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5-YEAR REVIEW
Bunched arrowhead/Sagittaria fasciculata

1.0 GENERAL INFORMATION

1.1

1.2

1.3

Reviewers

Lead Regional Office:
Southeast Region, Chris Davidson (assisting on detail in recovery in the Regional
Office), 501/513-4481, Southeast Region, Kelly Bibb, 404/679-7132

Lead Field Office:

Asheville, North Carolina ES Field Office, Carolyn Wells (originating author; moved
to a new office and position)

Asheville, North Carolina ES Field Office, Mara Alexander (new lead), phone 828/258-
3939 ext. 238

Cooperating Field Office(s):
Charleston, South Carolina, ES Field Office, Morgan Wolf, 843/727-4707 ext. 219

Methodology used to complete the review:

Public notice of the initiation of this 5-year review was given in the Federal Register on
July 6, 2009 (74 FR 31972) and a 60 day comment period was opened. During the
comment period, we did not receive any additional information about bunched arrowhead
(Sagittaria fasciculata) other than responses to specific requests for information from
biologists familiar with the species (see Appendix A for a summary of peer review of this
document). Information used in this report was gathered from published and unpublished
reports. Records were provided by North Carolina Natural Heritage Program (NCNHP)
and South Carolina Department of Natural Resources (SCDNR) Heritage Trust offices.
The review was completed by the lead recovery biologist for the species in the Asheville,
North Carolina Ecological Services Field Office (AFO).

Background:

1.3.1 FR Notice citation announcing initiation of this review:
July 6, 2009 (74 FR 31972)



1.3.2  Species status: (2013) Stable. Significant threats remain for this species but we
have multiple colonies protected in conservation. There are 11 extant populations of .
fasciculata (Appendix B, Table B.1); seven of these populations contain at least one
colony in protective ownership.

1.3.3 Recovery Achieved: 1 (1=0-25% species recovery objectives achieved)

1.3.4 Listing history

Original Listing

FR notice: 44 FR 43700
Date listed: August 31, 1979
Entity listed: species
Classification: endangered

Revised Listing, if applicable
(n/a)

1.3.5 Associated rulemakings: n/a

1.3.6 Review History:

Recovery Plan: 1983

Recovery Data Call: 2013-1998

The Service conducted a five-year review for the bunched arrowhead in 1991 (56 FR
56882). In this review, the status of many species was simultaneously evaluated with no
in-depth assessments of the five factors or threats as they pertain to the individual
species. The notice stated that the Service was seeking any new or additional information
reflecting the necessity of a change in the status of the species under review. The notice
indicated that if significant data were available warranting a change in a species’
classification, the Service would propose a rule to modify the species’ status. No change
in the plant’s listing classification was found to be appropriate.

1.3.7 Species’ Recovery Priority Number at start of S5-year review (48 FR 43098):
5C (This number reflects a high degree of threat and a low recovery potential.)

1.3.8 Recovery Plan
Name of plan:

Bunched Arrowhead Recovery Plan (Sagittaria fasciculata)
Date issued: September 8, 1983

2.0 REVIEW ANALYSIS

2.1

Application of the 1996 Distinct Population Segment (DPS) policy

The Act defines species as including any subspecies of fish or wildlife or plant, and any
distinct population segment (DPS) of any vertebrate wildlife. Because Sagittaria
fasciculata is a plant, the DPS policy is not applicable and is not addressed further in this
review.



2.2

2.2.1

2.2.2

2.23

Recovery Criteria

Does the species have a final, approved recovery plan' containing objective,
measurable criteria?

Yes.
Adequacy of recovery criteria.

2.2.2.1 Do the recovery criteria reflect the best available and most up-to date
information on the biology of the species and its habitat?

No. The number of populations, and colonies within known populations, has increased
since the recovery plan. The targeted number of protected populations and colonies
specified in the recovery criteria should be revised to reflect these changes. Refer to
Section 2.3, Updated Status, and Section 4.0, Recommended Future Actions, for more
information.

2.2.2.2 Are all of the 5 listing factors that are relevant to the species addressed in the
recovery criteria (and is there no new information to consider regarding
existing or new threats)?

Yes. The recovery criteria could not be met without adequately addressing the applicable

listing factors. There is no new information to consider regarding existing or new threats,

although threats such as accelerated climate change are expected to exacerbate previously
identified threats.

List the recovery criteria as they appear in the recovery plan, and discuss how each
criterion has or has not been met, citing information:

The recovery plan does not contain itemized or enumerated recovery criteria, but consists
of a narrative with statements which are interpreted as such. These are presented here
following the sequence in which they are presented in the recovery plan narrative:

Criterion 1: At least three colonies in each of four of the five populations should be
protected.

There are 11 extant populations of S. fasciculata (Appendix B, Table B.1); seven of these
populations contain at least one colony in protective ownership (Table B.2). However,

only one population (the Enoree River — mainstem in South Carolina) contains more than
a single protected colony. Thus the number of protected populations, and colonies within
populations, is less than specified in the recovery plan and this criterion has not been met.

Criterion 2: ...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.




Not met. The North Carolina East Flat Rock population does not contain any protected
colonies. The Beaverdam Creek — Enoree River population is extirpated, and there are no
protected colonies within the Beaverdam Creek — Tyger River populations. The Reedy
River population contains one colony subject to a voluntary landowner agreement with
Furman University; three colonies within the Enoree River (mainstem) population are
protected as South Carolina Department of Natural Resources (SCDNR) Heritage
Preserves.

Criterion 3: Within each of the populations, sufficient colonies must be protected and
located near enough to one another to ensure that there is normal gene flow between the
colonies.

Not met. The number of protected colonies within all populations is lower than the
minimum numbers called for in the recovery criteria. The recovery plan calls for multiple
protected colonies within each protected population; as of this review only one
population (the Enoree River - mainstem) contains more than a single protected colony.

2.3 Updated Information and Current Species Status

2.3.1

Biology and Habitat
2.3.1.1 New information on the species’ biology and life history:

Newberry (1991b) conducted a series of transplant experiments during the fall of 1990. In
her summary of these efforts, Newberry notes that all increases in cover and/or plant
numbers were attributable to vegetative propagation from rhizomes. This finding has
significant implications for the genetic structure within and among populations of this
species (discussed in Section 2.3.1.3, below).

Snipes et al. (1986) examined the hydrology and geology of the French Broad — Bat
Fork, Enoree (mainstem), and Reedy River populations of S. fasciculata. They
characterized occupied habitat as muck-filled seep areas on alluvial flood plains, with a
few noteworthy exceptions where the species occurred in small sand bars in streams.
Analyses of soil chemistry, particle size, and x-ray diffraction revealed that the species
tends to occur in acidic (pH 5.3 to 6.8) soils in which the primary organic content is
humus, which attributes both porosity and water holding to the soil. Ground water wells
(piezometers) installed at one site revealed ground water levels close to the surface, a
finding regarded as consistent with the observation that larger seeps occupied by S.
fasciculata do not dry up even in hot, dry summers. These authors also attribute a
consistent source of ground water to the greater volume (roughly 20 times) of residual
soil beneath the alluvial and muck sediments. They also speculate that the residual soil
beneath the alluvium and muck functions as an aquitard (bed of low permeability along
an aquifer) slowing downward migration of ground water.

Baxter et al. (2007) examined the hydrogeologic, physical and chemical characteristics of
14 Greenville County locations supporting colonies of S. fasciculata. Sites were
characterized by (1) visual characterization of land cover, topography and hydrologic
setting, (2) measurements of pH, dissolved oxygen, conductivity, temperature and
numerous chemical analyses of surface water, and (3) grain size and organic content
analysis of the substrate. These authors reached similar conclusions as others familiar



with the species, namely that S. fasciculata appears to require well shaded, hydrated soils
fed by a constant source of freshwater. Baxter ef a/. (2007) found that plants tend to occur
in organic-rich (average 10% organic), shallow (less than Scm) sandy mucks in shallow
(< 5 cm), acidic (pH 4-5), sodium mixed cation-bicarbonate waters with moderate levels
of dissolved oxygen (3-7 mg/L) and relatively low conductivities (20-50 puS).

2.3.1.2 Abundance, population trends (e.g. increasing, decreasing, stable),
demographic features, or demographic trends:

Abundance

The recovery plan recognized a total of five extant populations. As of this review, the
total number of extant populations has increased to 11. This review adopts the same
definition of “population” as used in the recovery plan, with groups of colonies related by
drainage and in relatively close physical proximity (generally within 2 km of each other
as measured in river or stream miles). A list of populations recognized by USFWS for
purposes of this review, along with the number of colonies they contain, is provided in
Appendix B (Table B.1). Table B.1 also identifies the corresponding Natural Heritage
Program element occurrence records (EORs) that occur within the boundaries of each
population recognized by USFWS. The locations of populations discovered since the
recovery plan are discussed in Section 2.3.1.5 (Spatial Distribution).

The recovery plan recognizes 28 colonies within five extant populations. AFO files do
not contain maps or any other information identifying the location of these colonies. As
of this review, there are 37 colonies presumed extant, distributed among 11 populations
(Table B.1; this table and tally includes one colony not mapped as an NHP EOR). Four
populations are represented by a single colony; five populations contain two colonies
each. The only two populations containing more than two colonies are the Enoree River —
mainstem (15 colonies) and Reedy River (eight colonies).

Across the species’ range, colonies have been estimated to contain anywhere from a few
dozen to several thousand rosettes (NCNHP, 2010; SCDNR, 2010; Newberry, 2000;
Boyer, 1992). Aggregating the last available size estimates for all extant colonies
suggests that the total species range may consist of 97,500 to 120,000 rosettes. Eleven
colonies (all in South Carolina) lack even a single estimate of the number of rosettes
present. Of the remaining 31 colonies for which at least one size estimate is available,
five are estimated to contain greater than 10,000 rosettes. By contrast, eight colonies were
last estimated to contain fewer than 500 rosettes. The three largest populations occur in
Greenville County, South Carolina within the Enoree River — mainstem, South Tyger —
Clear Creek, and Reedy River watersheds. These populations are likely to contain over
10,000 rosettes each.

Population trends

There is little information available to inform a discussion of trends within populations of
S. fasciculata. AFO files do not contain baseline data sufficient for estimating abundance
within or among populations known at the time of listing or the final recovery plan. The
recovery plan does not provide estimates of population size (number of individuals), but
does identify the need to estimate population and colony size as a Priority 2 recovery
task.

Boyer (1992) visited four North Carolina colonies (representing portions of the French
Broad — Bat Fork Creek and French Broad — Mud Creek populations) in 1990, and



provides estimates of rosettes present. Boyer and Frost (1996) re-visited these four
colonies during the 1995-1996 field seasons, and reported that the Mud Creek colony
within the French Broad — Mud Creek population and Bat Fork colony within the French
Broad — Bat Fork population were possibly extirpated.

Newberry (2000) visited all North Carolina colonies previously surveyed by Boyer
(1990) and Boyer and Frost (1996), as well as all known South Carolina colonies, during
the 1999-2000 field seasons. Newberry was unable to relocate the two North Carolina
colonies reported as possibly extirpated by Boyer and Frost (1996). The French Broad —
Mud Creek colony was presumed extirpated until 2012 when S. fasciculata was found in
abundance at this site growing in a private landowner’s ditch; the Bat Fork colony was
last observed by USFWS in early 2010, but was not relocated in subsequent surveys by
USFWS later that same year. In 2011, plants were found growing in this colony again
(NCNHP 2013). Newberry’s observations suggest declines at a third colony (the
Ochlawaha Bog colony within the French Broad — Mud Creek population), with fewer
than 50% of the rosettes reported by Boyer (1992). This colony underwent further
declines, nearing extirpation, with only a single uprooted (floating) rosette found at the
site during 2010, but after restoration work in this site, S. fasciculata reemerged. In 2011,
1,685 rosettes were observed, though by 2012, this colony seemed to decline (NCNHP
2013).

Newberry (2000) visited 26 South Carolina sites during 1999-2000. There is no simple,
one-to-one correspondence between Newberry’s 26 sites and colonies recognized by
USFWS for purposes of this review. Some of her sites correspond to a single colony as
recognized by USFWS, whereas others consist of multiple spatially discrete locations
regarded as separate colonies by USFWS. Regardless, she assessed 12 of 26 (46%) South
Carolina sites as declining relative to her own anecdotal observations from prior years,
and another five (19%) as extirpated. Of the remaining sites visited by Newberry, three
could not be relocated, two appeared to have increased, and four were described as extant
with no comment on trends in the number of S. fasciculata present. The majority of the
locations visited by Newberry in 1999-2000 have either not been visited since, or have no
subsequent population size estimate in the SCDNR Heritage Trust database (SCDNR
2010).

In 1984, Newberry (1991a) installed 47 permanent monitoring plots within five
populations and summarized findings from monthly data collection spanning from 1984-
1986. Newberry reported 10% of plots (n=5) contained no plants at the end of this
monitoring period, while 66% (n=31) exhibited declines, with nine of 31 plots declining
by more than 20%. Newberry identified reduced/altered surface water (n=11 plots),
overgrowth/competition from other species (n=10), conversion to pasture and/or cattle
trampling (n=6), power line clearing (n=3), and siltation (n=3) as factors correlated with
declines. Increases and decreases in the flow of surface water were correlated with
declines in the number of plants. However, most declines were associated with decreased
flow and partial drying of the substrate. Newberry (1991b) states that annual monitoring
(presumably of all or a subset of these same plots) continued through 1991, but provides
little additional monitoring data. However, Newberry notes that populations situated
alongside streams appear healthier in low rainfall years and seep populations appear
healthier in years with higher rainfall. Newberry offers the explanation that high rainfall
tends to scour streamside populations and leads to detrimental levels of sedimentation in
those habitats, whereas these same rainfall events tend to recharge seep habitats thereby



decreasing stagnation and increasing the extent of suitable habitat for S. fasciculata
colonization.

Within the French Broad — East Flat Rock population (Henderson County, NC), two
colonies of S. fasciculata have been monitored annually since 2000 (Geosyntec, 2009 and
references therein). As of December 2009, both colonies had been assessed as generally
stable over the ten-year monitoring period. However, the distribution of plants was not,
with the location and extent of occupied habitat fluctuating annually within those seeps
known to contain the species. That S. fasciculata tends to shift locations within occupied
seeps is corroborated by other sources (Environmental Permitting Consultants, Inc.,
2010; Bunch, M., SCDNR, pers. comm. 2010). It is unclear whether these patterns are the
result of established plants washing downstream during high-flow events, mortality and
recruitment within sites due to changes in microhabitat, or a combination of these factors.

In 2008, S. fasciculata was introduced to a location within the Reedy River population
from another colony within the same population and watershed that was threatened with
destruction as a result of commercial development (Environmental Permitting
Consultants, Inc., 2008). This introduced colony received annual monitoring during 2009
- 2012 growing seasons (Environmental Permitting Consultants, Inc., 2009, 2010, 2011,
and 2012). In the 2012 report, Environmental Permitting Consultants, Inc. portray data
suggesting the colony decreased in percent cover of S. fasciculata rosettes within
monitoring plots by less than 1 % below baseline levels recorded in 2008, essentially
remaining stable over the last four years. USFWS is concerned that these results may not
be accurate due to changes in methods over the four years of monitoring and that this
colony may have decreased more substantially than reported.

The French Broad — Mud Creek population in Henderson County, NC contains two
colonies of S. fasciculata. One colony that grows on private land, which was assumed
extirpated, reemerged after the landowner dredged the ditch located on their property
(NCNHP 2013). The second colony (Ochlawaha Bog) was found to contain a single,
uprooted rosette during 2010 after repeated flowering season surveys failed to reveal any
individuals. This site consistently contained several hundred to many thousand rosettes,
reportedly containing 2,000 rosettes in 1995 (NCNHP 2010). The uprooted rosette was
taken to the North Carolina Botanical Garden at Chapel Hill, where efforts are underway
to propagate this individual for use in subsequent efforts to reintroduce S. fasciculata to
Ochlawaha Bog. Increases in beaver activity, changes to sedimentation levels and
deposition patterns, and changes in land use practices (namely a cessation in dredging
sediment from the ditch where the plants were previously known to occur) each have
been implicated in the decline of S. fasciculata at this site. However, each of these
explanations represents little more than speculation given the lack of adequate baseline
data and routine visitation to the site over the years. The Ochlawaha Bog site was the
focus of habitat restoration efforts jointly undertaken (and funded) by USFWS and many
of its conservation partners, with a focal restoration objective being the creation of
suitable habitat for, and a self-sustaining population of, S. fasciculata. The restoration
work was completed in 2011. Without reintroductions to the site, 1,685 rosettes were
found growing in the restored wetland in August 2011, although this number seemed to
decline in 2012 (NCHP 2013).

In 2010, the USFWS and its partners confirmed the extirpation of the French Broad —
Memminger population (at St. Johns in the Wilderness Church).



According to a review of SCDNR database records, the majority of South Carolina
colonies have had no recorded observation since 2000 (SCDNR 2010). One new record,
consisting of one large plant, was found growing in a newly discovered seepage in the
Reedy watershed in close proximity to a previously recorded colony growing in Duke
Energy right-of-way (Bunch, M., SCDNR, pers. comm. 2013).

Demography

There is only a single effort to obtain demographic level information for S. fasciculata
(Newberry, 1991a). Newberry followed the survival of 100 marked plants during 1985-
1987. It is unclear at what frequency these plants were monitored; however Newberry
states that only 10% of the marked plants could be relocated two years after first being
marked (in March, 1985). From this, she concludes that S. fasciculata plants may not live
longer than two years — however this hypothesis requires further investigation before it
can be generally accepted.

2.3.1.3 Genetics, genetic variation, or trends in genetic variation:

A pilot investigation of genetic diversity in S. fasciculata using inter-simple sequence
repeats (ISSR) revealed evidence of genetic differentiation among watersheds, but little
genetic differentiation among colonies within watersheds (Liao, M., Furman University,
pers. comm. 2010). This undergraduate research project, conducted from 2005-2006,
consisted of a comparison of an unspecified number of sites within the Enoree and Reedy
watersheds in South Carolina. In 2012, AFO staff worked with Min-Ken Liao of Furman
University to expand her South Carolina study into North Carolina. Mara Alexander
collected leaf samples from all North Carolina populations with the exception of the
Mills River population due to lack of landowner approval. Dr. Liao examined the
genomic diversity of the samples and did not find that the North Carolina populations
differed from one another genomically (Liao 2012). In 2010, staff affiliated with the
Bent Creek Institute at the North Carolina Arboretum collected chloroplast DNA samples
from multiple sites across the range of the species, with the intent of subjecting these
samples to genetic analysis should funding become available.

2.3.1.4 Taxonomic classification or changes in nomenclature:

There have been no changes applicable to the classification or nomenclature of S.
fasciculata.

2.3.1.5 Spatial distribution, trends in spatial distribution, or historical range:

The recovery plan describes the current range as consisting of Henderson County, North
Carolina and Greenville County, South Carolina. The recovery plan identifies a single
herbarium specimen from Buncombe County, North Carolina, while acknowledging
concerns (citing Wooten, pers. comm.) that this specimen may have been collected in
Henderson County. Thus, the recovery plan describes the current range as consisting of
Henderson County, NC and Greenville County, SC. Within these counties, the recovery
plan identifies a total of five extant populations (one in NC and four in SC).

The county-level distribution of the species has not changed since the final recovery plan.

The number of known populations has increased from five to 11, with new populations
discovered in the Mills River and Mud Creek watersheds of the French Broad basin (both

10



2.3.2

in Henderson County, NC); North Enoree River watershed (Greenville County, SC); and
Clear Creek watershed of the South Tyger River basin (Greenville County, SC). As noted
elsewhere, this review adopts the same definition of population used in the recovery plan,
with groups of colonies related by drainage and in relatively close physical proximity
(generally within 2 km of each other as measured in river or stream miles). There are no
other necessary corrections to the historical or current range.

2.3.1.6 Habitat:

There are no estimates of the amount of habitat occupied by S. fasciculata, as most
locations have been mapped as a single centroid rather than polygons depicting the full
extent of the colony(-ies).

In terms of habitat suitability, North Carolina populations of S. fasciculata typically occur
in highly degraded habitats representing ditched and channelized remnants of former
wetland and stream systems. By contrast, the majority of South Carolina colonies occur
in areas that appear (at least superficially) to have suffered fewer obvious hydrologic
impacts from adjacent land use, have intact forest canopies (albeit young or immature,
with an average stand age between 20 and 80 years) and contain unaltered perennial seep
habitat. However, despite these differences, populations across the range of S.
fasciculata continue to exhibit marked fluctuations in response to drought or high rainfall
events (Newberry, 2000; Bunch, M., SCDNR, pers. comm. 2010).

Across the range of the species, habitats occupied by S. fasciculata are threatened by
numerous invasive exotic plant species. Some of these species, like Murdania keisak, are
herbaceous and reduce the availability of suitable substrates for seedling recruitment and
vegetative growth; others, like Rosa multiflora and Ligustrum spp., threaten S. fasciculata
by forming dense, low canopies which intercept sunlight.

Five-Factor Analysis -

2.3.2.1 Present or threatened destruction, modification or curtailment of its habitat
or range:

As described in greater detail above (Section 2.3.1.2), Newberry (1991a) identified
reduced/altered surface water (n=11 plots), overgrowth/competition from other species
(n=10), conversion to pasture and/or cattle trampling (n=6), powerline clearing (n=3),
and siltation (n=3) as being correlated with declines in 47 permanent plots monitored
from 1984-1986. Increases and decreases in the flow of surface water were correlated
with declines in the number of plants. However, most declines were associated with
decreased flow and partial drying of the substrate. In a subsequent unpublished report,
Newberry (1991b) described “significant changes” to habitat resulting from nutrient
runoff, flooding, and sedimentation following heavy rains. Populations located adjacent
to streams typically suffer scouring and sedimentation during heavy flows, while seeps
tend to improve as a result of increased hydration, reduced stagnation and increased
suitable habitat area. The weather-related threats are likely to be intensified under most
general circulation climate change models (Karl et al. 2009).

Newberry (1991a) concluded that interspecific competition is a significant threat to S.
fasciculata. The number of S. fasciculata plants tripled during the first year of removing
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invasive plant species surrounding S. fasciculata plants, showed moderate increases the
following year and remained higher than controls one year post the removal of nearby
invasive plants. Murdania keisak, an invasive exotic plant, is increasingly found in
wetland habitats throughout the range of S. fasciculata, including within habitats
occupied by S. fasciculata (Newberry 1991a; Geosyntec, 2010). The fibrous root system
and vigorous rhizomatous growth of M. keisak may directly threaten S. fasciculata by
reducing water flow and stabilizing the suspended muck substrate, both of which appear
to be key habitat requirements for S. fasciculata (Newberry, 1991a).

Newberry (2000) identified the following sources of ongoing or potential threats to S.
fasciculata at 26 sites in South Carolina: grazing and trampling by cattle or horses (six
sites); invasive exotics (esp. Ligustrum spp. and M. keisak, ten sites); encroachment by
native competitive vegetation (six sites); siltation/sediment (one site); drought (four
sites); stagnant/reduced flows (two sites); and scouring/flash flooding (one site). Across
the range of the species, several colonies of S. fasciculata occur in managed road,
railroad, or utility rights-of-way (ROW) where overspray or drift from herbicides poses a
threat to S. fasciculata (Bunch, M., SCDNR, pers. comm. 2010; Geosyntec, 2009;
Newberry, 2000). Overspray or drift has been implicated in at least temporary reductions
in the number of S. fasciculata plants in a given area, however in some instances these
declines may have been offset by a reduction in the density of encroaching vegetation
(primarily woody), which also poses a threat to S. fasciculata (Bunch, M., SCDNR, pers.
comm. 2010; Worton, A., Geosyntec, pers. comm. 2010; Geosyntec, 2009). Despite
attempts by SCDNR to inform utility companies about consistent, appropriate
management practices to benefit S. fasciculata, managed right-of-ways continue to be an
impediment to conservation efforts for this species (Bunch, M., SCDNR, pers. comm.
2010).

2.3.2.2 Over utilization for commercial, recreational, scientific, or educational
purposes:

This was not known to be a significant threat to S. fasciculata at the time of listing, but in
March 2012, this plant was poached from the Bunched Arrowhead Heritage Preserve in
South Carolina. SCDNR staff discovered a 2’ x 2’ section of S. fasciculata plants
missing. Whoever stole the plants came prepared with tools to cut, dig and remove the
plants en masse. SCDNR offered a reward to anyone who provided information
regarding this theft, but they never received any information (SCDNR 2012). Although
this new evidence of poaching is concerning and the Service will closely monitor this
potential threat with partners, we do not have evidence to suggest it is a significant threat
at this time.

2.3.2.3 Disease or predation:

This was not known to be a significant threat to S. fasciculata at the time of listing, and
the USFWS has no new information to suggest that this now represents a significant
threat to the species.

2.3.2.4 Inadequacy of existing regulatory mechanisms:

The North Carolina Plant Conservation and Protection Act (NC State Code Article 19B, §

106-202.12) provides limited protection from unauthorized collection and trade of plants
listed under that statute. However, this statute does not protect the species or its habitat
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2.4

3.0

from destruction in conjunction with development projects or otherwise legal activities.
Plant species are afforded less protection in South Carolina, where they are protected
only from disturbance at South Carolina Heritage Preserves (SC State Code of
Regulations Part 123 § 200-204). There are no other statutes that afford significant
protections to S. fasciculata.

In South Carolina, one colony is afforded some protection through a registration
agreement between the landowner (Furman University) and SCDNR Heritage Trust
Program. This agreement, signed in 1981, recognizes the natural heritage significance of
the property, and acknowledges the mutual interests of SCDNR and the landowner in
preserving its habitat. The agreement is non-binding but remains in effect. Despite the
University authorizing activities that threaten the long-term viability of this S. fasciculata
population (Newberry, 2000), faculty of Furman University Biology Department have
been instrumental in increasing awareness among the University administration staff
about the significance of the site and activities that adversely affect it (Dr. Joe Pollard,
Furman University, pers. comm. 2010).

2.3.2.5 Other natural or manmade factors affecting its continued existence:

None beyond those already addressed under Factor A.

Synthesis —

The status of S. fasciculata has not appreciably changed since listing, and the current
federal status of endangered remains appropriate. The global distribution of this narrow-
ranging endemic of the Carolinas is confined to four major watersheds: the French Broad
River in Henderson County, North Carolina, and the Enoree, Reedy, and Tyger River
watersheds in Greenville County, South Carolina. There are a total of 11 extant
populations of the species, and two populations are presumed extirpated. The recovery
criteria for S. fasciculata specify minimum numbers of protected colonies distributed
across the range of the species. As of this review, there are fewer protected colonies
within each population than specified in the recovery criteria, and previously identified
threats remain significant at most sites. Recent status surveys and other anecdotal
observations suggest that many sites have declined from historic levels, and other sites
have been extirpated (Newberry 2000; NCNHP 2013; SCDNR 2012). A lack of robust,
structured, and quantitative monitoring makes objective characterization of trends
difficult and hinders efforts to determine the causes of apparent declines in colonies and
the larger populations of which they are a part.

RESULTS

3.1

Recommended Classification:

X No change is needed

4.0 RECOMMENDATIONS FOR FUTURE ACTIONS
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These actions are listed in order of priority, and cross-walked to tasks identified in the recovery plan,
where appropriate.

o Obtain the most appropriate and highest protection for each population or colony (Recovery
Task 12, Priority 1).

Once updated information on the size and vigor of extant colonies is obtained, protection efforts
should be undertaken immediately. The current number of protected colonies/populations is far
less than that specified in the current set of recovery criteria.

o FEstimate current colony and population size and vigor (Recovery Task 111, priority 2).

Updated information on the size and vigor of extant colonies/populations is critically needed in
order to assess and refine protection priorities. It would be particularly useful to include detailed
mapping of the spatial extent of occupied habitat.

e Monitor colonies, populations, permanent plots, transplants and propagation facilities (Recovery
Task 4, priority 3).

The lack of monitoring data hinders objective assessments of colony/population trends.
Anecdotal observation suggests that this species exhibits considerable fluctuation in response to
drought and heavy rainfall events; monitoring would help to determine the range of acceptable
fluctuations in colony/population size, and critical thresholds for management intervention.
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Appendix A: Summary of peer review for the five-year review of Sagittaria fasciculata (bunched
arrowhead)

A. Peer Review Method:

A draft of this document was circulated to those with direct and substantive knowledge of
Sagittaria fasciculata, including Dr. Gill Newberry (cited numerous times throughout the
document) and representatives from the North Carolina Natural Heritage Program (NCNHP), the
North Carolina Plant Conservation Program (NCPCP), the South Carolina Department of Natural
Resources (SCDNR), and Furman University.

B. Peer Review Charge: Peer reviewers were asked to conduct a scientific review of technical
information presented. Reviewers were not asked to review the legal status determination.

C. Summary of Peer Review Comments:

Comments were received from NCNHP and SCDNR. Editorial comments provided by these
reviewers were incorporated as appropriate, and are not reviewed here. The following summary
addresses only substantive comments provided by these reviewers.

The reviewer from the SCDNR initially responded (by e-mail) with comments relating to threats
associated with herbicide application in utility rights-of-way. A follow-up phone call to this
reviewer (by the USFWS species recovery lead) yielded additional information on the current
size of several colonies, including new information suggesting that one population regarded as
possibly extirpated by Newberry (2000) was actually extant (M. Bunch, pers. comm.). This
reviewer also provided information on SCDNR decisions not to pursue protection for a colony
within the population on the Enoree River below Cane Creek, citing numerous concerns over the
long term viability of that population.

The reviewer from NCNHP suggested revisions to the delineation of population boundaries in
North Carolina, noting that some colonies treated as part of a single population in the first draft of
this review were actually separated by more than 2 km when measured along drainages (as
opposed to the closest overland distance). This reviewer also noted additional protections
afforded to S. fasciculata by virtue of Registry and Dedication Agreements with the NCNHP
(portions of two populations) and also alluded to additional protections afforded to the species
under the Clean Water Act and North Carolina state stream and wetland regulations. The NCNHP
reviewer suggested that these additional protection mechanisms be discussed in the five factor
analysis (under the section “Inadequacy of Other Regulatory Mechanisms”).

D. Response to Peer Review:

In response to comments from the SCDNR reviewer, sections describing the distribution and
abundance of S. fasciculata (esp. Section 2.3.1.5 and Appendix B) were updated to reflect the
correct number of extant and extirpated populations and the five-factor analysis (Section 2.3.2.1)
was expanded to address the threats presented by herbicide use within managed utility rights-of-
way.

The suggestions for revised population boundaries (provided by NCNHP) were adopted. The five
factor analysis was revised to address protections from Registry and Dedication Agreements with
NCNHP. However, the USFWS did not concur with NCNHP’s interpretation that the Clean
Water Act and/or North Carolina state statute or regulation affords significant additional
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protections to S. fasciculata in the absence of that species’ federal status. The Clean Water Act
only offers protection of this species when it grows on federal land because intentional take of
plants is not prohibited by the Endangered Species Act unless growing on federal land. North

Carolina state statute does not protect the species or its habitat from destruction in conjunction

with development projects or otherwise legal activities. The recommendation to address this issue
in the five factor analysis was not adopted.
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Table B.1. Sagittaria fasciculata populations and the number of colonies they are estimated to contain. Also noted are the corresponding Natural

Heritage Program (NHP) element occurrence records (EORs) located within the boundary of each population recognized by USFWS.

State | County Population name Colonies | Colonies Protected NHP EORs
(total) extant colonies
(presumed)
Extant
NC Henderson | French Broad — East Flat Rock 2 2 0 NC*001
NC Henderson | French Broad — Highland Lake Inn 1 1 1 NC*008
NC Henderson | French Broad — Mud Creek 2 2 1 NC*002, 003
NC Henderson | French Broad — Bat Fork Creek 1 1 1 NC*004
NC Henderson | French Broad — Mills River 1 1 0 NC*007
SC Greenville | Enoree River - mainstem 15 15 3 SC*001, 003, 004, 005, 006, 008,
009, 018, 019, 020, 022, 023, 024
SC Greenville | North Enoree River 3 2 1 SC*016, 023
SC Greenville | South Tyger — Beaverdam Creek 3 2 0 SC*014, 025
SC Greenville | South Tyger — Clear Creek 1 1 1 SC*015
SC Greenville | Reedy River 9 8 1 SC*002, 010,011, 012, 013, 021,
027, 028
SC Greenville | Enoree River — below Cane Creek 2 2 0 SC*007
Extirpated
NC Henderson | French Broad — Memminger Creek 1 0 NC*006
SC Greenville | Enoree River — Beaverdam Creek 2 0 0 SC*007
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Table B.2. Protected colonies of Sagittaria fasciculata.

Population name | Colony name | Landowner | Protection type | NHP EORs
French Broad River — Highland Lake Inn (NC, Henderson County)
Highland Lake Inn/CMLC Highland Lake Inn Conservation easement NC*008
easement

French Broad River — Bat Fork Creek (NC, Henderson County)

Bat Fork Bog NCPCP Fee title by a state natural NC*004
resource agency; alsoa
Dedicated Nature Preserve'

French Broad River — Mud Creek (NC, Henderson County)

Ochlawaha Bog NCPCP, CMLC Fee title by a state natural NC*003
resource agency; also a
Dedicated Nature Preserve’
and a Registered Heritage

Area*

Enoree River — mainstem (SC, Greenville County)
Bunched Arrowhead SCDNR Fee title by a state natural SC*005, 006, 019
Heritage Preserve resource agency
Blackwell Heritage Preserve — SCDNR Fee title by a state natural SC*018
West resource agency
Blackwell Heritage Preserve — SCDNR Fee title by a state natural SC*022
East resource agency

North Enoree River (SC, Greenville County)
Bellvue Springs SCDNR Fee title by a state natural SC*016
Heritage Preserve resource agency

South Tyger River — Clear Creek (SC, Greenville County)
Clear Creek Heritage Preserve SCDNR Fee title by a state natural SC*015

resource agency

Reedy River (SC, Greenville County)

| Furman University | Furman University | Voluntary registry | SC*010

"Dedicated Nature Preserves represent a permanent land allocation agreement approved by the North Carolina Council of State, signed by the Department of
Administration and the Department which administers the state agency’s lands, which provides standards for management and restoration of the lands.
¥Registered Heritage Areas represent voluntary agreements between the landowner and the NC Department of Environment and Natural Resources (NCDENR)
which express the intentions of the owner not to permit changes damaging to the natural values of the site and recommending a management prescription specific
to the area. Unlike Dedicated Nature Preserves, this form of protection is not legally binding and non-regulatory.
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5-YEAR REVIEW OF BUNCHED ARROWHEAD
(Sagittaria fasciculata)

Addendum 1. Summary of new information obtained since the 2014 S-year review.

The Federal Register notice announcing the initiation of this 5-year review was published on
June 20, 2019 (84 FR 28850). One comment, containing information about threats in South
Carolina, was received during the 60-day public comment period following the notice.
Additionally, the U.S. Fish and Wildlife Service (Service) received information about the
species, from biologists familiar with the species, in response to requests for specific
information.

Updated information is presented below. Internal review was conducted by four members of the
Service’s Southeast Region. Additionally, the Service conducted independent peer review on
new information (see Appendix A of this addendum). The Service sought review from four
knowledgeable experts on this species and its habitats. Comments have been addressed and
incorporated into this addendum as appropriate and necessary.

1.0 GENERAL INFORMATION
1.1 Reviewers
Lead Regional Office: Southeast Regional Office, Carrie Straight, (404) 679-7226.
Lead Field Office: Asheville Ecological Services, Rebekah Reid, (828) 258-3939.

Cooperating Field Offices: South Carolina Ecological Services, April Punsalan, (843)
727-4707.

1.3 Background

1.3.1 Federal Register Notice citation announcing initiation of this review: 84 FR
28850; June 20, 2019.

1.3.2 Species Status: Increasing. As a result of survey efforts, the number of
documented bunched arrowhead (Sagittaria fasciculata) populations has increased since
the last 5-year review in 2014; however, the number of colonies within those known
populations has decreased. Inconsistent and infrequent monitoring increases
uncertainties associated with the species’ status and trends and the status of individual
populations cannot be adequately assessed at this time. Refer to Section 2.3.1.2 for
further information.

1.3.6 Review History: The Service finalized a 5-year review for bunched arrowhead in
2014. The review recommended the species remain classified as endangered due to
known threats, such as altered hydrology, competition, habitat conversion, and lack of
monitoring data to indicate stable population trends (Service 2014).
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2.0 REVIEW ANALYSIS
2.2 Recovery Criteria

2.2.3 List the recovery criteria as they appear in the recovery plan, and discuss
how each criterion has or has not been met, citing information.

The recovery plan (Service 1983) consists of a narrative with statements, which are
interpreted as recovery criteria. These are presented below following the sequence in
which they are presented in the recovery plan narrative. Bunched arrowhead could be
considered for downlisting when the following criterion are met:

Criterion 1. At least three colonies in each of four of the five populations should be
protected. Ifthere are less than three colonies in a population, then all known colonies
should be protected (Service 1983).

Criterion 2. 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 (Service 1983).

Criterion 1 references four extant populations present at the time of recovery plan
development: French Broad-East Flat Rock, South Tyger-Beaverdam Creek, Reedy
River, and Enoree River-Beaverdam Creek (Service 1983). Three populations (French
Broad-East Flat Rock, South Tyger-Beaverdam Creek, and Enoree River-Beaverdam
Creek) contain less than three colonies (NCNHP 2020a, SCHTP 2019); therefore, all
colonies need protection to meet the criterion. The Reedy River population, containing
more than three colonies (SCHTP 2019), needs at least three protected colonies to meet
the criterion. Criterion 2 provides refinement to Criterion 1 and specifies that eight
colonies should be protected in the Enoree-Mainstem population (the fifth population, not
subject to Criterion 1). Currently, none of the five populations meet recommended
protection requirements; therefore, the recovery criteria have not been met. The five
populations and number of protected colonies are summarized in the table below.

Table 1. Summary of bunched arrowhead populations referenced in the recovery plan and
number of protected colonies.

. Number of Number of .
Population Extant Colonies | Protected Colonies Meets Criteria
French Broad — East Flat Rock 2 1 No
Enoree River — Mainstem 14 6 No
South Tyger — Beaverdam Creek 1 0 No
Reedy River 7 2 No
Enoree River — Beaverdam Creek 1 0 No
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Although recovery criteria have not been met, advancements in conservation have been
made. In addition to those colonies known at the time of recovery plan development,
other populations and colonies have been discovered. Currently, there are 36 colonies
within 13 extant populations (NCNHP 2020a, SCHTP 2019; Appendix B, Table B1);
nine of these populations contain at least one colony in protective ownership (Appendix
B, Table B2). However, only three populations (Enoree River-Mainstem, North Enoree
River, and Reedy River) contain more than one protected colony. Protected colonies are
included in lands conserved by land trusts (Conserving Carolina and Naturaland Trust),
the North Carolina Plant Conservation Program (NCPCP), the South Carolina
Department of Natural Resources, and private property owners (Appendix B, Table B2).
Two additional properties near the Bunched Arrowhead, Belvue Springs, and Blackwell
Heritage Preserves are “under option” to purchase by Naturaland Trust (Holleman 2020,
Southern Environmental Law Center (SELC), pers. comm.). Acquisition of these
properties would preserve two additional colonies in the Enoree-Mainstem population.
The NCPCP is pursuing an addition to the Bat Fork Plant Conservation Preserve, which
would provide protection to additional plants within the French Broad — Bat Fork Creek
population (NCPCP 2018).

Criterion 3. Within each of the populations, sufficient colonies must be protected and
located near enough to one another to ensure that there is normal gene flow between the
colonies (Service 1983).

The number of protected colonies within each population identified in the recovery plan
is less than required in the recovery criteria. Currently, only two populations (Enoree
River-Mainstem and Reedy River) have more than one protected colony; therefore, this
criterion has not been met. Additionally, when evaluating all populations with protected
colonies, only three of nine populations (Enoree River-Mainstem, North Enoree River,
and Reedy River) contain more than one protected colony.

Bunched arrowhead could be considered for delisting when the colonies described in
Criterion 2 and an additional 11 colonies are protected (Service 1983). The delisting
criteria are not discussed further because downlisting criteria have not been met.

2.3 Updated Information and Current Species Status
2.3.1 Biology and Habitat
2.3.1.1 New information on the species’ biology and life history: The Service

is not aware of any new information pertaining to species biology and life history
since the 2014 5-year review.

2.3.1.2 Abundance, population trends (e.g., increasing, decreasing, stable),
demographic features, or demographic trends: When the species was
federally listed in 1979, there were two extant populations (one in Henderson
County, North Carolina and one in Greenville County, South Carolina) (Service
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1979). The 1979 listing rule did not indicate the number of colonies or plants
within the two populations.

The recovery plan recognizes 28 colonies within five extant populations (one in
Henderson County, North Carolina and four in Greenville County, South
Carolina) (Service 1983). There is no estimation of the number of plants
contained within the five populations and files do not contain maps or other
information identifying locations of the colonies.

The 2014 5-year review recognizes 37 colonies within 11 extant populations (five
in Henderson County, North Carolina and six in Greenville County, South
Carolina) (Service 2014). Aggregation of the last available size estimates for all
extant colonies suggest the total species range contained 97,500-120,000 rosettes
at the time of the 2014 5-year review (Service 2014).

Currently, there are 36 colonies within 13 extant populations (six in Henderson
County, North Carolina and seven in Greenville County, South Carolina)
(NCNHP 2020a, SCHTP 2019; Appendix B, Table B1). Aggregation of the last
available size estimates for all extant colonies suggest the complete species range
may contain 81,000-115,000 rosettes. Nine colonies (all in South Carolina) lack
any estimate of abundance in the data, only indicating presence (SCHTP 2019).
Of the remaining 27 colonies for which at least one size estimate is available, six
are estimated to contain greater than 10,000 rosettes. By contrast, eight colonies
were last estimated to contain fewer than 500 rosettes. The estimates of
abundance presented here are informational only and should not be interpreted as
an increase or decrease in overall abundance since only seven of 36 colonies have
had surveys since 2010 (year of data used for the 2014 5-year review). The table
below summarizes the information presented above.

Table 2. Summary of bunched arrowhead abundance over time.

Populations with

Year Rosettes Colonies Populations .
at least 3 colonies

1979 (Listing) not reported not reported 2 unk

1983 (Recovery Plan) not reported 28 5 2

2014 (5-Year Review) 97,500-120,000 37 11 2

2020 (Current) 81,000 — 115,000 36 13 3

Also of note, 48 colonies of bunched arrowhead have been documented since the
species was listed in 1979 (Appendix B, Table B1); however, some colonies were
discovered and extirpated prior to drafting of the next official review document by
the Service (i.e. between 1983 and 2014). Twelve known colonies of bunched
arrowhead, in seven populations, have been extirpated since the species was
listed.

Ad



Bunched Arrowhead 5-Year Review Addendum

August 2020

Monitoring data is inconsistent in methodology and counting units among
observers. Counting units include “plants”, “rosettes”, and “flowering stems”,
and cannot be directly compared. Data are insufficient to adequately assess status
and trends at most populations; however, populations with at least two monitoring

events since 2010 are discussed below.

Within the French Broad — East Flat Rock population (two colonies in Henderson
County, North Carolina), both colonies of bunched arrowhead, one whole and one
in part, have been monitored since 2000 (Service 2014). The 2014 5-year review
indicated that the two colonies had been assessed as generally stable over a 10-
year monitoring period (2000-2009) (Service 2014). Since 2010, there has been a
decrease in the number of rosettes at Colony 1 (whole colony monitored),
declining from 600-800 rosettes in 2010 to 125-135 rosettes in 2018 (Arcadis
2019). Possible causes of decline include reduction of suitable habitat and muck
layer due to erosion and significant rain events (Arcadis 2019). Colony 2,
monitored in part, has remained stable with 300-500 rosettes in 2010 and 325-400
rosettes in 2018 (Arcadis 2019). The Hyder Pasture site, part of this population
and Colony 2, was the focus of habitat restoration efforts in 2015. Bunched
arrowhead is present in large numbers at the site but monitoring has not occurred
since 2010, prior to restoration.

Within the French Broad — Mud Creek population (two colonies in Henderson
County, North Carolina), one colony of bunched arrowhead is monitored at the
Ochlawaha Plant Conservation Preserve which is owned and managed by the
NCPCP. The 2014 5-year review noted 1,685 plants growing adjacent to the
restored wetland in 2011 and a decline in 2012 (Service 2014). Most recent
counts show a rebound at the site with approximately 1,000 flowering stems in
2016 and 1,552 flowering stems in 2018 (NCNHP 2020a, NCPCP 2018).
Restoration of the stream channel and associated floodplain have resulted in the
expansion of suitable habitat for bunched arrowhead and the NCPCP will
continue to monitor the site for natural spread of the species into new and/or
formerly occupied areas (NCPCP 2018). Offsite erosion in 2018 and 2019 has
caused sedimentation in the wetland along the northern property boundary. The
NCPCP is working with the Natural Resources Conservation Service (NRCS) to
investigate the source of sedimentation and address impacts at the site (Starke
2020, NCPCP, pers. comm.)

The French Broad — Highland Lake Inn population (one colony in Henderson
County, North Carolina) has been visually monitored via photographic plot since
2016 (Nergart 2020). Although the number of plants appears relatively stable
from 2016 to 2019, there is a noticeable decrease in abundance when compared to
a 2004 photograph (Nergart 2020).

The French Broad - Bat Fork Creek population (one colony in Henderson County,

North Carolina), is partially monitored at the Bat Fork Plant Conservation
Preserve, which is owned and managed by the NCPCP. The number of plants at

AS



Bunched Arrowhead 5-Year Review Addendum

August 2020

the preserve has increased to greater than 250 flowering stems since 2010 when
only 10 plants were observed (NCPCP 2018). The rediscovery of plants in the
swamp-forest portion of the preserve, which were not observed from 2007 to
2014, has contributed to the increase in number of plants and flowering stems.
These plants have been observed each year since rediscovery in 2015. NCPCP
staff determined that plants located in a ditch on the preserve had no natural outlet
to expand (NCPCP 2018). After examining the site with the NRCS and
discussing site history with a neighbor, the NCPCP determined that an adjacent
levee (approximately one foot higher than the surrounding wetland) was created
from spoils during ditch excavation or brought to the site to provide access
through the wetland. In 2015, the NCPCP coordinated with the North Carolina
Forest Service to excavate soil from the small levee and create as natural a
landscape as possible in the excavated area. In 2016, ten new plants, presumably

germinating from the existing seeded bank, were observed in the restored area of
the wetland (NCPCP 2018).

The French Broad — King Creek population (one colony in Henderson County,
North Carolina) has been monitored annually since 2017 (Reid 2019). The
occupied area of bunched arrowhead has increased by an average of
approximately 2.8 square meters each year for a total occupied area of
approximately 20.9 square meters in 2019 (Reid 2019). When first observed in
2014, bunched arrowhead covered approximately one square meter (NCNHP
2020a). In 2015, the Service, Conserving Carolina (land trust), and the property
owner entered into a Management Agreement that allows for restoration of a
portion of the wetland. Ongoing management is focused on removing invasive
species and encroaching woody vegetation for the benefit of rare species.

2.3.1.3 Genetics, genetic variation, or trends in genetic variation: Dr. Ashley
Morris at Furman University is pursing work on bunched arrowhead and has an
undergraduate project planned for initiation in 2020 (Morris 2020, Furman
University, pers. comm.). The project includes development of microsatellite
markers to investigate species clonality and differences within and among
populations (Morris 2019, Furman University, pers. comm.). Results of this work
will be shared with the Service and reported in the next 5-year review.

2.3.1.4 Taxonomic classification or changes in nomenclature: The Service is
not aware of any changes in taxonomic classification or nomenclature since the
2014 5-year review (ITIS 2020).

2.3.1.5 Spatial distribution, trends in spatial distribution, or historical range:
When the species was federally listed in 1979, the listing rule recognized two
extant populations in one county in North Carolina (Henderson) and one county in
South Carolina (Greenville) (Service 1979). The county-level distribution has not
changed since species listing; however, the number of populations documented in
each county has increased. In 2020, there are six known populations in
Henderson County, North Carolina and seven known populations in Greenville
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County, South Carolina. The table below summarizes the increase in total
populations since listing.

Table 3. Summary of bunched arrowhead populations by
County over time.

Year Populations
Henderson (NC) | Greenville (SC)
1979 (Listing) 1 1
1983 (Recovery Plan) 1 4
2014 (5-Year Review) 5 6
2020 (Current) 6 7

2.3.1.5 Habitat: As discussed in the 2014 5-year review, Snipes et al. (1986)
conducted a hydrologic characterization of bunched arrowhead habitats at one
population in North Carolina and two populations in South Carolina. The
analysis included measurements of organic matter content, mineralogical
composition, grain-size distribution, and a partial analysis of surface water
chemistry (Snipes ef al. 1986). While the study was the first systematic attempt to
characterize bunched arrowhead habitat, the primary focus was making land
acquisition recommendations for the Bunched Arrowhead Heritage Preserve in
Greenville County, South Carolina (Snipes et al. 1986). Whether the three sites
studied by Snipes ef al. (1989) represented bunched arrowhead habitats more
broadly was unknown (Dripps ef al. 2013). Dripps et al. (2013) conducted a
study to characterize the hydrogeochemical characteristics of springhead seepages
at the 14 bunched arrowhead locations known in South Carolina as of 2007. They
analyzed surface water chemistry and substrate characteristics at each location. It
is unclear from available information how the 14 study sites correlate with the
populations and colonies identified in this review; however, all locations in the
study are said to occur in the headwaters of the Reedy River and Enoree River
drainages (Dripps ef al. 2013). Overall, surface waters in seep habitats were more
acidic and dilute than stream waters in nearby areas of the Upper Piedmont of
South Carolina. Among study sites, there was considerable variation in some
physical and chemical conditions (widely ranging dissolved oxygen and sediment
organic matter concentrations, and relatively high nitrate and sulfate
concentrations). In spite of the variation in sediment characteristics and surface
water chemistry among habitats, all study sites occurred in shallow water with
approximately 70% of sites having maximum depths of less than or equal to 5
centimeters (1.96 inches) and all site less than 13 centimeters (5.11 inches).
Dripps et al. (2013) hypothesize that seepage hydrology exerts more influence on
plant growth and survival than does water chemistry, at least under conditions
present during the study. Dripps ef al. (2013) recognize the need for additional
research to examine the range of hydrologic variability and determine if bunched
arrowhead is constrained to the range of physical and chemical parameters
measured at sample sites.
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2.3.2

Beard (2013) used pressure transducers, recording at S-minute intervals, to
monitor hydrologic variability and water level response to storm events at six
different bunched arrowhead sites in Greenville County, South Carolina. Health
and density of bunched arrowhead were also tracked at each site during the
duration of the study. The six sites reflect the broadest range of hydrologic
regimes in which bunched arrowhead naturally resides within the Piedmont region
of South Carolina (Beard 2013). Four of six sites exhibited extremely stable,
static water levels that never fluctuated more than 0.09 meters (0.3 feet), despite
weather conditions. These sites also had the most robust, healthiest, and largest
populations of bunched arrowhead. The other two (of six) sites were impacted by
residential development and exhibited flashy, fluctuating water levels, with
changes as much as 0.76 meters (2.5 feet during a single storm event. The health
and number of plants at these sites was significantly impaired, with one site losing
all plants by the end of the study period (Beard 2013).

Hydrologic monitoring was initiated at six wetland sites in 2013 and has since
expanded to 13 wetland sites in North Carolina (Wilcox 2019); four sites contain
bunched arrowhead. Although all 13 sites are evaluated separately in the study,
there are general findings that apply to all sites. Groundwater discharge is the
most significant input to the hydrologic budget, stormflow potentially affects the
vitality of wetlands, and evapotranspiration is a significant component in the

water budget, particularly at sites with lower groundwater discharge rates (Wilcox
2019).

Five Factor Analysis

2.3.2.1 Present or threatened destruction, modification, or curtailment of its
habitat or range: The 2014 5-year review identifies changes in hydrology,
development, and competition as threats to the species. These threats are still
present.

A major threat to protected and unprotected populations of bunched arrowhead is
development, which modifies suitable habitat and hydrology. A watershed's
hydrologic characteristics are altered as development occurs within its boundaries.
Urbanization in a watershed tends to fill in low areas, which previously provided
storage, and pave over pervious areas, which had provided infiltration. The
addition of storm sewer systems, along with curb and gutters, collects more runoff
and directs it to streams and wetlands more quickly. These actions produce
greater runoff volumes with higher and more frequent flood peaks. Left
unchecked, this will cause serious damage to the physical and biological integrity
of streams and wetlands decreasing suitable habitat for bunched arrowhead. All
extant populations of bunched arrowhead in South Carolina are within six miles
of downtown Travelers Rest and protection efforts in South Carolina have been
focused on the Enoree River Basin in Greenville County, South Carolina
(Holleman 2019, SELC, pers. comm.). While three Heritage Preserves
(Blackwell, Bunched Arrowhead, and Belvue Springs), two conservation
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properties (owned by Naturaland Trust), one conservation easement (held by
Southeast Regional Land Conservancy), and two properties “under option for
purchase” are protecting bunched arrowhead in the Enroee River Basin, the plants
remain threatened by development. Examples of development in the Enoree
River Basin include the following (Holleman 2019 and 2020, SELC, pers.
comm.):

e A new 11-home residential, equestrian subdivision has been built on
pastureland between the Bunched Arrowhead and Blackwell Heritage
Preserves.

e A new home has been built adjacent to the Belvue Springs Heritage
Preserve.

e A tract between a conservation property owned by Naturaland Trust and a
conservation easement held by the Southeast Regional Land Conservancy
is currently for sale. While the floodplain portion of the tract, containing
bunched arrowhead, is “under option” to purchase by Naturaland Trust,
the upland portion of the property is a potential development property.

e A recent land addition (2019) to the Blackwell Heritage Preserve was
originally proposed as an 84-home residential subdivision.

e A 22-home residential subdivision was proposed 1,000 feet north of the
Blackwell Heritage Preserve. The proposal was withdrawn in 2020 after
concerns over ecological impacts were considered.

e Bunched arrowhead located behind an elementary school is impacted by
stormwater scouring despite the school’s best efforts to control runoff.

e The regional sewer authority, Renewable Water Resources (ReWa), is
proposing to build a 1.86-mile sewer line and pump station on land just
north of the Blackwell Heritage Preserve and adjacent to bunched
arrowhead located in the floodplain of the Enoree River. While the sewer
line alignment has been modified to avoid direct impacts to bunched
arrowhead, indirect impacts associated with changes in hydrology or land
clearing could threaten the plants.

e In 2016, a large apartment complex (10 buildings, 288 units) was built
adjacent to a seep containing bunched arrowhead in the Reedy River
watershed. The development eliminated forestland cover surrounding the
seep.

The States of North Carolina and South Carolina and conservation partners have
preserved approximately 491 acres (435 acres in South Carolina and 56 acres in
North Carolina) of bunched arrowhead habitat in Henderson County, North
Carolina and Greenville County, South Carolina (Mitchell 2020, NCNHP 2020b);
however, threats from development are not abated. Protection of habitat alone
does not eliminate secondary impacts and watershed level protection or protection
of upland buffers should also be prioritized. Urbanization in Travelers Rest,
located in Greenville County, South Carolina, is not expected to cease. The city
population grew 14.8% between 2010 and 2018 (Davis 2019). Since 2015, 465
residential lots have been permitted or approved by the city (Davis 2019).
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Considering an average household of 2.55 people, full buildout of permitted or
approved lots could add 1,186 new residents to the city, another increase of
approximately 14% (Davis 2019). Greenville County planners expect the
addition of 222,000 county residents by 2040 (Mitchell 2020). Population in
Henderson County, North Carolina increased 9.4% from 2010 to 2018 (Census
2018).

Competition from exotic, invasive species, which crowd bunched arrowhead and
reduce available sunlight, is a continuing threat. The NCPCP has noted
undesirable species at the Bat Fork Plant Conservation Preserve within the French
Broad —Bat Fork Creek population. Staff have noted reed canary grass (Phalaris
arundinacea), Japanese siltgrass (Microstegium vimineum), and marsh dewtlower
(Murdannia keisak) near bunched arrowhead on the east side of the preserve
which was clearcut prior to protection (NCPCP 2018). The NCPCP organized
three workdays in 2017 and 2018 to hand pull these species. The west side of the
preserve includes an area referred to as the “Phalaris meadow”. Additionally,
reed canary grass began spreading northeast along a ditch line toward bunched
arrowhead present at the site. From 2016 to 2019, the NCPCP treated accessible
areas of the meadow using ATVs and backpack sprayers. The goal was to use an
herbicide mix that would, at minimum, top-kill the species and prevent seed
spread. In 2017, the NCPCP began a partnership with the North Carolina
Department of Transportation to collaborate on a pilot program using drone
application of herbicide to control reed canary grass in inaccessible areas of the
preserve. The drone application of herbicide at the preserve was the first flight at
a NCPCP Plant Conservation Preserve, and one of the first flights of its kind in
North Carolina. Two additional treatments occurred in 2018. Chemical
application has been successful and no regrowth has been observed in the
calendar year following treatment; however, multiple site visits are used to
provide for better coverage of the treatment areas. The NCPCP have observed
native vegetation emerging in the treatment areas following top-kill of reed
canary grass. This suggests a robust seed bank is present at the site and a
suppressed community will reemerge when the reed canary grass is removed. In
addition to reed canary grass treatments, several workdays were organized to hand
pull and cut/stump treat Chinese privet (Ligustrum sinense), multiflora rose (Rosa
multiflora) and oriental bittersweet (Celastrus orbiculatus) in the swamp-forest
portion of the preserve. While exotic, invasive species are significantly less
robust after treatments, the NCPCP continues efforts to eradicate exotic, invasive
species from the preserve and staff will continue to monitor the effectiveness of
control.

2.3.2.2 Overutilization for commercial, recreational, scientific, or educational
purposes: The Service is not aware of any new information regarding
overutilization; however, those working with the species should be mindful of the
potential for collection and report any observations to the Service.
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3.0

2.3.2.3 Disease or predation: The Service is not aware of any new information
regarding disease or predation since the 2014 5-year review.

2.3.2.4 Inadequacy of existing regulatory mechanism: The Service is not
aware of regulatory protections afforded to plant species other than those already
discussed in the 2014 5-year review. While the Clean Water Act does protect
wetlands from destruction without a permit, it does not limit upland development
that can impact wetland hydrology. The Clean Water Act does not provide
adequate protection to bunched arrowhead.

2.3.2.4 Other natural or manmade factors affecting its continued existence:
While the threats discussed above present challenges in the near term, accelerated
climate change could exacerbate threats, such as stormwater runoff and exotic,
invasive species, already affecting bunched arrowhead. Although models of
future climate scenarios are not yet available at a resolution conducive to site
specific planning, it is reasonable to expect shifts in temperature and precipitation
patterns that define the climatic conditions to which species such as bunched
arrowhead have become adapted. It remains to be seen whether these changes
will exceed the adaptive capacity of this species.

2.4 Synthesis

Bunched arrowhead should remain classified as endangered. New populations have been
discovered; however, the distribution of this narrow-ranging endemic has not appreciably
changed. All populations in South Carolina are within approximately six miles of Travelers
Rest, making the species vulnerable to urbanization in the area. Monitoring is mostly
infrequent and inconsistent, and an assessment of overall abundance is difficult to ascertain
since only seven of 36 colonies have had surveys since 2010. Twelve known colonies of
bunched arrowhead, in seven populations, have been extirpated since the species was listed.
The primary threats identified in the 2014 5-year review are still threats and conservation
ownership alone does not completely abate these threats. Data and information outlined in
this review highlight the need for continued management and monitoring throughout the
range and shows bunched arrowhead continues to meet the definition of an endangered
species under the Endangered Species Act.

RESULTS

A. Recommended Classification: No change needed.
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4.0 RECOMMENDATIONS FOR FUTURE ACTION

The 2014 5-year review included a list of recommendations to improve recovery of the species.
These actions, listed below, remain applicable to species recovery.

e Once updated information on the size and vigor of extant colonies is obtained, protection
efforts should be undertaken immediately. The current number of protected
colonies/populations is far less than that specified in the current set of recovery criteria.

e Updated information on the size and vigor of extant colonies/populations is critically
needed in order to assess and refine protection priorities. It would be particularly useful
to include detailed mapping of the spatial extent of occupied habitat.

e The lack of monitoring data hinders objective assessments of colony/population trends.
Anecdotal observation suggests that this species exhibits considerable fluctuation in
response to drought and heavy rainfall events; monitoring would help to determine the
range of acceptable fluctuations in colony/population size, and critical thresholds for
management intervention.

In light of new information, additional future actions are recommended below:

o  Work with partners and species experts to develop a standardized monitoring protocol

that could be used on many different types of bunched arrowhead sites.

Work with partners and land managers to conduct range-wide monitoring.

Provide support and, if feasible, pool resources for management and monitoring.

Prioritize unprotected sites critical for recovery and work toward permanent protection.

Develop a plan for conserving the species in ex situ collections — through either

conservation gardens or seed banking.

e As staff time and office resources allow, consider the need to reevaluate the recovery
criteria and amend the recovery plan. If deemed necessary, work with the Regional
Office to include recovery plan updates and/or amendments into the regional workplan.

e  Work with and support Furman University to complete genetic investigations.
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APPENDIX A
Peer Review

Summary of peer review for the 5-year review of bunched arrowhead (Sagittaria fasciculata).

A. Peer Review Method: Peer review was coordinated by the U.S. Fish and Wildlife Service’s
(Service) Raleigh Ecological Services Field Office in North Carolina. Four peer reviewers
were selected by the Service for their knowledge of and expertise with bunched arrowhead.
Individual responses were received from three of the four reviewers. Additionally, internal
review was conducted by four members of the Service’s Southeast Region. One comment,
containing information about threats in South Carolina, was received during the 60-day
public comment period.

B. Peer Reviewers: The peer review request included personnel from:
NC Natural Heritage Program (NCNHP)
NC Plant Conservation Program (NCPCP)
SC Heritage Trust Program (SCHTP)
Southern Environmental Law Center (SELC)

C. Peer Review Charge: Reviewers were asked to conduct a scientific review of technical
information presented. Reviewers were not asked to review the legal status determination.

D. Summary of Peer Review Comments and Responses: Comments received from partners
during the 60-day public comment period contained information about threats in South
Carolina. This information was incorporated into the review, where appropriate.

The reviewer from the SCHTP did not respond to the request for review. Comments were
received from all others in the Peer Reviewers list above. One additional representative from
the NCNHP also provided comments. All substantive comments received were reviewed by
the Service and incorporated into a revised version of this document, where appropriate. A
brief summary of substantive comments is below.

The reviewers from the NCNHP asked questions that when addressed improved the
document’s overall clarity. The NCNHP reviewers also suggested site name changes that
were consistent with updated information in their database. Changes and additions were
incorporated throughout the document.

The reviewer from the NCPCP provided additional information about site conditions and
species status at Plant Conservation Preserves. Changes and additions were incorporated
throughout the document.

The reviewer from the SELC, who is also the volunteer President for Naturaland Trust,
provided updated status information for the Reedy River population and corrected ownership
information for the Enoree River-Mainstem population. Changes and additions were
incorporated in Sections 2.2.3 and 2.3.2.1.
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APPENDIX B
Table B1

Bunched arrowhead populations and the number of colonies they are estimated to contain. Also noted are the corresponding Natural Heritage Program
(NHP) element occurrence records (EORs) located within the boundary of each population recognized by the U.S. Fish and Wildlife Service.

State | County ‘ Population Name Colonies (total) ‘ Colonies extant (presumed) | Protected colonies® NHP EORs

Extant Populations

NC Henderson | French Broad - East Flat Rock 2 2 1 1.000

NC Henderson | French Broad - Highland Lake Inn 1 1 1 8.000

NC Henderson | French Broad - Mud Creek 2 2 1 10.002, 10.003

NC Henderson | French Broad - Bat Fork Creek 1 1 1 4.000

NC Henderson | French Broad - Mills River 1 1 0 7.000

NC Henderson | French Broad - King Creek 1 1 1 11.000

SC Greenville | Enoree River - Mainstem 16 14 6 l,3,4,5,6,8,9, 18,
19, 20, 22, 23, 24, 33

SC Greenville | North Enoree River 4 3 2 16, 26, 30

SC Greenville | South Tyger - Beaverdam Creek 3 1 0 14, 25

SC Greenville | South Tyger - Clear Creek 1 1 1 15

SC Greenville | Reedy River 10 7 2 2, 10’217}’2;?’3123’ 21,

SC Greenville | Enoree River - below Cane Creek 1 1 0 17

SC Greenville | Enoree River - Beaverdam Creek 3 1 0 7,31

Extirpated

NC Henderson | French Broad - Memminger Creek 1 0 n/a 6

NC Buncombe | French Broad - Biltmore Estate 1 0 n/a 12

awhole or in part 48 36 16
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APPENDIX B
Table B2

Protected colonies of bunched arrowhead.

Population name | Site | Colonies® Landowner | Protection Type | NHP EORs
French Broad - East Flat Rock (NC, Henderson County)
| Hyder Pasture | 1 | Conserving Carolina | Fee | 1.000
French Broad - Highland Lake Inn (NC, Henderson County)
| Highland Lake Inn | 1 | Private | Conservation Easement | 8.000
French Broad - Mud Creek (NC, Henderson County)
Ochlawaha Plant Conservation 1 Nort'h Carolina Plant Fee 10.003
Preserve Conservation Program (NCPCP)
French Broad - Bat Fork Creek (NC, Henderson County)
1]33;1225 Plant Conservation | NCPCP Fee 4.000
French Broad - King Creek (NC, Henderson County)
| King Creek Flats | 1 Private | Management Agreement 11.000
Enoree River - Mainstem (SC, Greenville County)
Bunched Arrowhead Heritage 5 South Carolina Department of Fee 5.6.19
Preserve Natural Resources (SCDNR) >
Blackwell Heritage Preserve 4 SCDNR Fee 3, 18,22, 33
North Enoree River (SC, Greenville County)
Belvue Springs Heritage Preserve 1 SCDNR Fee 16
River Confluence 1 Naturaland Trust Fee 30
South Tyger - Clear Creek (SC, Greenville County)
| Clear Creek Heritage Preserve | 1 SCDNR Fee 15
Reedy River (SC, Greenville County)
Furman University 1 Private Registered Heritage Area 10
Berea Middle 1 Naturaland Trust Fee 32
®No. of colonies protected whole of in part 16
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