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PART I. INTRODUCTION

Bunched arrowhead (Sagittaria fasciculata) is a rare plant species,

endemic to a limited area in North and South Carolina. Currently there are
five extant populations of this species within a 50-mile area between
Greenvi11é, South Carolina, and Asheville, North Carolina. Herbarium
specimens show that historically an additional seven populations were

present in North Carolina.

The rarity of the species and the vulnerability of its habitat led to
its proposed listing as a federally endangered species on June 4, 1976

(Federal Register 41:24523 - 24572). On July 25, 1979, Sagittaria

fasciculata was Tisted as endangered (Federal Register 44:43700 - 43701).

During the same year the species was proposed as an endangered species of
national concern by South Carolina (Rayner, et al., 1979). Bunched
arrowhead is officially listed as endangered by North Carolina under the
provisions of its Plant Protection and Conservation Act (General Statute
19b 106-202.12 through 202.19, North Carolina Plant Conservation Program,
1981).

DESCRIPTION AND TAXONOMIC BACKGROUND

]

E. 0. Beal described Sagittaria fasciculata as a new species in 1960

(Beal, 1960). Previous tq his treatment, specimens of S. fasciculata
collected in Henderson and Buncombe Counties, North Carolina, were included
with S. macrocarpa by J. G. Smith (1894) and by Small (1909), and in S.
graminea var. macrocarpa by Bogin (1955). Both of these names were
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Drawing of Sagittaria fasciculata A; Plant in Flower B; Seeds
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HABITAT AND POPULATION LIMITING FACTORS

The primary factor determining the rarity of the bunched arrowhead is

the current rarity of its required habitat. Sagittaria fasciculata occupies

seepages in gently sloping bogs with a slow, continuous flow of cool, clean
water (Rayner, 1981). Wooten (1973) reports that these bogs are underlain
by a clay layer. Studies by Douglass (1981) mention that the seepages may
be related to a long, linear fault which occurs in the four northwestern
South Carolina counties. Additional data (Douglass, 1981) show variable
water temperatures, soil and water pHs between 4.8 and 6.6, and constant
water depths. Observations of the populations in an extreme drought year by

the author verified the constancy of the seeps.

While an early management recommendation was to reduce the percent of

4 N7

shade in populations (Smith, 1978; Federal Register, 1979), the natural

habitat of the species appears, in fact, to be shaded sites. Colonies are
found in the open, only along a railroad right-of-way and in a transmission

line cut. Shaded sites have larger, more vigorous plants.

The seepage habitat in which bunched arrowhead occurs is extremely
threatened by the activities of man. The Hendersonville/Fast Flat Rock area
in North Carolina once contained numerous bogs and seepages (Moore, 1982,
personal communication) and had been known to contain many rare and widely
disjunct plant species. Little remains of these hagitats today. Many of

the rare species such as Bog asphodel (Narthecium americanum), Sweet gale

(Gale palustris), Linear pipewort (Eriocaulon lineare) and many species of

orchids have been extirpated from the region. Many other species, native to
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The South Carolina Heritage Trust Program has also actively and
codperative]y managed colonies of bunched arrowhead on a Duke Power
transmission lTine. The management of three colonies (South Carolina
Heritage Trust Program, 1979) includes allowing succession to proceed on
some sites and permitting the usual transmission line mainténance on others.
Permanent plots have been established in each area and have been monitored
for three years. This management has provided important information on the
effect of habitat changes on the species and what constitutes prime bunched

arrowhead habitat.

The North Carolina population of Sagittaria fasciculata occurs on a

railroad right-of-way owned by the Southern Railway Company and along an
adjacent spur line owned by the General Electric Company. Previous
management recommendations had been made for these sites (Smith, 1978). 1In
1981 The Nature Conservancy and the Southern Railway Company signed a
Cooperative Management Agreement in an effort to protect the species in
North Carolina. A management team was established consisting gf
representatives of the Southern Railway Company, the North Carolina Nature
Conservancy, the U.S. Fish and Wildlife Service, the North Carolina Natural
Heritage Program, the North Carolina Plant Conservation Program and a local
vbotanica? group. The agreement allows the management team to maintain the
right-of-way containing the population and to protect and enhance the

Sagittaria fasciculata populaticn while maintaining the safety of Southern

Railway's track. In 1982 the General Electric Company and The Nature
Conservancy entered into a similar management agreement and a representative

from General Electric has joined the management team.



12

In 1979 Mr. Huber transplanted approximately seven individuals from the East

Flat Rock population to Reems Creek. In 1982 the Reems Creek population had

expanded to between 30 and 40 individuals.

While many efforts have been made to protect Sagittaria fasciculata

from decline and extinction, a cooperative, comprehensive recovery plan and

effort are needed.



PART II. RECOVERY
A. Recovery Objectives

The primary objective of the bunched arrowhead recovery plan is to
permanently protect sufficient colonies to ensure the continued
survival of the species. The few known populations, the few colonies,
the species' restricted distribution, and its occurrence in a
vulnerable habitat demand that our efforts be directed toward
protecting the species from extinction. At least three colonies in
each of four of the five populations should be protected. If there are
Tess than three colonies in a population, then all known colonies
should be protected. The fifth population (the Enoree River
population) is currently considered to be the center of distribution of
the bunched arrowhead and contains ai least seven times more colonies
than occur in all other populations combined (Rayner, 1983). In light
of the significance of this population, a minimum of eight colonies
should be protected to ensure that that the integrity and genetic
diversity exhibited in the Enoree River population is maintained.

These criteria result in the protection of at least one colony from
each extant populations. Under these guidelines the following colonies
should be protected: the two North Carolina colonies in the East Flat
Rock population, the single colony in the Beaverdam Creek - Enoree
River population, the single colony in the Beaverdam Creek - Tyger
River population, all three colonies in the Reedy River population, and
eight colonies in the Enoree River population. Protection of these

sites would result in 15 colonies permanently protected and would
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new data the Service should reconsider the recovery objectives

concerning downlisting, delisting, protection objectives, and study

goals on a periodic basis.

Step-down Qutline

1. Protect existing populations and essential habitat.

11.

12.

13.

Survey to determine population/colony priority and

landownership patterns.

111. Estimate current colony and population size and vigor.
112. Determine population/colony priority.

113. Determine landownership patterns.

Obtain the most appropriate and highest protection for each

population or colony.

121. Protect by fee acquisition, conservation easement, or
dedication.

122. Protect by registry, leases, or management agreements.

Manage the populations to ensure survival of the plants.

131. Retain shaded nature of site.

132. Protect seepage source.

133. Remove aggressive competitive plants.



241. Analyze soil and topographic maps for potential habitat.
242, Develop a priority 1ist for sites to search.

243, Conduct ground searches.

25. Utilizing the data obtained in this section, determine the

species' essential habitat.
26. Support further studies of the species.
3. Conduct transplant and propagation studies.
31. Transplant studies.
311. Identify sites to which the species could be
transplanted.
312. Obtain consent and protection of landowners.
313. Transplant the species.
32. Propégatﬁon studies.
321. Determine what facilities could adequately propagate
the species.
322. Assist the facilities in propagation.

323. Deposit seeds from each colony in the Macon Seed Bank.

4. Monitor colonies, populations, permanent plots, transplanted

colonies, and propagation facilities at reqgular intervals.
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River population, the single colony in the Beaverdam Creek - Tyger
River population, all three colonies in the Reedy River population, and
eight colonies in the Enoree River population. Protection of these
sites would result in 5 colonies permanently protected and would
accomplish the goal of protecting the species from extinction. This
could warrant a change in the species' status from endangered to
threatened. The protection of the colonies listed above and an
additional 11 colonies (or 93 percent of the known colonies) would be

sufficient to consider delisting the species.

An equally important objective, necessary for the full protection of
the species, is to conduct population and ecological research for the
purpose of determining a management plan to ensure the survival of the
species. Information gained from the research and management studies
will be used to maintain these populations in optimum conditions, at

optimum numbers, and protected from threats to their survival.

1. Protect Existing Populations and Essential Habitat

This is the first priority of the recovery plan. Currently, these
are five populations (as defined by this plan) containing 28
colonies of the species. Three colonies in two populations are
covered by nonbinding protection agreements. A1l populations are
on privately owned land.

Efforts should be toward obtaining the most appropriate and the

highest degree of protection possible for each population or



The single known North Carolina population at East Flat Rock
is located on a railroad right-of-way owned by Southern
Railway Company and along a spur line owned by the General
Electric Company. This population is extremely important to
protect; being the nearest population to the type Tocality,
and the only one in North Carolina. The current management
agreement with Southern Railway and General Electric is the
highest possible and most appropriate protection measure that

can be taken.

The Enoree River population includes the best developed and
largest colonies of bunched arrowhead. Twenty-one colonies
exist along a ten-mile stretch of the river, in seepages
along the edge of the floodplain. At least eight of the most
vigorous colonies should be protected. They should be
located near enough to one another to ensure that normal gene

flow is maintained between the colonies.

The population along Reedy Creek, north of Greenville, South
Car01ina,/consists of three colonies, one of which is
currently protected by a registry agreement between Furman
University and the South Carolina Heritage Trust Program.
A1T three colonies should be protected. The Furman
University site, with its registry agreement, may be

adequately protected.



aggressive competitive plants (e.g., Salix sp., Rosa sp., rushes,
and other woody herbaceous plants) in the North Carolina
population because the site has been so altered that the

population cannot naturally maintain itself.
Conduct Population and Ecological Studies

A solid basis of data on the population biology and the ecology of
bunched arrowhead is necessary before making final management
recommendations. Radford (1981) states "An environmenta] or
habitat analysis of a site(s) is necessary for: The determination
of component elements of maintenance, reproduction, and dispersion
for the species; and the effective and efficient management of the
species." Massey, in the same pubTication, discusses the Species
Population, Habitat, and Threat Inventory which "may contribute to
an identification and evaluation of threats to both population and
habitat integrity, provide management and protection implications
for a species and its habitat, and specific basic research
problems." While some bf these data are available (Douglass,
1981; Rayner, 1981: Wooten, 1973), a greater breadth and depth of
analysis is needed. The information can be effectively obtained

through studies on extant populations.

Studies on abiotic factors of the species' habitat should be
conducted (21). The primary abiotic factor determining the
distribution and occurrence of bunched arrowhead is the hydrology

of its habitat. Observations have shown that bunched arrowhééd
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Studies should also be conducted on the biotic factors of the
species' habitat. Investigations into the effect of other plant
species (222), and the effect of different light intensities (221)
on bun;hed arrowhead would provide information on those habitat
manipulations necessary for protecting the species. Light
intensity, while being an abjotic factor, appears to most directly
affect bunched arrowhead populations through the increased growth
of competitive species. For this reason it is included under
biotic factors. The relationships between competing species,
their densities, and the density and vigor of bunched arrowhead;
competing species and light levels; and the hydrology to light
levels need to be determined. Additional data should be collected
on associated species in all colonies, including their cover and

dominance.

Studies are also needed on the demography of bunched arrowhead
(23). Demographic data (231) is best obtained through the

. establishment and subsequent study of permanent plots. Permanent
plots should be established in a large number of colonies
representing the total range of the species' characteristics
(density and size) and habitat qualities (1ight level, water
characteristics, watersheds). Individual plants should be mapped
(232) and data on size, growth, phenology, flower number, seed set
and establishment (233) recorded. Mapping can be done by
photographic methods or drawings. Accurate mapping will permit
documentation of seedling establishment. Data should be gathered

on the reproductive biology of the species (234) to determine the
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increased security for the species. These activities go beyond
the recovery objectives outlined previously. Areas should be
identified (311) by using the data obtained in 211, 212, and the
analysis in 24. The owners of the sites must fully understand the
implications of an endangered species population on their property
and must consent to giving the population some form of protection
(312). Plants then may be transplanted (313) to these sites. The
preferred plants used for such transplants should be propagated,
but not from a single parent or genetic type. Propagated plants
should be used so that collection of plants from natural
populations is minimized. The population source of all propagated
material must be known. Transplanted populations should only
contain plants from a single population of bunched arrowhead so
‘that the crossing of individuals from different populations does
not take place. For transplanted populations in North Carolina,
only plants from the North Carolina population should be used.

Transplanted populations should be monitored regularly.

Facilities which could adequately propagate the species should be
determined (321). Assistance should be given by providing
research data, stock material, and funding (322). Lastly, seeds
should be reqularly collected and deposited in the Macon Seed Bank

(323).

Monitor Colonies, Populations, Permanent Plots, Transplanted

Colonies, and Propagation Facilities at Regular Intervals



Conservation Act are the major statutes directly affecting the
species. These statutes forbid any movement or trade in wild
collected plants of the species. Ownership of land for the
conservation of the species adds further protective regulations
including trespass laws. State and Federal authorities should be
made aware of these regulations so that effective enforcement will
be possible. Individuals working with the recovery plan should

assist and cooperate with these authorities (52).
Inform Public of Species' Status and Recovery Plan Objectives

Any recovery effort should include an active and positive
education program to inform the public including brochures (61),
news releases (62), and articles (63). These should stress the
value and historical significance of bunched arrowhead as a
representative of a unique habitat. The cooperation among
Southern Railway, General Electric, Duke Power, U.S. Fish and
Wildlife Service, state agencies, and The Nature Conservancy
should also be publicized. Efforts to inform the public of the
recovery plan also affect the perspective of the individuals
involved in the project, by stressing that the purpose of such a
recovery plan is for the benefit of all citizens--not only
researchers and conservationists. Publicity, though, should be
judiciously enacted. The exact location of the populations should

not be made public.
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U.S. Department of the Interior, Fish and Wildlife Service. 1979.

Determination that Sagittaria fasciculata is an endangered species.
Federal Register 44:43700-4370T.

Wooten, J. W. 1973, Taxonomy of Seven Species of Sagittaria from Eastern
North America. Brittonia 25:64-74,

Wooten, J. W. January 1982. Personal communication.
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PART III.
IMPLEMENTATION SCHEDULE
Priorities within this section (Column 4) have been assigned according to
the following:

Priority 1 - Those actions absolutely necessary to prevent extinction
of the species.

Priority 2 - Those actions necessary to maintain the species' current
population status.

Priority 3 - A1l other actions necessary to provide for full recovery
of the species.
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GENERAL CATEGORIES FOR IMPLEMENTATION SCHEDULES*

Information Gathering - I or R (research)

1. Population status

2. Habitat status

3. Habitat requirements
4. Management techniques
5. Taxonomic studies

6. Demographic studies
7. Propagation

8. Migration

9. Predation

10.

Competition

11. Disease

12. Environmental, contaminant
13. Reintroduction

14. Other information

Management - M

Propagation

Reintroduction

Habitat maintenance and manipulation
Predator and competitor control
Depredation control

Disease control

Other management

SEOY O B WO DN e
® ® e @ e & L]

Acquisition - A

Lease

Easement

Management agreement
Exchange

Withdrawal

Fee title

Other

SE YU B D Y e
s 8 9 8 s o s

Other - 0

Information and education
Law enforcement
Regulations
Administration

B S A B
s s e s

*(Column 1) - Primarily for use by the U.S. Fish and Wildlife Service.
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