e 93 55 574 2004

;; Dept Name ' . HQ Slate County Total firefighters County total
- en County Hazmat Team SC  AIKEN 40 752  Aiken
=’ aiken Department of Public Safety SC  AIKEN 119 112  Bamberg
Bath Volunteer Fire Department SC AIKEN 35 94 Bamwell
Beech Island Fire Department SC AIKEN 30 364  Lexington
Belvedere Fire District SC  AIKEN 25 223  Newberry
Center Fire Department SC AIKEN 24 352  Orangeburg
Clearwater Fire Department SC - AIKEN 20 541 Richland
Couchton Volunteer Fire Department SC  AIKEN 32 134  Saluda
Eureka Volunteer Fire Department SC  AIKEN 20
GVW Volunteer Fire Department SC AIKEN 43
Hollow Creek Fire Department SC  AIKEN 19
Jackson VFD SC  AIKEN . 38
Langley Fire Department SC AIKEN 28
Merriwether Volunteer Fire Department SC AIKEN 23
Monetta Comunity Volunteer Fire Department SC  AIKEN 11
Montmorenci Volunteer Fire Department SC AIKEN 20
New Ellenton Fire Depf’ SC  AIKEN 38
New Holland Volunteer Fire Department SC AIKEN 24
North Augusta Public Safety SC AIKEN 74
Salley VFD SC  AIKEN 16
E Sandy Ridge Volunteer Fire Department . SC AIKEN 13
y  Silver Bluff Volunteer Fire Department SC AIKEN 21
§  WAGENER FIRE DEPARTMENT SC  AIKEN 17
> indsor Volunteer Fire Department SC  AIKEN 22
@‘mberg Fire Department SC BAMBERG 25
"« Jenmark Department of Public Safety SC BAMBERG 41
Ehrhardt Fire Department SC BAMBERG 18 -
Hunters Chapel Fire Department SC BAMBERG 13
Olar Fire Department - SC BAMBERG 15
Blackville Fire Department SC  BARNWELL 22
Eiko Fire Department SC  BARNWELL 11
Friendship Community Fire Department SC  BARNWELL 20
Hilda Volunteer Fire Department SC  BARNWELL 28
Red Oak Volunteer Fire Department sC BARNWELL 0
Williston Fire Department SC  BARNWELL 35
Batesburg-Leesville Fire Department Station 25 SC LEXINGTON 36
Cayce Fire Department SC LEXINGTON 52
Columbia Metropolitan Airport Fire/Rescue sC LEXINGTON 15
Gaston Fire Station SC LEXINGTON 16
Irmo Fire District SC  LEXINGTON 46
Oak Grove Fire Station SC LEXINGTON 25
Pine Grove Fire Station SC  LEXINGTON 31
Sandy Run - Calhoun Volunteer Fire Departmer SC = LEXINGTON 16
South Congaree Fire Station SC  LEXINGTON 19
Voridian Fire & Rescue SC  LEXINGTON 84
West Columbia Fire Department SC  LEXINGTON 24
Chappells Volunteer Fire Department Station #1  SC NEWBERRY 16
City of Newberry Fire Department SC  NEWBERRY 37
.nsolidated Volunteer Fire Department SC NEWBERRY 42
"@irview Volunteer Fire Department SC  NEWBERRY 27

we’Omaria Fire Department SC NEWBERRY 23



~ire Dept Name

warOSperity Fire Department

Silverstreet Volunteer Fire Department

Whitmire Fire Department

Bolentown Volunteer Fire Department

Bowman Fire Department Station |

Canaan Volunteer Fire Department

Cordova Fire Department

Edisto Volunteer Fire Department

ELLOREE FIRE DEPARTMENT

Eutawville Fire Department Inc.

Four Holes Fire Department

Holly Hill Fire Department

Neeses Fire Department

North Fire Department

Norway Fire Department ,

ORANGEBURG DEPARTMENT OF PUBLIC S/

Pine Hill Fire & Rescue

Providence Volunteer Fire Department

Columbia Fire Department

McEntire Air National Guard Fire Department

Circle Volunteer Fire Department

Hollywood Volunteer Fire Department

Mayson Fire Department

Midland Volunteer Fire Department
D TOWN FIRE AND RESCUE

“idge Spring Fire Department

Saluda Fire Department

HQ State County

SC
SC
SC
SC
SC
sSC
SC
SC
SC
SC
SC
SC
sC
sC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC

NEWBERRY
NEWBERRY
NEWBERRY
ORANGEBURG
ORANGEBURG
ORANGEBURG

_ ORANGEBURG

ORANGEBURG
ORANGEBURG
ORANGEBURG
ORANGEBURG
ORANGEBURG
ORANGEBURG
ORANGEBURG

ORANGEBURG

ORANGEBURG
ORANGEBURG
ORANGEBURG
RICHLAND
RICHLAND
SALUDA
SALUDA

. SALUDA

SALUDA
SALUDA
SALUDA
SALUDA

Total firefighters
25
28
25
25
24
26
16
22
12
19
18
14
12
25
12
79
26
22

492
49
23
16
16
13
17
30
19

County total

.
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Fire Dept Name _

Grovetown Dept of Public Safety
Harlem Fire Dept

Leah VFD ‘
Martinez Volunteer Fire Department
Augusta Fire Department

Fort Gordon Fire & Emergency Services
Hephzibah Fire-Rescue

HQ City
Grovetown
Harlem
Appling
Marlinez
Augusta
Fort Gordon
Hephzibah

HQ State County

GA
GA
GA

‘GA

GA
GA
GA

COLUMBIA
COLUMBIA
COLUMBIA
COLUMBIA
RICHMOND
RICHMOND
RICHMOND

Total firefighters
34
26
22
127
312
43
31

County Total
209  COLUMBIA
386  RICHMOND
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Recovery plans delineate reasonable actions that are believed to be
required to recover and/or protect the species. Plans are published by
the U.S. Fish and Wildlife Service, sometimes prepared with the
assistance of recovery teams, contractors, State agencies, and others.
Objectives will be attained and any necessary funds made available
subject to budgetary and other constraints affecting the parties
involved, as well as the need to address other priorities. Recovery
plans do not necessarily represent the views nor the official positions
or approval of any individuals or agencies involved in the plan
formulation, other than the U.S. Fish and Wildlife Service. They
represent the official position of the U.S. Fish and Wildlife Service
only after they have been signed by the Regional Director or Director as
approved. Approved recovery plans are subject to modification as
dictated by new findings, changes in species status, and the completion
of recovery tasks.

Literature citations should read as follows:
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Atlanta, Georgfa. 25 pp. ' A | .

Additional copies of this plan may be purchased from:
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1-800/582-3421

The fee for a plan varies depending on the number of pages in the plan.
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EXECUTIVE SUMMARY

turrent Species Status: Oxypolis canbyi is lTisted as endangered. There
are 25 populations remaining; 9 have been destroyed. Of the 25 extant
populations, most were severely affected by the droughts of the late
1980s. Only three plants now survive north of the Carolinas. Four sites
have been acquired for preservation; however, even these are not
completely protected from the broad-scale alterations of groundwater
hydrology and habitat that threaten all remaining populations.

tat Requirements an miting Fa 3: This species is native to the
coastal plain of Delaware, Maryland, North Carolina, South Carolina, and
Georgia, where it occupies pond cypress savannas, the shallows and edges
of cypress/pond-pine sloughs, and wet pine savannas. Maintenance of
these shallowly flooded, open habitats depends upon a stable groundwater
regime and protection from adverse alterations such as ditches, dams, -
etc. Reproductive requirements of the species are not fully understood.

Recovery Objective: Delisting

Rec Criteria: Fourteen of the extant populations must be protected

rom habitat destruction (particularly hydrological alterations), and
five additional populations must be found, reestablished, or (in the case
“of populations that are now nargina1% augmented to the point where they
can be self-sustaining. A1l 19 populations needed for recovery must be
determined to be seif-sustaining and permanently protected.

Ac;jgn; Needed:
. Survey suitable habitat for additional populations.
2. Monitor and protect existing populations.

3. Conduct research on the biology of the species.

4. Establish new populations or rehabilitate marginal populations to the
point where they are self-sustaining.

5. I?:estigate and conduct necessary management actfvities at all key
sites.

Tota) Estimated Cost of Recovery: Because so 1ittle is known about this
species, it is impossible to determine costs beyond estimates for the
first few years’ work (in 1,000’'s): : . Co

Year Need ] Need 2 %%EJ. Need & Need 5 Jotal

101.5
104
55

5
5 61 25
5 21 11

1990 20 7
1991 10 3.
1992 10 3.
1993

1994

1995

1996

1997

1998

1999

2000

Date of Recovery: Impossible to determine at this time.
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PART I
INTRODUCTION

Canby’s dropwort (Oxypolis canbyi) is a rare plant native to the
coastal plain of Delaware, Maryland, North Carolina, South Caroiima,—and
Georgia, where it occupies pond cypress savannas, the shallows and edges
of cypress/pond-pine ponds, sloughs, and wet pine savannas. Due to its
rarity and vulnerability to threats, the species was federally listed as
endangered on February 25, 1986 (U.S. Fish and Wildlife Service 1986).
Oxypolis gagbxj is officially 1isted as endangered by the States of
Maryland and North Carolina, as threatened by the State of Georgia, and
as threatened and of national concern by the State of South Carolina.

Cur but {

Only 25 populations of Canby’s dropwort are currently known to
exist. . Nine populations are known to have been extirpated. The
dis;r;?ution by State and County of extirpated and extant populations is
as follows: : : ' _

| | . EXTIRPATED . EXTANT _
DE Sussex 1 0
MD Queen Anne’s 0 1
NC - Scotland 0 1
SC Allendale 0 1
Bamberg , 0 1
Barnwell 0 2
Berkeley 1 1
Clarendon 0 4
Colleton 0 1
- Hampton 1 1
- Lee . 0 1
Orangeburg 0 1
Richland 0 1
_ Williamsburg 0 1
€A Burke: 2 0
Dooly 0 4
Lee 3 4
Sumter 1l )
Total: 9 25




r on and Life ‘istor A.

Canby’s dropwort is one of five Southeastern species in the
exclusively American genus Oxypoljs. It is a perennial herb which grows
0.8 to 1.2 meters (2.6 to 3.9 feet) tall. The stems are erect or
ascending, terete, slender but stiffish, and arise from scaly buds at the
tips of the previous year’s rhizomes, as well as from the first, second,
or third nodes. Perennation from the nodes occurs most often in wetter
habitats or following damage to the stem. Stems usually branch only well
above mid-stem, with the branches arching-ascending and forking or
ternately rebranching. The "quill-l1ike" leaves are slender, terete,
hollow, and septate (Kral 1981, Boyer 1988). The compound umbels of
small five-parted flowers appear from mid-August to October with white
petals and pale green sepals, some of which are tinged with red or pink.
The five sepals are triangular-subulate, mostly about 0.5 mm (0.02 inch)
Tong, rarely persisting on ripe fruit. The five petals are each about
1.2 to 1.3 mm (0.04 to 0.05 inch) long and short-clawed (Kral 1983,
Radford et al. 1964, Gleason 1952). The fruit is a schizocarp about 4 to
6 mm (0.16 to 0.24 inch) long, broadly obovoid or ellipsoidal, and
strongly compressed dorsoventrally. The medial surface over the seed
cavity is often sparsely but evidently muricate (Tucker et al. 1983).

The lateral margins of the fruit are expanded into thick, carky wings

(one of the best distinguishing features of this species [Tucker, et al.

1983]). The rootstock of Canby’s dropwort is very distinctive and, along

with the mature fruit, is one of the features that distinguishes this

species from similar ones such as Oxypolis filiformis (Walt.) Britt. —~
Kral (1981) describes the rhizome and the vegetative reproductive .
capability of the plant as follows:

"The rootstock of Q. canbyi {s a fairly slender, ascending
rhizome that develops as a branch bud from [the] rather
deep-set, slender, forking horizontal rhizome. This ascending
rhizome expands distally into an erect, purplish or pinkish,
short-internoded, fistulose stem base which is usually
submersed or imbedded in peat-muck and which produces from its

close-set nodes whorls both of roots and lax, elongate, Rale.
stoloniferous rhizomes, some several decimeters in length and

which root at their distant nodes to produce new plants. In
short, this is a strongly cloning species which can in some
cases becowe an aspect dominant." :

Oxypolis canby] was originally described as a variety of the more
common Q. filiformjs (Coulter and Rose 1900). Fernald (1939) later
elevated the taxon to a full species based on differences in leaf and
- fruit characters. Kral (1981) and Tucker et al. (1983) agree with
Fernald’s taxonomic judgement. .

Api Oxypolis canbyi can be congused with two other taxa in the family
aceae--Ptilimnium podosum and Q. filiformis. Ptilimnium nodocum can
be distinguished from 0. canbyi by its much smaller terete and wingless

@



fruits and by the difference in flowers. In Ptilimnium, the petals are
1ncurv§g at the tips only; in Dxypolis the entiTe petal blade is strongly
incurved. T _

The following table was developed by Aulbach-Smith (1985) from
information in Kral (1983) and Tucker et al. (1983) for distinguishing
filiformis: o

0. canbyj from Q. f
Character Q. canbyi o 0. filifornis

Perennating organs: sto!ohiferous rhizomes crown buds

Lower internodes: suffused with pink or - usually green
purple

Primary rays of 5 to 9, rarely more 10 to 20

the umbel:

Fruits: dorsally flattened dorsally flattened with
with dilated - wings thinnest at the
margins ({.e., ‘ edges
thickest at the
edges) : .

(The differences in rhizomes and fruits are considered the most reliable
distinguishing characters [Franz and Boyer 1987].)

sznnli:ng%ggi has been found in a variety of coastal plain
habitats, incTuding natural ponds dominated by pond cypress, grass-sedge

dominated Carolina bays, wet pine savannas, shallow pineland ponds, and
cypress-pine swamps or sloughs. Bowling (1986) found that in Georgfa,
habitats occupied by this species were usually at the heads of sma}l
drainages leading off broad flat "ridges” of higher ground between larger
drainages. The largest and most vigoroustgopulations have been found to
occur in open bays or ponds that are wet roughout most of the year but
which have 1ittle or no canopy cover. Sofls are sandy loams or acidic
peat-mucks underlain by clay layers which, along with the slight gradient
of the areas, result in the retention of water. Soil types known to
support Canby’s dropwort include Rembert loam, Portsmouth Toam, McColl
loam, Grady loam, Coxville fine sandy loam, and Rains sandy loam. All of
these soil types are characterized by medium to high organic content and
high water table; they are also deep, poorly drained, and acidic :
(Aulbach-Smith 1985). Most observers agree that an important key to the
ecology of the species and the determination of management requirements
is an understanding of the species’ relationship with depth and duration
of the water table over time. Bowling (1986) stated that natural
drainage in areas supporting Q. canbyi is often accomplished only through
underground channels or by evaporation, and he found evidence of
infrequent and shallow (5 to 30 cm [2 to 12 inches]) inundations at sites
occupied by the species. The plant’s water requirements are narrow;

3




either too much or too little water present on the site can be ,
detrimental (Rayner et al. 1987). As might be expected, sites with what
appears to be optimum habjtat (water levels, soil types, topographic
position, and canopy characteristics as described above) are less
affected by severe droughts than sites supporting less than optimum
habitat for this species. For instance, two populations of Canby’s _
dropwort in South Carolina were being monitored during the severe drought
of 1986. One of these was an apparently optimum site in Bamberg County;
the other was a marginal site in Colleton County. The water level in the
Bamberg County site dropped to only 13 inches below the surface during
this time, while the water table at the Colleton County site dropped

70 inches below the surface. The Colleton County population went from
over 500 plants in 1982 to fewer than 5 in 1986, presumably as a result
of the effects of the drought. The Bamberg County site, on the other
hand, showed only an insignificant decrease in plant numbers during this
time (Rayner 1988). Boyer (1988) observed similar negative effects of
this drought on the single extant North Carolina population of Q. canbyi,
where the number of stems declined by 80 percent from 1986 to 1987.

Fruit production in the remaining plants was also drastically affected.
The single remaining Maryland population was similarly affected,
declining from 200 plants in the mid-1980s to only 7 plants during the
severe drought of 1988. The drought was followed by an extremely wet
year in 1989, and the population declined again to only three plants.
Although there has been no fruit set in Maryland Q. canbyi in recent
years, soil cores have been taken to search for banked seed.

At most of the extant sites, common associates of Canby’s dropwort
include the following species; Taxodium ascendens (usually composing an
open canopy), llex cassine var. myrtifolia, Clethra

Inif Nyssa biflora, Pinus serotina, Rhynchospora spp., Rhexia
walteriana, Polyaala cymosa. Pluchea rosea, Hypericum
a ylatuo mmgpfmmmiy%%mmz. ajganteus.
asiatica, Lachnanthes caroliniana, Pontederia lancifplia, Nymphaea

dorata, Aristida affipis. Agalinis Jinifolia, Manisuris rugosa. and

. Boone et a). (1984) rediscovered 0. canbvi on the
Belmarva Peninsula in 1982, where the species had been considered’

extirpated since Canby’s last collection in 1894. At this northernmost
Tocality, the habjtat is dominated by Carex '

walteriana, Cladium
gg;ifggiﬂg;; and Panicum hemjtomon. Other associated species at the
Maryland site include Sagittaria engelmanniana. Panicum verrucosum,

P. Jonaifolium, Erjanthus aiganteus, Eleocharis microcarpa, E.
gelanocarpa, Juncus canadensis, Hvpericum adpressum, H. virginicum,
mgsnm.mmﬁmmmm

occidentalis, Acer rubrum, Liguidambar stvracifiua, and
virginiana. In addition, Canby’s dropwort sometimes occurs
with other rare species, some of which are federally listed or are

candidates for Federal listing, including hovkinij, Rhexia
aristosa, and, less commonly, Ptilimnium nodosum (1isted as endangered)
and Jlex amelapchier. | | | x




Very little specific information is available on the 1ife history
and population biology of Canby’s dropwort. Boyer (North Carolina Plant
Conservation Program, personal communication, 1988) has successfully
grown plants from rhizomes in continuously inundated beds, but she has
not been successful in germinating seeds (however, only a small number of
seeds were available for the project). The rhizomes do not survive well
in intermittently dry beds. As mentioned earlier, under the right ,
conditions this stoloniferous perennial can vegetatively become an aspect
dominant. The flowers can be either unisexual or bisexual, with the
inner flowers of some umbels being male and the outer flowers female.
Bisexual flowers may facilitate some self-pollination; however, the
flowers are protandrous, which is indicative of some degree of
outcrossing. Aulbach-Smith (1985) states:

"Outcrossing results in increased recombination and
heterozy?osity,‘tbereby insuring increased evolutfionary
potential. Sexual reproduction theoretically should act as a
sort of evolutionary buffer enabling species to survive
environmental changes. This may not be the case in Q. canbyj
due to a possible high selfing rate and/or the isolatiomof—
small populations.” : '

Boyer (personal communicatfon, 1988) found that selfing in this species
is possible, but the rate is low because of the protandry. Boyer . - .

commented further that the clonal habit may indicate that each population
is just one or a few genetic individuals with very little genetic
variation available, even if the apparent outcrossing rate is high.
Other observers have questioned this; research is needed to determine
genetic variability within and between populations through such
techniques as isozyme analysis. -

The pollinators of this species are unknown. However, since Canby’s
dropwort, like many umbellifers, is a favored food plant for the larvae
of the black swallowtail butterfly (Papilio polyxenes asterius Stoll),
the metamorphosed adults may visit the flowers and act as pollinators.
Ironically, predation by the black swallowtail may be a factor in
reducing the sexual reproductive potential of Q. canbyi since this
caterpillar chews through the stems just below the inflorescences.
Permanent plots being monitored in South Carolina populations have shown
predation rates of as high as 17 percent (plant tips eaten); scale
insects and grasshoppers, in addition to swallowtail larvae, have been
observed to damage plants of this species (Rayner, unpublished data).
Deer have also been observed to browse upon Q. canbyi (Tom Patrick,
Georgia Natural Heritage Program, personal communication, 1989). It is

~ unknown to what extent such predation affects the vigor or long-term

survival of Canby’s dropwort since even the relative importance to the
species of vegetative versus sexual reproduction is unknown.

Jhreats and Population Limiting Factors

The most serious threat to Canby’s dropwort is the loss or
degradation of the wetland habitats in which it occurs. Ditching and
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draining of wetlands has altered the groundwater table and changed the
vegetative composition in many areas of the mid-Atlantic coastal plain
where the species historically occurred (Godfrey and Wooten 1979, Ormes
et al. 1985, U.S. Fish and Wildlife Service 1986). Much of this habitat
destruction has been for agricultural and silvicultural purposes,
including conversion of land to row crops, lowland pasture, and pine
plantations. Shallow ponds and depressions have also been dredged and
deepened to create small reservoirs for watering livestock. The lowering
of the water table, in addition to its direct deleterious effects on
Canby’s dropwort, enables competitive species to become established, thus
modifying the natural scheme of vegetative succession on these sites.
This usually results in the sites’ becoming unsuftable for the growth and
reproduction of Canby’s dropwort. ‘ , '

Highway construction and maintenance/improvements are believed to
have adversely affected populations of the species at several sites in
South Carolina and threaten most of the known sites in Georgia. The only
known population in Maryland is within the area that would be affected by
the Soil Conservation Service’s channelization project for the Upper
Chester River watershed, should the project be reactivated.

Because of the proximity of many of the extant 0. canbyi populations
to power line and highway rights-of-way, agricultural fields, and pine
plantations, there is a possibility for damage of plants from off-target
herbicide drift. No instances of this have yet been documented, but the
pote?tzzl cannot be ignored, particularly where aerial application is
involved. : :

Altered sites, such as the one in Colleton County, South Carolina,
which has been planted in slash pine, are more threatened by severe
drought than populations in optimum habitat. These sites may require
some form of active management, such as canopy thinning or removal and
prescribed burning (Rayner et al. 1987, Rayner 1988).

Predatfon by various insects, as previously described, may be having
adverse effects on the sexual reproduction and long-term viability in at
least some populations. Ineffective seed dispersal may also be limiting
population expansion and colonization. Increasing demands on groundwater
supplies caused by expanding suburban and industrial development could
also threaten the species’ continued survival if water tables are
seriously altered. ‘ ‘

An important aspect of threats to this species §s that many, if not
all, populations are severely threatened by stochastic events alone.
Small, fisolated populations, such as the one in Maryland, are at high
risk of extirpation, even without any additional adverse anthropogenic
impacts. Such populations are in fmminent peril due solely to natural
population fluctuations (which can be drastic in this species) and
relatively minor natural catastrophes. As stated by Rodney Bartgis of
the Maryland Natural Heritage Program, "In a sense, the successful
management of such a site probably will depend upon successfully
identifying and anticipating such events" (personal communication, 1989).




Although this species is not showy, and therefore, not generally of
interest to horticulturalists, some of the populations are so smail that i
over-collectfon for research or educational purposes could seriously A
threaten the survival of the plants at those sites. h

Conser f

The U.S. Fish and Wildlife Service and the United States Department
of Agriculture Soil Conservation Service signed an interagency agreement
on January 13, 1983, in an effort to resolve potential confiicts between
this species and the Upper Chester River watershed project. Although
plans for this project have since been canceled, the Soil Conservation
Service is undertaking a 5-year groundwater monitoring study adjacent to
existing ditches on the Delaware side of the Upper Chester River
drainage. When available, the results from this study should provide
;a;uable informatfon on the impacts of ditching on this species’ wetland

abjtat. :

In 1988, the Maryland Natural Heritage Program, with U.S. Fish and
Wildlife Service Section 6 funding, began monitoring the existing
population and assessing the feasibility of reestablishing additional
populations in Maryland. By 1989, Maryland’s only remaining population
had declined to only three plants; the Maryland Natural Heritage Program,
in cooperation with The Nature Conservancy and the Center for Plant -
Conservation, then brought two of the surviving plants into cultivation
at the North Carolina Botanical Garden in the hope of preserving and
propagating this genotype for eventual refntroduction to suitable sites
in the Delmarva area (Bartgis, personal communication, 1989).

The North Carolina Department of Agriculture’s Plant Conservation
Program has set up permanent plots to monitor that State’s only
population, and has collected seed, stems, and rhizomes for cultivation
and long-term storage. Thus far, stems with rhizomes attached have
proven to be the most productive for artificial propagation (Boyer,
personal communication, 1989). Seedbank investigations are ongoing. The
Program is also planning to in monitoring groundwater levels in the
vicinity of the population. '

The South Carolina Wildlife and Marine Resources Department’s .
Heritage Trust Program nana?es the two protected sites in South Carolin
for the benefit of the species and is engaged in monitoring and
biological research at these and other sites.

—.
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State agencies charged with protecting rare plants in the States of
Maryland, North Carolina, South Carolina, and Georgia are pursuing
protection of additional sites by agreements with landowners or outright
acquisition. Conservation agencies in these States, as well as in
Delaware (where no known populations remain), are also actively
conducting surveys of potential habitat in hopes of finding and
protecting additional populations of the species.
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The Nature Conservancy has significantly contributed to conservation -
efforts for this species by acquiring the habitat of four of the known -‘
populations in North Carolina, South Carolina and Maryland. The.

Conservancy is continuing to work with State agencies and the Fish and
Wildlife Service to protect other sites.




PART I1
RECOVERY

A. Recovery Objectives

Canby’s dropwort (Dxypolis canbyi) will be considered for delisting
when there are at Teast 19 self-sustaining populations in existence
that are protected to such a degree that the species no longer
qualifies for protection under the Endangered Species Act (see
criteria below). A self-sustaining population is a reproducing .
population that is Targe enough to maintain sufficient genetic
variation to enable it to survive and respond to natural habitat
changes. The number of individuals necessary and the quantity and
quality of habitat needed to meet this criterion will be determined
as one of the recovery tasks. The populations should be distributed
throughout the species’ historic range. This recovery objective is
considered an interim goal because of the lack of data on biology and
management requirements of the species. As new information is
acquired, the estimate of self-sustaining populations required for
the species’ survival may be readjusted. The recovery objective for
0. canbyj will be reassessed at least annually in light of any new
~information that becomes available. A

Rapid declines can occur even in seemingly stable 0. canbyi
populations. In South Carolina, the stronghold for this species, a
recent 100-year drought event unexpectedly decimated all but 2 of the
15 extant populations. The survival of these severely reduced
populations is now in question. Drastic fluctuations such as this
indicate that it may be necessary to protect more than 19 populations
to ensure long-term survival of the species. This also confirms that
future research will be necessary to accurately determine what
actually constitutes recovery. ' . ‘

In order to accomplish the goal of removing Canby’s dropwort from
the 1ist of endangered and threatened species, it {s necessary to
protect all existing populations and to manage the habitat to
ensure their continued survival until it can be determined which
of these has the best potential for long-term viability. Because
so little is known about this species, it is also necessary, for
the full protection of the plants, to conduct demographic studies
and ecological research for the purpose of gaining the
understanding needed to develop appropriate protection and
management strategies. The ultimate effects of various kinds of
disturbance on 0. capbyi populations must be determined and
prevented. Therefore, Canby’s dropwort shall be considered for
re:oval from the Federal 1ist when the following criteria are

1. It has been documented that at least 14 of the currently extant
populations are se]f—su;taining and that necessary management

{1
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actions have been undertaken by the landowners or cooperating
agencies to ensure their continued survival.

2. Through reintroduction, rehabilitation, and/or discovery of new
populations, five additional self-sustaining populations exist
within the species’ historical range. -

3. Al 19 populations and their habitét are protected from'présent ,
"~ and foreseeable human-related and natural threats that may
interfere with the survival of any of the populations.

B. Narrative Outline

1. Protect existing populations and essentjal habhitat. Only

25 populations of Canby’s dropwort are currently known to exist,
all within the States of Maryland, North Carolina, South
Carolina, and Georgia. Until more is known about the species’
biology and specific habitat requirements, and about the measures
necessary to protect the hydrology of occupied sites, all
existing populations should be protected. The long-term survival
of 19 populations is believed to be essential to the recovery of

.the species as a whole.

with landowners. Very little is known about specific
management practices necessary to ensure the long-term
survival of this species. Therefore, immediate emphasis
will be on protection (i.e., little or no management,
prevention of drainage and other site alterations that are

. known to be detrimental), in cooperation with the
landowners, until appropriate management procedures have
been developed through research. Ongoing studies in South

. Carolina fncorporate plans for controlled canopy thinning at
one site where the natural habitat of the species has been
altered by introduction of slash pine. Pre- and ’
post-management demographic studies should provide important
1?:ights into management needs at this and other Q. canbyi
sites. ‘ :

1.2 Search for additiona) populations. Although several
intensive searches for the species have been conducted
‘'within parts of the historic habitat, a thorough, systematic
effort to locate additional populations is still needed
{very small populations, consisting of only a few plants,
particularly at overgrown sites, are easily missed in less
intensive efforts). Searches should be preceded by an
examination of soil and topographic maps and aerial.

+ »

photographs to determine potential habitat and to develop a

priority 1ist of sites to search. Also, searches should
only be conducted in optimal years, as determined by site
visits to at least one-third of the extant populations. in
the State or geographic area to be searched.

10
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1.3 ion jes. Because of the
- small number of existing populations and the pervasive and fif

imperfectly understood threats to the habitat, it is o
essential to protect as many as possible. However, efforts
should be concentrated first on the sites in protective
ownership, or where current private landowners are
cooperative, and where the largest and most vigorous
populations occur.

1.4 Ezg]*g*g h;ggtag protection a1t§rnatzve¥. The greatest
possible protection shou e obtain or those existing
populations that are considered critical to the recovery of
the species. Fee simple acquisition or conservation
easements provide the greatest degree of protection. .
However, it is unknown as yet how much buffer land around
each population is necessary to protect the hydrological
regime of occupied sites. Protection through management
agreements or short-term leases may provide adequate
short-term protection but should only be considered as
intermediate steps in the process of ultimately providing
for permanent protection. Short-term protection strategies
may be necessary if private landowners are not agreeable to,
or monies are not available for, acquisition of conservation
easements, hydrologic easements, or fee simple title. .
Conservation agreements with adjacent landowners or owners
of rights-of-way (power companies and highway departments)
should be developed to prevent inadvertent adverse _
alterations of the habitat. This has been accomplished for (1
several of the South Carolina sites. S

~_long-term

3 ) mafntenance. and vigor, Although
protection of the species’ habitat is the obvious first step in
ensuring its long-term survival, this alone may not be
sufficient. Management of the habitat may be necessary to allow
the species to successfully perpetuate its Vife cycle over the
long term. However, since very little is known about this
species, information on its population bfology and ecology is
necessary before management guidelines can be formulated and
implemented.

2.1 O R 3 2-class ¢ h
pyls ;. Population size and stage-class
distribution data are essential to predicting what factors
may be necessary for populations to become self-sustaining
(Menges 1987; Menges, in preparation). Such data are needed
for the existing populations and for any new populations

discovered in the course of additional surveys.

2.2 %wmmmmmmm
understanding of the hydrology of the habitats occupied

by the species is essential to the long-term survival and _




2.3

recovery of Canby’s dropwort. Ongoing monitoring programs
should be continued and expanded. Such studies should
include populations within a wide range of habitats, both
altered and undisturbed. Permanent plots should be selected
and established to determine the relationship between
abiotic factors (such as soil depth and type, frequency and
depth of inundation, and light intensity) and biotic factors
(such as reproduction, germination, and degree of
competition and predation). This information is necessary
to determine what type of active management, if any, is
necessary to ensure continued vigor of existing populations
and to accurately select good potential sites for
reintroduction. .

Experimentation with plants under controlled (e.g.,
greenhouse) conditions is also essential to understanding
recovery prerequisites. Exposure of cultivated plants to
controlled stress such as drought, while studying the
physiological response of the plants, would provide insight
jnto why some seemingly stable populations respond so
drastically to temporary environmental changes.

The vectors of seed dispersal must be determined and their

"effectiveness under different ecological and spatial

conditions assessed. At least some seed dispersal is by
wind; however, little else is known, including how far seeds
can be dispersed by this vector and others and what
conditions are optimal for dispersal. Major pollinators
need to be determined. Although various insects have been
observed visiting the flowers, the pollinators and :
pollination mechanisms of the species remain unidentified.

The relative importance of sexual (selfing and outcrossing)
and vegetative reproduction to the long-term survival of the
species is unknown and must be determined for effective
management and grotection to take place. Genetic
variability within and between populations must be
determined through isozyme analysis, electrophoresis, or
other appropriate research. : .

Relationships with competing species uﬁst be investigated.
It 1s believed that competition from invading species is

.controlled by periodic inundation of the sites occupied by

0. canbvi. Some other form of periodic disturbance, perhaps
naturally occurring fire, may also play a part in defining
these relationships. However, the effects of and exact
interactions between this species and potential competitors
are unknown.

Condyct long-term demoaraphic studies. Long-term
demographic studies should be conducted in permanent plots
located within each study site established for habitat

12



2.4

2.5

2.7

analysis. For at least 4 consecutive years, plots should be

visited annually at the peak of flowering and after seed set y
has occurred. The locations of individual plants of all (
stage-classes should be mapped; data should be collected for

each mapped plant, as applicable, on height, stem diameter

at base, number of nodes, inflorescence size, fruit size and

number, and seed set. Larger plots surrounding each of the

smaller, more intensively measured and mapped plots should

be monitored for seed germination and seedling '
establishment. Seedlings should be mapped and measured.

Any changes in the habitat within each plot (soil _
disturbance, increases or decreases in 1ight intensity,

hydrology, etc.) should be noted at each visit {see Task 2.2

on study-site selection). o

) “Uat l"p 11 1) 3

Jrpance. shment and long-term monitoring of

permanent plots may be the most effective means of assessing

the effects of disturbance. One of the most likely

candidates for this type of study is the Colleton County,

South Carolina, site, which has been disturbed by road

construction, power line right-of-way construction, and

introduction of a slash pine overstory. Appropriate

methodology for this must be determined but will likely

include measurement of many of the parameters specified

in Tasks 2.2 and 2.3. Such techniques as soil coring and

examination of historical and current aerial photography

should yield information on fire history and successional (i1
closure of the bays where Q. canbyi occurs. AR

*

Theré ;}e

currently insufficient data to determine what this species
requires in order for populations to be seif-sustaining.
Research as described under Tasks 2.2 through 2.4 should
provide the information needed to protect and manage
occupied habitat so that the continued survival of healthy
populations is assured.

within the species’ h ange. Techniques for
seed or rhizome/stem collection, germination, propagation,
and transplantation are unknown for this species. This
information will need to be developed in conjunction with
knowledgeable individuals in greenhouse or nursery
facilities. Transplant sites in native habitat must be
closely monitored to determine success and to adjust methods
of reestablishment. Also, information on seedbanks in wild

13 | (.




3.

populations must be obtained to determine whether, and under
what conditions, decimated colonies can recover naturally
(research on this topic is currently being conducted by the
North Carolina Department of Agriculture’s Plant
Conservation Program).

Revelop a cultivated source of plants and orovide for long-term
seed storage. There are at present no known cultivated sources
of this species. Techniques for seed storage, germination, and
maintenance of cultivated specimens must be developed in
cooperation with botanical gardens, nurseries, and other
appropriate facilities. Maintaining the “"genotypes” of small,
isolated populations (such as the Delmarva population} in
cultivation should be of high priority; preservation of the
Delmarva genetic material may be particularly important since it
represents the only known remnant of species populations north of
the Carolinas and is very close to extinction in the wild. G&iven
the recent precipitous declines at most sites, seed or vegetative
propagules should be collected as soon as possible from all
populations that are still healthy enough to tolerate such
harvest. (Work toward this end has been fnitiated with the
Center for Plant Conservation and with cooperating botanical
gardens.) A ready source of cultivated material should ease the
threat of taking from wild populations.

Enforce laws protecting the species and/or its hahitat_ The
Endangered Species Act (Act) prohibits taking of Q. canbyi from
Federal lands without a permit, and regulates trade. Section 7
of the Act provides additional protection of the habitat from
impacts related to federally funded or authorized projects. In
addition, for listed plants the 1988 amendments to the Act
prohibit: (1) their malicious damage or destruction on Federal
lands; and (2) thefr removal, cutting, digging, damaging, or
destroying in knowing violation of any State law or regulation,
including State criminal trespass law. The State of North
Carolina prohibits taking of the species without a permit and the
Tandowner’s written permission and regulates trade in the species
(North Carolina General Statute 19-B,202.12-202.19). The State
of Maryland prohibits taking of the species from private property
without the landowner’s written permission and from State
property without a permit and regulates trade in the species
(Code of Maryland Regulations 08.03.08). The State of Georgia

- prohibits digging, removal, or sale of State-listed plants from

public lands without the approval of the State management
authority (Georgia Department of Natural Resources; Georgia Wild
Flower Preservation Act of 1973). Federal and State enforcement
agents whose jurisdiction includes the known range of Q. canbyi-
should be made aware of the threat to the species and be able to
identify specimens. '

14
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5.

v jc a stat ft
species and the recovery plan objectives. Public support for the
conservation of Canby’s dropwort could play an .important part in
encouraging landowner assistance and conservation efforts.
Informational materials should not identify the plant’s locations
so as not to increase the threat of taking.

T c g the sta -
significance of the species and recovery efforts should be
prepared and distributed to major newspapers in the range of
the species, as well as to smaller newspapers in the
vicinity of the species’ habitat. Publicity should not

specify locations of plants.

5.2 %
e need to protec e species in 1ts native habitat and

cooperation among local, State, and Federal organizations
and individuals should be stressed. Scientific publications
should emphasize additional research that is needed and
solicit research assistance from colleges and universities
that may have conducted studies on closely related species.

Annuall : A £ £ .
Review of new information, evaluation of ongoing actions, an
redirection, if necessary, is essential for assuring that full
recovery is achieved as quickly and efficiently as possible.
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PART 1I1
IMPLEMENTATION SCHEDULE

KEY TO IMPLEMENTATION SCHEDULE COLUMNS 1 & 4

General Category (Column 1):

Information Gathering - I or Acquisition - A
Research - R

1. Population status 1. Llease

2. Habitat status . 2. Easement

3. Habitat requirements 3. Management agreement
4. Management techniques 4. Exchange

5. Taxonomic studies 5. Withdrawal

6. Demographic studies 6. Fee title

7. Propagation 7. Other

8. Migration :

9. Predation Other - O

10. Competition

11. Dijsease 1. Information and education
12. Environmental contaminant 2. Law enforcement

13. - Reintroduction 3. Regulations

14. Other information 4. Administration

Management - N

. Propagation

Reintroduction

Habitat maintenance and manipulation
Predator and competitor control
Depredation control

. Disease control

7. Other management

O Ut i W N b

Priorities within this section (Column 4) have been assigned accdrding to
the following: : v A

Priority 1 - An action that must be taken to prevent extinction or to
gr:vent the species from declining irreversibly in the foreseeable
uture.

Priority 2 - An action that must be taken to prevent a significant
decline in species population/habitat quality or some other significant
negative impact short of extinction.

Priority 3 - A1l other acttons necessary to provide for full recovery of
the species.

18




LW EE S GG S Cn CE Gw A0 L SF AD B BT S e TP D RG LW CE O SE B T PE FE LN TS Pe B BG =T Gw BRSPS R P O® P B

:
m

L

L
24

ESTIMATED FISCAL
'
! ! :

)
OMHERS 3 { FY 1 | FY 2

REGION } DIVISION |

[". ] (", ] (7 ] o uy ("1 ] > oy
- - - - - - - -
L 4 - - --+ - - -y -
e T T T T e i
g1 . "
) r f . £ » r *
& 3 : s 3 = s s 3
>y koY >y > kY > Iy Sy
o~ -~ - o~ o~ oy oy ”
''''''''''' '.'.'...'.-".I...'..‘..'.":..-""'...‘...-.'..----.-.-.
m oy ~ g ong o~ o~ «~ o~
'''''''''''''' .......-..‘.........-...."'...."-'........'.'.....'.'
HE | - N o e - ~ " -
[ ] - - = - o~ ~ ~ ’m
..."..‘..l """" GO ON AP S0 GO TR O OGP OO0 O6 GO S BU SR Y ST PO DO BE S0 B8 B P PO OO 00 PO o &0 00 PO ow
[ 1
&
vE w X Ow %
‘ll [ ‘c " " 005“ 3"
“ M [ 4 o - = - 1] 3 L'y
[ > i QD o= F-N1 " v e
| ] [-] 4b - - - [ ® » &=
|3z = 8% ~E S . B p3 £
- ) “ - g b " = b b -
8§> . S, 38 35 B3.. 25 1% a9
@
3|28s: o5 32 37 8984 3x  Bs 3E
- e L, 0” o0 - [ -] M.tm - 'WM om
oS08 5 EZ =2 8232 Su. T8 EeS
SJEE 5= §E s¢ PoTE By gf §SE
LR £2 S8 =2. 8 83 823 Sud
$T55 S5 3B 38 gphg 333 Z§ 2:3%
8582 88 85 2% & svad HheZ 8% &8s

i

3

19

O D EO T ED TR EE PO D S0 CO OV OD CE AP CE D LY TE CE T PR SR FPSO PR e ER AS SP NS ST B SE CA SR e

2 ] ] *
. o ] ) ’ v
’ - ' ' ’ — w L4

e e s a6 e se me e mn oe ar oa —e et on e ee o= cs o o8 S0 o8 ce f8 S8 AR S8 e Se 4e CE as an on e vo
-
(-4 ’ w3 w
ud ~— [ - o—t = w -

PR On SD O S0 R PO A GG TG P LG ST SS DS EL GG N TE S RS SO El NE AR PY S RO T TP NS O PR S Se -

'] -]

WE D PR EDOD PN TP O DD SO TG DT L CE ST TE O PO L OU TG DD SD CR K SO ED CE PE PE TG B G0 e Gk = e®

s S S5 S 3 S s 3

w» s % ] (7, ] L] v v L]

W SN G0 PO OR GG R DA D SL G0 Ch GG GO B G R0 SE TG SE G LS GD TE D GC SE CD G LG SE SR Sh ee Be B o

¥ ¥ g ¥ ¥  § 3§ ¥

- S A S 60 S0 A% S0 00 00 Nt GG G0 B S5 G5 GS S0 S0 ST DO Gh G0 BB 56 S S $0 S0 Tl e 8 oD O8 ot oe e

CECOCONATE AN OO S0 SO OO 00 G0 OO SE SH GG BT TS U O6 F6 OO PO AG LU EG TG BT S0 PO B0 SO S0 GO BE S oo

-
=2 B E .2 -
] ~ -3 g°" B8 =
<LS =3 N = -~ = A

e ew ew o

POOE AL O8O0 S0 W6 DS C0 CH P O ET P PP PE S PP PE B e e b ke Lk LR AR

|

(0,




A SCHEDULE

SN e T e PR e BE AT PSS e RN SE ES T ae SO Ce T e PP - e = E P LS SE Y e C ae Sm ae he Sw a. e e e e

20

.n [v.3 [ m - o~ -

’
“ Ne 90.- w o~ -y

1] ]
[
u [ : v ~ ~N

OTHERS 3

e 4 = o e 4

&

REGION | DIVISION |

wr L)
- -
-« -

4,5
‘.5

[, ]
- -
- -

_m
7 | e
oy W w3

3-5 years
Ongoing
Ongoing

m ~ ~ - ~ -— -

”~ —
L] .
~ L ] - L

TASK
MMEER

2.8

.6

-ol a. ™~ “ "
|-
L (-] . m
2 o gof B2E e £z 2
" [ 4 ® o 8 S - e « - - S
° -3 -E K. [ - ad - [ ) -
b “.'tk L L X X K.} -d 9 b ;9 -
apm -t s 9 W [ o ol & ~ [] -~ 0 | . - ]
[ad -_—_goe - - > " ~ - e
v DD LaT - 3 [ R ] "we
W.nnll!.m ._l-“ -0 e ¢ &S0 - S -
Nll’. - “. o vee -» oakLt xw»n Dw
GNP =% - T e @ b D% ®© Ew
| ad O W2 N e tll.ﬂ.m » Y e S, - —on . W
L0 B o= wn “ = - n Ll 4 (2 o o W » —
J e L S oL - 3 RS o A e« [N X7 o
[ B N-Y -] 80 O Mo 5 COVN [- S
[ -‘mgd' o o= b e O o - . " o -
- e D L X N 0 Iy B [ E. K] - [ -4 > (-} ol 2m
SeSaSR8E BEZP $PcE2 z3Pe t232 8%
DVARED O ~Egoa 0"'".“ SAadn SS2 &2

and
and

-
A m .
mu = 2 ~3- == = =

CECLOL OO PR G0 TP OGP PR O TR AT SO S0 O RE S CE CE P R PE ae oo e B e el AT R LR TR WY WPy

informational brochures.

PP me st et ae mh s e el Ce P e ce P ee T D R P T AR PA cn B th TR e CP S PP me PE Ph e S EE B e m. O & o
-~ Te e Se el SO S0 SR O% D A0 PO A OO TR S PE ST DY CAPY TE G0 EA BN SO BE SN SD Ph CE OO TR RS P LR R R e
SO BB e T A0 SO R0 G0 POW BSOS B OO PD PO SO PO ek O P ER LS R S G P SO Y P Ae PP OO RS A P PP T P B
-

(00 AR Al e S0 00 Cr a8 CT LML AL - 6 SO e Tl RATT AF LT CT T SE RG TG RD P SO DPE S CE G L Ch ET Y SO PE AP e B Be

-
< . o
3 5 3 > g 8
- G SR RNE AT PR LS CE T CE SR AR S AL TR S ED R AR e PE PR L TS On S0 S B S0 PE GC ED e el BN S S e
- B AW s w w ') w w
b oow

P00 0N AT 0N 00 Be e LA SR G0 OR BE PP EY SL TR TS R BT DA S0 56 YL GE ETCE B0 S LY S0 BE LS as ae SB >

OO0 SO0 00 O0 B0 S BN S0 AA S0 O LD S8 NS OB TE DO T 00 D S0 S0 S0 S0 SO A0 CAAT HE B Th Ge SE S0 *w B BS B0

o s et et Pt e m e e R e C e as Pt er Er P NP N cR CE TR FE T SR TP T BT e Ta P e PP R O B G TS e ne ae ob oo

TERE G0 AR VS OB TO S0 SO CO ST GS OO TV ST BT DO TP S BO GO DO BT OL FPE SE T6 e SO P BS G TS CR S0 A0 S BE AP o vh Ga

.
-"'I".’j."’l""‘.“.."‘.'.'..".'.'..-l."l"..ll.‘..0"...‘.....'....lll'l

SO PR NSO TP ON 0P N AL 0L Lt O LA LML PO A Y e BE 0e S0 S0 Sans S Te e T 5B e oo fn o0 oo me vsan




°
b
]
®

ST eSS e Ce S ee T T CAte PN P A TR N S R PR PP PN N T P T AL ST TR P . PE PR AA NE Be BT Pm e Be PE BE Be e

] i ? i ; 7 ;

0 : : s | FESPONSIBLE AGENCIES 82 | ESTIMATED FISCAL !

GENERAL | | TASK ! ! OTASK | FWS ] | YBAR QOGTS %4 !
CATEGCRY | PLAN TASK i NUMEER ; PRICRITY E DURATION ; REGION ¢ DIVISION | OIHERS 83 { FY 1 } FY 2 { FY 3 } COMMENTS /NOTES

: - : —-— ] : : ' '

- ! ! ' ! ' ' L :

0l i frepare articles for i 52 ¢ 13 } Ongotng 14,5 | Fit t SCA TN S T T TS

{ popular and scientific ! ! { ! ! ' : ! :

} publications. ! : | ! t ; ! b :

] ' : ' ' '

04 : Annually assess success § ] ! 3 }o..gmg i T } FNE_ ! SCA 15 51 58

¢ of recovery efforts for : ¢ ! ! ! ! ‘ : q :

t the species. ! ! ! ! ! ! : ' ' !

| . . ! S ; S

*] - Seeipage preceding this Isplemenyation Schedule entiyled "Key to |mplementition Schedple Columns 118 4.° | ! E

H i ' : ! } H ‘ : ' :

*2 - FNS:- U.S. Fish and Wildlife Seryice ! ! ! ! { ! ! ! !

FNE :- Fish and Wild1ife Enhancemgnt $ ! ! ! ! $ ! : !

. [ ] L [] . ) ] []
SCA :- State Conservation nciey: State:plant consqrvation agengies of participating states (in North Carolinai these; are the Plant Conservation
Program [North Carolina Degartment qf Agricultyre] and the ¥atural Heritage Program [North CarolinaiDepartpent of: Natural Resources and
Community Development); 1in:South Cagolina, theiHeritage Trust Prograp [South Capolina Wildlife and Marine Resourcks Department]; in Georgia,
the Natura) Heritage Invengory [Geoggia Department of Naturgl Resourges}; in Matyland, the Natural Meritagp Program [Maryland Department of
Natural Resources); and in:Delaware; the Office of Nature Preserves [Delaware Dgpartment of !Iatural:kesources and; Environmental Controll).
’ ] ' ' + .

. $ H H ! 1 '
*3 - Oth ' agencies’ responsibility wquld be o& a coop.rat‘lvo nature og" pro,joct; funded under a contraci; or grjnt pro'gram. In some cases contracts
could be let to universities or private syterprises. ! ! ! ! : '
1 [

* - AN fmmtos are for FNS funds gnly (in thousands).

OO Pe G CE A e GO SO PT LY PP S SS Se s
O NG BT e BE Ce SO P AD SN S G BT O SO B
PN En B Se SE A ST G RGO Sa G B S0 SO &
. B BE e RE R e ST S S e A RS e De B
Ao e B PN GO G S CD AE e te PR BE NS an ®
. ESCw N ST Se AP N PE S sn e oS oe 0 O
A CS n SO Sn SO . PSP D PSSP ES RS &
e e EAn EY Cr AR WS e BN ACOn en D P an e

“o 0e 00 06 00 00 Vo un o® ow o Ba
T n P Oe T Ge C- on 5w O A BE Ba

e O® PN OS 00 CA S Lo A% e an ca e

12

e e PP e e Be e EA A Se e e Cn L. SR BA " Ee e Se BT SE ChEE e R P ah e N G- e P h S G eu e . e - oo

hd
J
</

i
1\\
)

-~



PART IV
LIST OF REVIEWERS

Mr. Roger Banks, Field Supervisor
U.S. Fish and Wildlife Service
Charleston Field Office

P.0. Box 12559

Charleston, South Carolina 29412

Ms. LaBruce Alexander, Director
South Carolina Nature Conservancy
P.0. Box 5475 o
Columbia, South Carolina 29250
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The following recovery plan, prepared by the Maryland
Natural Heritage Program for the Northeast Region of the U.S.
Fish and Wildlife Service, delineates reasonable actions
directed toward recovering and/or protecting the endangered
harperella (Ptilimnium nodosum). Recovery objectives will be
attained and funds made available subject to budgetary and
other constraints, as well as the need to address other
priorities.

The plan does not necessarily represent the approval or
official position of any individuals or agencies other than
the U.S. Fish and Wildlife Service. This approved recovery
plan is subject to modification as dictated by new findings,

changes in species status, and the completion of recovery
tasks.

Literature citations should read as follows:

U.S. Fish and Wildlife Service. 1990. Harperella

(Ptilimnium nodosum) Recovery Plan. Newton Corner,
Massachusetts. 60 pp.

Additional copies may be purchased from:

Fish and Wildlife Reference Service
5430 Grosvenor Lane, Suite 110
Bethesda, Maryland 20814
301/492-6403 or 1-800/582-3421

Fees vary depending on number of pages.



EXECUTIVE SUMMARY

Current Status: Harperella (Ptilimnium podosum) consists of 13 known populations in seven
southeastern states, down from 26 historical populations, The plant is threatened by small populaﬁon
sizes and bhydrological manipulations of the habitat. This species was listed as endangered in
September, 1988,

Habitat Reguirements: P. nodosnm is a rare plant native to scasonally flooded rocky streams and
coastal plain ponds. One site occurs on a granite outcrop. In both its riverine and pond environments
(and its outcrop occurrence), the plant occurs only in a narrow range of water depths; it is intolerant
of deep water or conditions that are too dry. The riverine form is found in microsites that are
sheltered from rapidly moving water.

Recovery Objective: To delist the species.

Criteria: To downlist: (1) 13 stable populations and (2) permanent protection for all 13

populations. To dehst: (3) 26 self-sustaining populations, (4) distribution throughout the historical
range, and (5) permanent protection of all populations.

Recovery Strategy: Nine currently large or stable populations must be protected and maintained at
current stafus or increased. Four marginal populations must be protected and augmented to the point
where they can be self-sustaining. Thirteen additional populations must be discovered or established.
These levels will be achieved through habitat protection and watershed conservation measures,

increased understanding and implementation of management and propagation techniques, and
increased public awareness.

Actions Needed:
L Protect plants and their habitat through landowner cooperation, land protecuon, and
regulatory authorities.

2 Where needed, seek conservation of watersheds to protect populations.

3. Search for additional populations.

4, Study species and habitat characteristics,

5. Develop a cultivated sources of plants and provide for seed storage.

6. Implement appropriate management techniques, particularly for pond populations.

7. Re-establish populations within the species’ historical range.
8. Inform the public about the plant’s status and recovery needs.

Estimated Costs and Time Frame: The total cost over the next three fiscal years for recovery of P.
nodosum, exclusive of the cost of land acquisition and conservation easements, amounts to $185,000.
Costs for full recovery have not been estimated at this time, The time frame for achieving full
recovery is unknown, pending further studies of the species’ requirements.
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PART I: INTRODUCTION

Ptilimpium nodosum (Harperella) is a small member of the
carrot family (Apiaceae) that was originally described by
Rose (1905) and taxonomically revised by Kral (1981) to
include P. fluviatile Rose. It is a rare plant native to
(1) seasonélly flooded rocky streams in Maryland, West
Virginia, North Carolina, Alabama, and Arkansas, and (2)
coastal plain ponds in South Carolina (Figure 1). The sole
Georgia site occurs on a granite outcrop.

In both its riverine and pond environments, P. nodosum
occurs only in a narrow band of water depths: neither too
shallow, for the plant cannot tolerate dry conditions, nor
too deep for the plant to complete its life cycle. TheAplant
is threatened by small population sizes and hydrological
manipulations of the habitat such as upstream water
impoundments, declining water quality, and pond drainage.

Despite the taxonomic synonymy between the pond
("Nodosum") and riverine ("Fluviatile") forms, important
ecological, genetic, and conservation distinctions remain
that affect the protection strategy outlined in this plan.
For example, the pond form is both profoundly threatened (by
habitat disturbance and very small population sizes) and
genetically distinct from the riverine form, necessitating
particular recovery emphasis. As for the rivérine form,
annual flooding cycles cause significant dynamism .in the
distribution of plants within populations, warranting a broad
view of habitat protection.

Ptilimnium nodosum was Federally listed as an endangered
species on September 28, 1988 (U.S. Fish and Wildlife Service
1988). It is also listed as endangered in Maryland and

1
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Figure 1. Flowering stem of Ptilimnium nodosum



North Carolina. An unofficial list of rare plants in Alabama

records it as threatened (Freeman et al. 1979), and the South

Carolina Heritage Trust lists it as a species "of national
concern.” State listing of P. nodosum in Georgia and
Arkansas is pending.

Taxonomic aﬁg go;ghologiga; Descrigtion

‘The genus Ptilimnium contains four species (P. podosum,
P. costatum, P. capillaceum, and P. nuttallji), of which all
but one (P. nuttallii) are found in the southeastern United
States. While ail'Ptilimnigg species are found in swampy or
wet areas, the other Ptilimnium species differ from P.

nodosum in having finely compounded leaves.

Rose (1905) originally described two new species
collected from southwestern Georgia and northern Alabama.

These plants were named Harperella nodosum Rose and H.

fluviatilis Rose. Rose also collected a related plant in the

Potomac River basin, near Hancock, Maryland. He named this
plant H. vivipara because of its tendency to form asexual
buds (Rose 1911).

Mathias (1936) determined that Harperella did not differ
fundamentally from members of the genus Ptilimnium, despite
differences in leaf morphology. She renamed the species

Ptilimnium nodosum (Rose) Mathias, P. fluviatilis (Rose)

Mathias, and P. yviviparum (Rose) Mathias.
Easterly (1957) decided that the relative size of P.

fluviatilis and P. viviparum, which had been used to separate

the types, was too variable a character to distinguish the
species. Consequently, he joined the two forms under the
name P. fluviatile.

Kral (1981) studied the quantitative differences in

morphology and phenology between P. nodosum and P. fluviatile

(Easterly 1957). He concluded that the species!

3
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characteristics differed in mean but broadly overlapped and
were probably the result of environmental factors --
particularly the extent of flooding -- rather than genotypic
differences that would warrant a species rank. Additionally,
Kral (1981) noted that P. nodosum and P. fluviatile have an
identical haploid chromosome number (N = 6) differing from
other species in the genus (Easterly 1957). Thus, Kral
(1981) synonymized the two species under the earlier name,
Ptilimnium nodosum. As listed under the Endangered Species
Act, P. nodosum includes P. fluviatile. |

Despite the synonymy, there are'significant differences
in some basic life history features and the genetic
composition of populations. For example, while the coastal
plain pond form is apparently a true annual (i.e.,
germinates, flowers, and dies within one season or year), the
riverine form is a perennial (or at least a biennial that can
flower in both years) (Maddox and Bartgis 1989).

P. nodosum (nodosum vs. fluviatile) populations are
genetically variable (Kress et al. 1990), although like most
rare species it is genetically depauperate. Preliminary
evidence Suggests that the pond form is genetically distinct
from the riverine form, although the difference does not
necessarily warrant a species rank. Genetic studies, funded
by the Maryland Natural Heritage Prograﬁ and the U.S. Fish
and Wildlife Service, are continuing.

A summary'of morphological characters for the riverine
and pond forms of P. nodosum is given in Table 1. The
primary morphological distinction between the Nodosum and
Fluviatile forms is that the former is somewhat larger and
flowers earlier in the summer (Easterly 1557, Radford et al.
1968, Kral 1981).

Many workers have noted that the Fluviatile form tends
to proliferate at the nodes (Easterly 1957, Kral 1981, Maddox
and Bartgis 1989) while the Nodosum form does not. Easterly
(1957) observed that the leaves of "P. fluviatile" were

4



Table 1. Morphological characteristics of the "Nodosum" and
#Fluviatile” forms. Based on Easterly (1957), Radford et al.
(1968), Kral (1981), and Maddox and Bartgis (1989). -

Character

Height (cm)

Leaf length (cm)

Bract length (mm)
Nunber of primary rays
Ray length (cm)

Calyx teeth length (mm)
Color of anthers

Flower

Nodosum Fluviatile
40 - 100 20 - 50

8 - 30 4 - 12

2 -5 1 -4

4 - 16 3 -15

1 - 2.5 | 0.5 - 1.5

1-2 1-2
rbse rose

for both forms, each umbel contains

.both perfect and male florets (i.e.,
andromonoecy)

Fruit Shape elliptical elliptical
Fruit lateral ribs inconspicuous incohspicuous
'Fruit length (mm) 1.5 - 2.0 1.5 - 2.0
Pollen grain length (g) 20.1 - 23.5 17.1 - 22.1
Pollen grain width (g) 10.4 - 13.6 9.8 - 12.6
Chromosome numbex 6 : 6
Flower Phenology May - June July - October
Gernmination period probably spring? fall
Asexual reproduction no 4 yes
Habitat edges of coastal shoals, bedrock
plain ponds, also outcrops, and
a wet granite protected banks
outcrop : of seasonally
flooded rocky
streams
5
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"evergreen" and conspicuously present throughout the winter,
while Nodosum leaves were not. Easterly (1957) called "pP.
fluvijatile" an asexual annual, that is, a plant‘fhat produces
asexual buds that live one year. Maddox and Bartgis (1989,
1990a) found that such asexual buds can survive over two
years and flower each year, suggesting that it is a (perhaps
short-lived) perennial.

current and Historical Distribution

Thirteen populations of P. nodosum are currently known
to exist in seven states (Figure 2). Eleven populations have
been extirpated, and two are of uncertain status (Table 2).

Nine of the extant populations contain the riverine form
for the species, and four populations (in South Carolina and
Georgia) contain the coastal plain pond form. The plant has
been extensively searched for in much potential habitat; new
populations were verified in 1988 (Maryland) and 1990
(Arkansas), and a population was rediscovered in 1990
(Alabama). The discovery in Arkansas is particularly notable
because it expands the known range of the species, and shows
that it is important to search for the plant in previously
unsurveyed areas. Further searches in Arkansas, as well as
new searches in southern Missouri and eastern Oklahoma, are
warranted. _ _

Although no records for the plant exist from Tennessee
or Pennsylvania, activities in these states may affect P.
nodosum. Three populations occur along creeks that pass
through these states: Sideling Hill and Fifteen Mile Creeks
in Maryland originate in Pennsylvania and contain suitable
habitat (R. Bartgis and D. Maddox pers. obs.); Town Creek in
Alabama originates in Tennessee.
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Ptilimnium podosum distribution.

Closed circles denote current populations.
Open circles denote extirpated populations.
Diamonds denote populations of unknown status.
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Table 2. State and county locations of current and historical
P. nodosum populations.

** Sideling Hill population on border between Allegany and

Washington Counties.

SITES NOT EXTANT

EXTIRPATED

STATE CO Y POPUIATIONS VERIFIED
AL Cullman 1 o
AL DeKalb o 0
AL Jackson 4] h i
AL Lee 0 1
AL Tuscaloosa 1 o
AL Walker 1 0
AR Yell o 0
GA Dooley 1 0
GA Greene o o
GA Schley 1 0
MD Allegany Q o
MD Washington 1 o
NC Chatham 1 0
NC Granville 0 0
sc Aiken 1 0
sC Barnwell 1l o
SC Saluda 1 0
wv Jefferson 1 o
wv Morgan [+] 0
TOTAL 11 2
* One site partially in Cherokee County.
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Population Status

A state-by-state summary of the size and protection —
status of each population follows.

Alabama

Two extant populations occur in Alabama (see Table 3).
One consists of several thousand individuals distributed
among fewer than ten subpopulations along 10-15 miles of the
Little River, which occurs on the border of Cherokee and
DeKalb Counties. A second population of < 100 plants was
recently confirmed on Town Creek in DeKalb County (Scott Gunn
and Mark Bailey, Alabama Natural Heritage Program, pets.
comm. 1990); prior to 1990, this occurrence had been last
seen in 1960 (S. Gunn pers. comm. 1989).

Approximately one-third of the Little River site is
within DeSoto State Park, and one-third is under private
ownership but leased to the Department of Game and Fisheries;  (;
the other third is in private ownership. The population on s
Town Creek is entirely under private ownership.

In 1979, Freeman et al. reported the plant from Jackson
and Lee Counties and made deposits in the Auburn University
Herbarium. Although these two sites have not been recently
confirmed (S. Gunn pers. comm. 1989), they make Jackson and
Lee Counties high priority for future searches. The
occurrence of populations in other counties such as
Tuscaloosa, Cullman, and Walker is unlikely due to
heavy strip-mining and extensive impoundment of rivers (S.
Gunn pers. comm. 1989).

There is some residential development in the area of the
Little River population. In addition, there are several
small abandoned dams upstream from the population. Flooding
could damage the population if.any of these dams was to



Table 3. Current status of extant populations.

Most

Recent
Survey Size
1990 thousands
1990 < 100
1990 hundreds
1990 < 100
1990 30,000
1990 500

1989 200-300
1989 200-300
1990 51-100
1990 100's
1990 50~100
1990 1,000,000
1990 10,000

Bates (AR Heritage and TNC)

ST County Site Name

AL DeKalb Little River

AL DeKalb Town Creek

AR Yell Irons Fork

GA Greene Outcrop

MD Allegany Sideling Hill

MD Allegany Fifteen Mile

NC Chatham Deep River

NC Granville Tar River

SC Aiken Monetta Sink

SC Aiken Windmill

SC Saluda High Ponds

WV Morgan Sleepy Creek

WV Morgan Cacapon

References:
1 - S. Gunn (AL Heritage)
2 - V.
3 - T. Patrick (GA Heritage)
4 - Maddox and Bartgis (1989)
5
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J. Nelson (SC Heritage)
-~ B. McDonald (WV Heritage)
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Ref. Ownership

public/
private

private
public

private
public

public

private
private
private
private
private

“private

private

- M. Boyer and R. Sutter (NC Plant Conservation
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collapse. Construction of new dams and the consequent
permanent inundation of habitat is also a potential threat.

Analysis of Little River water samples revealed high
levels of human choleriform bacteria, suggesting a high
amount of sewage input (S. Gunn pers. comm. 1990). Also,
some sites contained heavy algal populations (R. Bartgis
pers. obs.), which may reduce the number of suitable sites
for establishment of young plants. Acidic runoff from
abandoned but unreclaimed strip mines may pose a pollution
threat to both populations, but especially to Town Creek (S.
. Gunn pers. comm. ‘1990). There is no state legal protection
for P. nodosum (or any plant) in Alabama. |

Atsection of the Little River which includes a major
subpopulation is currently under review for possible
inclusion in the National Park systen.

Arkansas

The single extant population in Arkansas was discovered
in 1990 on Irons Fork in Yell County (Vernon Bates, Arkansas
Natural Heritage Program and TNC, pers. comm. 1991). The
population contains several hundred plants distributed among
three subpopulations over 5-7 miles of river.

At the present time, all three subpopulations are in
relatively good condition. Two of the subpopulations are
within the Ouachita National Forest, and appear unthreatened.
The third subpopulation occurs on private land,von a gravel
bar that is often used as a source of gravel for roads.
Although the plant is due for state listing, this will not
afford any state legal protection to these subpopulations.

‘Discovery of the Arkansas population dramatically
increases the known range of P. odosum, and suggests the
possibility that the plant may occur in several heretofore
unsurveyed areas, including southern Missouri, eastern

11
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Oklahoma, and the Boston Mountains in northwest Arkansas (V.
Bates pers. comm. 1991).

Georgia

The single extant population in Georgia occurs in Greene
County on a small (0.25 acre) granite outcrop that is in
private ownership. The site is within 0.5 mile of a freeway
exit ramp, but there are currently no khown~p1ans to expand
the freeway or develop this area. '

The population has no legal protectioh: although the
plant is proposed for inclusion on the state list of
endangered piants, state legal protection is extended only to
populations on public lands. Further, because it is véry
small and isolated, it is especially susceptible to chance
events in weather or demography.

_ Plants in this population number approximately 100 in a
good year and as few as two in a poor year, and grow at the
edgés of a small seasonal pond. Although this oﬁtcrop site
would seem to be atypical P. nodosum habitat, it is similar
to other sites in regard to the seasonality of water levels.
The plants grow at an intermediate water depth where they are
neither drowned nor desiccated (Tom Patrick, Georgia>Natura1
Heritage Inventory, pers. comm. 1989). The site has been
used for experimental transplants of several granite outcrop
species; however, P. nodosunm is thouéht to be a natural
occurrence (T. Patrick pérs. comm. 1989).

Two historical sites in Schley and Dooley Counties still
have appropriate habitat but contained no P. nodosum in 1989.
Both sites are coastal plain pond habitats. L

No other granite outcrop sites have been discovered
despite intensive surveys (over 150 Qranite outcrops in |
Georgia, Alabama, and South Carolina have been checked for B.
nodosum) by Jim Allison and others (T. Patrick pers. comm.
1989). Many coastal plain ponds in Georgia have béen_
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surveyed either for P. nodosum or a related species, Oxypolis
canbyi, and no new pond populations are expected to be found 1
in the state. However, rocky streams in the northern half of . ™
the state need investigation because the Little River (the P.
nodosum site in Alabama) origlnates in Georgia's Cumberland

Plateau.

’

Maryland

Both extant Maryland populations appear to have a
stable population size and distribution within their
habitats. The larger of the two Maryland populations occurs
in Sideling Hill Creek on the border of Allegany and ‘
Washington Counties, and contains at least 30,000 individuals
divided among 50-60 subpopulations (Maddox and Bartgis 1989).
About three-quarters of these subpopulations are on L
state-owned sites (State Forest, Wildlife Management Area, or
State Highway Administration lands) or sites that are
unlikely to be developed (a Boy Scout Reservation). (i

Taking endangered species on Hafyland state lands is S’
prohibited without a permit, and land managers are required
to consider the plant when planning land management
activities. Subpopulations within the wildlife management
area occur in designated Natural Heritage Areas, but specific
management prescriptions for these or other state-owned areas
have not yet been developed. The State is negotiating for
acquisition of the largest privately-owned tract of P.
nodosum habitat on Sideling Hill Creek. The National Guard
leases this area, but their activities have not affected the
plant or its habitat. )

The second population (Fifteen Mile Creek) consists of a
single subpopulation containing less than 500 individuals.
The plants occur on state forest land, but no specific

management program for protecting this habitat has been
developed.

=
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Major bridge and freeway construction projects recently
occurred on both streams, causing erosion and heavy siltation
problems; Experimental transplants of P. nodosum exhibited
poor survivorship at the freeway construction site on
Sideling Hill Creek despite the existence of appropriate
habitat (Maddox and Bartgis 1990a), suggesting that
environmental perturbations from construction (chemical or
§ediment runoff) may be detrimental to the plant's survival.

Despite these projects, both creeks remain generally
undisturbed, and there is little residential development on
the adjacent uplands, although some agriculture occurs in the
floodplain on Sideling Rill Creek. Human impacts may
eventually increase since tourism and vacation home
development are expected in the future. _

Several other stream systems in the state, inciuding the
Potomac River (with a historical harperella_site adjacent to
the C&0 Canal National Historic Park), contain apparently
potential habitat for P. nodosumn. ThevPotomac, however, has
been heavily polluted in the past by industrial (especially
coal mining) and agricultural waste; experimental_transplants
on a Potomac River site experienced 100% mortality within
nine months (Maddox and Bartgis 1989, 1990a).

Most other streams in the area that appear to be
physically suitable and relatively undisturbed have been
surveyed for the plant. Although the Fifteen Milé Creek 'si,te
‘was not verified until 1988, no new sites in Maryland are
expected to be found.

North Carolina

The two North Carolina populatiohs are found on the Tar
and Deep Rivers. Each population consists of a single
subpopulation containing less than 300 individuals, and both
have been relatively stable since 1985. Both populations are
in private ownership and are not protected.

14



A historical site on the Haw River, near its confluence
with the Deep Riﬁer; was destroyed by construction of a dam.
This site occurs one kilometer downstream from the confluence
with the Rocky River, suggesting that additional sites may
exist on the Rocky River.

Three proposed projects ﬁpstream from the extant Deep
River P. nodosum population are potential threats: expansion
of a sewage treatment facility in Siler city, which may
affect the water quality of the Rocky River; an industrial
park in Siler City; and reactivation of a coal mine (last
operative in the 1800's) on the Deep River. |

currently under review is designation of a High Quality
Water Administrative Rule (General Statutes 143-214 and
143-215) that provides limited protection to drainage systems
containing rare species. Both P. nodosum sites would be
strong candidates for a High Quality Water designation.

South Carolina

Four of seven historically known populations were
reported as extant in 1989. However, one of the four did not
contain P. nodosum in 1990 (John B. Nelson, South Carolina
Heritage Trust, pers. comm.). Instead the site contained P.
cappillaceum, and there is now some doubt as to whether it
ever contained P. nodosum (in Table 2 the site is classified
as "extirpated®).

All seven populations occur or occurred in seasonal
coastal plain ponds (sometimes called "Carolina Bays" or
"boggy ponds®), which have been disturbed by drainage
ditches. The three extant populations appear to be feeble or
declining.- All three populations are relatively small and
experience wide yearly population fluctuations. The causes
of such fluctuations are unknown, although Oxypolis canbyi
experiences population fluctuations caused by annual
variation in water levels (Boyer 1988).

15
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None of the extant sites is protected. Coastal plain
pond sites are affected by ditching and dredging that is done
to make land more suitable for agriculture, silviculture, or
livestock watering. The plant is very intolerant of dry
conditions, and such activities pose severe and immediate
threats to the populations.

Because these populations are small and isolated, they
are particularly susceptible to chance natural events.

West Virginia

- The Sleepy Creek population, the larger of the two
extant West Virginia populations, contained as many as one
million individuals in 1990, with many subpopulations
distributed over 15 river miles (Brian McDonald, West
Virginia Natural Heritage Program, pers. comm.). The second
population, on the Cacapon River, contained approximately
100,000 individuals in 20 subpopulations in 1990, distributed
over 20 river miles.

P. nodosum was reported in 1830 at Harpers Ferry
(probably on the Shenandoah River). This area was
subsequently heavily disturbed by industrialization, dams,
Ccivil War events, and severe floods; recent attempts to find

P. nodosum there were unsuccessful. Although excellent
habitat occurs on several other streams in West Virginia,

all have been extensively surveyed for 2{ nodosum (a total of
422 xm) and apparently do not contain the species (R. Bartgis
pers. obs.). :

Much of the area where P. podosum occurs in West
Virginia has been subdivided and sold for vacation home
sites. From 1970 to 1985, 47% of the river frontage on the
Cacapon was subdivided into lots of ten acres or less.
Possible threats to the species posed by shoreline use
include (1) tree clearing along the river banks and '
consequent erosion, (2) herbicide and pesticide runoff, and
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(3) trampling and bank destabilization through human use. 1In
1984 on Sleepy Creek, up to 10,000 plants were destroyed by
soil dumping and siltation from one construction project.

The highly fragmented land ownership patterns on Sleepy Creek
and the Cacapon River seriously complicate habitat protection
activities.

In terms of impending threats, a ski resort has been
proposed along the Cacapon River. Potential impacts of the
resort include increased sediment runoff from steep mountains
during slope clearing and heavy use of river water for snow-
making. '

Further, the West Virginia Department of Commerce, Labor
and Environmental Resources is proposing to divert water from
the Cacapon River for a golf course and other state park
facilities. Both the ski resort and the commerce department

proposals would divert water from the Cacapon watershed and
release it into the Sleepy Creek watershed.

Only one of the subpopulations in West virginia occurs
on a protected site (a Nature Conservancy easement on one
Cacapon River stand):; however, The Nature Conservancy has
included in its Registry Program some of the landowners on

both streams whose land was known to contain P. podosum in
1985.

Habitat, Life History, and Ecology '

Published reports (e.g., Easterly 1957, Kral 1981) and
current observations (Rob Sutter, The Nature Conservancy; T.
Patrick: J. Nelson; B. McDonald; Maddox and Bartgis 1989)
confirm that P. nodosum comprises'populations that occupy two
somewhat distinct habitats. These differences in habitat
constitute the historical P. nodosum and P. fluviatile
division. There is also some evidence that the Nodosum and
Fluviatile forms are genetically differentiated, although not
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necessarily at the level of distinct species (Kress et al.
1990). |

Since differences in both habitat and biology are
potentially important to issues of conservation and
stewardship, the ecology of each form, or ecotype, is
discussed separately in the following sections.

Pollination and seed viability do not appear to be
limiting for either form, although much more is known about
Fluviatile in these respects. Plants of both forms contain
both bisexual and male florets and at least some self-
pollination is possible (Easterly 1957).

Neither form has any reported herbivores, although slugs
killed some experimental transplants in drier sites in
Maryland (Maddox unpubl. data).

Fluviatile Ecotype
Life History:

Fluviatile grows on rocky and sandy shoals and; rarely,
on muddy banks of seasonally flooded and quickly moving
streams in Maryland, West Virginia, North Carolina, Alabama,
and Arkansas. .

Plants flower in July and August, and fluctuating water
levels tend to knock over flowering stems. In the Potomac
watershed, seeds germinate in September, often clustered at
the site of the fallen flower. Decumbent flowering stems
proliferate by developing rooting shoots at each node (Rose
1911; Easterly 1957; Maddox and Bartgis 1989, 1990a). The
flowering stems then decompose, leaving physically distinct
parent and offspring shoots; the flowering stem thus acts as
a stolon. The parent;plants, the asexual buds, and the
surviving seedlings then ovetwinter as evergreens under high
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water. . All plants may grow and produce flowering stems the
next season (Maddox and Bartgis 1989, 1990a). |

Thus, the Fluviatile type behaves as a perennial in the
manner of such stoloniferous perennials as Fragaria
virginiana and Viola species, which produce vegetative
daughters that live up to three years (Cook 1983).

Perennial behavior in Fluviatile was originally recorded

by Rose (1911) and Easterly (1957), and has been recently
observed in West Virginia (B. McDonald pers. comm. 1989),
North Carolina (R. Sutter pers. comm. 1990), and Alabama (S.
Gunn pefs. comm. 1989). Easterly (1957) believed that the

asexual buds survived only two years (asexual biennality) and

described the plant as an asexual annual. It may be more
appropriate, however, to call Fluviatile a short-~lived
berennial (Maddox and Bartgis 1989, 1990a).

An alternative possibility is that Fluviatile is a
long-lived annual that does not annuate because it is

protected from cold and drought by high winter water (i.e., a

facultative perennial). However, Fluviatile is somewhat
frost hardy. Ten Maryland plants grown in pots (five
submefged and five in water up to the soil surface) survived
eight weeks in intermittently sub-zero weather occasionélly
as low as -10'C (Maddox unpubl. data). |

The major adaptive significance of vegetative'spread in
this plant may be that it permits the plant to maintain a
grip on a substrate that is continuousiy eroded by heavy
water floﬁ in winter and spring. Seedlings, which at the
onset of winter high water have only cotyledons 6r one small
leaf, may be too small and insecurely rooted to survive
winter flood in meaningful numbers. In 1988 in Maryland,
Maddox and Bartgis (1990a) observed significant over-winter
mortality among seedlings. No seedlings were produced in
1989 because of unusually high summer and fall water levels.

Seeds readily float, so dispersal probably is mediated
by water flow; however, safe sites downstream are

19

«



infrequently and haphazardly found. Further, seeds have no
structures to facilitate aerial dispersal and drop quickly to
the ground, with many seeds germinating directly under the
parent plant. Thus, seed dispersal to new sites is probably
a rare event. The longevity of seeds in the soil or water is
unknown. ) o

Vegetative buds (leaves plus roots) can live
indefinitely floating in water, and can root themselves when
grounded under wet and stable conditions. Vegetative
dispersal downstream is thus possible. Slow dispersal
.upstream may occur as subpopulations expand along the river
banks or by the movement of shoals through upstream
accumulation of sediments.

Habitat Description and Requirements:

Fluviatile typically grows on rocky shoals, in crevices
in exposed bedrock, and, rarely, along sheltered muddy banks.
The largest subpopulations are often found in sunny sections
of creeks. | - o v |

Within such areas the plants are found in microsites
that are sheltered from the erosive effects of rapidly moving
water; for example, plants are usually found on the
downstream side of large rocks or amidst thick clones of
water willow (Justicia americana (Acanthaceae)). This .
anecdotal evidence indicates that Fluviatile is restricted to
sites that are somewhat protected from the onslaughts of
flood waters and, possibly, ice scouring.

Fluviatile is restricted to a very narrow range of mean
water depths. For instance, the presence of Fluviatile in
Maryland was strongly associated with certain intermediate
water depths (Maddox and Bartgis 1990a). The plant was
entirely absent from the shallowest or driest areas and deep
waters, even though such areas could include J. americana_
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There are three basic explanations for this restriction
to intermediate water depths. First, P. nodosum may be too
small to complete its life cycle in very deep water. Seed S
germination would be especially problematic in continuously
inundated areas. Second, water depth is strongly correlated
with water velocity. P. nodosum may be physically eliminated
from deeper water simply because the plants cannot hold on to
the substrate. Maddox and Bartgis (1989, 1990a) observed
significant mortality among experimental transplants placed
in slightly deeper water. Third, P. nodosum may be absent
from shallow water because of either the negative effects of
competition by other species and/or physiological intolerance
of dry conditions. Potted P. nodosum in a greenhouse are
very sensitive to even moderately dry conditions experienced
for short periods (D. Maddox pers. obs.). Sufficiently

watered individuals survive well in otherwise similar
conditions. " '

Associated Species: m
—~
Typical associates of Fluviatile in riverine habitats
include: (1) on rocky shoal sites, Jugticia'amegicana,
Iscetes riparia, and QOrontium aquaticum; (2) on sandy banks
at the water's edge, Eupatorium coelestinum, Eupatorium
fistulosum, Lobelia cardinalis, Arthraxon hispidus,
Lysimachia terrestris, Andropogon gerardi, Tripsacum _
dactvloides, Panicum spp., Carex torta, and Scirpus exXpansus.
In Arkansas; associated species include Juncus repens,
Dulichium arundinaceum, Xyris spp., Hydrolea ovata, Alnus
serrulata, and Gratiola brevifolia.

Demography:

Fluviatile populations exhibit considerable substructure
consisting of many small units situated on small patches of
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appropriate habitat. Two observations concerning population
substructure are potentially important: (1) there is
significant turnover in subpopulations, and (2) a large
majority of subpopulations are small, containing less than
200 individuals.

There is significant dynamism in the persistence of
individual stands. PFifteen percent (15%) of subpopulations
at Maryland's Sideling Hill Creek were extirpated or created
during 1988-1989 (Maddox and Bartgis 1990a). Over a five-
year period, 25% of stands along a 1.5 km section of Sleepy
Creek in West Virginia were lost or created (5% per year).
There was a 30% rate of stand turnover on the Cacapon River
from 1984 to 1988.

This dynamism is correlated with the size of
subpopulations: small stands are more likely to be reduced
in size or extirpated altogether (Maddox and Bartgis 1990a).
This observation has important ramifications, since most
subpopulations range-wide are small, containing less than 200
individuals. _ |

The fact that small stands have a relatively high
probability of extirpation or decline is critical to
management and recovery. High rates of stand dynamism
'suggest that populations made up of one or a few small
stands, such as the two populations in North Carolina,
Maryland's Fifteen Mile Creek, and to a lesser extent West
Virginia's Cacapon River, are at significant annual risk.
Even in large populations, subpopulation turnover rates of
5-15% per year suggest that a series of several "poor" years
could transform these large populations into relatively small
ones.

The implication for the development of a protection or
recovery strategy is that the species cannot be protected by
preserving a few of the exemplary subpopulations. For
example, several West Virginia sites containing P. nodosum
were registered on the basis of 1985 data, but contained no
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P. nodosum in 1989. A broader view of protection -- a
" watershed perspective -~ must be adopted that accounts for
P. nodosum's sensitivity to environmental stochasticity. S’

Nodosum Ecotype

Significantly less is known about Nodosum because it is
less common and has not been the subject of intensive
research. What is known comes from the publications of
Mathias (1936), Easterly (1957), and Kral (1981), from
observations during site visits by local bioclogists (T.
Patrick, GA Heritage; J. Nelson, SC Heritage Trust; Doug
Rayner, Wofford College), and extrapeolation from research on
Fluviatile. The lack of knowledge about Nodosum and its

extreme rarity suggest that further research into its
‘ecological requirements and conservation needs is urgent.

Life History:

Nodosum occupies the edges of coastal plain ponds in
South Carolina and a granite flatrock site in Georgia. Five
other historical sites in South Carolina and southern

Georgia, now extirpated or destroyed, were coastal plain
ponds.

Nodosum does not tend to proliferate (Easterly 1957),
perhaps because flowering stems are not made decumbent by
high water (Kral 1981). The plant behaves as a true annual
on these sites, germinating, growing, and flowering in one
season. Seedling germination has not been observed,'but the
fall die-back of adults suggests that germination occurs in
spring. .

The plant apparently annuates without experiencing a
frost; rather, dry conditions seem to stimulate die-back (T.
Patrick pers. comm.). The Fluviatile type has also been



shown to be extremely sensitive to dry conditions (Easterly
1957, Maddox and Bartgis 1989). Decreasing photoperiod could
also play a role in Nodosum's annual behavior.

Dispersal in Nodosum has not been studied. Like
Fluviatile, seed dispersal within a site is probably mediated
by water flow. Because Nodosum does not proliferate at the
nodes, it does not disperse locally through vegetative
spread. The longevity of seeds in the soil or water is
unknown. , ,

The natural founding of new pond populations is probably
very rare because of the plant's (apparéntly) poor capacity
for long distance dispersal and the fragmented dispersion of
appropriate habitat. However, the mechanism and fregquency of
dispersal to new sites has not been studied. Baerial
dispersal is possible given the small seeds (without other
mechanisms for aerial dispersal, however). Seeds or
vegetative shoots may disperse on the feet or coats/feathers
of animals, but this has not been observed. '

Habitat Description and Requirements:

The few existing sites for Nodosum in the coastal plain
are shallow pineland ponds and low savanna meadows. An
exception is the Georgia population, which exists on a
granite outcrop. Both habitats are seasonally flooded,
typically with standing water from late fall through early
summer and saturated conditions for the balance of the year.
Soils tend to be a peat muck overlying sand or s&ndy-silt.

Like Fluviatile, Nodosum probably reduires intermediate
water levels. This is not precisely known and more research
could be beneficial, but the conjecture is supported by the
fact that Nodosum grows at the edges of its native ponds.
Continuously inundated areas are probably too deep for the
Plant to complete its life cycle, and Nodosum is probably
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excluded from drier areas by physiological intolerance of
drought and by inter-specific competition.

Associated Species:

The dominant species at P. nodosum sites is often
Panicum hemitimon. Other species may include many sedges in
the genera thgchbsgora (e.g., R. perplexa, R. microcarpa),

Carex (e.g., C. Qalteri, €. lupulina), Eleocharis (e.g., E.
tricostata, E. melanocagga), Psilocarya, Dichromena

colorata, and Fimbristylis. Dicot associates include
Hypericum fascicdlatum, H. denticulatum, H. mxggifolium,
Rhexia virginica, R. mariana, R. aristosa, Proserpinaca

pectinata, several Ludwigia species, and Sclerolepis uniflora

(Kral 1983).

Population Genetics of Both Forms

"In a study of electrophoretically detectable genetic
variation conducted by the Smithsonian Institution and the
Maryland Natural Heritage Program (Kress et al. 1990), seven
populatiocns from Maryland, West Virginia, and the Carolinas
were sampled (all were Fluviatile populations except for one
. Nodosum population). Thirteen loci were scored for 118'
individual plants.

Levels of genetic variation in P. osum were
exceptionally low. The mean number of alleles per locus was
1.1 with very little variation aﬁong populations. The mean
observed heterozygdsity (HO) for all pbpulations was 0.011
(Kress et al. 1990). Most genetic variation was found
between populatiéns, and at least two populations exhibited
significant departures from Hardy-Weinberg equilibrium (i.e.,
showed a deficiency of heterozygotes). These observations
suggest a primarily inbreeding type of breeding system.
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Further, analysis suggested'that, based on a single Nodosum
sample, Nodosum and Fluviatile are genetically distinct.

This work is continuing and will ultimately include all
thirteen populations.

Threats and Conservat;on Needs

Threats to Fluviatile Populations:

Primary threats to the persistence of P. nodosum in
riverine habitats involve manipulations of water flow and
water quality. Because Fluviatile tends to occupy a narrow
range of water depths, manipulations of water flow upstream
from populations can easily destroy suitable habitat by
inundation or persistent desiccation. Dams, reservoirs, or
other water impoundments or diversions would almost certainly
threaten any P. nodosum downstream. |

Natural fluctuation in water flow causes significant
yearly variation in subpopulation persistence. Small
subpopulations are particularly susceptible to loss during
normal high water events. Thus, small populations such as
those in North Carolina or Maryland's Fifteen Mile Creek are
at significant yearly risk. Hydrological manipulations.on
rivers with small populations should be strictlyvavoided. or
controlled.

Fluviatile is apparently also sensitive to reductions in
water quality. Siltation caused by heavy construction,
residential development, and agriculture has been cited as
detrimental to the plant. The negative effect of sediment on
Fluviatile was substantiated in a greenhouse experiment:
turbidity equal to that near a bridge construction site

reduced Fluviatile growth rate by 40% (Maddox and Bartgis
1990b) . '
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Another greenhouse experiment indicates that stream
acidification (especially pH < 5.0) may cause significant a
plant mortality (Maddox and Bartgis 1990b). Plants growing e
in water with pH approximately equal to 3.4 had a 70%
mortality rate; in water with pH = 4.6 plants grew at a
‘significantly lower rate than cohtrols., This is potentially
important in Alabama, where the extant population has
historically experienced low pH due to mining. At Maryland
and West Virginia sites, the pH is typically 7.0. However,
the acid neutralizing capacity is very low, suggesting that
" minor acid inputs could significantly lower pH. Other water
quality variables, such as increased sewage or nitrate
concentration, may also be detrimental. |

Finally, habitat moves up and down the river as water
flow rearranges the distribution of rocky shoals on the

landscape. Thus, protection of small areas of habitat are
likely to be ineffective.

This wide range of stream influences on Fluviatile
survival and distribution suggests that a broad view of
habitat conservation should be adopted. Specific areas of T N
habitat and population occurrence along river corridors will
require protection. However, these should be designed as
corridors that allow populations to track moving habitat.

The integrity of the drainage system upstream is critical and
should be protected from perturbations resulting from
intensive land use practices such as mining, dams,
reservoirs, construction, and agriculture. _

Fluviatile grows only in microsites that contain few
other plants. This constitutes circumstantial evidence that
(a) few other plants are adapted to this plant's harsh
flooded environment, and/oxr (b) P. nodosum is a poor
competitor (although no explicit assessment of the plant's
competitive ability has been made). The exotic gfass
Arthraxon hispidus is a potential threat in West Virginia and
Maryland, where it occasionally occurs at P. nodosum
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microsites. However, casual observations in Maryland suggest

that Arthraxon's annual habit makes it susceptible to high

turbulent water. Unusually high water levels in 1989
apparently eliminated the grass from many P. nodosum areas in
Maryland. Nevertheless, the presence of Arthraxon in P.
nodosum sites is a threat and should be monitored.

Threats to Nodosum Populations:

Nodosum, like Fluviatile, depends on intermediate water
levels and is threatened by either dry conditions or total
inundation. Thus, the primary threats to Nodosum populations
are hydrological manipulation and physical destruction of
their pond habitats.

Coastal plain ponds everywhere are threatened by active
drainage for conversion to pine plantations or row crops -
(Godfrey and Wooten 1979). Lowered water tables are probably
detrimental to Nodosum through increased competitive and
physiological stress. While hydrological manipulations
directly to the pond are clearly detrimental, ditching and
other manipulations of the water table from some distance
away may affect coastal plain ponds, although the exact area
of effect is not known (Pat Phillips, U.S. Geological Survey,

pers. comm. 1989). The effective distance of such
manipulations clearly is important in determining the zone

around a population needed to ensure protection of the
hydrological resource.

Occasionally ponds are dredged to create deep ponds for
livestock; these deeper water levels probably disrupt the
life cycle of Nodosum, a small plant.’

No experiments have been conducted to determine the
senéitivity of the Nodosum type to declines in water quality.

bespite these threats, P. nodosum sites are spatially
discrete and, as such, their protection needs may be easily
identified (although the effect of more distant hydrological
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disturbances remains a question). Since all Nodosum sites

have been disturbed by dralnage attempts, act1ve management

of the sites may be requlred ' : -’
The ecological and life history uniqueness of the

Nodosum type and the small size of the few populétions

suggest that conservation measures for Nodosum should have

high priority.

Ccurrent CQgsefvation Measures

State Natural Héritage and Endangered Species Programs
and The Nature Conservancy have been active in searching for
new P. nodosum populations (all states within the species’
range except Arkansas); monitoring extant sites (all states
except Arkansas),’conducting studies of life history and
ecology (Maryland), and negotiating voluntary protection
‘agreements with landowners (Maryland, West Virginia). No
work has been conducted in Arkansas beéause, until recently,
the state had not been known to be within the plant's rahge. e
' While none of the smallest and most immediately
threatened sites are protected, a few of the populations are
located, at least in part, on state-owned lands, and two of
‘the three Arkansas subpopulations are located on Federal
property. ' '

Conservation and management actlvities accompllshed to
date are summarized below.

. Population surveys and inventories have been performed
at all current sites by State Heritage Programs or botanists
from various universities. Active population monitoring
occurs only in Maryland and West Virginia. |

® Surveys for new populations have been undertaken in all
states containing extant populations, except Arkansas. New .
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populations were verified in Maryland in 1988 and Arkansas in
1990. Significant potential habitat or recent unconfirmed
records remain to be investigated in Alabama, Georgia, North
and South Carolina, Arkansas, southern Hiésouri, and eastern
Oklahoma.

) The Nature Conservancy, Western Pennsylvania
Conservancy, and Maryland Department of Natural Resources
have begun a comprehensive prodram to protect sideling Hill
Creek, including upstream areas as buffer. To date, a number
of tracts have been registered in Maryland and Pennsylvania,
a tract has been acquired on the border of Maryland and
Pennsylvania, and the potential purchase of the most
significant tract supporting P. nodosum is being hegotiated

" by the state of Maryland and The Nature COnservancy.l

) The Nature Conservancy has acquired an easement on one
Cacapon River subpopulation. Additional subpopulatiohs in
West Virginia have been added to the COnéervancy's registry
program. The U.S. Fish and Wildlife Service contracted with
The Nature Conservancy in 1990 to expand landowner contact
efforts on the Cacapon River.

[ The Maryland Natural Herltage Program has conducted an
extensive two-year investigation of the ecology and llfe
history of Fluviatile (Maddox and Bartgis 1989, 1990a,
1990b). |

[ The Maryland Natural Herltage Program has collaborated
with the Smithsonian Institution on a study of
electrophoretlcally detectable genetic variation throughout
the range of P. nodosum. This study is expected fo be
completed in spring of 1991.
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' The Maryland Natural Heritage Program has produced and
distributed several information brochures on the biology of i

P. nodosum and its habitat. N
® In a 1988 survey conducted by the Center for Plant

Conservation to determine the plant taxa in most imminent
danger of extinction, P. nodosum was identified by botanists
as a "B" priority taxon, i.e., one which could go extinct in
the wild within the next ten years. The Center has assisted
in the recovery of the plant: 7,500 seeds have been
collected as part of the National Collection of Endangéred
Plants and are housed at the North Carolina Botanical Garden
(NCBG), one of the Center's participatingVinstitutions in the
region. All seeds were collected from the Tar River area in
Granville County, North Carolina. Although not currently

being propagated at NCBG, these seeds provide a valuable
conservation resource. -

Recovery Strategy ' S

To reach recovery, nine currently large or stable
populations must be protected and either maintained at
current status or increased. Four marginal populations must
be protected and augmented to the point where they can be
self-sustaining. Thirteen additional populations must be
discovered or established.

Initial recovery efforts will focus on site protection
and gaining a better understanding of species and habitat
characteristics. Most of the existing populations are on
private lands and are not protected. Acquisition of land
containing significant populations will be sought on a
willing seller basis, or agreements with landowners for
permanent protection will be negotiated. Where permanent
protection is not possible, voluntary landowner registry will
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be pursued. Habitats with priority for near-term habitat
protection include the pond sites and the significant
riverine habjitats.

continued monitoring of all populations will be.
conducted to assess population trends and habitat
disturbances, and to identify potential threats and problenms.
" Appropriate management techniques will be implemented as soon
as possible to stabilize disturbed habitats of existing
populations. Active management may be required at some
coastal plain ?ond sites, and attempts to reverse
hydrological manipulations may be required to make some
populations self-sustaining.

Over the longer term, a broad-based approach to
protection will be undertaken. Sources of potential impacts
throughout the watersheds of known populations will be
identified, and watershed-wide conservation measures will be
sought. To reach full recovery, searches for additional
populations will be conducted and/or populations will be re-
established within the historic range of P. neodosum, using
propagation and tranéplant techniques developed through
ongoing investigations into the plant's requirements.
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PART II: RECOVERY

Recove Objectives
The recovery goal for Ptilimnium nodosum (Harperella) is
to delist the species. This will be accomplished by meeting
the following recovery objectives.
P. nocdosum will be considered for reclassification to
threatened status when:
1. Thirteen populations (the number of currently extant
populations) have been relatively stable in population
‘size for five years.
2. All thirteen populations are permanently protected. N
. ‘ (i —
P. nodosum will be considered for delisting when:
3. There are at least 26 self-sustaining populations in

existence. To reach this level, at least thirteen new
populations will have to be discovered or established.
This is the total number of current and historically
known populations.

Self-sustaining populations of P. nodosum are defined as

being large enough to have a high probability of (1)

surviving normal population cycles, {2) persisting
through natural extremes in weather, and (3) containing
sufficient genetic variation to adapt to natural habitat
changes.
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4. The populations are distributed throughout the .
historical range from Arkansas to Maryland.

Specifics such as the exact location of populations, the
number of individuals required in each population, and
their potential response to environmental variation will
- be studied among the recovery tasks.

3. All 26 populations are permanently protected.

This recovery objective is subject to modification based
on information gathered during the completion of the recovery
tasks. The recovery process will be assessed annually, after
which recovery objectives may be revised upward or downward
‘and recovery tasks redirected.

Recovery Tasks : ‘

1.0 Protect existing ulations and esseptial habitat.
Thirteen populations of P. nodosum were extant in
1990. Several. of these populations are small or
declining and only four populations contain 1,000 or
more individuals; three of the four are in the
- northern part of the range. Because of the low number
of extant ﬁopulations and their generally small size,

all known populations should be protected.

1.1 Delineate essential habitat for existing
- populations. The geographic limits of the pond .
populations and five of the riparian populations
(in West Virginia, Alabama, and Maryland) are
known, but limits have not been fully determined
for the North Carolina p0pulatidns, several

unconfirmed Alabama populations, and the newly .
34



1.2

discovered Arkansas population. Essential

habitat for all known populations will be {i:
delineated using available information about

habitat and species characteristics. Delineation

of riparian habitats will take into account the
dynamic spatial patterns of these populations,

and will include unoccupied stream-side sections

that may be colonized in the future.

Identify and monitor threats to all
populations. Activities that may affect P.
ncdosum habitat are widespread and continually
changlng. Populations'that are most threatened
at the current time will be identified, and
existing threats will be closely monitored. Over
the longer term, existing and potential threats
to all Xnown pbpulétions -- including
development, drainage, filling, water diversion,
sedimentation, declining water quality, and
appearance of alien (non-native) competitors -- i
will be monitored and documented. Further,

remote sensing or aerial photographs will be used

to monitor watershed trends such as changes in

land use patterns. For both riparian and pond
populations, impacts to the watershed at some
distance from occupied habitat may affect the P.
nodosum. Sources of impacts will be identified
within watersheds of all populations.

Determine habitat protection iorities. Initial

- protection efforts will focus on the most

significant populations, i.e., those of
particular ecological 1mportance and/or those
that are partlcularly threatened.
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As a preliminary strategy, priority will be given
to all four Nodosum populations due to their
ecological and life history distinctiveness, as
well as their extreme vulnerability to habitat
impacts. |

For riparian systems, priority sites should
include both North cérolina pdpulations (because
of their small size), Little River, Alabama and
Irons Fork, Arkansas (to represent the southern
and western range limits), and at least one of
the large northern populations (Sideling Hill
Creek, Maryland; Sleepy Creek, West Virginia; or

Cacapon River, West Virginia).

Priorities will be refined, and modified if
necessary, as habitat protection activities
proceed and/or conditions change.

Seek cooperation and active support of private
landowners in protecting known sites. Landowners
of all known sites will be informed of how their
activities may affect the species, and voluntary
protection by landowners will be sought when
appropriate. In riparian systems, voluntary
protection will be sought for unoccupied and
upstream sections to provide adequate buffers for
water guality maintenance and protect sites for
potential future colonization.

Secure permanent protection of occupied habitats.
Means of providing permanent protectién to each
Xnown population in order to meet the conditions
of the reclassification cbjective will be

defined. As a preliminary strategy, private and
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: 1.7

public conservation organizations will seek fee
title or conservation easements on occupied
habitat (and suitable buffer) on a willing seller
basis. Efforts will focus on areas where
voluntary cooperation may not provide complete
protection, particularly if landownership has a

- high turnover rate (as in West Virginia), or

where necessary to alleviate impending threats or

 actively manage the population.

Devel anagemen lans for populations on
public lands. Several significant sections of
riparian P. nodosum popuiatiqns occur on land
owned by public agencies. In cooperation with
these agencies, management plans will be
developed to address potential impacts, maintain
suitable habitat and the vigor of the population,

and maintain appropriate streamside and upstream
buffer zones.

Evaldate effectiveness of protection proarams and
;edifect efforts as necessary. Because the
species' demography and habitat are so dynamic,
the effectiveness of protection efforts for any
population will be evaluated annually in terms of
(1) spatial and temporal changes in the
dispersion of individuals, (2) changes in land
use and impacts to habitat, and (3) adequacy of
existing protection tools.

People involved in acquisition and registry
activities in riparian systems should annually
assess the current pattern of population
distribution in order to redirect efforts to new
subpopulation occurrences.
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2.0

Develop watershed protection programs. It may prove
necessary to go beyond localized habitat protection to
secure long-term protection for P. nodosum

populations.
2.1 Identify populations in need of watershed-wide

protection. It will be necessary to go beyond

- localized protection if (1) significant threats

occur away from occupied habitat (as in parts of

. Maryland), or (2) landowner cooperation or

habitat acquisition provide insufficient
protection for any reason. Potential sources of
impacts will be identified for all populations.
Populations will be given priority for securing
watershed-wide protectioh based on extent of
threats, adequacy of localized site protection,
and/or public support for watershed conservation.

- Delineate appropriate watershed boundafies {area

of effect) for the populations identified in Task
2:1. Using available information, hydrologic

modelling, and other methods, the watershed area
that must be protected to ensure a stable water
regime for each population specified in the
preceding task will be determined.

Seek watershed-wide consé;!ation measures for
specified populations. Watershed-wide
conservation measures will be implemented as part
of the protection program for specified .
populations of P. nodosum. Strategies to offset
identified impacts will be identified, and

- measures will be sought to maintain suitable

riparian and pond habitat, natural hydrologic
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regimes, and water quality. FSpecific measures

will vary by watershed, but may include local (i
zoning and planning requlations, landowner had
contacts, site acquisition or easements on a

willing seller basis, or some combination of

these.

Enforce léws protecting the species and/orxr its

habitat. Provisions of the Endangered Species Act of
1973, as amended, and of Maryland regulations
prohibiting the taking of the species from private
property without the landowner's written permission
and from state property without a permit (Code of
Maryland Regulations 08.03.08) will be enforced. Over
the longef term, the passage of laws and promulgation

of regulations that will promote protection of P.
nodosum throughout its range will be encouraged.

Search for additional populations, and extend
protection to newly discovered populations. In most T N

states, discovery of new populations is unlikely.
However, much potential habitat remains to be searched
in Arkansas, southern Missouri, and eastern Oklahoma.
These are areas that were not previously believed to
be within the.range of P. nodosum, so no field work
designed to locate the species has been conducted.
Other locations deserve continued searches,
particularly North Carolina, northwestern Georgia, and
the Piedmont rivers of Alabama. Searches will be
continued and expanded as warranted by any new
information developed in Task 5.0. Protection as
described in Tasks 1-3 will be extended if and when
additional populations are found.
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5.0

Investigate species and habitat characteristics. More
information on habitat requirements and life history
characteristics of the species is needed in order to
accurately evaluate potential impacts and to fully
identify appropriate protection and management
strategies.

5.1 Monitor size apd spatial distribution of
populations. Since spatial distribution of
subpopulations in riparian systems can change
significantly from year to year, distribution
patterns in these systems will be redetermined
every three years and after major natural
(drought or severe flood) or human (land use)
perturbations.

5.2 Conduct long-term demographic studies. P.
nodosum populations'are quite dynamic and appear
to be largely controlled by annual or permanent
changes in hydrology. Small riparian stands
appear to be at high risk of extirpation over
short time periods; pond popuiations'may be more
stable, at least in the absence of major
hydrologic disturbance.

For pond populations, permanent plots will be
established and.visited annually for at least
four consecutive years at the peak of flowering.
Data will be collected on the density of P.
podosum and its neighbors, plant size, number of
flowering stems, and water depth. Complete
counts of the number of individuals will be made
in smaller populations, while estimates will
suffice for populations with individuals too
numerous to count. This information will also be
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gathered during and after hydrologically unusual
years in order to understand the influence of
such events on population trends.

For riparian populations, comprehensive
demographic studies at all sites would be
prohibitive because of the difficulty in working
along rivers, the large numbers of individuals,
and the wide distribution of subpopﬁlations.
Detailed studies on the structure of three large
subpopulations in Maryland's Sideling Hill Creek
will continue to provide insight into long-term
stand dynamics. Otherwise, bi-annual estimates
of the number of individuals and mapping of
subpopulation distribution should suffice. Such
surveys will also be conducted during and after
hydrologically unusual years or other major
perturbations. For small fiparian populations

actual counts or careful estimates of populations

size will be made.

These efforts will provide data on global and
local trends in population size, advance warning
of potential threats to P. nodosum, and help in

the evaluation of protection efforts. A standard

monitoring methodology will be developed so that
data can be compared among years and sites
throughout the plant's range. A proposed
methodology is outlined in Appendix A.

5.3 cOntigue to define habitat requirements of the

species. Little is known about the habitat

requirements of pond populations. While some
extrapolations can be made from knowledge of
riparian plants, qpestions unique to the pond
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5.5

habitat remain: the potential for competitive
stress from neighbors, the importance of water
quality, the effects of fire or fire suppression,
and the mechanistic effects of drought and
flooding.

Much has been learned about habitat requirements
of riparian populations through studies in
Maryland. However, some questions remain,
including the plant's susceptibiiity;to habitat
acidification, heavy sedimentation, and other
water quality variables.

Delineate potential habitat. The habitat
characterization derived from Task 5.3, as well

as information derived from protection efforts
conducted in Tasks 1-3, will be used to delineate
habitat that may potentially support the species.
Potential habitat throughout the species’
historical range will be delineated._”These areas
will then provide the basis for,fututefsearches
and attehpts to establish new populations. '

Correlate past and ongoing habjtat disturbances
with population trends. Studies will be
initiated to correlate habitat disturbances over
time with population trends. This will heighten
understanding of potential impacts and possibly
help in identifying management actions that could
reduce or reverse negative impacts. Basic water
quality data will be gathered for all riparian
sites to use as baseline information in
monitoring the effects of impacts.
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6.0

in ponds. While riparian plants utilize asexual
and sexual reproduction to varying degrees
depending on seasonal hydrologic regimes, pond.
populations appear to be restricted to sexual
reproduction. It will be determined whether
Nodosum are obligate sexual reproducers. The
frequency and longevity of stored seed will also
be determined.

5.7 Refine and implement approprijte management
techniques based on information derived from
tasks 5.1-5.§. When species and habitat
characteristics are more fully understood,
current population and habitat management‘
techniques will be refined, and/or additional
'techhiquesiﬁililbe developed. This information
will be incorpated, as appropriate, into the
management plans developed through Task 1.6.

5.8 Develop transplant techniques. The riparian

form, at least, is easily propagated asexually
and field transplants in Maryland have been
somewhat successful. Mortality of transplants
has been high at several sites that appeared
superficially suitable, but where water quality
impacts were known to have 6ccurred. A refined
understanding of what constitutes suitable
habitat (as defined in Tasks 5.3 and 5.4) should
help:in this regard. The long-term success of
transplants is unknown. Nothing is known about
the ease of propagating the pond form.

conduct further gepetic studies. Electrophoretic
analyses that have been perfofmed_to date suggest that
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further study of genetic distinctions between the
Nodosum and Fluviatile forms may be warranted.
Sstudies will be designed to further characterize
genetic distinctions or similarities between the two
forms, and to further determine the genetic
composition of all extant populations.

Develop a cultivated source of plants and provide for
long-term seed storage. For smaller populations that
are ecologically unusual (e.g., the granite outcrop
site in Georgia) or at great risk (the North and South
Carolina sites), long-term storage of material may
maintain genetic material if the population is lost.
There is no current need to maintain material from the
larger populations, but this should be re-evaluated if

_population declines occur.

7.1 Determine requirements for cultivation of live
plants. '

7.2 Determine conditions necessary for long-term seed
storage.

7.3 Develop technigues for re-establishment of
populations using cultivated material.

e-establish popula ns in suitable habitat within
the species! historical range. Up to thirteen
reintroduced populations may be required to reach the
delisting objective, if no additional existing
populations are located. While some reintroduction
efforts could take place on historical sites, several
such sites have been destroyed. Thus, suitable sites
that have not previously contained the species must be
identified. '
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10.0

Public support of recovery efforts for P. nodosum
could play a significant role in encouraging landowner
assistance and raising awareness of activities in
behalf of the species. This is particularly important
considering the large number of landowners along the
occupied riparian corridors and within occupied
watersheds. Informational materials will continue to
be developed and distributed to landowners and the
general public. ’

In addition, more specialized educational materials or
workshops on rare plants, off-site conservation
techniques, and reintroduction methods will be

designed and conveyed to conservationists.

Annually assess success of recovery efforts for the
species. Recovery efforts are likely to result in the
rapid accretion of information available on P.
nodosum, its habitat, and potential threats. Recovery
efforts should be reviewed annually in order to
redirect recovery efforts as necessary.

45

A .
NanttV

Y



N

Literature Cited

Boyer, M. 1988. Monitoring Oxypolis canbyi in Big Cypress .
Meadow (McIntosh Bay), Scotland County, North Carolina,
1986-1988. Unpublished report, North Carolina Plant
Conservation Program, Raleigh, N.C. 16 pp.

Cook, R.E. 1983. Clonal plant populations. Amer. Sci. 71:
244-253.

Easterly, N.W. 1957. A morphological study of Ptilimnium.
Brittonia 9: 136-145.

Godfrey, R. and J. Wooten. 1979. Aqnatic and wetland plants
of the Southeastern U.S.: Monocotyledons. University of
Georgia Press, Athens, GA.

Freeman, J.D., A.S. Causey, J.W. Short and R.R. Haynes. 1979.
Endangered, Threatened and Special Concern Plants of Alabama.
Botany and Microbiology Departmental Series #3. Agricultural
Experiment Station. Auburn Univ. Auburn, AL.

Kral, R. 1981. Notes on some quill-leaved umbellifers. Sida
9: 124-134. '

Kral, R. 1983. A report on some rare, threatened or endangered
forest-related vascular plants of the South. Tech. Publ.
R8-TP2, USDA-Forest Service, paper 258.

Kress, W.J., G.D. Maddox, and S. Roesel. 1990. Population
genetics of the endangered semi-aquatic plant, Ptilimnium
nodosum. Unpublished manuscript.

Kruckeberg and D. Rabinowitz. 1985. Biological aspects of

endemism in higher plants. Annual Review of Ecology and
Systematics 16: 447-479. -

Maddox, G.D. and R. Bartgis. 1989. Ptilimnium nodosum in
Maryland: Progress Report on Research and Conservation

Activities. Report to the Maryland Natural Heritage
Program.

Maddox, G.D. and R. Bartgis. 1990a. Causes of local
distribution in Ptilimnium nodosum, an endangered
semi-aquatic plant. Unpublished manuscript.

Maddox, G.D. and Bartgis. 1990b. Sedimentation and- acidity

reduce growth rate and survival of the endangered Ptilimnium
nodosum. Unpublished manuscript.

46



Mathias, M.E. 1936. Studies in the Umbelliferae V. Brittonia
2: 239-245.

Radford, A.E., H.E. Ahles, and C.R. Bell. 1964. Manual of the e

Vascular Flora of the Carolinas. Chapel Hill: University
of North Carolina Press. : '

Rose, J.N. 1905. Two new umbelliferous plants from the _
coastal plain of Georgia. Proc. Nat. Acad. Sci. 29: 441-443.

Rose, J.N. 1911. Two new species of Harperella. Cont. U.S.
Nat. Herb. 13: 290-292, '

U.S. Fish and Wildlife Service. 1983, Endangered and .
threatened wildlife and plants; determination of Ptilimnium

nodosum (Harperella) to be an endangered species. Federal
Register 50: 37978-37982.

Nt

47 | ({



PART OI: IMPLEMENTATION SCHEDULE

The following schedule indicates recovery tasks that
will be initiated sometime during the next three fiscal
years. It outlines responsibilities and costs, and provides
a general indication of how long it will take to achieve a
given task. The tasks are arranged in priority order.

Priorities shown in Column 1 have been assigned based on
the following criteria: '

Priority 1 An action that must be taken to prevent
extinction or to prevent the species from
declining irreversibly in the foreseeable

future._

Priority 2 = An action that must be taken to prevent a
significant decline in the species
populatlon/habltat quality or some other
sxgnlflcant negative impact short of
extinction.

Priority 3

All other actionS'neceSSary to provide for
full recovery of the species.

Responsible agencies, designated in columns 5 and 6, are
abbreviated as follows:
USFWS = U.S. Fish and Wildlife Service

R4, R5 = Regions 4 and 5 of the U.S. Fish and Wildlife
Service

SCA = State Conservation Agencies of participating states,
including:

Alabama Natural Heritage Program (AL Department of
Conservation and Natural Resources)

Arkansas Natural Heritage Program
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CPC

Georgia Natural Heritage Inventory (GA Department of
Natural Resources) -

Maryland Natural Heritage Program (MD Department of -
Natural Resources

North Carolina Plant Conservation Program (NC
Department of Agriculture) '

South Carolina Heritage Trust Program (SC Wildlife and
Marine Resources Department)

West Virginia Natural Heritage Program (WV Department
of Commerce, . Labor and Environment Resources).

The Nature Conservancy

The Center for Plant Conservation

Meggpailh”
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IMPLEMENTATI HED
Harperella (Ptilimnium podosum)

March, 1991 '
b e —— . —— ——————— 1} - ————————— wqu
Task Responsible Agency | Cost Estimates, $000
Priority | Task Description Number | Duration USFWS Other FY1 1 FY2 | FY3 | Comments
T T 3 ] .
1 Dclincate essential habitat for 11 2 years R4, RS SCA 3 3 Completed WV, MD, GA.
cxisling populations. Needed for AL, SC, NC, and
[_ AR.
> T
1 Identify and monitor threats to 12 Ongoing R4, RS SCA 3 3 3
known populations. '
1 Determine habitat protection 13 2 years R4, RS SCA 15 15
} priorities. 1 |
1 Seek cooperation of landowners. 14 Ongoing R4, RS SCA, 1 10 8 1 6 |} Being implemented MD, WV.
TNC
o+ 4
1 | Ideatify populations in need of 21 | 2yeas | R4RsS | sca 3 | 3 H
watershed-wide protection.
1 [ Delincate watershed boundaries for 22 2 years R4, RS SCA 45 45
i specified populations. 1
-1 Enforce laws protecting specics and 30 - | Ongoing R4, RS SCA T 2. 2 2
habitat.
1 3
1 Search for additional populations. 40 2 years R4, RS SCA 6 6
1 Monitor size and distribution of 51 Ongoing R4, RS SCA 3 3 3
populations. ' 4
amed -
1 'Conduct long-term demographic 52 Syears | R4, R5 | SCA 5 5 | S | Ongoing for Fluviatile type.
studies. f | T Needed for Nodosum type.
2 Secure permanent protection of 15 10 years R4, RS SCA, Costs undetermined.
: occupicd habitats, | TNC
2 Devclop management plans for 1.6 5 years R4, RS SCA 3 3 3
populations on public lands. | L




Harpcrella Implementation Schedule -- March, 1991

Task Responsible Agency Cost Estimates, $000
T
Priority | Task Description Number | Duration USFWS Other FY1 FY2 | FY3 | Comments
2 Scck watershed-wide conservation 23 S years R4, RS SCA 25 25 25
measures.
2 Annually assess recovery efforts. 10.0 Ongoing R4, RS SCA 1 1 1
3 Evaluate eflectiveness of protection 17 Ongoing R4, RS SCA S S S
programs,
3 Continue to dcline habitat 53 4 years R4, RS SCA 5 S 5 Ongoing for Fluviatile type.
requirements, Needed for Nodosum type.
3 Delineate potential habitat. 54 2 years R4, R5 SCA 3
3 Corrclate habitat disturbance with 55 Ongoing R4, RS sCA 2 2 Z | Greatest urgency is at pond
population trends. : sites.
3 Determine length of sced storage in 56 4 years R4 scA 4 2 2
ponds. '
3 Refine and implement appropriate 5.7 Ongoing R4, RS sCA 3 5 | Greatest urgency is at pond
management techniques, sites.
3 Develop transplant techniques. 58 2 years R4 SCA, Not currently a need in RS,
: CcprC Germplasm resourcs at NC
Botanical Gardens.
3 | Conduct further genetic studies. 6.0 2 years R4, RS SCA 5 5
3 Develop a cultivated source of 7.0 2 years R4, RS SCA, 3 3
plants. L | CpPC
3 Re-establish populations within 8.0 Ongoing R4, RS SCA, 1 Contingent on other studies.
historical range. CPC :
3 Decvelop information matcrials. 20 2 years R4, RS SCA, 4.5 45
‘ ' CpPC
e} — . - __ . . ——— -~ ——_1 ====J:mu==== 31§ ‘=_= !m
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Appendix A
Prdposal for Monitoring Methodology

The two most important issues in any monitoring program

(a) Make population size counts or estimates that are
comparable primarily among years within sites ang, ‘
secondarily, among sites. Within-site reliability is of
highest importance because it facilitates meaningful
assessments of population trends. Reliabjility (whether

' the counts are consistently obtained and relatively

correct) is more important than precision (whether the
count is actually correct). '

A counting scale recommended here is:

(i) for populations with < 100 individuals
perform an actual count;

(ii) for populations containing 100-1,000
individuals round an estimate to the nearest
hundred;

(iii) for populations containing 1,000-10,000
- individuals round an estimate to the nearest
1,000;

{iv) and so on for larger orders of magnitude.

(b) Make a rough map of individual distribution within
the site. These maps need not be qnantitative, but
should be sufficient to relocate subpopulations and
verify changes in dispersion (e.g., subpopulations
associated with a topographic>feature or flagged
marker) . '



P. nodosum can be difficult to cbunt'because of its
morphology (small, densely packed rosettes). Theré can bé @
many rosettes packed into small'areas, which can be connected e
or physiologically distinct (Maddox and Bartgis 19903).
Also, there can be genetic variation at small scales (Kress

et al. 1990). These facts make counts based on rosettes
unreliable and subject to large observer bias.

Consequently, we recommend that all counts of P. nodosum
be made based on the number of flowering stems. This can be
an underestimate of the number of rosettes in riverine
populations (Maddox and Bartgis 1989), but it is likely to be

the most consistently reliable estimate among sites and
observers.

Coastal Plain Pond Populations (Nodosum)

Coastal plain pond sites are relatively easy to census
because their boundaries are clear and they tend to support

small populations of P. nodosum. Thus, at each census an (¢
attempt should be made to: s’

(a) conduct a complete count of the number of
individuals, or an estimate based on the scale above;
(b) create a map of individual dispersion, grounded with
either flagged stakes or topographic features.

Riverine Populations (Fluviatile)

Riverine populations can be large with considerable
population substructure, both of which are important in a

monitoring program. At each census an attempt should be made
to:

(a) conduct a complete count of'the number of
individuals, or an estimate based on the scale above:;

(b) create a map of individual dispersion, grounded by
referring each subpopulation to a location on a (7

“weght”



topographic map; this will facilitate (i) the
relocation of subpopulations in future censuses, (ii) .
verification of subpopulation loss or gain, and (iii)

analyses of patterns in subpopulation loss that could be

used in management decisions.
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RECOVERY PLAN
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Prepared by
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Recovery plans delineate reasonable actions which are believed to be
required to recover and/or protect the species. Plans are prepared by the
‘U.S. Fish and Wildlife Service, sometimes with the assistance of recovery
teams, contractors, State agencies, and others. Objectives will only be -
attained and funds expended contingent upon appropriations, priorities, and
other budgetary constraints. Recovery plans do not necessarily represent
the views nor the official positions or approvals of any individuals or
agencies, other than the U.S. Fish and Wildlife Service, involved in the
plan formulation. They represent the official position of the U.S. Fish and
Wildlife Service only after they have been signed by the Regional Director
or Director as gﬁgrg!gg Approved recovery plans are subject to
wodification as dictated by new findings, changes in species status, and the
completion of recovery tasks

Literature citations should read as folldus--

U.S. Fish and Wildlife Service. 1993. Recovery Plan for Three Granite
Outcrop Plant Species. dJackson, Mississippi. 41 pp.

Additional copies may be purchased from:

Fish and Wild1ife Reference Service

5430 Grosvenor Lane, Suite 110

Bethesda, Maryland 20814

Telephone: 301/492-6403 or
1-800-582-3421

Fees for recovery plans vary, depending upon the number of pages.



EXECUTIVE SUMMARY

: {i%gté% pelano (black-spored quillwort)} and Isoetes Qw
mat-forming quiTliwort) are 1isted as endangered speties.

They are thought to be extant at only eight and seven locations,

respectively, all in Georgia. Amphianthus pusillus (amphianthus) is

federally listed as a threatened species. IT is currently known from

57 locations (4 in Alabama, 3 in South Carolina, and 50 in Georgia).

Babjtat Rgggj:%ggg%g and Limiting Factors: AIll1 three species are rooted
aquatics restrict o temporary pools formed in depressions on outcrops of
granitic rock. Due to their extreme specialization, these species were
probably already rare at the time of European contact. The greatest threat
to these species is the continuing destruction of habitat from quarrying
activities. Other sites have been degraded due to their inclusion in
pasture (eutrophication of pools), dumping, and heavy recreational use
(i.e.; off-road vehicles, vandalism).

ecov 0 ves: Reclassification of both Isoetes spp. to threatened,
a elisting o t pusillus. )
Recovery Criteria: Reclassification of either Isoetes species to threatened

will be considered if 10 viable and geographically distinct populations
(separate outcrops), each with at least two occupied pools, are protected
from any foreseeable threats. Delisting of Amphianthus will be considered
if 20 of the known populations (including at Teast two populations each in
Alabama and South Carolina) are protected. Population viability should be
confirmed through periodic monitoring for at least a 10-year period.

Actions Needed:

1. Protect populations and habitat.

2. Preserve genetic stock from acutely threatened populations.

3. Monitor populations to determine trends and developing threats.

4. Search for additional populations.

5. Reestablish populations and augment extant populations at protected
locations, if deemed necessary.

6. Use management techniques to maintain and/or enhance populations.

7. Egugatﬁ ;?: gublic about the value and fragility of these species and

eir habitat.

aguet s

i covery: It is not possible to determine costs beyond
the first few years. e cost of implementation of tasks over the next
3 years, for which cost estimates have been made, totals $50,000. This does
not include the cost of land acquisition.

Date of Recovery: Impossible to determine at this time.
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A.

I. INTRODUCTION

ckarod ) o
On February 5, 1988, the U.S. Fish and Wildlife Service (1988) published

in the ggg%;g; Register a final rulemaking determining that three
granite outcrop plant species were either endangered {Isoetes

_gglgggggg;g Engelm., bTack-spored quilIwort, and 1. teuetiformans Rury,
S

mat-forming quiliwort) or threatened specie; (

Amph j anthus pusiijus
- Torr., amphianthus) under the Endangered Species Actof 1973, as—

amended. Al1 three species are restricted to the Piedmont Physiographic
Province of the Southeast, where they are found only in rock-rimmed
temporary pools on ancient weathered exposures of granitic bedrock.
is known only from Georgia. ]soetes melanospora
is extant in Georgia and is historically known from—South- Carotina~—
pusillus occurs in both of these States, as well as in
abama.

Both Jsoetes species have been considered extremely rare ever since
discovered, with ]. melanospora and ]. tegetiformans having been
collected at only 16 and 10 Jocations, Taspectively. All three species
have been suffering significant habitat loss during the last 60 years,
with the majority of extinctions due to the guarrying of natural
exposures of the granite bedrock.

axon an [~ [+]

Isgetes 0 (black-spored quiliwort) is a member of the

Isoetaceae, one of the families of fern allies. This species was '
discovered by William Canby in 1869 and later described by Engelmann e

(1877). It is a typical Isoetes, in that it is a rooted perennial with
hollow, finely septate, Tinear leaves (sporophylls) which are spirally
arranged (on mature plants). Leaves are typically less than

7 centimeters (cm) (2.75 inches) long, but may extend up to 15 cm

(6 inches) in length. The subterranean bases of the leaves are enlarged
and overlapping (imbricate). The leaf bases emanate from the upper
portion of a short, squat, corm-like stem, which in this species is
bilobed and typically somewhat shreddy. The corm is often somewhat
flattened in ]. melanospora, and some plants retain a juvenile,
distichous leaf arrangement longer than most Isoetes species (Johnson
1938, Rury 1978). When the inner face of thé entarged base of a fertile
leaf is examined, a small (1 to 2 millimeters [mm]) (0.4 to 0.8 inches)
round to oval sporangium can be seen. The inner face of each sporangium
is overlain by a thin, transiucent membrane (velum), which in this
species completely covers the front of the unpigmented sporangium.
Sporangia contain either female spores (megaspores), ca. 0.28 to 0.44 mm
in diameter (.01 to .02 inch), i.e., approximately the size of the
period at the end of this sentence) or dust-sized male spores
(microspores). The mature megaspores of ]. melanospora are unique among
Southeastern quillworts in that they are gray whem dry, black when wet.
The megaspore surface varies from tuberculate to nearly smooth (Matthews
and Murdy 1969). ‘ '



The three occurrences of morphological intergradation (J. mg%ﬁggﬁgg;g X
) g;ggg%%;ggg{ documented by Matthews and Murdy (1969) caused them and
other authors {e.g., Rury 1978) to question the distinctiveness of the

" putative parental species. However, Boom (1980) subsequently
demonstrated that hybridization is possible in Jsoetes, even between
species Tong regarded as only distantly related.

The species of considered most closely related to I. melanospora
is ]J. lithophila Pfeiffer (Pfeiffer 1922, Reed 1965, Boom 1982), also
restricted to temporary pools on granitic outcrops, but found only in
Texas. In the latest plant Notice of Review (U.S. Fish and Wildlife
Service 1990), I. lithophila was assigned a category 2 status- (i.e., in
need of study to determine the appropriateness of 1isting under the
Endangered Species Act). In addition to habitat type, these two taxa
share a number of character-states, including dark-pigmented megaspores,
a complete velum, and an unpigmented sporangium. Apart from geographic
Jocation, these two species have been separated on the basis of leaf
length and megaspore size. Both of the latter characters have since
been shown to be of uncertain systematic value (e.g., Kott and Britton
1985, Hickey et al. 1989). Further jinvestigation into the relationship
of these two taxa would be useful. .

Isoetes tegetjformans (mat-forming quillwort or Merlin’s-grass) was
described by Rury (1978) from material he collected in 1976 in Columbia
County, Georgia. It is considered North America’s most distinctive
quillwort, unique in its distichous leaf-arrangement (never spiraled);
its matted growth form due to adventitious budding; and its unbranched,
dimorphic roots (Rury 1978). The leaves are typically less than 7 cm
Tong {2.75 inches), but in deeper water they may reach 15 cm (6 inches).
Its megaspores are tuberculate and brown (dark brown when wet). A velum
completely covers the unpigmented sporangial wall. The stem is commonly
surficial rather than being distinctly subterranean. Despite its unique
features, [soetes tfge;iﬁormans shows affinity with 1. melanospora, as.
suggested by a significant number of shared characteristics, including
darkly pigmented megaspores, unpigmented sporangium, complete velum
coverage, lack of peripheral vascular strands in the leaves, habitat
requirements, geographic latitude, and phenology.

Additional descriptive information on Isoetes mglaﬁgsgora and/or }.

Egeetjfo;man; can be found in Boom 1982, Engelmann 1882, Johnson 1938,
ellinger 1985, Pfeiffer 1922, and Rury 1978. _

The most common quillwort species of granitic outcrops, Isoetes
piedmontana (Pfeiffer) Reed (I. melanopoda Gay & Dur., in the broad
sense) possesses white megaspores, an incomplete velum and a pigmented
sporangial wall. It is frequently larger than 1. melanospora. whose
leaves are seldom more than 10 cm (4 inches) long. ‘



c.

Jsoetes pelanospora and J. tegetjformans have a distinctly different
phenology from the common outcrop species ]. ana, a
distinguishing feature neglected in published studies, although Wherry
(1964) appears to have been aware of it. The cycle of growth- and
dormancy for et is similar to that exhibited by

1. butleri (Baskin and Baskin 1979) in that the dormancy induced by late
spring or early summer drought is not broken until cool weather returns

in autumn. In ]soetes g%]gngfpg:g and J. tegetiformans, dormancy is
broken by the presence of ample moisture at any time of the year.
Therefore, unlike ]. j t the two listed Jsoetes spp. may be
found in midsummer, following heavy rains.

;ggg%%% ggg%;gggg;% A. Br. is another quillwort occasionally found on
granitic outcrops but it has white, reticulate megaspores, a narrow
velum, and its leaves_are usually longer than 10 cm (4 inches).

gmphign%hyg pusillus, a member of the flowering plant family
Scrophulariaceae, was the first of these three species to be discovered

{in 1836) and described (Torrey 1837). The genus contains only this

species (monotypic genus), and will henceforth be referred to simply as
. It is considered to be a highly specialized form, without

close living relatives; similar forms, such as are found in rock pools

in Africa (Chamaegigas) and Australja (GJossostigma) are thought to

appear similar due to convergent evolution (Pennell 1935). -

Amphiapthus (amphianthus, 1ittle amphianthus, pool sprite, or
snorkelwort) is a small, aquatic annual with very short (to ca. 6 mm)
{0.25 inch), leafy, rooted, submerged stems which produce flowers and
one or more threadlike scapes. The tip of each scape bears two small,
ovate to lanceolate, oppositely arranged bracts. The scapes elongate as
necessary (to ca. 15 cm (6 inches)) to permit the bracts to float upon
the surface of the water. A single small (to 4 sm (0.16 inch) long)
white to pale purplish flower is borne between the two bracts. Other
flowers borne on the usually submerged short stem are similar to the
emersed flowers. The fruit is a small, shallowly bilobed capsule.
Seeds are ca. 1 to 1.5 mm (.04-.06 inch) long, dark brown to black, and
are oblong (often slightly curved).

Additional descriptive information on Amphitanthus can be found in
Pennell 1935, Lunsford 1939, and Rayner 1986.

Distribution and Ownership

Isoetes melanospora is thought to be extant at only eight locations, all
in Georgia (Butts, DeKalb, Gwinnett, Heard, and Rockdale Countijes). It
is extinct at five historical sites in Georgia (DeKalb and Newton
Counties). Due to hybridization with the more common Isoetes
piedmontana, it is considered extinct or essentially so at the sole
reported site in South Carolina (Lancaster County) and at two additional
sites in Georgfa (Butts and DeKalb Counties). Only one site supports

3
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more than three inhabited pools. T:g‘typical site has one or two pools .
totaling only a few square meters (m°) .

Two of the eight extant locations for Iggg;gg,mgl;agéggzg are publicly
owned. Both of the publicly owned sites are in DeKalb County. The type
locality, Stone Mountain, lies within State-owned Georgia’s Stone
Mountain Park. The largest remaining population of this species occurs
at Davidson-Arabia Mountain Park (Arabia Mountain Park) in DeKalb County
{Department of Recreation, Parks, and Cultural) Affairs).

Jsoetes tegetiformans is restricted to Georgia (Columbia, Greene,
Hancock, and Putnam Counties). These four Counties 1ie to the east of

~ the five Counties known to have extant ]. a. Three' of the
seven extant sites for ]. tegetiformans are in a County; prior to
quarrying activities, it occurred at three additional outcrops in that
Coupty. The largest population (multiple pools, but only totaling about
6 m") occurs in Hancock County. '

A1l sites for ]. tegeti s are in private ownership. The type
locality, Heggies Rock, is 