles are elemental analysis 
localities. 
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APPENDIX II 

Species Sensitive to Sulfur Dioxide 

Based on the list of lichens with known sulfur dioxide 

sensitivity compiled from the literature, the following 

species in Cape Romain National Wildlife Refuge fall within 

the Sensitive category as listed by Wetmore, 1983. Sensitive 

species (S) are those present only under 50ug sulfur dioxide 

per cubic meter (average annual). The intermediate category 

(I) includes species present between 50ug and lOOug. The S-I 

group falls between the Sensitive and Intermediate categories. 

There are no species within the refuge in the S-I category. 

Open circles on the maps are localities where the species was 

not found ana solid circles are where it was found • 

Note: Refer to text for interpretation of these maps and 

precautions concerning absence in parts of the area. 

Fig. 2 Dimerellg lutea (Dicks.) Trev. 
Fig. 3 Ochrolechia rosella (Mdll. Arg.)Vers. 
Fig. 4. Parmelia ~eticulata Tayl. 
Fig. 5. Usnea strigosa (Ach.) A. Eaton 
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Fig. 2. Distribution of Dimerella lutea 
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Fig . 4. Distribution of Parmelia reticulata 



• 

• 

• 

• 

I 

CAPE ROMAIN 
NATIONAL WILDLIFE 

REFUGE 

2 
Lighthouse 

Island 

3 
Bull Island 

1 
Cape Island 

~~.,....::-Upper Summerhouse Pond _,_......,.,.... 

Fig. 5. Distribution of Usnea strigosa 



• 

• 

• 

• 

I 

APPENDIX III 

Species Reported from Coastal Plain of South Carolina 
References are included in Literature Cited • 

Catapyreniurn tuckerrnanii (Rav. ex Mont.) Thorns. Thomson, 1987 
Chiodecton sanguineurn (Sw.) Vain. Culberson, 1964 
Cladina evansii (Abb.) Hale & w. Culb. Evans, 1947, Ahti, 1961 
Cladina subrnitis (Evans) Hale & w. Culb. Ahti, 1961 
Cladina subtenuis (des Abb.) Hale & w. Culb. Ahti, 1961 
~ladoni~ leporina Fr. Evans, 1947, Dames & Moore, 1985 
Cladonia pachycladodes Vain. Evans, 1947 
Cladonia pol~£arpia G. K. Merr. Evans, 1944, Culberson, 1969 
Cladonia subsetacea Robb. ex Evans Evans, 1947 
Haernatornrna pyniceurn (Sm. ex Ach.) Mass. Culberson, 1963 
Heteroderrni~ albicans (Pers.) Swinsc. & Krog Culberson, 1966 
H~teroQerrni~ obscurata (Nyl.) Trev. Culberson, 1966 
Hyperphyscia syncolla (Tuck. ex Nyl.) Kalb Thomson, 1963 
Lecanora £ggsiorubella Ach. subsp. glaucornodes Irnshaug & 

Brodo, 1966 
Lecanora chlarotera Nyl. Brodo, 1984 
Lecanora hybocarpa (Tuck.) Brodo Brodo, 1984 
Lecanora irnshaugii Brodo in ed. Brodo, 1984 
Lecanora louisianae B. de Lesd. Brodo, 1984 
Leptogiurn austroarnericanurn (Malrne) Dodge Sierk, 1964 
Leptogiurn burnetiae Dodge Sierk, 1964 
Leptogiurn QYgnescens (Rabenh.) KOrb. Sierk, 1964 
Leptogiurn rnil]igranurn Sierk Sierk, 1964 
Lobaria ravenelii (Tuck.) Yoshirn. Jordan, 1973 
Parrnelia bypQtro~ Nyl. Culberson, 1973 
Parrnelia livida Tayl. Culberson, 1961 
Parrnelia rnadagascariacea (Hue) Abb. Hale, 1959 
Parrnelia rnellissii Dodge Hale, 1965 
Parrnelia perforata (Jacq.) Ach. Berry, 1941, Culberson, 1973 
Parrnelia praesorediosa Nyl. Hale, 1965 
Parrnelia rigida Lynge Hale, 1965, Culberson, 1973, Dames & 

Moore, 1985 
Parrn~lia rudecta Ach. Culberson & Culberson, 1956 
Parrnelig sphaerospora Nyl. Berry, 1941, Hale, 1959 
Parrnelia rarnpoddensis Nyl. Hale, 1959 
Parrnelia tinc~£Yill Del. ex Nyl. Hale, 1965, Dames & Moore, 

1985 
Parrnelia ~anthina (MOll. Arg.) Vain. Hale, 1965 
Parrneliopsis subarnbigua Gyeln. Hale, 1967 
Peltigera didactyla (With.) Laundon Thomson, 1950 
Peltigera polydactyla (Neck.) Hoffrn. Thomson, 1950 
Peltigera rufescens (Weis.) Hurnb. Thomson, 1950 
Pertusaria hYPQtharnnolica Dibb. Dibben, 1980 
Pertusaria paratuberculifera Dibb. Dibben, 1980 
Pertusaria tetrathalamia (Fee) Nyl. Dibben, 1980 
Pertusari~ texana MUll. Arg. Dibben, 1980 
Pertusaria velata (Turn.) Nyl. Dibben, 1980 
Phaeophyscia ciliata (Hoffrn.) Moberg Thomson, 1963 
Physcia crispa Nyl. Thomson, 1963 
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Pyxine £9~SiQp~Yin2~~ (Nyl.) Irnsh. Irnshaug, 1957, Culberson & 
Hale, 1965 

Pyxine sorediata (Ach.) Mont. Irnshaug, 1957 
Rinodina dissa (Stirt.) Mayrh. Irnshaug, 1951 
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