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INTRODUCTION

Eriocaulon koernickianum Van Heurck & Muell.-Asg., the most diminutive of the eleven
North American ericeanions, is widal}r disjunct in Arkansas, Georgia, Oklahoma, and
Texas {Kral 2000)(Figure | and 2). Tt is a moncecious, cutcrossing, annual whuse limited
genetic variation across its range suggests that recolonization may explam curraﬂt
distribution (Watson et al. in press). It is of conservation concern and is hsted C2
federally and either S1 or S2 in all states where it oceurs (Kral 2000, Kartesz and
Meacham 1999, NatureServe 2002). In Georgia, north Arkansas; snd one Texas site it is-
associated with moist depressions ia granite outcrops; in south Oklahoma, south
Arkansas, and mosi Texas sites, it is associated with bogs, marshes, and sandy seepage
slopes below xeric sandylands (MacRoberts and MacRoberts 2601, MacRuberts et al.
2002). :

Between 1998 and 2062 we 5urve}r¢d for and made observations on Z. kaemr:r:.ﬁ:}mnm in
Texas, This report is summarizes our findings; it supercedes and supplanis c)ur prewous
reports (MacRoberts and MacRoberts 19993, 199%h), ;

DISTRIBUTION : |
The ﬂrst task in studying £. Koernickicomom in Texas was 1o find out what is k:newn We
discovered, on surveying the published and unpublished literature and tajklng wﬁh
botanists and ecologists, thai considerable confiision exisis about the Texas dlsmbuan
of this species. It was not possible even to ascertain whether or not there was 2 smgle
verified location for E. koernickianum in the State. |
|
CONFUSION ABOUT E. KOERNICKIANUMA IN TEXAS: AREVIEW DF
LITERATURE, UNPUBLISHED DOCUMENTS, ETC. |
|
The confusion begins with the type specimen, which was coliected by Charles Wright in
Texas sometime between 1837 and 1852, Van Heurck (1870), who described:it, recorded -
it as “Texas orientali;” the specimen apparently was then part of the Van Heurck
herbarium n Anhverp Modenke (1942), after pointing out that he had seen 110 Texas
material, says “the type is said to have been collected in ‘East Texas’ [=Tyler; CE} L7 but

|
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he gave no explanation why East Texas = Tyler Co., nor does he in » previgus publication
{Moldenke 1937) equate east Texas with Tyler Ceunty Carrell and Johnston (19?1[})

repeat Moldenke’s {1942) statement almost verbatim, but Moldenke (1674) does not clear
up the matter.

Subsequently, Moldenke's attribution-of Tyler County for the type specimen’has spread
ino the formal and informat literaiure, both as writien stafement and as a dot on
distribution maps, or in Element Occurrence Records (EOR) produced by such i
organizations as the Texas Natural Heritage Program (later Texas Parks and Wldhfe)
Kral’s (1966) county dot distribution map for E. koernickiarum in Texas sh:}WS it
occurnng in Brazos, Tyler, and Polk counties, but Krzal does not comment or gwe
vouchers. Geraldine Watson {1982) reports it from the Big Thicket National Preserve
(BTNP) but without specific comment or vouchers, Her plant collections have been
examined by Larry Brown (pers. comam ; dats on file BTNP), but he found no E
koernickiamem among them, Tucker (1 983) in & dot distnibution map, shows E
koernickianum in Polk and Brazos counties but without comment or vouchers. Texas
Organization for Endangered Species (TOES) {1993) lists E. koermickiconimn fok‘ Brazos,
Freestone, Leon, and Tyler counties but without vouchers or references. KI&J@(]BES)
gives a county dot map distribution showing Hardin and Brazos counties, again without
vouchers or commenti. The Texas Natural Heritage Program (TNHP) (1595) regorts E.
koernickignum from “Anderson, Brazos, Limesiene, Leon (7}, and Tyler (H) ;thmnﬁes.”
The “?7™ 15 unexplained; “H” refers to an historical ocgurrence — “not ehserved or
collected within fifty years , which ig presumably the Charles Wright speelmen from
“Tyler Co.” Kral (2000) gives a dtstnbuilen map, but it does not designate courities.
There are six EORs for the faxon produced by Texas Parks and Wildlife; none is vesified,
and three are incorzect: these attributions especially illustrate the problems inherent in the
failure to verify with voucher specimens and to annotate. Watson et al. (1994) show the
general distribution of E. koermickicrmm without specific county locations and give no
vouchers. Watson and Uno (1991) state that there were no secenily confirmed
populations in Texas but that it was koown historically from four sites, and a 1994
comrespendence among .. Waison (Oklahoma Natural Hertage Inventory), C. Nerqmst
{U.S. Fish and Wildlife), and Jackie Pocle (Texas Natural Heritage ngram) indicates
that st that time there was no certainty about any E. koerrickigrmm site in TeTas

CLEARING UP CONFUSION QF E. KOFRNICKIANUM IN TEXAS
I I

We sifted all the literature, publisbed and unpublished -— including uﬂemﬁice Memos
and imeragency letters — and searched Eriocandon collections in the fﬂ]lnwmg ‘herbaria:
TEX, BRIT, VDB at BRI'T, ASTC, SBSC, SHST, WWE, Corpus Christi Mueeqm, and
collections held ai Rice University. Three other herbaria, BAYLU, TAES, and TAMU,
were searched via the web and/or by correspondence with the curators or eﬂglnal
collectors. We also contacted many of the principals 1nvolved 1a £ knemm,hamm work,
for example, Linda Watson {(Miami University} and Jason Singhurst (Texas Parks and
Wildlife). We ground-truthed all sites that could be located. |
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We summarize the results below, giving the Texas Park and Wildlife EOCODE number
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where available for fusther information {er misinformation}. The distribution of these
sites is given in the attached maps (Figures 3 and 4) and other information i is summarized
in Table 1,2, aﬂd 3.

In addition to reviewing this “literature,” we undertook surveys for £ Eoermchﬂmm at
known sies, and by using other sources {aerial photos, local knowledge, etr:r) we
explored additional possible sites. This took us over most of east Texas and to several
locatiens in western Louisiana.

ANDERSON CO.: We have located £. koernickiantn at three main sites on the Gus
Engeling Wildlife Managemeni Area (GEWMA) (Texas Parks and Wildlife Depariment)

{Figuze 3).

Andrew’s Bog (EOCODE PMERIO1045*003*TX). Vouchers have been colle-cted tince
1990 from several locations on the nosthem shore of this bog (Bridges & Kindscher
13698 [TEX}: MacRoberts & MacRoberts 3950 [VDB at BRIT]; MacRabms &
MacRoberts 4099 [TEX] (Figure 6). |

This site has been described by MacRoberis and MacRoberts (1998; see also Lud‘mck
1975). It is a deep muck/peat (gquaking) bog, with a combination of hillside hﬂg and
marsh species, e.g., Sarracenia alata, Eriocauion decangulare, Iris virginica, Cladium
mariscoides, Eleocharis spp., Riyrchospora spp., Juncus spp., Xvris spp., and |
Utricularia spp. We found E. koernickiarum st four locations. Az Andrew’s Bog, E.
koernickicouom occurs at the edges of the marshy/boggy community in very shallow, bare
wet sands on animal traifs and where hogs (and other mammals) have rooted and
trampied and where the soils are wet but do not support high biomass and are open
(Figure 7 and 8). The species is totally absent where biomass is high and shaide occurs. It
does not oceur in the quaking areas of the bog but on the sandy edges. Upsln‘pe are xeric
sandhills angd post-oak savanng (MacRGbeﬁs et al. 2002). According to E.L. Bridges
{undated memo to L.E. Watson), in 1990 E. koerrickicrmum “was abundant after fire”
indicating that removal of coarse overtopping vegeiation is ideat for this spt:mes

Species abundanee in 12 one meter sguare plots where £. koernickicqnurn was ﬁ::-uﬂd is as
follows from most commen to least: Aleocharis torfilis, Riynchospora spp., |
Dichanthelivm scoparium, Scleria reficularisitriglomerata, Hypericum mm‘rfﬁm',
Dichaithelium scabriusculum, Vernomia missurica, Rhexia virginica, Helianthus
angustifolins, Fupatorium rotundifolium, . perfolictum, Tris virginica, Lm‘wi;gia .,
Boltoria diffusa, Juncus sp., Lycopus rubeilus, Panician virgatiom, Xyris torta, Pa.spafum
praecox/plicatufum, Sphagmaen, Hydrolea ovata, Linum striatum, Polvgala m&ngmnea
Hibiscus moscheutos, Lonicera japonica. The maximum height of vagetahﬂrll u;l these 12
plots averaged 0.75 m (l‘ange (3.5-1.2 m), with an averags height of 0.30 m (rlange 02-
0.5 m). Vegetation cover in the 12 plots averaged 80% (range 60 - 100%) (Figure 9 and
19). l

Jim’s Bog. {MacRoberts & MacRoberis 4927 [TEX])) (Figure 6). This bog was Eregularl},r
surveyed beginning in 1998. However, it was aot until 2001, after considerable hog




rooting had opened it up, that £ foernickianunm was found there and in fairly large
numbers (up to 26 plants per meter square; lundreds of plants in total). By 2'1}5]2 with
additional severe pig rooting, only four plants were found in the entire bng

Daie’s Bog. (MacRoberts & MacRoberty 4926 [TEX])(Figure 6). In 2001, ﬁve K
koernickiconm plants were found in a one meter square area of this bog where pigs had
racted. WNo plants were found af this site 1n 2002,

We surveyved maay other hngs and bog/marsh complexes-on GEWMA but foutid no more
E. koernickicanan.

BRAZQS CO.: Wellborn site (EOCODE PMERIO1040*002* TX) (Figure 11). The exact
location is not recorded on the herbarium label, but the specimens were cotlect ed near
Wellbern, Texas. There are four specimens hsied for the TAES and TAMY] heﬁ::-ana web
site, with dates 12-18 May 1947 (Parke.s*sn [TAES, TAMLT)). Monique Dubruie Reed
(pers. comm.} has confirmed that these specimens are at TAMU, and Stephen Hatch
(pers. comm. ) thai they are present at TAES. Because of no specific site -:ilrecimus this
site cannot be relocated. Iis fate, therefore, is unknown. The habitat is not remrded Itis
(was) undoubtedly on private land 3

FREESTONE CO.: Reports from this county are mistaken; see Limestone CT)ﬁrrry

GILLESPIE CO.; Enchanted Rock. (('Kennon 11677 [BRIT), MacRoberts, MacRaberfs,
& O'Kennon 4105 [TEX])(Figure 12). This site is on the south side of Enchanted Rock
State Natural Area (Texas Parks and Wlldhfe) The O’ Kennon specimen was collected on
19 June 1993 and the MacRoberts et al. specimen on 22 June 1999, This is the cmjjr
knowi site for this species in the Edwards Plateau; all othier Texas £. koermf:hamm sites
oceur in the Post Qak Savanna. ; i

We visited the site with Bob O°Kennon on 22 June 1999. It is a permanent hjlls’iide seep
on gris (decomposing granite gi‘&v&l -sand, with bare graniie outcropping within it)
(Walters and Wyatt 1982). The site is smalf and covers only about 0.0035 - 0.0045 ha.
{"Kennon has looked for other sites like ¢his in the area but has found aone. anate lands
around Enchanted Rock have not been surveyed; there are other granite hilis inithe area.
O"Kennon says the site has not changed since he first saw it in 1984; possibly it has
increased slightiy in size (Figure 13), |

Surrounding and upslope habitat 1s desert scrub: e.g, Opuntia spp., Echinocerus spp.,
Aloysia, Aesculus arguta, Quercus stellata, (. fusiformis, Lriogonum aﬂmmm, 'E
tenellam, Froelichia gracilis, Commelina spp., Pedafoxia sp., Graphthalium’ sp;} s
Hedeoma drimmmondii, Yucea spp. .

Among associated species in the seep, domunants are Uricwlaria cormuia, Ai;m!m sp.,

Hypericum mutilum; also common are Cyperus haspan, Sclevia verticifuta, Corleopsfs

basilis, and C. tinctoria. Other associated species are Cyperus elegans, C. amlummafus C.
squarrcsa, Fuirena simplex (Ty, Hypericum reverchonii, H. genrfmmrde.s' (ec!ge} Scbortice
I
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Jormosa, Juncus marginatus, Juncus sp., Ammania coccinea, Lechea renqufiar, L. sans-
sabeana {upslope-edge), and Dichanthelium oligosanthes var. scribnerianum.

The total biomass at the sie is not high. Looking down on the site, the grmmld can be
seen clearly. £. koernickicann was scattered throughout, except at the edges, plants were
not confined to animal tracks and disturbed areas (there were none). We tc:mk two one
meter square plot samples: 60 plants in one; 50 plants in the other. Hence, thare are
probably ai teast 1000 E. koernickianuny in this small seep. I _
Dverall flowering E. koermickicrmm tended to be diminutive (2.5 cm) (as wen., all
species within the seepage area, Uricularia cormeta being about the taltest specles on 22 -
June), aithough there were some well-grown: individuals {6-7 cm) with ﬂnwmmg heads to

2 mm wide. I

HARDIN CO.: This report turned ot to be a misidentified Lachnocaunion am:eps It
apparently got into the literature through a Rare Plant Study Center report, Umvermty of
Texas, Austin. Qur information on this is from an annotated EOR repnrt-’I‘exas ‘Natural
Heritage Program and from unpublished correspondence among Natural Heritape
personnel. The original report was based apparently on a Cory specimen collected in
1947. Thus “record” once had the EOCODE numbet EOCODE PMEIL01040*003*TX.

HENDERSON CO.: Curtis Boyd Bop (aka Mr. Black’s Bog) (MacRoberts & |
MacRoberts 4482 [TEX]) (Figure 14). In our previous communications (MacRoberts and
MacRoberis 1999a, 1999b), we reported conilicting information abount the occusrence of
E. koernickicoum st this site. However, in 2000, we located three E. koernickiomen in
this bog. The site is on private land and has not been burned in many years. The biomass
is very high, and the &, koernickicomm were found in disturbed areas that were ﬂpen o
sunlight. It is a hillside pitcher plant bog below xeric sandylands. Typical speciés here

were Sarracenia alata, Viburnum nudum, Xyris spp., Ripmchospora spp., Asclepias
rubra, Ericcaulon decangulare, E. fexense, Vernonia missurica, Drc}rw#kefmm spp.,

Eupatorium rotundifolium, E. perfoliatum, Eleocharis sp., Polygala mcmfa ;

Baker Lake Pitcher Plant Bog, Coon Creek Club. (AMacRoberts, MacRoberts & C‘afhey
4098 [TEX]} (Figure 15, 16). We searched this and closely adjacent sités in Ma}’ 1999,
Three £. koermc}imnmrr were found. The site was prescribe bumed in 1998 and 1999, 1t
has typical muck bog species. The site is on private land. Associated species were
Sarracenia alata, Eriocaulon decamgulare, Drosera spp., Lycopodiella appresm,
Osmunda cirmamomea, O. regalis, Eleocharis spp., Juncus spp., Utricularia mrm:.ta i
subnlcta, Xyvis spp., Hypericum mutihun. | i

Tindel Bog. {MacRoberts & MacRoberts 4952 [TEX}) (Figure 17). Three E. | ‘
koernickianum were found at this site, which is on private fand. F¢ is heavily grazed by
cattle and most of the bog is badly rtted and damaged. It is a typical pitcher pla:ut bog
below xeric sandytands. Associates were Sarracenia alata, Eriocaunion decm:gufare
Drosera sp., Lycopodiella appressa, Osmundsa cinnamomea, O. regalis, Pef:mmfra
virginica, Saururus cermius, Riynchospora spp., Eleocharis spp., Scleria spp Jﬂmus



spp., Carex spp., Dichonthelium scoparium, Erionthus giganteus, Paspalum sp.,
Dichantheliwm spp., Smilax sp., Xyris spp., Acer rubrum, Hyvdrocotyle sp., Pﬁ.{:lmmmn sp.,
Vernonia missurica, Scutellaria imtegrifolia, Hvpericum mutilur, Umcufmﬂfa corata, U.
subulcta, Hybiscus moscheutos, Myrica cerifera, Boelmneria cylindica, Spbagmm

LEON CO.: A location reported by G. Ajilvsgi, but §. Orzell and others weré unable {o
find . koernickianum at this site. No voucher was gwen and no voucher seeln, apparentiy
1o specimen was collected. Our infarmation on this site is from unpubllshed|
comrespendence among Texas Natural Heritage Program personmel and from 'our
correspondence with J. Singhusst (EQCODE PMERIO1040*004¥TX). ;

|
LIMESTONE CO.: Perino’s Site (Perine 4238 [BRIT/SMUY, Singhurst 6887 |
[TEX[)YECGCODE PMERI01040*001*TX) (Figure 18). This site is a hillside bog from
which E. koernickianum has been collected twice: by Perino in July 1979 and by
Singhurst in June 1994. There has been a lot of confusion over the Perino spécimen and
site location. It was originally reported as Freestone County but directions led to
Limgstone County. Some of the grey literamre indicates that the Perino specimen is at
TAES, not BRIT-SMU (Watson 1989, 1992, 1995): it is at BRIT-SMU. Alsg, Perino’s
ml!ecnon number is soretimes incorrectly ziven as 4528, instead of 4258, Smghurst
(pess. comm. 18 Sept. 1998) relocated the site in 1994 and “collected only two |
individuals ... due to scargity of this taxa at site.” He said {pers.comm. 28 June 1999) that
he saw 7 or 8 plants. Singlurst (letter 25 April 1998) revisited the site in 1995 and found
the ptants still “halding on.” Associated taxa included Xvris spp., Fuirena simplex,
Sphagnum sp., Asclepias rubra, and other bog species. Swrracenia was not f{:-und at this
gite. The site 1s on private land. |

We vigited this site on 21 June 1999 but found no £. koerrrickiammn. The siteiis'a very
wei seepage siope below a deep sand (Camizo formation) hill, which is a hay fiéld. In the
seepage area, we found aimost none of the associated species listed either by Perino: e.g.
Firery, Xyris, or by Singhurst: notably E. decanguiare. The site was covered with a
rank growih of grasses, mcludmg introduced grasses from she adjacent hay field, and
several Cyperus and Juncus species. The seepage slope was heavily disturbed by

cattle. Fypical species were Hvdrocotvle, Typha (road ditch), Betula, a few Riwnchmpom
species net bog fidels, a Cavex, Hypericum mutifum (the only species on Perino!s list we
saw except for a few Rhexia); Hibiscis were rank on lower part of the seep. ’]:he:se
wetland species --- most of which are marsh or pond edge species --- were mixed with
upland species such as Tradescontia, Rudbeckia, Helianthus debilis, and .PJMM}FEM?H
Eryngiwm prostratum, a species that occurs in several habitats and which is m:-t .
particularly associated with hillside bogs, occurred at the site, but there was no £,
integrifolium, a typical bog species. Rumex species were also present. Dverall fhe site was
highly disturbed and weedy. This description comports with Smghurst s some years
garhier (letter dated 25 April 199%) in which he said that “this sites ig in bad shape over
grazed and needs conservation attention immediately. ” Singhurst (pers. comm. ;23 June
1999) also stated that the site was bush hogged and attempts were made ¢o drain it in
1995 through 1997, Clearly, it was once a viable bog; it 13 now severely degra ded.




If there are E. koernickiconsm still present at this site, they will be very kard to find. The
biomass is high and it is hard to search.

POLK CO.: This county appears on some distribution dot maps for E. h:aermchmn
which ceriziniy is an error (Kral 1966, Tucker 1983; see also Waiscen et al 1-994) To our
knowledge, there is no report for f;hls coumty other than these dot maps.

TYLER CO.: (EOCODE PMERIO$040*005*TX). This is where the Charles Wright type
specimen is supposed to have been collecied (see Van Heurck 1870, Mﬂld&ﬂkﬂl 1942, and
Correll and Johnston 1970). This specimen was not seen by Maldenke Correll and
Johnston, or Krat (Kraf pers. comm.) and its provenance remains unknown. Anate in
Tucker (1983) says: “Type specimen --- Texas, apparently without lecality or date
collected by Charles Wright, in Herb. DC. et Van Heurck (TYPE NOT SEEN BY
AUTHOR OF THIS REPORT; preceding information taken from a handwritten note in
the Eriocaulon folder st New York Botanical Garden),” But according to Tucker
nothing is said about “Tyler Co.” Geraldine Watson (1982) has reported E. : |
koernickigrum --- no voucher --- from the Big Thicket National Preserve andfnr vicinity;
the Preserve includes both Tyler and Hardin counties. Our (and others) extenswe SUrvEys
of what appears to be suitable habitat in this region (wettand pine savanna and hillside
bogs) has revealed no £ koernickiarmm (MacRoberis and MacRoberts 2001),

Althongh we made extensive efforis to find the type specimen in appmpﬁate'hérbana in
Belgivm, using letters and Infernet, it was not found. In fact, we could never get the
herbaria o respond to any of our ingueries. g

VAN ZANDT CO.: Arc Ridge Ranch (AdacRoberis & MacRoberts 5018 [TEX]) (Figure
19). There are several beaver ponds on this private holding. We surveyed many of these
and in a grassy area at the shallow end of one pond found a few E. koernickidmim. The E.
koermickianum at this site persisted through at least two years. This pond did not begin to
form until about 290 years ago: before it had been largely an open bog. Plants commeon in
the area in which £ koernickiconan was found were Eleochoris sp., Rh}wchcmpm
rariflora, Ericthes gigantea, Uricularia subulata, U, cormuta, Scleria sp., Eupﬂforiwn
rotundifolium, Sphagrum, Acer rubrum, Dichantheliton spp., Drosera sp., Lympm‘i'effa
appressa, Acer rubrum, Nyssa biflora, and Myrica cerifera. The area has not burned in

living memory {Figure 20). |
AREAS SEARCHED !

: I
We have reported above on the sites where E. koernickicnum has been Iapnrtcd and on
sites where it has been found. Our surveys during the period 1998 to 2002 exterllded from
Caddo Parish to Vernon Parish in Louisiana, from Bowie and Wood counties! to Hardin
-and Gillespie eounties i Texas, and into southeastern Oklahoma Dozens of S1tes were
thomughi}? or partly searched, but because of the sporadic and opportunistic nature of the
species, re-searching these sites is advisable. Some of the more important areas searched
are Hilitop Estates, Leon County, Arc Ridge Ranch, Van Zandi County, and Gus
Engeling Wildhfe Mapagement Area, Anderson County.




It alzo should be reiterated that extensive surveys of bogs and wetland pine savannas

(which appear to-be ideal habitat for this species) have been carmed out in wnlzst Louisiana
and southeast Texas by mumerous botanists for many years (see summary in M@Rﬂbﬂﬂs _
and MacRoberts 2001) without discovering F. koerrickiornm,

Access to private land was the biggest problem in this survey. Virtuzlty all thnmugh

searches were made on public fand (e.g., Big Thicket National Preserve, Gus Engeimg
Wildlife Management Area) or on private lands whose owners are not hDSfllF.;- to
conservationists: Charles Ogilvie, Ban Broaddus, and Seabern Tindel.

HABITAT AND FIELD EXPERIMENTSIDBSERVATIDNS

Texas habitat for £ keernickiontm appeass to be permanently wet seepage sl'c:-pes or
marst/bog edges that are not dominated by tall vegetation. The species oftén ocours in
disturbed areas such as animal #rails and old pig rootings. The sites we have exa:rmned do
not appear to differ significantly from those reported for Arkansas, Oklashoma, or
Georgia, although there has not been any detaited comparison made among them
{Waison and Uno 1991, Waison et al. 1994, Jones and Carpenter 1995). In Téaxas, E..
koerrickiamun sites occur both adjacent to granite outcropping (as occurs in Georgm} and
to xeric sandylands (as ocours in southern Okishoma), L

N
Seils. Sails are acidic and are similar to those found in other regions (Tahle 4 se,e also
Watsen et al. 1994; MacRoberis and MacRoberts 1998, 2()01}

Anoual or Perennial. Whether or not E. koernickiamum is an annual or perennial appears
to be disputed (Kral 2000; Watson et at. 1994, in press). In 2000 we marked 246
individual planis in 12 one meter square plots in Andrew’s Bog (Gus Engeling Wildiife
Management Area)to see if plants would come up at the identical spot the fotlowing year.
In 2001, 96 plants came up in the ssudy piots of which only four were at the smne spats,

and indication that . foerrickiamm iz an anmai. :
) :

Population fluctmations. Since 1999, we estimated minimum poputation for threla of the
four sites at Andrew’s Bog. These figures are based on transects with several| cne meter
square plots and aim to estimate not total but minimal poputation. Resuits are given in
Table 5. Wide fluctuatiens in numbers oceurred, ¢.g., Site 3 had 1000 plants i]l 1999, 10
in 2600, 1000 in 2601, and 400 in 2002. Variables include pig rooting (a}ways a
reduction in sumbers after severe pig rooiing), fire (or lack thereof), and possibly
dronght, : I
Ci
Bermanent plots. In 1999, we established two transects of five one meter squa%fe!
each spaced at three meter intervals in two areas of Andrews Bog where E. i
koernickicarum ocourred (Table 6). “Plot 27 was cnntlnuousl}' hammered by hc:-gs and
never had many plants. i was completely destroyed by pigs in 2002, “Plot l“u was in a
moister area and did not get badly mauled by pigs nntil 2002, except for one c-f the sub-

plots.

plets,




Exclosures. We established six one meter square exelosures and cnrrcs;:-nndmg adjacent
control plots in Andrew’s Bog and counted E. koermickianinm in each plot (IIE} over the
next three years (Table 7). The exclosures were established in areas with significant
numbers of £. koernickiamun. Uncomrolled variables wers fire, which bumg: plc-ts 5and 6
in February 2002 (hog damage acted as fire breaks for the other pl-:}ts) The rem:lts are
easily interpreted. Unproteeied plots were largely destroyed by pigs in both 2001 and
2002 except for Plot 1 in 2001. Protected piots fared bettes: for two vears, plutsl kept
mimbers up but in the third year the herbaceous rough {litter) was so great ﬂlfl
koernickiarum was shaded out. Plots 5 and 6 showed a reversat of tiis trend, perhaps
because they had the most exiensive rough and were shaded out in one year. The fire of
February 2002, however, did not immediately reverse these trends, except fof outside
Plot 5. Do

Further ohservaiions, where pigs, fire, moisture, and herbaceous growth are controlled
will be necessary to piece together the importance of these factors in the life history of E.
koernickicrmum, but our observations support the views expressed elsewhere: disturbance
is important in the life cycle of £. koermickicruum (Watson et al. 1994). Mild anjmal
activity and fire are important: intensive pig rooting is defrimental to the specles as i3 fire
suppression. . S
Do
CONSERVATION STATUS

Watson et al. (1994} in their study of E. koernickiarum in Oklahoma found that many
factors are contributing to the decline of this species including an annual or weak
perennial life history, no vegetative reproduction, low seed set, Jittle seed bank |
contribution to population growth and maintenance, genetic homogeneity, a restncted
habitat, and poor competition abifities. As they said: “without intervention, westem
populations of £. Xoernickicomm are doomed to extinction™ (Watson et al. 1994:985). In
our work, we have concentrated on the latier two factors, and our findings substaimaﬂy
concur with those of Watson et al. (1994):; E. koernickiaritem is injolerant of shadmg
which indicates that over most of its sange it benefits from disturbance (fire and minor
animal activity). Our research with exclosures shows that two years without apprapnate
disturbance is all that the species can tolerate. After two years, overtopping vegeiatmn
becomes dense and numbers plummet. Minor pig rooting opens areas ~- major pig
reoting leads to the destruction of the plants. The rele of fire adone has not been explored,
but anecdotal results indicate that it suffices to keep habitat open. Given its :reqmrements
(open, moist soils), E koermickiarmm seems to be incongruously associated with areas of
high biomass indicating that # is sporadic and opportunistic, depending on spleclﬁc
conditions of soil, moisture, and cover, However, areas with what appears to be!suitable
habitat are without this species, indicating hat its mode of dispersion may be hrmted (see
Watson et al. 1994). i |

N
While Watsen: et al. (1994) seported a decline in populations in the western p?ﬁ| of the
species range, our surveys have doubled the known Texas sites and have increased the
known counties where it occurs from four o six. We do not doubt that additional SUTVEVS
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I
(notably on private land) would uncover more sites because habitat is known ti.} be there;
a lack of access to private land prevented us from ascertaining a more meamngful
accessment of the status of this species in Texas. Nonetheless, mere presesice qn private
land means tittle since there are no guarantees for iis conservation there. Fu her all
kuown populations on private land are very smali. Uniess # is protected and managed
especiaily under the changed conditions that have followed European seﬁlement (e.g,
fire suppression, heavy cattle grazing and trampling, feral hog rooting), the fate of E.
koernickicgnum remains very precarious. Eriocaulon koernickiomum habitat mqulrf:ments
and life history characteristics make if very vulnerable. o

Consequently, whether this species’ Federal status should change or rot remains an open
question. ks habitat in Texas is being destroyed rapidly. Only four sites are on protectable
Iand, and these are not yet futly protected.

MANAGEMENT

Management wouid appear to be simpte: 1) Either remove hogs (and/or tramplmg
livestack) or fence areas. 2) Introduce fire every 2 to 3 years.

SUMMARY

A large body of information and misinformation has developed on the Texas distribution
of E. koernickianum. We have sifted it, including both published and unpublished reports
down to agency interoffice memos. About half of the distribution reposts (and EDRE) are
in error. We searched herbaria and sites from which E. koernickianim was reported
{where possible), as well as other promising siies in Texas. We currently know 'of 10
vouchered sites where E. koernickiaman either currently exists or has recerrl;ly EXIStEd
All sites are either in the Edwards Plateau or Post Oak Savanna: none is in the !
Pineywoods as commonly believed (Hatch et al. 1990). How the type specimen collected
by Charles Wright became associated with Tyler County remains unknown; wharc it was
coltected will probably remain a mystery. _
The sites where £ doernickianum occurs raage in size from a squase meter to several
hectares. Populanons range from a few plants to thousands. And pnpulatmns ﬂucfuate
wildly for reasons that are not aliogether clear. o |

|
Of the 10 sites with known locations, four are protected on Texas Parks and Wildhfe
lands, one 15 on a private club’s land that is panly managed by State wildlife bmlng:sts,
and the others are on private tand, mosily in bad condition. The fisture of the specles in
ihe western part of its range is precarious. !

i

i
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Table 1. Summary of mformation on confirmed E. koernickiarnon siies in Texas by
counties. The population size mumbers are based on field assessments at highert known
population. Populations fluctate radically.

County & site

ANDERSON
Andrew’s Bog*
Dale’s Bog*
Lim’s Bog *

BRAZOS
Weilborn

GILLESPIE
Enchanted Rock?*

HENDERSON
Baker Lake
Curiis Boyd Bog
Tindel’s Bog

LIMESTONE
Perino’s site

VAN ZANDT
Arc Ridge Ranch

Exact location First vear
known located
yes 1590
yes 2001
yes 2001
no 1947
VEs 1543
yes 1959
yes 1995
yes 2001
yes 1975
yes 2001

Year last
lneaied

*Protected sites managed by Texas Parks and Wildlife

Population
size
2002 2500+
2002 5
2002 100+
1947 ?
1999 1000+
1999 3
2001 3
2001 3
1995 78
2002 | 20
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Table 2. Statistics for £ koernickianum sites in Texas.

Site Size of site in ha. Area in which E.k.
(suitable habtat) found (ha.)
Andrews 200 several
Dale’s 1.0 0.0001
Hm’s 0.4 0z
Welthorn ? 7
Enchanted Rock  0.0035-0.0043 {1.0025
Coon Creek severat 0.0001
Curtis Boyd 1.0 0.0001
Tindel’s 20 .0001
Pering’s 20 -7
Arc Ranch 1.0 .0041

Condition of

site

Good
Poor/Good
Poor/Good

?
Good
Good
Poor
Poor

Very Poor
Good

15
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Table 3. Vouchered Texas Eriocaulon koernickiamm locations.

ANDERSON CO.
Andrew’s Bog

Dale’s Bog
Iim’s Bog
BRAZOS CO.
Wellbomn site
GILLESPIE CO.
Enchanted Rock

HENDERSON CO.

Curtis Boyd Bog
Baker Lake Bog
Tindel Bog
LIMESTONE CO.
Perino site-
VAN ZANDT CO.
Arc Ridge Ranch

Bridges & Kindscher 13698 {TEX]; MacRoberts &
MacR oberts 3650 [VDB at BRETY, 4099 [TEX].

MacRoberts & MacRoberts 4926 [TEX]
MacRoberts & MacRoberis 4927 [TEX}

Parkes s.n. [TAES, TAMU]

(’Kennon 11677 [BRIT], MacRoberts, MacRoberis &

O°Kennon 4105 [TEX]

MacRoberts & MacReberis 4482 [TEX]
MacRoberts, MacRoberts, & Cathey 4098 [TE
MacRoberts & MacRoberts 4952 [TEX]

Perino 4258 [SMU]; Singhurst 6387 [TEX]

MacRoberts & MacRoberts 5618 [TEX])

X]
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Table 4. Soils of selected Erfocauion koernickicrmm sites (OM = Organic :m{at!e.r}, Ek 2,

4 6 are from Andrew’s Bog (Anderson Co ) and Curtis Boyd = Curtis B

{(Henderser Co.).

Site pH
Fk2 43
Ek 4 4.1
Ek & 4.1

Custis Boyd 4.4

p

6
6
HU
B2

K

31

82
111
61

Ca

257
278
447
361

Mg

57
39
93
o8

_'DM

i8
1.8
2.0
2.0

Bog
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Table 5. Minimum population of E. koernickiarmin at three sites over four years at
Andrews Bog. '

Site Range of plants in | m sq. plots  Minimum planis at site
1999

[} 0-16 160G
2 0-18 500
3 0-30 1060
2000

1 : 0-21 1000
2 {-10 100
3 0-1 i0
2001

1 0-26 106G
p 0-15 500
3 : 027 1000
002

1 0-9 250
2 13 200

3 0-33 400




Table 6. Poputation data in ten one meter square plots over four vears (Andrew’s Bog,
Anderson Co.)

SITE Number of Plants

Center North Seuth FEast West

PFLOT 1.
1999 3 15 12 16 ©

2000 6 4 21 15 1

2001 17 6 26 20 3

2002 9 0 3 9 9

PLOT 2

1999 7 0 0 11
2000 S S 0 0 j
2001 2 10 0 2 i
2002 0 o 0 0 0 ;




Table 7. Population numbers inside exclosure and ouside exclosure in six pl

Number i.

2000
2001
2002

Number 2.
2000

2001

2002
NWimber3.
2000
2001
2002
Number 4
20600
2001
2002
Number 5.
2000
200

2002
MNumber 6.
2000

2001
2002

Inside Outside

n 7
14 8
0 )
i3 15
15 0
4 0
26 26
28 3
3 0
52 53
27 0
5 3
i3 4
10
i 6
7 s
0 O
0 3

ofs,
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Figure 1. Distribution of Erfocaulon koernickicmm (distribution outside Texas based on
literature and personal communications and not vouched for in this study). -
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Figure 2. Eriocaunion koernickianum from Andrew’s Bog, Anderson County: Natural size.
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Figure 3. Texas counties.
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Figure 4. Vouched distribution of Eriocaulon koernickianum in Texas, with maps
showing West Gulf Coastal Plain and vegetation areas of Texas (after Gould).
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Figure 5. Gus Engeling Wildiife Management Area, Anderson Co.
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Figure 6. Eriocatdon koernickianum locations at Gus Engeling Wildlife Ma;
Area.
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Figure 7. Eriocaulon keernickianum in natural habitat at Gus Engeling Wildlife

Management Area. :
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Figure 8. Ericcaulon koernickionum showing size.
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Figure 9. Eriocaulon koernickianum habitat and exclosures at Gus Engeling W

Management Area,

fildlife
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Figure 10. Closer view of Eriocaufon koernickianim habitat and exclosures
Engeling Wildlife Management Area.
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Figure 11. Brazes County; Weltborn site,
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Figure 12. Gillespie County: Enchanted Rock sie.
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Figure 13. Eriocaulon koernickiconm habitat at Enchanted Rock. Flowers a
corpuia,

e

Litricularia
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Figure 14. Henderson County: Curtis Boyd Bog,
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Figure 15. Hendersor County: Coen Creek Club.
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Figure 16. Detail of Coon Creek Ciub showing Baker Lake Bog in northwest.
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Figure 17. Hendersen County: Tindel Bog.
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Figure 18. Limestone County: Penino site.
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Figure 19. Van Zandt County: Are Ridge Ranch,
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Figuse 20. Eriocaulon koernickiarnm habitat at Are Ridge Ranch, Van Zand
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ABSTRALCT

This study describes the floristies, sails, and spaall-scabe speaies eichness of xeric sandylands of the
post oak savanna region of east central Texas and mapsche distribotion of xedic sandylands through-
ot the West Gulf Coastal Plain. The interrelationof seric sandyTands to wetlands and thedr intetest
for regional conservation assessment are discussed.

Ky Wies: vetic sandylands, Pose Oak Savanma, Flora, Texas, Gus Engeling Wildlife Management Area.

RESUMEN

En este estwdio se describe 1a (oelsticn, suelos, ¥ riquera de especies a pegueefia escala de Itgs hpares
arenesos xEriens de Ta wegitn de shana post oalodel centro este de Tewas ¥ secariograbia la diztibucion
de los lugares arenosos xétioos de fa llanura roscera del Wi Gulf, Se discuten Iatn:erre]a::ién delos
lugares arenosos Xérices cof loshumedales ¥ suinterés para Lz evaluasidn de laconzenvacidn regional

INTROGDARCTION

Drring the past few years, we have been studying wetlands (muck bﬂgs, upland
marshes, baygalls, and seeps)in the post cdlksavanna region of east central Texas
and southeastern Oklahowa (Nesom et al. 1997; MacRobers & MaqRoberts
1093h). These wetlands appear to be associated with xeric sand}*lmds (vari-
ously referred o as oak-farkleberty sandylands [Ajilvsei 1979] Post, Dak-Black
Hickory Series (Diamond et al. 19871 xeric sandylands [MacRoberts &
MacRoberts 1094, 1995, 1096} Grossarenic Dry Uplands [Turner et al 1999], Sand
Post Oak - Bluejack Oak Alliance [Singhurst et al. 2000], and Quefrus incana
woidlang alliance [Hoagland 20000, These deep sands actas a rlcse!rvoir ot
sponge holding water that feeds adpcent seeps and springs that ark tlfte head-
warers for the area’s wetlands and ultimacely the streams and rr!:ers These

. upslope soils are porous and drain readily; rainwater peredlates l;hmugh the

sand and moves down a gradient creared by underlying 1mperm¢ah1e or slowly
permeable clays. Eventually, water seeps laterally ont of the hiltside (Martin &
Smich 1991; Jones & Carpenter 1905, Drews 1999, Snmmex 1999),

As part of our study of muck bogs, wpland marshes, and their fiora, we

SI0A Fc41); 573384 2HI3
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studied these adjacent xeric satrdylands since they are clearly the warer sourze
for these wetlands. o
The primary ohjecrives of this paper ate ko describe 17 the Sistribucion of
Fevic sandylands throughant the West Gulf Coasral Flain, 2} the [loristics :of
this community in the post oak savanna region, 3) the small-scale species riche
Ress of this community, and 4) the soils upon which this community occurs.
In addition o our primary objectives for studying rhis COMMMBRILY, e alsa
are stitaulaied by a recent spate of national and regional conservation assess-
ments (e.g, Diamond et al, 1997, Rickerrs o5 al, 1909, 1999b; Myers er al. 2000)
. e " ]
thai prepose to pinpoint ecological hotspots.” These assesstnents are based ¢
diversity, species richness, endemyistn, endangered species, and unique habitar
availability. Bur, as is so often the case with such lazge-seale effores, while SOmlE
regions are well known, othersare not. The post oak savamma region of east Texas
i5 ome of the poorest known. This is evident Upom examining recent ;ﬂg;iona:I
descriptions of the area (e.g. McNab fx Avers 1994; Keys et b 1995 Rickerrs et 5l
1999a). where numerous factusl errors tead to inaccurate assessments of thi )

reglon’s ecological “temperarure”

THE SETTING

In Texas, the post oak savanna region (Fig, 13, consisting of abous 30,000 5Q. km,
isgenily rolling and hilly with elevations from 90t 250 meters. Rainfall ranges
from 75 to k15 centimetess. The Carrizo Sands are virmaily coterminous with
the region (MeBryde 1933). Prajries are scattered throy ghout, notably in the
south where soroe prairies are large (Smeins & Diamond 1983), The predomi]
nant floristic character of the region is squtheastern without pines (Smeins &
Diamond 1986). The area contains a diversity of plane conmrunities, from hjll—J|
side pitcher plant bogs, peat bops, and upland marshes to open xeric sandylands
and oak-hickery foreses and woodlands Characteristic CORiMURIties within the
postoak savanna region also oceur to the east within the pineywoods {(Marierta
& Nixon 1983; Ward & Nixon 1992), How the post vak savdnna region relates|
biotically to other regions in the area has yetiobe studied in detail (Monk et al.
1930; Bryant et al 1993; Skeen et. 21. 1003) however, it appeatsto be floristically
sitnilar to adjoining regions (MacRaoberts & MacRoberts pers obs) and has no
vertebrate endemisim { Telfair 1909), '

McBryde {1933) conducted the only major floristic edaphic study of the
region. Subsequently, very lttle research has been done on the postoak savanna
exceps for the inclusion prairies in its southern poriion (Sineins & Diamond
1985}

Reric sandylands aze {or at least once were) very common ins the Texas post
oak savanna region, but they akso occur in the pineyweoeds regions of south-
eastern Oblahoma, souchwestern Arkansas, western Louisiaria, eastern Texas,
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kis_ 1. Post aak savanna fegion of Texas.

and into the Coastal Bend of Texas (MeBryde 1933; Jones 1977; Drawe et al. 1978;
Taytor & Taylor 1978, Afilvsgi 1972 Marks & Harcombe 1081 Lovisiana Naiu-.
ral Heritage 1988; Bridges & Orzell 1989 Harcombe et al. 1993 Fout :f:t al, 1904;
MacRobetis & MacRobers 1094, 1805, 1996; Jones & Carpenter 1995; Texas Nar-
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ra} Heritage Program 1995 Turner et a). 1999; Hoagland 2000} Homalogues of
vetic sandylands oecur east of the Mississippi River (Stout & Marion 1993). It is
generally assumed that oak savannas and xeric sandylands, like prairies, are
kept open largely by fire (Smeins & Didfnond 1985, Custer & Guyette 1994),
While encroachment of woody vegetation is ubiquitous in the absence of fire,
there are many areas that remain open even when fire is suppressed, suggest-
ing that edaphic conditions play an integral role, Characreristic tree species of
xeric sandylands include Quercus incana W Bartrara, @ margaretiine Ashe ex
Small, €. stellate Wangenh, and Carya texana Buckley, and a variety of fidel
herbaceous species (see Methods for list). The area appears to be rich in plans
endemism (Sorrie & Weakley 20013, and a large number of West Guif Coastal
Flain endemics are associated with this commmiry, for example, Brazoria
truncaia (Benth Engelm. & A Gray, Palafoxia reverchonii (Bush} Cory, Parony-
chia drummondii Tors. & A. Gray, Pediomelum hypogaewm (Nutt. ex Torr. & A.
Gray) var. subuiaium {Bush) J. W. Grimes, Penstemon murrayanus Hool,
Polanisia erosa (Nutry H.H, liris, Rhododon ciliatus (Benth.) Epling,
Tetragonotheea ludoviciana (Torr & A.Grav} A Gray ex Hall, Tradescantig
reverchonii Bush, and T subacaulis Bush,

METHODS

In order to develop an objective idea of the distribution of xeric sandylands, we
selected 42 fidel species from the total list of species securring in this cammu-
nity. We mapped these by county and parish over their ranges (Fig. 2). In the
map, the number of Hdels per county or parish is indicated in the tegend. Par-
ishes or counties with fewer than 10 species are left blank.

The 42 species chosen were Astragaius leptocarpus Torr. & A. Gray, A.
soxmaniorum Lundell, Berlandiera pumita (Michx) Mutt, Brazoria truncata,
Clematis reticulata Walter, Cnidoscolus texanus (Musli-Arg) Small, Coreopsis
tnfermedia Sherif, Crataegus uniflora Muenchh, Croton argyranthemusMichx,
Cyperus grayivides Mohienbrock, Dalea phleoides (Torr. & A. Gray) Shinners,
D villosa {Nutr) Spreng,, Eriogonum longifolium Nuw, £ multiflorum Benth,
Froelichia floridana (M} Mog, (not distinguished from E gracilis [(Hook )
Moql, Hymenopappus artemisiifolius DC, Lithospermum carpliniense {Walter
ex JE Gmel} MacMill, Loeflingia squarrosa Nutt., Maielea eynanchoides
{Engelm j Woodson, Minuartia drummendii (Shinners) McMaill, Palafoxis
hookerigna Torc & 4. Gray, B reverchonii, Faronychic drummendii, Pediomelum
digitatum (Nuttex Torz & A. Gray) lsely, P hypogaeum var. subufatum, Penste-
men murrayanus, Phacefia striciiflora (Engelm. & 4. Gray) A. Gray, Phlox
drummendii Hook, Physalis mollis Nutt, Polanisia erosa (Nutt) HH. 1itis,
Folyzonella americana (Fisch. & € A Mey) Small, Prunusgracilis Engelm. & A.
Gray, Rhododon ciliatus, Selaginella arentcole Underwond ssp. riddeliti (Van
Eselt) R. M. Tryon, Scutellaria cardiophylla Engelm. & 4. Gray, Streptanihus
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Frs. 2. Keric sandylands spedes distibution {see textfor teyd.

hyacyntheides Hook, Stybisma pickeringii (Torr exM A Curtis) A Gray, Telinum
FUgOSpEr M Holz, I‘etragunotheca fudoviciane, Tradescantia revfrr-:honh,
Yacea lovisianensis Trel, and Zornia bracieata §¥ Guel Sources for this infor-
mation consisted of extensive herbatium searches, notably L5E, TAMU (bath
om line), ASTEC, BRIT, Corpus Christi Museum of Science and History, LSUS,
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SBSC SHST, TEX, VDB, WWE atlases (e g, Smith 1988 Thomas & Allen 1903
1008; Turner in press), and a variety of licerature (e g Jones 1977; Taylor & Tay-
Tor 1978; Singhurst 1996; Turner 1996, Nesom & Brown 1998} and unpublished:
sources{(Billie Turner pers.cownm,; Bruce Hoagland pers. comm). We also madf::
Field searches throughout the West Gulf Coastal Plain to look for the species
and the commugity in situ,

We surveyed the flora of xeric sandylands st Gus Engeling Wildlie Man—
agement Atea (GEWMA), Anderson County, Texas, in the center of the post
oak savanna region, The GEWWMA ocours in the central partof the Trindty River
drainage along Carfish Creek {Telfair 1988), This property consists of approxi-
mately 44 sq. ki, of which 12 are the sand post cak-Blueiack osk commusiey
{Singhurst et al. 20003 ‘We established a single study plot measuring 50 m »
100 1 €0.5 ha}, within which was another single plot measuring 20 m < 50m
(01 ha}with two gested 316w » 316 o plots (0.001 ha)and S nestedim x 1m
plois (00000 ha) in an opening in this cormmunity (see Peet et al. 1998 for plot
design). The larper plot ran parailel to the topographic gradient and the adja-
cent downslope bog and was about 300 meters north of the edge of the bag and
a few meters higher than the bog (see MacRoberts & MacRoberts 1998b, 1999,
Singhurse et al 2000 for a description of Andrew's Bog, GEWMA). We surveyed
this area monthiy from March o October 2000 and Hsted all plant speciesin
each plot This gave us information on both total Horistics and species/azea
measures for comparison with similar measures from other plant communi-
ties. We estimated ground cover and measured vegetation height in the 00001
ha plots. We also surveyed several ather zeric sandylands im ather pares of the
GEWMA. Plant nomenclature throughout this paper [ollows Kartesz and
Meacham {1220} Voucher specimens are deposiced ai TEX,

We collecred sail samples from the upper 15 cm of the two 0.00) ha plots
and from the 0.) ha plot for comparison with this community elsewhere in its
range. These were analyzed by A & 1 Laboratories, Memphis, Tennessee, The
soitat the study site is described as deep, well-drained acidic sandy Fleistocene
kerraces (Arenosa series, Typic Quartzipsannmeents, Entisels) (Coffes 1273),

RESTULTS

Figure 1 shows the location of the Post Oak Savanna region of East Texas in
which xeric sandylands are located. Figure 2 shows the frequency of occurrence
of the 42 xeric sandyland fidel species in parishes and connties in the West|
Gulf Coastal Flain. Counties and parishes with fewer than 10 species are lefs
blank. Table 1 lists the species fonnd within the 0. ha plot. Table 2 gives addi-
rional species im the 05 ha plot. Table 3 shows the nember of species ocourring
in the 0.0001 ha, 0001 ha, 0l ha, and 0.5 ha plots. Table 4 gives the grownd cover
and vegetation heighuin the six 0.0001 ha plots in May and August Table Sgives
the s0il information from the study plots.
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Tamie . Species present in the 0.1 ha study pigk af ths Sus Engsling Wild'ife Management Area

(ancersan Codinty, Texash

y -

AAVATEAE: Yiecca fauisiarensis Trel.

AMARAMTHACEAE: Fraekichiz floridang [Nutt)
Mag.

ANACARDIACEAE: fteurs dromiatica Aiton, Tarioos-
dendran radicarns 1LY Kuneze

APIACEAE: Sperimalenis divancots (Waltery Raf
ey Ser, 5 inermis (Nute, ex DC ) Mathias &
Constance

ACANECH PACEAE: tex viamitaria 5ol in Aitom

ASCLEPIADACEAE: Matelen cynarchoides
[Engalme} Woods

ASTERACEAE: Croprilon divaricatun (Nute) RaF,
Evax candido (Torr & A, Grayd A Gray,
Helianthus debalis Noet. ssp cururrerifolia
{Tarr, & A Grayl Heiser, Kigia wigineeg (L)
Yilld, Palafoxie reverchamit (Busk) Corny,
Pyrehapdopurs csrainienas {Walter) D0, Seng-
cip ampuitaceus Hook, Thelespemna flifalim
(Hook) AL Gray

BRASSICACEAE: [lepidivm virginicem L.
Streptanthug hyacinthoides Hook,

CACTACEAE: Opureris frumifizsa (Raf) Raf,

CAPRARACEAE: Pofarisia erso {Mute) H.H. Htis

CARYOPHYLL ACEAE Loefingia squariosa Nate,
Pamenyobia drummandii Tore & & Gray

CISTACEAE: Helinnrhesnam georgianum Chapm,
Lechea mucranota Baf, L tenuifodio Michx

COMMELEMATEME Commeling erecto L, Frodes-
cangia reverchomi Bush, Tsubacouts Bush

CORVOLYULACEAE: Sniisme pickemng {Torr, ex
MACuriis) A Gray

CRASSULACEAE: Sedum nuitalianum Raf,

CHPRESSACEAE: funinerus vinginiana L

CYPERACEAE: Cores cophakarhons Mubl exowilld,
. retroflexn MuhleWilld, Cvpers greyioides
rohlenbrack

EUFRORBIACEAE: Cridoscalus tevanns (Muglf-

&r33 smal|, Croton digyranthers Miche, O

copitdas Michs, O glondwfosus L[ C
micfurre 5L Webster
FABACEAE: Astragohs lepiaoarpus Tomr & A Giay,
Baptisia nugfelfiane Seall, Ceatrasema
virginiczng )k Benth, Chomascristafasciouiota
{Wichix) Greene, Dales phlenides (Torr, & &
arayy Shinners, ndigofess minfata Clrteéra,
Aiemasa auttail () BL Turher, Pedimetim
dfigyitaresm (e, ex Torn & A Gray) [seby
FAGACEAE: Quercey ircene W, Bartram, 3
merrgarattioe Ashe ex Simall
HYOROPHYLLACEAE: Phacefia strictifiornn
Ermelm. & A Gray) AuGray
KRAMERASCEAL: Krarmreria idneealote Tomn,
LartISCEAE: Brozoria trondata (Benth) Engel
& A Gray, Monarde puncrate L, Fhrododan
chiigtus {Benth) Epting
LILACEAE: Allitmn canadense L,
MOLLMGINACEAE: Moffirga verticilions £
ONAGRACEAE. Qenatfvens feciniata Hll
FEAMTAGINACEAE: Flantepa hockerfandg Fisch. &
LA Mey
PORACEAE- Andropogors teraariny Mlchx_,,qnsnda
dgsmathaTiin. & fuprA oo bl e F_1-
livet, Gichanthelium acumidiin Fwe) -':sou:fd
& LA Qark, O oligosenthes (SChut ) Goutd,
Pospafun: setoreus Mickne, Tnbfasijpurpuréﬂ
fWalteny Chapm, Yiona efffated {Faf) Fomald,
PORYGOM A EAE: Fricganum mu.fn.ﬁb.rum Bemf-n,
Rurnex hostarulus Baldwin,
PORTULACACEAE: Tahinur regospermurm Hofz
ROSACEAE: Aubus argritus Link
RUBFACEAE: faiia teres Walter
SCROPHULARIACEAE: Muttallamthas crnadenss
DA Surton
SOLANACEAE: Phusalis heremphyife Bees
WISCACEAE: Phoradendron tameatasum {EK33
Engelrn. & A Gray '

E

BISCUSSI0M

Keric sandylands occur from southwest Arkansas and southeastern Oklahoma
to central Louisiana and the Coastal Bend of Texas. The diseribution of Spﬂﬂlés
numbers shown in Figure 2 results in part from differential eollecting: Caddo
Parish and Anderson Covnty have been well collected while mosi of east Texas
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TaeLE 2 Species inthe 0.5 ha olotnotfound in thed.1 ha plat Both plats at the Gus Engatingwitdlifa
Managemant Area (Andarson County, Texash

Butbastyfi ciliatioia (Blioto) Fernaig — - . Schizachyrivm scopamumt (Mich) Mash
Caryr terang Buckiey Sclerio triglomerata Michs

Lermciris splvaifer Cay Sisyrinchive s'idim Raf,

Cawpdols micraniing {Engelin ax A Grayl A Gray Trichostemea dichotarure |,
Gloedularia conddensis (1) Nute, Vaceinium arboreur Marshall

Mirabitis @ibiga (Walkerk Heimesl Werbascur tapsus L

Oenethera heterophyila Spach Vihiz mestivalis Michs,

Fenstermar murrapdns Hook Witis mamanifodic Mich::

Tiec 2. Speciesdichness inxere sandtylands at the Gus Engefing Wildlife Managernent Area [Ander-
oWt Colkrity, Texas),

Flat size (fia) Ho. of plots Av.wo.spegies (range)
Q00D & 4.5 {19=-280
D0 2 305 135-47)
a1 i 74
a5 1 o

has not. Better sampling would undoubtedly fill in the picture, but the cutlines
are clear We have observed the communicy in sity in Miller County, Arkansas,
Bienville, Caddo, Matchitoches, Vernon, and Winn parishes, Lomisiana; 4 akla,
Choctaw, and Pushmatzha counttes, (dlahoma; and Anderson, Ange in!a,
Azansas, Bastrop, Caldwell, Cass, Cherokee, Colorado, Franklin, Gonzhles,
Guadulape, Hardin, Henderson, Jasper, Lee, Leon, Marion, Milam, Nacogdac hels,
Panola, Rusk, San Angustine, San Patricia, Shelby, Smith, Tyler, Upshug, |Va:n
Zandr, Wilson, and Wood counties, Texas. We have little expetience with the
Coastat Bend xeric sandylands (Drawe et al. 1973), but this COmMmunity appeai.]S
te have affinities with the more northern and eastern zeric sandylands and
needs further study. Xeric sandiylands also occur in Hopkins, Navarro, Rajlins,
and Williamson counties and appear to have once occurred on the boundary
of Fannin and Grayson counties, Texas {lasen Singhurst, pers. comum.).

There were 74 species in the 0.1 ha plot and 50 species i the 0.5 ha plot,
Other taxa in xeric sandylands at GEWMA that did net occur ig our plorgin-
clude Aphanostephus shirrhobasisiDC) Trel, Apocynumcannabinuml . A.s::ie;lrials
amplexicaulis Sm., Berlandiera pumila, Bouieloua hirsuia Lag, Delpﬁim’lun't'
earolintanwm Walter, Descuratneg pirmata{Walter}Brittan, Eragmstissecundiffors
1 Presl, Eringonum longifolitm, H ymenopappis ariemisiifoliug, Ligtris Efeglm.‘.
(Walter)Michs, Mirabilisalbida, Onalis priceae Small, Pediomelum hyposaeun:
var subulatum, Physalis turbinaia Medik, Polygonella americana, Scutellaria
cardiophylla, Selaginetla arenicolassp viddellii Sidesoocylon lanuginesum Michx
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Taste. 4. Ground cover and vegetaton height in six 30001 ha plots 3t the Gus Engeling Witdlife

Manaoemene Area (Andarson County. Texasy - 4
Flat {rath} Average herght[l;rn] Tafest hedyf (em} Percent covay
1 (Anugust} 20 &0 0
[ Mayk 1% 55 20
2 (At 20 a0 26F
ILER i " 25 in
3 (August) 20 40 20
(May} ¥ 35 £
4 {hngusty , 15 50 15
[y g 20 20
5 fALgLsE 20 48 A0
{Mayd 13 g1} 40
& {Anugust) 20 45 25
iy 15 =it 3

Taxte. 5. 500 characterstics of sample plots at the Gus Engeling Wildlife Management Area (nder-

son Counky, Texas),

Exchangeable bons (ppm}
Sample pH p K ( Mg Drgalni:h'lalterﬁ
i 449 6 27 172 13 1.8
2 48 21 20 o7 14 a8
3 44 24 18 0 10 0,3

Stillingie sylvatica Garden ex ¥, Teiragonotheca ludoviciona, Tragia
Michx,, friedanis perfoliata (L) Mieuwl, and Vicia Tudoviciana Nu
Singhurst et al. 20000

The ground cover vavied brom about 15 percent to 40 percent

urticifelia
it {see also

h.tlc-ughou:-

the growing season Non-vegetated areas always prominently showled and veg-
etation was never tall In general, biomass was low and sunlight was direcsly

on khe ground.

0.01 ha and

Speciestichness can be measvred at many scales. At scales of

larger, tropical rainforests are the most species rich. However, at scal  below
0.001 ha and often 0.01 ha, temperate grasslandsand open savannas of thesouth—
eastern United States are the most species rich. Values of between 2!:} and 40
species per 0.0001 ha occur but are very uncommon (Peet et al, 1983 Walkﬂr &
Peet 1983; Peet & Allard 199% Brewer 1998, Plars 1999), Peet et al (1987) found
that for a broad range of fovest and woodland types, no community type ex-

ceeded 17 species per 0.0001 ha and noue averaged over 13. Even tal
ries, which were the highest, averaged only 15.
While very little information exists on species richness of

AB5 Prai-

West Gulf
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Coastal Plain plant communties, the scant small- si:ale information available
indicates that wetland pine savannas, bogs, and upland pine savannas averagé
around 20 species in 0.0001 ha plots {Allen et al. 1988; MacRobertd &
MacRoberts 1991, 1998a; Carr 2000).

In the light of these fignres, it is interesting that the GEWMA xeric
santdyland plots show higher speeies sichness ar small scales than vinualljrlall
other plant commumities so far measured in the southeastern United States!
These xeric sandylands also show a low *z" value (abowt 019), meaning chat
there iz basically a species doubling for every 100-fold increase in area. Tn thel
present case, a 00001 ha plot contains roughly one-half of the species found in
a 301 ha plot, and one-quarter the species found ina 1.0 ha plot{sze MacArtHur
& Wilson 1967; Harris 1984 for discussion of *2" value).

The reason for such high species counes in these small-scale plotsis not cleay;
except that, in this case, most species are relatively diminutive with 2 variety of|
growth forms (about 60 percent of the species are perennials), and many have
very brief above-ground life histories. Species packing is therefore no [:lrcal:.i(f:rnﬁ

The role of fire in maintaining plant communitiesis well underscood (Plast,
1090 Tn the absence of fire, many plant communicies (e.g, prairies}ars mpltpﬂ
invaded by shrubs and trees (Packard & Mutel 1997) Cal-hickory savatinas
and xeric sandytands appear to vequire five for nattr) maintenance (Cutte &p
Guygetre 19043 We noriced in this study that, because of the long drought that
the West Gulf Coastal Flain has been experiencing, there has beena 51gn|£1cam
die-off of woody vegetation, notably in the dryer areas. Fire, therefare, may ot
be the enly important force preventing woody invasion, Periodic droughts rnla}*
be another factor keeping xerie sandylands, a5 well as other communides, opa.lan.

Soils at GEWMA are virtually identical 1o soils tested from xeric sandj,riahd
sites in Lonisiana and east Texas (MacRoberts & MacRoberes 1994, 1995, 1995).
They are nutiient-poor and acidic. $oil conditions per se may also preclude
woidy invasion

We have emphasized the floristics of xeric sandylands largely to develop
baseline information, and we note that the species richness of this commumity
is considerably greater than generally recognized. The hydrologic and geamér
phelogic properties of these xeric sandhills also are significant, as the water
they supply underlies the existence of adjacent wetland communities—bags,
marshes, baygalls, and seeps.

ACKMNOWLEDGMENTS

Bruce Hoagland, Coninie Taylor, Robert Kalinsky, Suzanne Walker, and the stai‘f
of the Gus Engeling Wildiifs Management Avea and all hetbaria wherewewoﬂced
aided with this research Special thanks ro Billie Turmer for allewing ustouse h.15
unpublished distriburicn maps for Texas plants. The work was supported by &
Texas Parkes and Wildb{e Section 8, Wildlife Diversity Program Grane “Starus sur-




MACROBERTS FTAL., FLORISTICS OF MERIC SANDYLANES IN EAST TEXAS

vey of Dwar{ Pipewart (Eriocaulon kornickianum) in Texas” Guy Nesom

Telfair, ang Jason Singhust made many helpful comments on the paper.
- T

~ REPFRENCES
Aessed G, 1979 Wil flowers of the Big Thicket. Texas AZM Univ Press, College 5t

Auen CM.CH.Smags, and 5.0 Parris 19238 Analysis of the vegetation in pitcher pr;an
ih B hayaalls at Fr.Polk in west centrat Louisiana, Pioc. Louisiana Acad, 5050

243

1, Ray

tiaan.

pogs

13,

|
Brewer, 13, 1998, Patterns of plant spacies richness in a wet slash-pine {faus e.'f.-’ot%."r’,:l sa-

vanna. ) amey Bat. 5oc, 1352 16-224,

#reces, EL and 5L, Orzeu. 1989, Longleaf pine communities of the West Sulf

Plain. Matueal Areas ) S-3146-263,

Brvan, WS, W, McCown, and 15, Fasusk, 1993, Cak-hickary forests. In:WH. Ma rrirg,
Boyre, and AC Echternacht, eds. Biodiversity of the southeastern Lnited Stares:

land terresirial communities. John Witey & Sans, Mew York, P, 143-201.

bastal

5G.
up-

Cear, 5, 2000, Composition and structure of pine-hardwood forests in central and morth-

west Louisiana. M5 Thesis, Louisiana State University, Baton Rouge.

Correr, R 1975, Sail survey of Andersen County, Texas. 1.5.0.4, Soil Conservation

vice Washingtom, D.C. -

Cumver, BE. and RP Gurttre. 1994, Fire frequency on an cak-hickory ridgetop in the

sonlri Ozarks, Amer. Mid]. Naturalist 132,393-398.

Ser-

Pdis-

Cravagng, 0.0, DH Resionin, and 5.0 Okzen 1987, A framework fioe plant comrmunity classifi-

cation and conservation in Texas. Texas 1 5ol 39203271,

Praonicy LD, C 0 Teue, and K Hz, 1997 Regicna) pricrities for conservation of rang speries

in Texas. Southw, Mataralist 42:400-408,

Oaame, B, 5 D Cramapt, and TW, Box. 1975, Plant commienities of the Welder Wildlife Bef

uge.Contr. 5, 5er, B, Walder Wildlife Foundation, Sinton, Texas,

Brewa, FB, 1999 Community structure and the effects of axperimental fires on ha dm.l-

o

shrub species in southeastern longleaf pine savannas, Dissertation. Lovisiana State

University, fiaton Rouge.

Fom T Ui W Brarey, and K.G. S 1934, 4 Classification systeen of the natural vegets

fir Arkansas. Proc Arkansas Acad, 50l 48:50-67.

i

Harcomer, A, 15, Gurzensten, RLG. K, 5.1 Ok, and EE Braoes, i??B.*.’egetatimll o tha
longleaf pine regicn of the West GUIf Caastal Plain. Proc Tali Timbers Fire Ecology Con-

ference 18:83-104.
Hapgs, LD 1384, The fragmented forest, Univ Chicago Press, Chicago.

Hascians, B 2000, The vegetation of Okiahoma: a classification for landscape mapping

and conservation planing. Southw, Maturalist 45:385.420,
Jowees, BB 1977 Hora of the Texas Coastal Bend. Mission Bress, Corpus Chifst.
Jones, M. aind B, Cuprenires. 1395, Boehler seeps and sandhill site conservation plan. L
lished report, The Nature Conservancy, Tulsa,

Kapmesz, N1 and CA MEaci, 1900, Synthesis of Narth Americary Hoes. Version 1.0,

Carolina Bokanical Garden, Chapel Hill.

In:

M




« Mevers, M, BA Mimersess, © 6. MaTEswees, GUAB. oo Fomzeca, znd ), ke, 2000, Bodiver

1 BRITORE/SAM I041}

Kevs, JE, CA Conpanter, 5. Hooks, F Koere, WH. Mchlaz, WE. Busseil, and B, Sume 1995,

logicatunits of the eastern United States—first a PErgximatidn. LS. Dept, Agric thtll re

Farest Sepvice Alanta,

Ero-

Lotnsiana Mamaa Hermese Proseed 1988, Natural communities of Louisiana, Unpublished

report, Lovistana Dept.Fish and Wildlife, Baton fouge,

MecArreur, BH. and E.Q. Witson, 1967 The th eory of island bingeography, Princeton Urjie

Fiess, Frincetan.

MacRoeerrs, B.R. and MH. MacRoeerrs. 1999, Floristics of three bhogs in wester Louisiana,

Phytologia 70r135-141.

MiscRoserTs, M.H, andd BR. MacRozerss. 1994, Floristics of 4 xeric <a reyfandin wastern toui-

siana. Fhytologia 77.414-424,

hucRoserms, BR. and MH. MacRoserts, 1995, Flomstics of xatic sandhills in nerthwes.reﬂ

Lauisiana, Fhyrologia Fo123-131, :
MpRoeears, BR, and MH, MacRosears. 1996, Flaristics of xaric sandhills in east Te
Fhytologis B0:1-7,
MeucRaeears, BR.and MH. MacRosenss, 19982, Floristies of wetland pine savannas in the
Thicket Preserve, sputheast Texas. Phytelogia 85:40-50.
MacRoeerrs, B.R, and M.H. MacRoserTs. 19985, Floristics of muek bogs in east centrai Te
Phytologia BS61-73,

MacRoserrs MH.and B.& MacRoesrrs. 1959 Status repart on Eriocoufon kornickianum {dwa
pipewart) in Texas, Unpublished report, U5 Fish and wildlife service, Jackson

Mississippf.

Ras.

Big

Xa5.

=k

Meriere, KL and €5, Nivowr. 1983, Vagetational analysiz of 2 post oak-black hickory com-

munity in eastern Texas, Texas F5¢1, 35:156-203,

Adeas, BLand PA Hagromes. 1981, Forast vegetatian of the Big Thicket, seutheast Texas,

Ecol Monage S1:287-305.

Masvn, DL and LM, SMm 1991 A survey and description of the matural plant comm _ll'li:-
ties of the Kisatchie National Forese: Wink and [isatehis districts, Ungublished repor

‘Louisiana Department of Wildlife and Fishesies, Baton Rouge,

MeBrvoe, LB, 1933 The vegetation and hakitar factors of the Carrizo Sands, Eool Mon 3 |

3247207,

Mcthss, WiH, and PE. Avers. 1994, Ecological subregians of the United States. 1S, Dept

Agriculture Washington, [, :

hotspots for Cconservaiion priorities. Mature 401853558,
Moo, 0L, DYW. dang, and BLL. Pamazr. 1959, Oak forests of eastarn Morth Arnerica, Castar
BE77 95,

Hesow, L, BR. MacRoezres, and MH, MecRozerms. 19097 A new Flant community type

southeast Texas related to baygalls, Phytclogia 83:371-383,
Nesom, G.L. and £ E Bacwor. 1 998, Annotated checklist of the vasculsr plants ofWalker, Mo
gomary. and San Jacinta counties, East Texas. Phyiolngia 84:107-153,

ity
)

i

-




MACRABERTS EF AL, FLORISTICS OF ERIC SANDYLANDS IN EASTAERSS

Packern, 5.and CF.Muree 1997 The tallgrass restoration handbock istand Press,Was
ton, DC

Beer, LI, DO Grenn-Lewm, and LW Waorr, 1933 Prediction bf mans irmpact on plant SQELIIES
t

diversity. Ir: W, Holzner, MJ1LA, Werger and LIkusiena, eds. Mans § impact an vege!
Wolunk Hague Pp41-54,
Peer, Pk and ©UL Avcero. 1993, Longleaf pine vegetation of the scuthern Atlanticand

ern GUl Coastal regions: a preliminary classification. Proc. Tall Timbers Fire Etla.'ogy

Conference 13:45-80.

ing vegetation compasiticn and steucture Castanea 63:362-7274,

Peev, K, TR Wenmworts, and PS Weare 1998 A fexible, multipurpose methed for recar-
In

385

hing-

n.

Basi-

Prarr, WL 1990 Southeastern ping savannas. In:RC Anderson, 15, Fralish, and 4 M. Baskin,
eds. Savannas, barens, and rock outcrop plant cormmunmties of Morth Americal Carn-

bridge Liniv. Press, New ¥ork Pp 23-51.

fererts, TH, E Dwersten, B Crsow 0 Loaors, W, B raaom, DD aSas, K Kaenace, B -ffzrl.-\o,
P Hurgr, M, Carey, BOABELL and 5. Wewrers. 1999, Tenrestiial ecoregions of Marth

Arnerica, [sland Peess, Washingean D.C.

Ricrerrs, TH,, E. Duupasraee, DA, Ouscn, and CLowss, 19920 Whas where im Morth America.

Bio4cience 49360281,

SingstirsT, LR 1996, The status of nine endangerad p[a rit species of east Texss: historcal,

ecological, and phytogeogeaphical notes. M S Thesis, Siephen E Austin State L!I'l'w-ara

sity, Macog dochas.

Savcrurst, IR, J Camvey, B Procdasses, M. Havcre, and WS, Howaes, 2000 Vaseular fora of Gus

Engeling Wildlife Management Area, Anderson Caunty, Texas Enpublished man
Texas Parks and Wildlife, Austin.

cripk,

Skeer, LN PG Doern, and DHH.Ven Lesn. 1993 Cak-hickony-gine forasts. [n:W.H. Markip, 5.6,
Boyce, and AC Echternacht, eds, Biadiversity of the southeastenn United States, u'p—

land terrestrial commundties. Joha Wiley & Sons, Mew Yark, Ppo1-33.

Swpws, RE and DU0 Dramone. 1983, Reminant grassfands of the Fayette Praifie, Texas, Amer,

dAidl Maturabist 1 10:1=13.

Suems, FBE, and D0 Erapone, 1988, Grasslands ane savannas of east central Texas: Ecology,
preservation status and managerment probleens. la: DL, Kuthavy and R, Connelr, eds,
Wildemness and natural areas in eastern United States:a rmanagement dwalrenge.f_":enger.
for Applied Studies, Stephen F Austin State Hriversity, Nacogdoches,Texas.Pp.33]—354.

i, £.8, 1988, An atlas and aniotated list of the vascular plants of Arkansas, Privately

published, Favettaville,
Sorpe B A and AS Weaner, 2004, Coastal plain vascular plant endemics: phytogeogrs:
patkerns Castanes G8:50-82.

STouT, L and WL Mamon 1993 Fine flavwaods andxedic pine forests of the sauthem {lclrweltr}
coastal prain, InWH, Martin, 5.G. Boyee, and AL Echtennachs, eds. Blodiversity of the
somheastern Waited States, upland terrestrial communities. Joba wilay & Sans,

ok Pp 37 3-446,

phic

|NEw




e : BRIFORSASIA 2011}

Sunter, R, 1907, Myd rotegy and geomorpholog ¥ of Boehler seeps and sandhilis: im-
pacts of road construction. Unpuklished tepor, The'Mature Consarvancy, Tulsa,
Tenor, k. and CE Tanon 1978, Additions to the vascular florg of Chklghoma. Sida 7-35] - 368,
Tewewr, B 1L 1982 Conservation of the Catfish Creek ecasysten: a nationaf natural la -
FRark in eastenn Texas, Texas ) Soi 401 =243
Tevram, R U, 1998, Introduciion: ecalogical regions of Texs st deserption, land use and
wildlife. in: RC Telfair il e, Texas wildiifa resources and land use Univ. Texas Press,
AN PR 1=-39
Teas blaueal Hermask Procraw, | 95 Plant communities of Texas Unpublished repare Texas
Parks and Wildife Department, Austin,
Thomas, RD and €. Angn 1093 _j9om, Atlas of the vaseular flora of Louisiana The Matute
Cansenvancy, Ratan Bouge,
Tuaner, B.Lin press. Atlas of Tesxas plants. Sida, Botanical Miscellany,
Turmea, MY 1995, Systematic study of the gehus Braznria {Lamizceas), and Warnockia
(Lamiaceae), a new genus from Texas, Bl Syst Evol, 203:65-82,
Tuanier, L, JE. Vi Kuev, LS. S, and RE. Evians. 1999, Ecological classification system for
the national forests and ad lacent areas ofthe West Gulf Coastal Flain, The Mature Cari-
servancy, Macogdoches Taxas,
Wore, LR and £5. My, Y52 Wiaody vegeration of the d ¥, sandy uptands of east Texas,
Texas L5ck 44:283-254.
Walkes, ). and RK Peer 1982, com Eetiticn snd species diversity of pine-witagrass savan
nas of the Green Swamp, dorth Caroling Vegetatio 55.163-17g.

o




