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Disclaimer

This is the winged mapleleaf mussel (Quadrula fragosa) recovery plan. Recovery plans delineate
reasonable actions believed required to recover and/or protect listed species. Plans are published
by the U.S. Fish and Wildlife Service (Service), sometimes prepared with the assistance of
recovery teams, contractors, state agencies, and others. Objectives will be attained and any
necessary funds made available subject to budgetary and other constraints affecting the parties
involved, as well as the need to address other priorities. Recovery plans do not necessarily
represent the views nor official positions or approval of any individuals or agencies involved in
plan formulation, other than the Service. They represent the official position of the Service only
after being signed by the Regional Director or Director as approved. Approved recovery plans
are subject to modifications as dictated by new findings, changes in species status, and the
completion of recovery tasks.
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Executive Summary

Current status: The winged mapleleaf mussel is a federally endangered species. The single known remnant
population exists in a 20-kilometer stretch of the lower St. Croix River between Minnesota and Wisconsin.
Extensive surveys of this stretch of the river between 1988 and 1992 found only 77 individuals. In recent
years, recruitment to this population has been low; there has not been a large cohort recruited to the
population since 1984.

Habitat requirements and population limiting factors: Specific habitat requirements of this species are
not known. The St. Croix River is in a moderately to minimally disturbed watershed with generally high
water quality. The river is a National Wild and Scenic River and this designation confers some protection
from anthropogenic disturbance of the population. Major factors of concern for the population are: (a) low
reproduction, (b) low stream flow episodes, (c) high variation in stream flow caused by hydroelectric dam
peaking operation during certain seasons, (d) toxic spills, (¢) potential zebra mussels colonization of the St.
Croix River, (f) habitat disturbance or alteration by recreational or commercial activities, (g) human and non-
human predation and disturbance, (h) water quality deterioration, (i) land-use changes in the watershed; and
(j) lack of knowledge of the mussel's life history, especially its glochidial host.

Recovery objective: Recovery and delisting. The objective of this recovery plan is to improve the security
of the winged mapleleaf mussel so it may be removed from the Federal list of threatened and endangered
species.

Recovery criteria: Specific delisting criteria are: () Five discrete populations in at least three tributaries of
the Mississippi River, unless Task 2D4 determines otherwise; (b) A population must be viable as defined in
Task SA of this plan's the narrative outline; (c) A population must demonstrate persistence as defined in the
narrative outline under Task 5B; (d) A population must have long-term habitat protection as defined in the
narrative outline under Task 5C.

Actions needed:

1) Maintain the St. Croix population of Q. fragosa.

2) Improve our understanding of Q. fragosa biology and ecology.
3) Increase the St. Croix population of Q. fragosa.

4) Reestablish four Q. fragosa populations in its historical range.
5) Reclassify and delist Q. fragosa.

Estimated Costs (000 omitted):

Year Need 1 Need 2 Need 3 Need 4 Need 5

Total - B -
1 $306.5 $140.0 TBD TBD TBD $446.5
2 $238.0 $140.0 TBD TBD TBD $378.0
3 203.0 100.0 IBD TIBD TBD $303.0
Total $747.5 $380.0 TBD TBD TBD $1,1275

Date of expected recovery: To be determined.
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Introduction

Description of Quadrula fragosa;

Taxonomy and systematics:

Phylum: Mollusca; (Linne 1758, Cuvier 1797).
Class: Bivalvia; (Linne 1758 after Bonnani 1681).
Order: Unionoida; (Stoliczka 1871).

Family: Unionidae; (Fleming 1828, Ortmann 1911).
Genus: Quadrula; (Rafinesque 1820).

Species: Quadrula fragosa;, (Conrad 1835) near sigf.

Quadrula fragosa belongs to the Q. quadrula complex, which includes the following species: Q.
quadrula (Rafinesque 1820), Q. apiculata (Say 1829), Q. rumphiana (Lea 1852), and Q.
asperata (Lea 1861).

Synonyms include: Unio fragosus (Conrad 1835) and U. tragosus (sic) (Hanley 1842-1856).
Vernacular names include: maple-leaf (Danglade 1914, Coker 1921, Shimek 1921), hickory nut
shell (Baker 1928), rough mapleleaf, stranger (Fuller 1980b), false mapleleaf (Fuller 1980a),
winged mapleleaf (Turgeon ef al. 1988), and winged maple leaf (Watters 1988).

The Type locality is the Scioto River, Ohio. The location of the holotype specimens is unknown.
Physical description:

Shell: (Figure 1) Adult shells grow to about 10 cm in length (Watters 1988). The shell profile is
variously described as being suborbicular (Conrad 1835), roundly quadrate (Baker 1928),
irregularly quadrate (Simpson 1914) to quadrate (Scammon 1906, Watters 1988). The shell is
ventricose, but the degree of inflation varies from moderate (Watters 1988) to greatly inflated
(Utterback 1915). Umbos are prominent, tuberculated, and incurved or turned forward over the
lunule (Conrad 1835, Scammon 1906, Baker 1928, and Watters 1988). The umbonal slope is
angular with a ratio of 0.2 to 0.3 (Conrad 1835, Scammon 1906). The anterior umbonal slope is
smooth (Scammon 1906, Simpson 1914), while the posterior umbonal slope is excavated and
covered with a series of small, irregular or transverse plications, which are gently bowed ventrally
(Scammon 1906).

The shell has two prominent, heavily tuberculated, radial ridges (Conrad 1835, Utterback 1915).
The posterior slope is slightly concave with a few narrow, costate tubercles, which are more
prominent near the margin (Conrad 1835, Utterback 1915, Watters 1988). The lateral slope is
marked posteriorly by a wide radial sulcus, bordered by a row of erect, prominent tubercles,
which extend from the umbos to the margin. Minor tubercles are scattered among the major
ones, particularly in the anterior series (Scammon 1906). The ligament slope is straight or slightly
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oblique (Conrad 1835, Utterback 1915). Growth lines are continuous and prominent (Scammon
1906).

The posterior margin is direct and slightly emarginate (Conrad 1835), forming a right angle with
the posterior half of the ventral margin (Scammon 1906). The ventral margin is rounded and
forms a full curve with the anterior margin (Scammon 1906, Simpson 1914). The dorsal margin
is straight or only slightly curved and is oblique to both the anterior and posterior margins
(Scammon 1906). The light brown ligament is short and of moderate thickness (Scammon 1906).

The epidermis of adults is dull brown, usually with two or three broad and widely interrupted
green rays (Conrad 1835, Simpson 1914, Ortmann 1924). Some describe the adult color as "horn
color to seal-brown" (Scammon 1906) or even dark yellowish (Utterback 1915). Juveniles are
tan to greenish (Watters 1988).

Internal structures: Very little study of internal anatomy has been done on this species. The
following description, except where noted, is from Scammon (1906). The pseudocardinal teeth
are large, erect, serrate, and double in the left valve and single in the right valve (Scammon 1906,
Simpson 1914). The interdenum is broad, short, and quite oblique. The anterior adductor scar is
in front of the pseudocardinals and slightly under the anterior left pseudocardinal. The scar is
small, deeply excavated, and has a level floor. The posterior scars are of moderate size,
impressed, and distinct. The pallial line is impressed most of its length. Dorsal muscle scars are
few, but well marked, and located on the lower surface of the pseudocardinals. The shell cavity is
moderately large, but the beak cavity is deep and compressed (Scammon 1906, Simpson 1914).
Wilson and Clarke (1914) studied two gravid females and demonstrated "all four gills serve as
marsupia and are thick and pad-like". The nacre is white and slightly iridescent (Scammon 1906,
Simpson 1914, Neel 1914, Watters 1988).

Comparison to other members of the Q. quadrula complex: Quadrula fragosa shows closest
conchological affinity to Q. quadrula (= Q. lachrymosa, Obliquaria quadrula, Unio rugosus, U.
lachrymosus, U. quadrulus) and is therefore most likely to be confused with this species
throughout most of the Mississippi River drainage. The shell profile of Q. fragosa is more
roundly-quadrate (Conrad 1835, Call 1900, Simpson 1914, Wilson and Clarke 1914, Utterback
1915, Coker 1921, Ortmann 1924, Baker 1928) than that of Q. quadrula, which is transversely
quadrate. The postero-dorsal slope of Q. fragosa is wider and more alate (Baker 1928; Watters
1988; M.E. Gordon, Tennessee Cooperative Fishery Research Unit, Tennessee Technological
University, Cookeville, in litt. 1992). The shell of Q. fragosa is more inflated (Conrad 1835, Call
1900, Wilson and Clarke 1914, Baker 1928) and more strongly tuberculated (Conrad 1835, Call
1900, Ortmann 1924, Baker 1928, Watters 1988) than Q. quadrula, and on the posterior slope of
Q. fragosa the tubercles are arranged in transverse rows which form thick, relatively smooth, and
well-separated costae (Scammon 1906, Wilson and Clarke 1914, and Gordon 1992). In Q.
Jragosa, the umbos are more elevated and distinctly turned forward over the lunule (Baker 1928).
The medial sulcus is narrower and more centrally positioned in Q. fragosa (Gordon 1992).
Juvenile Q. fragosa are greener than congeneric species (Call 1900), but they are morphologically
similar (Neel 1941). Finally, there is confusion about the relative size of Q. fragosa. Some
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authors believe it the largest member of the Quadrula complex (Call 1885c) while others believe
it does not grow as large as Q. quadrula (Wilson and Clarke 1914).

Only Utterback (1915) compared internal structures of Q. fragosa with Q. quadrula. He
considered them "identical, as far as can be determined, with the scanty supply of material at hand
-- none of which is in gravid condition," and he gives no quantitative or qualitative information by
which to assess his judgement.

Quadrula apiculata (= Unio speciosus) has uniformly small tubercles and a completely pustulate
anterior sinus (Neel 1941). The shell may be thick with distinct sinuses or flattened with indistinct
anterior sinus and high, sharp ridges. The epidermis is normally gray. It is known from Louisiana
to central Texas.

Quadrula rumphiana is known from the Alabama River system. The flange and ridge in Q.
rumphiana are devoid of tubercles and are quite prominent. Pustules are smooth, somewhat
flattened, and usually absent near the anterior margin. The periostracum is straw-yellow and shiny
(Neel 1941).

Quadrula asperata is more widespread than Q. apiculata or Q. rumphiana and is found from the
northeastern tributaries of the Alabama River to central Texas and south to the Gulf of Mexico.
The shell is completely covered with small, smooth tubercles arranged in irregular rows spanning
the length of the shell. Each row forms an inverted "W" shape, the rear length of which is usually
continuous with the costae at the posterior margin. This pattern may not be obvious in individuals
with large or very fine tubercles. The periostracum is yellow to brown, green, or black, and rays
are uncommon and usually obscure (Neel 1941).

Controversy surrounding species designation: Conrad (1835) first described Q. fragosa. Neel
(1941) reorganized the genus and reclassified Q. fragosa as a variant morph of Q. quadrula.
David H. Stansbery (Museum of Zoology, Ohio State University, in litz. 1980) argued there are
no known intergrades between Q. fragosa and other members of the Quadrula complex, and he
therefore considers Q. fragosa a valid species. Most authorities now accept this designation (e.g.,
Fuller 1980a and 1980b, Starnes and Bogan 1988, Gordon 1992), although some (e.g., Burch
1975; Johnson 1980; R.I. Johnson, Museum of Comparative Zoology, Harvard University, in /itt.
1990) continue to follow Neel (1941).

The U.S. Fish and Wildlife Service (Service) recognizes there is not unanimous taxonomic
agreement on the validity of species designation for Q. fragosa (USFWS 1991). The dispute is
attributable to three discrete issues. First is the lack of basic biological knowledge about the
relevant organisms. For example, very little comparative anatomy has been done on the internal
organs, and no molecular (protein or DNA) work has been done that might inform the discussion
(Daniel J. Homnbach, Biology Department, Macalester College, pers. comm. 1995c). The second
issue is the high intraspecific variability in shell morphology and coloration that naturally occurs in
most populations of freshwater mollusks. This variation may reflect individual variation,
environmental influences, or subspecific differentiation along riverine ecoclines or in isolated
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populations. Although collections of common or economically important species are quite
extensive, collections of Q. fragosa, which is thought to always have occurred at low frequency
and was not commercially important (see below), are spotty and sometimes misidentified (David
H. Stansbery, in litt. 1991). The final issue, omnipresent in systematic discussions across
taxonomic boundaries, deals with the degree of divergence required for valid species designation.
Good faith assessments by acknowledged authorities may lead to divergent conclusions and
should be expected in an intellectually healthy field.

The Endangered Species Act of 1973, as amended (Act), defines "species” to include subspecies
and distinct populations of species. While some controversy may remain over the legitimacy of
species designation, the Service believes Q. fragosa clearly meets the Act's definition of species.

raphic Distribution of Quadrula fragosa;

Historic distribution and abundance: The historic distribution of Q. fragosa is summarized in
Table 1 and Figure 2. There are records from 34 rivers in 12 states, all from tributaries of the
upper Mississippi River or from the Mississippi River itself. The records date from 1835 to 1992,
with most from 1885 to 1920. Records from the Kiamichi River, Oklahoma, are uncertain --
(Caryn Vaughn, Oklahoma Biological Survey, in litt., with specimens 1992; David H. Stansbery,
in litt. 1974) identified Q. fragosa in the river, but Vaughn (1992) also identified Q. quadrula
there. Quadrula fragosa and Q. quadrula may both occur in the Kiamichi River, possibly with
other underdescribed and/or described Q. quadrula complex taxa. The Winged Mapleleaf Mussel
Recovery Team believes this issue is unresolved at this point and requires further investigation for
resolution. Similarly, a 1960 report from the Tennessee River is questionable because Scruggs
(1960) called one species Q. fragosa, but used the common name of . quadrula, mapleleaf, in
describing the same organism. Extensive surveys done in the Tennessee River at the same time
found Q. quadrula, but not Q. fragosa (David J. Heath, Wisconsin Department of Natural
Resources, pers. comm. 1995).

Danglade (1914) found Q. fragosa in only 1 of 23 samples in the Illinois River, one individual of
210 individuals in that one sample. Isley (1925) found Q. fragosa in only 3 of 51 stations in
eastern Oklahoma and described it as rare at the 3 stations. Authors who make qualitative
assessments of the abundance of Q. fragosa support the idea that it had a sporadic distribution
and was uncommon where it was found (e.g., Coker 1921, Neel 1941, Frest 1987). The only
exceptions to these reports are Keyes (1889), who reported Q. fragosa common in the Iowa and
Raccoon Rivers and Shimek (1888), who also reported Q. fragosa abundant in the Iowa River in
1883, but rare by 1888. '

Present distribution: Quadrula fragosa is probably extirpated from its entire historic range
except for one remnant population in the St. Croix River between Minnesota and Wisconsin.
Hart collected 0. fragosa from the St. Croix River sometime prior to 1919 (Kevin S. Cummings,
Tllinois State Natural History Survey, in liff. 1989). The Wisconsin Department of Natural
Resources rediscovered this population in 1987 (WDNR unpublished data, Havlik and Frink
1989). Heath and Rasmussen (1990) found 49 live specimens in the St. Croix River at Interstate
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State Park in 1988 and 1989. Glenn A. Miller (Great Lakes Indian Fish and Wildlife Commission,
in litt. 1992) found 10 live and 24 dead Q. fragosa between Interstate Park and Osceola,
Wisconsin, in 1990 and 1991. Hornbach (1992) found 1 Q. fragosa at Franconia, Minnesota, in
1991 and 26 live Q. fragosa at Interstate State Park and Franconia from 1992 to 1995 (Hornbach
et al. 1996). All known specimens have been collected from about a 20-km reach of the river, but
the full distribution and size of the Q. fragosa population in the St. Croix River are not defined.

There is a population of mussels in the Kiamichi River, Oklahoma, identified as Q. fragosa, but
there are taxonomic questions about this particular population (see discussion above).

Biol Ecol nd Life Hi

Reproduction: Reproduction in unionid mussels occurs during a discrete breeding season. This
season is not known for Q. fragosa, although the presumed brooding period is late May to the
middle of July (Baker 1928, Heath and Rasmussen 1990). Wilson and Clark (1914) reported two
gravid Q. fragosa from the Cumberland River on May 17 and 29, and noted they brood glochidia
on all four gills. Sexes in unionid mussels are normally separate, and females produce a large
number of eggs (500,000 to several million), which are brooded on specialized marsupia on the
gills (Oesch 1984). Sperm are shed into the water in "volvocoid bodies” and taken into the female
through the incurrent siphon (Fuller 1974). After fertilization, zygotes develop into larval
glochidia, which are typically either spined or hooked, depending on the subfamily (Fuller 1974).
Glochidia are released into the water through the excurrent siphon and passively infect a
vertebrate host, typically a fish (Oesch 1984). Glochidia attach and then encyst on either a host
fish gill or fin (Oesch 1984). Parasitism is normally obligate, but the specificity of the host-
parasite relationship is highly variable and poorly known for most species (Fuller 1974). Unionids
may utilize only one host species or many species across a broad range of taxonomic groups.
Knowledge of host species is very limited because of problems in identifying glochidia and
because of variability within individual species; a mussel may parasitize one species in one part of
its distribution and a different species in a different part of its range (Heath 1991). Oesch (1984),
however, believes the distribution of a host fish can limit the distribution of a mussel. After
encystment, glochidia metamorphose and drop off of their host. They must settle in suitable
habitat because their mobility is limited (Oesch 1984). The maximum age of Q. fragosa is not
known, but the oldest known individual in the St. Croix population was aged at 22 years.

Feeding: Considerable gaps remain in the knowledge of the feeding ecology of mussels. Mussels
are thought to be generalist filter feeders, consuming suspended particulate matter (Bronmark and
Malmqvist 1982). Most of the particulate matter is thought to be phytoplankton and small
zooplankton (Fuller 1974), but there is a growing consensus that detritus forms a significant
fraction of the diet of most mussels and may be obtained either from suspension or deposit
feeding (Way et al. 1990, Gordon 1992).

Habitat: Very little is known about the specific habitat requirements of Q. fragosa. Historical
descriptions characterized Q. fragosa as a "large-stream" species (Wilson and Clark 1914, Baker
1928) found on mud (Baker 1928), mud-covered gravel (Ortmann 1924), and gravel (Ortmann
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1925) substrates. There are three historical reports of 0. fragosa from impoundments (Wilson
and Clark 1914, Scruggs 1960 [but note the qualification of this record in the historical
distribution section]; and University of Wisconsin Zoology Museum 1985 collection from Lake
St. Croix). Wilson and Clark (1914) reported Q. fragosa from 21 different beds in the
Cumberland River system and these beds varied considerably in their habitat from impounded
water to fast flowing water and from muddy to sandy to clear gravel substrates. They found
mussels in 1.5 m to 6.5 m depth. Ortmann (1924) reported Q. fragosa from a spillway just below
a dam.

There is substantial information on the habitat of the remnant population in the St. Croix River.
Heath (1995) found Q. fragosa in riffles with clean gravel, sand, or rubble substrates and in clear
water of high water quality. Quadrula fragosa was most abundant in shallow areas with fast
current. The species was absent from recent surveys of Lake St. Croix (Heath and Rasmussen
1990, Fuller 1980a, Havlik 1985, Doolittle 1988), a natural impoundment and part of the historic
distribution of Q. fragosa (Fuller 1980c, Malacological Consultants 1985 and 1986, Havlik 1987,
Doolittle 1988). Lake St. Croix has a fine-sand or silt substrate and more turbid water than
upstream reaches where Q. fragosa occurs.

The following is the St. Croix River habitat of Q. fragosa; the St. Croix River may not reflect
ideal Q. fragosa habitat. The St. Croix River became part of the National Wild and Scenic
Riverway system in 1968. Graczyk (1986) provides a thorough description of the basin and
discussion of water quality of streams in the basin. The St. Croix flows south from Upper St.
Croix Lake in northwestern Wisconsin to the Mississippi River at Prescott, Wisconsin/Hastings,
Minnesota. The river's drainage area is 22,225 km?® (Graczyk 1986). Forest products,
agriculture, and recreation are major land uses in the basin (Graczyk 1986). The climate is
continental, with long, cold winters and relatively short summers. Average annual temperature at
Spooner, Wisconsin, is 5.6°C, ranging from a mean of -11.8°C in January to a mean 0f 21.9°C in
July. Normal annual total precipitation at Spooner is 73.4 cm varying from 11.3 cmin June to 1.7
cm in January and February. Mean annual snowfall is about 115 cm (Graczyk 1986).

Physical habitat:

The U.S. Geological Survey's National Stream Quality Accounting Network (NASQAN)
maintains a water sampling station at St. Croix Falls, Wisconsin, below the hydroelectric dam.
The Minnesota Pollution Control Agency has also collected water quality data at St. Croix Falls in
the impoundment above the dam. Physical and chemical data collected by these two agencies
were retrieved through STORET and are summarized in Table 2 of this recovery plan and in
Figures 4 through 13.

Substrate: Table 3 shows the measured physical habitat parameters for 11 Q. fragosa found in
the St. Croix River. Hornbach et al. (1996) reported on a larger sample (N = 26) of 0. fragosa,
which included these 11 individuals. The Q. fragosa were found at an average depth of 0.98 m
(SD = 0.46), 45 percent deeper than the average depth of 268 quadrats which did not contain Q.
fragosa. Mean g [-Log, (particle diameter)] in quadrats with Q. fragosa was -1.9 (SD = 1.1),

6



whereas mean ¢ for 268 quadrats not containing Q. fragosa was -1.90 (SD = 1.4). Hornbach
concluded there was no significant difference in o for quadrats containing Q. fragosa and those
that did not.

Stream flow: Stream flow in the St. Croix River is highly variable on diel, seasonal, and annual
scales. Low water may expose mussel beds to predation, desiccation, extreme temperatures,
physical scouring by ice, or may preclude reproduction either directly or through indirect effects
on the glochidial host population. Figure 3 shows mean daily stream discharge at Interstate Park
from 1902 to 1991. Stream discharge averages 122 m® s™ (4,298 cfs), but is highly variable. The
highest recorded stream flow is 1,560 m® s (54,900 cfs) while the lowest reported stream flow is
2.1 m® s (75 cfs). Recent episodes of very low flow have been recorded. For example,
concerning the summer drought of 1988, Heath (1995) stated "thousands, possibly tens of
thousands of mussels were exposed and dying along the shore, including Higgins' eye (Lampsilis
higginsi) and Q. fragosa. This appeared to have been caused by naturally low flows." Daily
mean flows were as low as 31 m® s (1,100 cfs) in July 1988 and the July monthly mean flow was
only 38 m® s™ (1,345 cfs). During the winter of 1988, the St. Croix River was termed
"dewatered" at Interstate Park (Heath 1995). Winter dewatering below the hydroelectric dam at
St. Croix Falls occurs because of the "peaking" mode of dam operation (Hornbach 1992, Johnson
1995, Hornbach 1995a and 1995b). Because Q. fragosa is a relatively heavy-shelled species, it
thought incapable of significant burrowing or movement to avoid desiccation (Hornbach 1992).

Current: Table 3 shows measured current velocity at the location of six Q. fragosa in the St.
Croix River (from Hornbach 1992). The average bottom current for 26 Q. fragosa was 0.19 m
sec? (SD = .10), 32 percent slower than in 268 quadrats which did not contain Q. fragosa
(Hornbach et al. 1996).

Temperature: Temperature influences physiological and behavioral parameters of mussels and
can be lethal at either hot or cold extremes (Fuller 1974). Water temperature in the St. Croix
varies seasonally from an annual high of about 25°C to an annual low of 0°C . The maximum
water temperature observed between 1966 and 1990 was 28°C and the minimum was 0°C

(Figure 4).

Suspended sediment: Sediment in rivers is derived from erosion of soil and scouring of stream
channels. Deposition of sediment, particularly in reservoirs behind dams, is deleterious to some
mussels (Chutter 1969). The mean suspended sediment level for the St. Croix River at St. Croix
Falls between 1974 and 1986 was 8.8 mg I'' (Figure 5). The annual peak in suspended sediment
occurs between April and June in most years and correlates linearly with stream flow (Graczyk
1986). The suspended sediment concentration in the St. Croix River is well below an average
figure of 110 mg I'! for Wisconsin rivers used by Graczyk (1986).

Wilson and Clark (1914) reported an average of 165 mg I suspended sediment at Kuttawa, on
the Cumberland River, in 1907, which had a population of 0. fragosa at that time.



Chemical habitat:

Oxygen: Oxygen is required for aerobic respiration and Fuller (1974) suggests 3 mg I is a lethal
threshold for many species and 6 mg I may be the minimum required for normal growth. The
mean dissolved oxygen concentration for 161 samples between 1953 and 1990 at St. Croix Falls
is 9.5 mg I''. Oxygen concentrations fell below 6 mg I"! only seven times, and all episodes
occurred prior to 1973 (Figure 6). The minimum oxygen concentration measured was 4.0 mg I,
Less complete data from other areas along the St. Croix River, including Osceola, and Danbury,
Wisconsin, and Stillwater, Minnesota, support the indication of no significant oxygen depletion in
the reach of the river inhabited by Q. fragosa.

Alkalinity and related parameters: Alkalinity is an important parameter for two reasons. First, it
is a measure of the buffering capacity of a water body, which is important to maintain normal

blood chemistry in mussels. Second, it is an indirect measure of the availability of calcium, which
is required for shell growth. Total alkalinity can limit mollusks in freshwater, and Fuller (1974)
suggests many mollusks require at least 15 mg I"! total alkalinity. The St. Croix River at St. Croix
Falls has an average total alkalinity of 74.7 mg "' and is a bicarbonate type river (Figure 7).
Essentially all of the hardness is from calcium (=63 percent, see Figure 8) and magnesium (=37
percent), and the average calcium concentration is 51.2 mg I'. The water is well buffered with
median pH of 7.6 -- fewer than 7 percent of the pH measurements between 1953 and 1989 were
below 7.0 (Figure 9). '

Wilson and Clark (1914) report an average value of 28 mg I of calcium and about 100 mg I of
alkalinity at Kuttawa, on the Cumberland River, in 1907, which had a population of Q. fragosa at
that time.

Nitrogen: The various inorganic forms of nitrogen are plant nutrients, but ammonia may be
deleterious to unionid mussels (Fuller 1974) and is toxic to fish (Boyd 1979). Fuller suggests 0.6
mg I"! ammonia may be a threshold for mussels, although he states it is not known whether the
effect of ammonia on unionids is direct or is mediated through its effect on the glochidial fish
host. More recent research suggests freshwater mussels are more sensitive to un-ionized
ammonia than many fish species (Arthur et al. 1987, Hickey and Vickers 1994). Using juvenile
Anodonta imbecillis, Wade (1992) found the LC,, for un-ionized ammonia was 153 g NH,]
during 9-day exposure. Ammonia levels in the St. Croix are relatively high with a mean value of
0.09 mg I''. Figure 10 indicates one sample in 1981 exceeded 0.6 mg I"!, which corresponds to an
episode of very low stream flow. Even with this high value excluded, however, the mean
ammonia concentration is 0.07 mg I"'. Graczyk (1986) reported on a trend analysis (seasonal
Kendall test) done on water data collected between 1974 and 1981; the only parameter to show
noticeable increase in that period was total ammonia as Nitrogen. He reported an annual increase
in the mean load of 26.1 percent over that period, but the few data available do not support the
continuation of that trend through the 1980s.



Phosphorus: There is no known correlation between mussel abundance and total phosphorus
(TP)(Fuller 1974). Phosphorus is, however, an important plant nutrient and can stimulate
phytoplankton blooms with consequent negative effects on dissolved oxygen and other water
quality parameters (Wetzel 1975). In flowing rivers, nuisance algal growths are normally absent
at concentrations below 0.1 mg I TP (MacKenthum 1973). Mean TP in the St. Croix River at
St. Croix Falls was 0.06 mg 1. Several individual samples greatly exceed the 0.1 mg I"* threshold,
but no individual measurement has exceeded about 0.2 mg 1" since 1980 (Figure 11).

Conductivity: Specific conductance (Figure 12) varies seasonally, with high values over 200
wumhos cm™ in winter and low values around 150 umhos cm™ in summer. The mean specific
conductance of 169 umhos cm™ is well within the range typical of inland rivers. Sodium and
chloride are constituents of deicing agents applied to roads and are components of conductivity
that are biologically important because they can be toxic at high concentrations (Fuller 1974).
Sodium and chloride do not appear to fluctuate seasonally and all measured values are within
normal limits for freshwater organisms (Figure 13).

Metals: Fuller (1974) considers zinc, copper, mercury, and silver the most toxic metals to
mussels. Zinc concentrations of 65 mg I were thought to have contributed to the loss of mussel
species from the Nolichucky River in Tennessee; copper concentrations of 25 ug I are lethal to
some unnamed unionids (Fuller 1974). Mercury levels in fish tissues from the St. Croix River at
St. Croix Falls are shown in Table 4. In 1992, the Minnesota Department of Health (1992)
posted human fish consumption advisories for eight species of fish at Marine on St. Croix because
of contamination by both mercury and polychlorinated biphenols (PCBs). Cadmium has also been
shown to be acutely toxic to juvenile unionids (Salanki 1979, Keller and Zam 1991, Lasee 1991,
Mohan and Hameed 1991). Two trace metals (total iron and manganese) exceed USEPA (1976)
standards for drinking water. The mean concentration of total iron at St. Croix Falls was 880 g
I while the mean concentration of manganese was 80 ug 1. There is evidence of heavy metal
accumulation in the shells of some species of unionids (Troelstrup and Foley 1993).

Toxics: A single chemical spill into the St. Croix upstream of the Q. fragosa population could
prove catastrophic. Little is known about the probability of occurrence, likely nature of the
chemical, or potential magnitude of this threat. However, a spill/leak of petroleum products at St.
Croix Falls in the autumn of 1992 may have caused a significant fish kill in a hatchery there (Paul
J. Burke, Twin Cities Field Office, U.S. Fish and Wildlife Service, pers. comm. 1995). Water
from the hatchery discharges to the St. Croix River a short distance above the Q. fragosa
population. This episode suggests the threat of toxic spills is significant.

Graczyk (1986) reported on two studies of common pesticides in the St. Croix River basin. The
first study failed to detect pesticides or pesticide residue (of the 18 studied) in the water. The
second study failed to detect pesticides or pesticide residue (of the 28 studied) in a mixture of
water, suspended sediment, and sediment in the Namekagon River. Trace amounts of PCB and
Aroclor were found in fish tissue collected in 1989 at St. Croix Falls (Table 4).



Waller (1992) demonstrated that application of Bacillus thuringiensis israelensis (Bti) to water to
control dipteran insect pests had no impact on unionid mortality during a 1-hour exposure
monitored for four days after exposure. It is not known if water treatment for dipterans, with
either Bti or chemicals, occurs above or within the reach of the river containing the Q. fragosa
population.

There are 12 municipal and industrial facilities with wastewater discharge permits between St.
Croix Falls and Prescott, Wisconsin. Six of these are within the reach containing Q. fragosa
(Table 5). These facilities are required to monitor their discharges and to remain within stated
limits for specified water quality parameters. There is concern that the permits may not cover all
relevant parameters, such as metals, from municipal dischargers. There is also concern that
permits may not be adequately monitored or enforced (Sigford and Eleff 1990).

Biological habitat:

Mussel communities: From 1992 to 1995, Hornbach ez al. (1996) completed a detailed mussel
comrnumty survey at Franconia and Interstate Park in the St. Croix River. Twenty-six of his 294
0.25 m? quadrats contained Q. fragosa. His results from 1992 are presented in Table 6. Average
mussel density in quadrats with Q. ﬁagosa was 37.5 m? (SD = 18.2), while quadrats without Q.
fragosa averaged 21.3 mussels m™ (SD = 22.6) (Hornbach et al. 1996). Quadrula fragosa
quadrats had average species richness of 4.9 species quadrat” (SD = 1.8) compared to 2.6 species
quadrat™ (SD = 2.0) in quadrats with no Q. fragosa (Hornbach et al. 1996). Hornbach et al.
(1996) found three mussel species to be significantly associated with Q. fragosa: (1) Truncilla
truncata, (2) Q. metanerva, and (3) T. donaciformis. Average mussel size was also larger in
quadrats with Q. fragosa than in those without Q. fragosa (Hornbach ez al. 1996). Hornbach et
al. (1996) concluded Q. fragosa is found only in habitat that is generally "high quality" habitat for
other mussels.

Predators and disturbance: There are many known vertebrate predators of mussels and it is likely
that most predation is opportunistic rather than highly selective. Oesch (1984) suggests muskrats
are particularly important mussel predators;, Wilson and Clark (1914) mention muskrat predation
and apparent selection of Q. fragosa by muskrats. Muskrat predation has been shown a serious
threat to other endangered mussels (Neves and Odom 1989). Other known predators include, but
are not limited to, mink, raccoons, fish, turtles, and water birds (Oesch 1984).

Archaeological research indicates native Americans used Q. fragosa for food (J.L. Theler,
University of Wisconsin-La Crosse, in litt. 1987). Quadrula fragosa was not specifically subject
to significant exploitation in the button or pearling era, possibly due to its rarity and a behavioral
trait that prevents it from being susceptible to grappling hooks (Wilson and Clark 1914). Unionid
mussels in general continue to be harvested for food, collection, fish bait, and other incidental
purposes. Commercial harvest was closed on the St. Croix in 1986 by the State of Wisconsin
(Wisconsin Administrative Code NR 24.09, 1986) and in 1991 by the State of Minnesota. Since
1987, there has been evidence that mussels, including Q. fragosa, have been harvested illegally,
either for human consumption or for fish bait (Doolittle 1988, Hornbach 1995¢, Heath 1995).

10



There is evidence that recreational (primarily small motor boats) and commercial (primarily
paddlewheel tour boats) vessels may be causing significant local disturbance to mussel beds by
physical disturbance of the substrate and by enabling boaters access to otherwise isolated mussel
beds (Heath 1995). There is considerable wading and swimming activity in the immediate vicinity
of one of the most important mussel beds. These disturbances are of particular concern during
periods of glochidial brooding, because amblemine mussels are known to readily abort when
disturbed (Heath 1991).

The entire historical distribution of Q. fragosa has been significantly altered by human
development in the Mississippi River basin. Development included, but was not limited to,
damming, dredging, and channelization of rivers; agricultural cultivation with application of
fertilizers, pesticides, and herbicides; and municipal and industrial waste discharges. These
developments are probably responsible for widespread and precipitous decline in mussel
communities in general, and the extirpation or extinction of several species, but few studies have
addressed directly the specific impact of any one of these factors (Fuller 1974).

Competitors: Little is known about interspecific competition among mussels or between mussels
and species of other animal taxa. Mussels are not known to partition their food resource
(Bronmark and Malmqvist 1982) and are characteristically found in communities of mixed mussel
species, commonly called beds. Some sedentary organisms compete for space (Connell 1961),
but there is no data on this for freshwater mussels.

Zebra mussels (Dreissena polymorpha) have been detected in the upper Mississippi River system
as far north as Minneapolis, Minnesota, but they have not yet been detected in the St. Croix River
in spite of both passive monitoring (Hornbach 1995¢) and active searches (Burke 1995). Zebra
mussels can interact with native mussels and cause significant negative effects on the abundance
of individual mussel species and on the community parameters of species richness and species
diversity (Hunter and Bailey 1992, Haag ef al. 1993). Zebra mussel interaction may be through
direct attachment to the shell of other mussels (sometimes in such numbers that the entire shell is
covered), or indirectly through competition for food, calcium, or space (Hunter and Bailey 1992,
Haag er al. 1993). Zebra mussels may degrade mussel habitat by covering the substrate with their
pseudo-feces. There are similar concerns regarding the quagga mussel (Dreissena sp.).

Parasites and disease: Oesch (1984) lists water mites, trematodes, leeches, bacteria, and some
protozoa as the principal mussel parasites, but suggests they are not normally a major limiting
factor for mussels. Mussel populations in the Mississippi River system suffered serious declines in
the 1980s (Neves 1987).

Population limiting factors:

Reproduction: Between 1988 and 1992, 76 live Q. fragosa from the St. Croix River were
measured by three independent investigators (Table 7). In 1987, a single live Q. fragosa was
found in the St. Croix River, but no measurements were taken (Havlik and Frink 1989). To date,
no Q. fragosa has been observed brooding glochidia, including 27 individuals collected during the
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presumed brooding period of late May to mid-July (Heath and Rasmussen 1990, Hornbach 1992).
Only one individual has been found that was recruited during the 1988 to 1992 study period
(Figure 14). These two facts suggest Q. fragosa has failed to reproduce in significant numbers
since 1987. If true, such a reproductive failure (demographic stochasticity) poses a singular
concern to the viability of the St. Croix population (Gilpin and Soulé 1986). There are three
possibilities to consider:

1) Quadrula fragosa younger than 4 years old can be difficult to identify and may be under-
sampled by methods employed in these studies. Support for this hypothesis comes from surveys
in 1988 and 1989 that failed to find any Q. fragosa recruited after 1984, even though subsequent
work demonstrated reproduction in 1985, 1986, and 1987. Only one 3-year old has been found
and identified in all work to date even though it is now known that there were 1, 2, and 3-year
olds in the river during the 1988 and 1989 work.

2) Quadrula fragosa may have a highly variable recruitment rate naturally. The 1984 age class is
apparently a very large class and accounts for nearly 30 percent of all 0. fragosa observed (Figure
14). The age histogram in Figure 14 may be typical of a healthy 0. fragosa population.

3) Quadrula fragosa may have a highly variable recruitment rate that responds to some
environmental parameter and the age distribution in Figure 14 is indicative of a population at great
risk of stochastic fluctuations in reproductive success.

Fish hosts for glochidia: The host fish for Q. fragosa glochidia is unknown. However,
something is known of fish hosts for six other Quadrula species (Oesch 1984, Hill 1986).
Historical studies of fish hosts should be treated with caution, however, because they were
premised on the highly problematic assumption that glochidia could be identified to species
(Hoggarth 1992). Sixteen fish species from 5 families are thought to be hosts to glochidia of the
genus Quadrula and 11 of these are found in the St. Croix River (Table 8). Of these 11 fish
species, 8 are known from recent surveys of the stretch of river where Q. fragosa is found. These
include bluegill (Lepomis machrochirus), black crappie (Pomoxis nigromaculatus), white crappie
(P. annularis), channel catfish (Ictalurus punctatus), largemouth bass (Micropterus salmoides),
and the spotfin shiner (Notropis spilopterus). The brown bullhead (I. nebulosus) has not been
found in the St. Croix River since 1975 and the flathead catfish (Pylodictis olivaris) has
demonstrated a historical decline in the St. Croix (Fago 1986). This might be significant because
this catfish serves as host to three Quadrula species.

Only one fish host is known for Q. quadrula (flathead catfish), while the other Quadrula are
thought to use between two and six fish hosts from different taxonomic families. The members of
the genus also share fish hosts, e.g., three Quadrula species use flathead catfish, while two use
bluegill, channel catfish, and white crappie.
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Habitat: The availability of suitable habitat is a major concern for the continued existence of Q.
fragosa. Any species restricted to a single, small geographic population is particularly vulnerable
to stochastic events (environmental stochasticity) (e.g., low water levels, toxic spills, climactic
events) which could kill the remaining individuals (Gilpin and Soulé 1986).

The Corps of Engineers is responsible, under the River and Harbors Act, for maintaining a
navigable channel approximately 1 m deep from the mouth of the St. Croix River to St. Croix
Falls. The National Park Service is responsible for development within park boundaries.
Dredging and snag removal for channel maintenance, development of boat accesses, and other
developments could cause significant Q. fragosa habitat deterioration in the river. There are no
known plans for dredging or related work, and under Section 7 of the Act, the Corps of Engineers
must notify the Service before such activities are initiated. The National Park Service has agreed
to notify the Service of planned developments and to survey for Q. fragosa prior to undertaking
work in the St. Croix River where Q. fragosa occurs.

Reasons for Listing: Quadrula fragosa became a Category 2 candidate for listing under the Act
in 1984 (USFWS 1984). The mussel's status was changed to Category 3C in 1989 (USFWS
1989), but subsequent analysis of records of occurrence from states with known historical
populations of Q. fragosa indicated Category 3C was inappropriate. Endangered status was first
recommended in 1990 (USFWS 1990) and adopted in the final rule, effective July 22, 1991
(USFWS 1991).

The principal reasons given in the final rule (USFWS 1991) for listing Q. fragosa as endangered
are:

1) This species has been eliminated from nearly all of its original 11-state range (Figure 2) and is
now known from a single extant population along one 20-kilometer reach of the St. Croix River.

2) The remnant population is thought to be small and therefore vulnerable to stochastic
disturbances, such as toxic substance spills or low water levels.

3) Reproductive success is also jeopardized by the small population size. Surveys in 1988 and
1989 (Heath and Rasmussen 1990) failed to collect any individuals brooding young or less than
four years old, even though congeneric individuals collected in the same survey showed evidence
of successful reproduction. Additionally, small populations are known to be vulnerable to various
genetic constraints which can independently threaten a species (Allendorf and Leary 1986).

4) Changes in land use practices in the watershed are anticipated because the watershed is close to
a major and growing metropolitan area. These changes will probably affect the habitat quality of
Q. fragosa. Also, recreational boat use in the vicinity of the population is heavy and potentially
damaging.
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Conservation Measures; Some activities to conserve and recover Q. fragosa were begun before
the species was listed under the Act, others were begun after listing, but before approval of this
recovery plan.

Section 7(a) of the Act requires Federal agencies to evaluate their actions with respect to species
proposed or listed as endangered or threatened and with respect to their critical habitat, if any is
designated. Regulations implementing interagency cooperation under section 7 of the Act are
codified in the Code of Federal Regulations at 50 CFR Part 402. Section 7(a)(2) requires Federal
agencies to insure the activities they authorize, fund, or implement are not likely to jeopardize the
continued existence of a listed species or to destroy or adversely modify its critical habitat. Ifa
Federal action may affect a listed species or its critical habitat, the responsible Federal agency
must enter into formal consultation with the Service. With listing came the protection of section 7
of the Act. Section 7(a) of the Act requires Federal agencies to consult with the Service when
actions they fund, permit, approve, or conduct could adversely affect a listed species. The
purpose of section 7 consultation is to allow the Service and the Federal action agency to review
the proposed action to assure it will not drive a species to extinction or eliminate the possibility of
its recovery.

Section 9 of the Act and implementing regulations at 50 CFR 21 address specifically prohibited
activities regarding listed species involving import and export, commercial trade, possession and
transportation, and take. Under the Act and regulations it is illegal to harass, harm, pursue, hunt,
shoot, wound, kill, trap, capture, or collect, or attempt any of these activities.

The Act and 50 CFR 17.22 also provide for the issuance of permits to conduct the otherwise
prohibited activities involving endangered species under certain circumstances. Permits can
authorize take by identified individuals to enhance propagation or survival of the species. The
Service anticipates few trade permits will be sought or issued for Q. fragosa. Requests for copies
of the regulations and inquiries regarding them may be addressed to the U.S. Fish and Wildlife
Service, Endangered Species Permits Coordinator, Federal Building, 1 Federal Drive, Ft. Snelling,
Minnesota 55111-4056.

Protections and considerations, provided by laws and authorities other than the Act, became
applicable to Q. fragosa with its listing under the Act. For example, a Memorandum of
Understanding (MOU) was signed in 1994 by the U.S. Forest Service, Department of Defense,
U.S. Army Corps of Engineers, National Marine Fisheries Service, Bureau of Land Management,
Bureau of Mines, Bureau of Reclamation, Minerals Management Service, National Park Service,
U.S. Coast Guard, Federal Aviation Administration, Federal Highway Administration,
Environmental Protection Agency, and Fish and Wildlife Service. The MOU established a general
framework for cooperation and participation among the signatory agencies in the exercise of their
responsibilities under the Act. The goals of the MOU are to (1) conserve species federally listed
under the Act, (2) use existing Federal authorities and programs to further the purposes of the
Act, and (3) improve efficiency and effectiveness of the interagency consultations conducted
pursuant to section 7(a)(2) of the Act.
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In addition to the above MOU, individual Federal agencies develop their own policies for listed —
species. For example, rules for protection of listed species in National Parks are in the National
Park Service's Management Policies (USNPS 1988) and in its Natural Resource Management
Guidelines (USNPS 1991). The National Park Service must abide by the Act and the National
Environmental Protection Act in managing the lands and waters it is responsible for.

Quadrula fragosa is presently listed as endangered by the States of Minnesota and Wisconsin and
Minnesota's and Wisconsin's Departments of Natural Resources presently contribute to the
conservation of the species. Minnesota and Wisconsin endangered species laws prohibits take or
sale of protected species without State permit except under specified exemptions (State of
Minnesota 1996, State of Wisconsin 1989).

In addition to legal protections, the Service has for several years contributed endangered species
funding to state agencies and others for conservation measures, such as surveys, monitoring, and
related studies for the conservation of Q. fragosa.

Examples of some of the conservation actions taken to date:

1) Wisconsin listed Q. fragosa as a state endangered species in 1989 (State of Wisconsin 1989)
and Minnesota listed Q. fragosa as a state endangered species in 1996 (State of Minnesota 1996).

2) Although not intended as a winged mapleleaf mussel conservation or recovery measure,
establishment of the St. Croix National Scenic Riverway in 1968 has contributed to the
conservation of the species.

3) The National Park Service has posted signs at Interstate Park prohibiting the handling of
mussels (U.S. Code of Federal Regulations, Title 36 CFR 2.1 (C) (1)).

4) The Wisconsin Department of Natural Resources prohibited commercial clamming on the St.
Croix River in 1986 (State of Wisconsin 1986) and Minnesota Department of Natural Resources
has restricted commercial clamming to the Mississippi River.

5) An important conservation measure addressing instream flow began before Q. fragosa was
listed and continued following listing. Northern States Power Company-Wisconsin and the
Minnesota and Wisconsin Departments of Natural Resources engaged in dialogue, study, and
action described in some detail below.

Stream flow in the relevant stretch of the St. Croix River is influenced, in part, by a hydroelectric
dam at St. Croix Falls, Wisconsin, operated by Northern States Power Company-Wisconsin. The
dam and hydroplant was completed in 1906 (Smith 1980). Northern States Power is obligated
under its license to release at least 45.3 m® s™ (1,600 cfs) from April 1 through October 31, which
corresponds to the 80 percent excedence flow for August (Hurley 1931). Flows below 45.3 m*s°
! normally occur only during drought conditions. Historically, the dam had (and currently has) no
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required winter minimum flow release. Until 1988, winter operation was to curtail discharge at
night, except for leakage, storing water for generation the following day.

In 1988, before Q. fragosa was listed under the Act, several years of sub-normal precipitation
caused sub-normal groundwater contribution to winter flows of the St. Croix River. As a result,
the hydro dam's normal minimal winter night flow releases were not supplanted by sufficient
groundwater inflow to maintain submerged habitat for mussels throughout the night. In 1988,
Minnesota and Wisconsin Departments of Natural Resources requested Northern States Power to
release a minimum flow of at least 22.6 m® s (800 cfs) and Northern States Power voluntarily
agreed to maintain or exceed that flow at all times during winter months (A. G. Schuster,
Northern States Power Company-Wisconsin, ir /itr. 1990) for conservation of the extraordinary
mussel resource downstream of the dam, including Q. fragosa. This release results in about 25.5
m3 s (900 cfs) below the dam after leakage is incorporated.

Before agreeing to increase the dam's minimum discharge beyond the 22.6 m* s (800 cfs) level,
Northern States Power requested answers to two questions: (1) what proportion of the mussel
beds are exposed at a discharge of 22.6 m* s™ (800 cfs)? (2) where are endangered mussels,
including Q. fragosa, located within the beds? To determine the minimum flow needed for all Q.
fragosa mussel beds to receive sufficient water, Minnesota Department of Natural Resources
conducted two studies.

First, Minnesota Department of Natural conducted a single-transect wetted-perimeter study in
1990 in the east channel at Folsom Island (MDNR 1990). The "wetted perimeter" was defined as
the area of stream covered by at least 0.3 m of water and "critical break points" defined as
significant changes in the slope of a plot of wetted perimeter vs. discharge. This study indicated a
well defined critical break point at 56.1 m* s™ (1,980 cfs) of total discharge (dam output,
groundwater, dam leakage, bank storage) and a less well defined critical break point at 38.3 m’ s
(1,350 cfs). These critical break points are indicative of increasing slope (loss) of wetted area
with small decreases in discharge. Total discharge of 22.6 m® s™ (800 cfs) resulted in a 29 percent
reduction of the wetted perimeter (assumed habitat) compared to 56.1 m* s™ (1,980 cfs) (MDNR
1990). Additionally, at 22.6 m® s* (800 cfs) the average depth of the water in the riffle was only
0.12 m (0.37 ft) and had low velocity, which "increase the possibility of ice formation and larger
habitat losses" (MDNR 1990).

Second, beginning in 1992, Minnesota Department of Natural Resources conducted an instream
flow incremental methodology (IFIM) study to model the relationship between discharge by the
Northern States Power dam at St. Croix Falls and habitat suitability and availability in two areas,
the three channels area at Folsom Island and the one channel area at Franconia. The study
address suitability for Q. fragosa, other mussels, other aquatic macroinvertebrates, and fish
(Johnson 1995, Appendix 2). Johnson used two flow regimes, 45.2 m* s™ (1,600 cfs) and 90.4 m®
s7(3,200 cfs), at the two areas to calibrate his model. Water depth, water velocity, and substrate
type were measured along transects in each channel and mussel suitability criteria were developed
from Hornbach's (1992, in Appendix 2) study of mussel communities at Interstate Park.

Hornbach (1992) studied only 11 Q. fragosa, but observed they occurred in areas of both high
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mussel density and species richness. Therefore, Johnson (1995, Appendix 2) used these
community parameters as proxies for suitable Q. fragosa habitat. Further mussel habitat data was
later provided by Hornbach (Appendix 3, 4, and 5) which substantively supported his 1992
findings.

Johnson (1995) found the amount of suitable habitat for Q. fragosa was sensitive to dam
discharge level in all four channels studied, with the "critical” east channel of Folsom Island the
most sensitive to dam discharge levels. Significant dewatering occurs in the east channel at flows
of 22.6 m* s (800 cfs) and mussels are not found in areas which are periodically dewatered, even
if the habitat is otherwise suitable when the area is inundated. Johnson (1995) found the majority
of such low flows are associated with dam "peaking" operations, not because of natural
hydrologic conditions. The study found that at flows of 56.5 m* s (2,000 cfs) to 113 m* 5!
(4,000 cfs), all four channels provide good habitat for mussels, other macroinvertebrates, and fish.
Peaking operations by the dam, however, frequently caused flows to fall below 56.5 m® s™ (2,000
cfs) or to exceed 113 m® s (4,000 cfs). Based on these findings, Johnson (1995) recommended a

run-of-river" flow regime to (1) minimize the occurrence of low flows, (2) minimize the
amplitude of daily fluctuation in flow rate, and (3) to maximize the duration of flows at near-
optimal levels for mussel habitat.

Northern States Power contracted with Hanson and Leonard (1995, in Appendix 7) to critically

review Johnson's (1995) study. Hanson and Leonard (1995) cited several shortcomings Johnson's

report: (1) study site selection and representativeness, (2) the model's use of habitat suitability _—
criteria, (3) calibration of the model, and (4) apparent lack of consideration of peaking flow

regimes other than the 22.6 m® s (800 cfs) minimum flow regime and the run-of-river flow

regime. Johnson (1996, in Appendix 8) addressed these criticisms without altering his conclusion

that run-of-river flow releases would provide the most suitable habitat for 0. fragosa and other

aquatic life.

Based on the IFIM results, the majority of the Winged Mapleleaf Mussel Recovery Team believed
run-of-river would be the best flow regime for the conservation of 0. fragosa and the entire
mussel community downstream of the dam. Even though the IFIM predicts increased mussel
habitat with run-of-river, a minority of the team were concerned that such a dramatic change from
the present flow regime could have unforeseen detrimental effects on the mussel community. This
group believed an incremental approach to changing the current discharge.regime should be
taken, and that 45.3 m* s™ (1,600 cfs) would be an appropriate incremental step toward the
conservation of Q. fragosa. No matter what changes in discharge are implemented, the whole
team believes that any change in flow regime should be combined with monitoring of the
abundance and diversity of the mussel community to provide a basis for adaptive management.

Strategy for Recovery: The highest priority for recovery of Q. fragosa is preservation of the
sole known population, located in the St. Croix River. Completion of this priority requires

determination and implementation of permanent suitable water flow, determination and
preservation of other physical habitat requirements, management and mitigation of human
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disturbance, reduction of the threat of zebra mussel invasion, description of reproductive biology,
and management of toxic substances.

Other items for species recovery include tasks to:

- Obtain information needed regarding Q. fragosa biology and its relationship to habitat
and environment.

- Increase the population of Q. fragosa in the St. Croix River.
- Reestablish Q. fragosa in suitable portions of its historic range.

- Confirm the future suitability and security of the species for reclassification to
"threatened" and then for delisting.
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Recovery

Recovery Plan Objective and Rationale: The ultimate objective of this recovery plan is to

protect the winged mapleleaf mussel from extinction. Delisting may occur only when the best
scientific judgement concludes the species is not at risk of extinction in the foreseeable future, as
defined below. During recovery, the species will be reclassified to threatened preliminary to its
being proposed for delisting. The following reclassification and recovery criteria must, of
necessity, be preliminary and subject to revision based on new information, including information
resulting from performance of the recovery tasks of this plan.

Specific reclassification criteria are:

a)

b)

©)

d)

Three discrete populations in at least two tributaries of the Mississippi River drainage
basin. For the purposes of this plan, two beds of mussels may be considered discrete
populations if they are sufficiently geographically isolated from each other so both are
unlikely to be affected by a single stochastic event, such as a toxic spill or a disease
outbreak.

All three populations must be viable as defined in the narrative outline of this document
under Task SA.

All three populations must have demonstrated persistence as defined in the narrative
outline of this document under Task 5B.

All three populations must have long-term habitat protection as defined in the narrative
outline of this document under Task 5C.

Specific delisting criteria are:

a)

b)

d)

Five discrete populations in at least three tributaries of the Mississippi River drainage
basin unless Task 2D4 indicates more populations or tributaries are required. For
purposes of this plan, two beds of mussels may be considered discrete populations if they
are sufficiently geographically isolated from each other that both are unlikely to be
affected by a single stochastic event, such as a toxic spill or a disease outbreak.

All five populations are viable as defined in the narrative outline of this document under
Task SA. '

All five populations must have demonstrated persistence as defined in the narrative outline
of this document under Task 5B.

All five populations must have long-term habitat protection as defined in the narrative
outline of this document under Task 5C.

19



Narrative Outline:

The Implementation Schedule, which follows the References section of this recovery plan,
contains cost estimates for the various sub-tasks presented in this Narrative Outline. Those cost
estimates are of necessity uncertain because the costs of equipment and technology change
unpredictably and because the scope of the sub-tasks must be estimated. The scope of some sub-
tasks will depend on the research results of sub-tasks that must be performed first.

The costs presented are the estimates of the Recovery Team based on their experience with the
costs of mussel work or other relevant activity; they are not based on detailed budgets prepared
for individual sub-tasks. Actual costs of individual sub-tasks may be higher or lower than the cost
indicated in the Implementation Schedule.

Some Task 1 and Task 2 sub-tasks have double asterisks in this Narrative Outline. Double
asterisks denote priority 1 sub-tasks -- actions that must be taken to prevent extinction or to
prevent the species from declining irreversibly in the foreseeable future. Task 1 is maintenance of
the St. Croix River population of Q. fragosa, the only known population of the species. The
Team considers it axiomatic that preservation of this population is essential to preservation of the
species.

Task 2 is improved understanding of the biology and ecology of Q. fragosa. Specific identified
knowledge gaps prevent effective protection and recovery actions. To give one example,
preservation of a mussel species requires preservation of its glochidial host where the mussel
occurs, and the host must occur in any potential relocation area, or must be moved with the
mussel. It is possible the long-lived Q. fragosa is going extinct in its St. Croix River bed because
it cannot reproduce because its host is no longer there. To save 0. fragosa, it may be necessary
to restore the host to the St. Croix River. To do that, the host must be discovered.

The Team believes the double asterisked sub-tasks of Tasks 1 and 2 are vital to accomplishing
Tasks 1 and 2 and that Tasks 1 and 2 must be accomplished to preserve the species.

Task 1: Preserve the St. Croix population of Q. fragosa: All known locations of Q. fragosa
lie in the St. Croix National Scenic Riverway, administered by the National Park Service. The
National Park Service is therefore responsible for developing and coordinating all aspects of Task
1.

Task 1A, Population status:

**Task 1A1, Community population monitoring: Set up permanent monitoring plots to
monitor the abundance and age structure of members of the unionid community within the known
geographic range of Q. fragosa.

Task 1B, Stream flow: The following are recommended to address the central issue of assuring
adequate stream flow for Q. fragosa in the St. Croix:
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**Task 1B1, Flow gauge: Establish and maintain a flow gauge at Folsom Island through the
completion of the instream flow study.

**Task 1B2, Instream flow study: Conduct an instream flow study to determine the
relationship between discharge rates at the dam and water levels at critical spots downstream of
the dam. The study report should include a discussion of habitat availability at each of the studied
flow rates.

Task 1B3, Hourly flow records: Analyze and describe the USGS hourly flow records (mean,
maximum, and minimum) for the past 20 years to describe the flow regime the mussels were
exposed to in the past. The report should include discussion of any significant correlations
between stream flow and reproduction.

*+Task 1B4, NSP: Negotiate with Northern States Power to implement a flow regime indicated
by the above studies to protect Q. fragosa habitat.

Task 1C, Toxic spills: The following information should be gathered to assess the threat of toxic
material to Q. fragosa:

Task 1C1, Federal/State/Local Emergency Response Plans: Prepare a review report on
USEPA; MPCA; WDNR; Wisconsin Department of Agriculture (WDA); Wisconsin Department
of Military Affairs, Division of Emergency Government: and Local Emergency Planning
Committee (LEPC) response plans for the St. Croix River. The report should address adequacy
of the plans (on site materials, time to implement) to deal effectively with potential spills identified
in Tasks 1C2 and 1C3.

Task 1C2, Harmful material transport: Produce a report that inventories and quantifies the
nature of harmful material transport on or across the river upstream from Stillwater by watercraft,
pipeline, truck, and rail. This report should be used in developing Federal, state, and local
Emergency Response Plans.

**Task 1C3, Harmful material storage: Produce a report that inventories and quantifies the
location and nature of harmful material storage in the St. Croix watershed upstream of Stillwater,
Minnesota. The report should be used in developing or revising Federal, state, and local
Emergency Response Plans.

Task 1C4, Emergency response planning: Develop a St. Croix River Emergency Response
Plan, if one is not currently in place through Task 1C1. This plan should explicitly address all
harmful material threats identified in Tasks 1C2 and 1C3. This plan should also include a
protocol for state and Federal natural resource agencies (MDNR, MPCA, USNPS, WDNR,
WDA, and USFWS) to coordinate with emergency response agencies to protect Q. fragosa in the
event of a spill. This planning effort should be incorporated into Federal, state, and local
Emergency Response Plans.

21



Task 1CS, NSP: Arrange with Northern States Power to manage its St. Croix Falls dam's flow
release in the event of a spill above the dam. Coordinate this Task with 1C4.

Task 1C6, Hazardous waste facilities: Request that an Environmental Impact Statement (EIS)
be required for any proposed hazardous waste facility, such as the proposed hazardous waste
disposal facility at Osceola, and that any EIS prepared must specifically address the potential
impact on Q. fragosa.

Task 1D, Exotic mussels: The following actions are recommended to address the issue of zebra
mussels (D. polymorpha):

**Task 1D1, Monitoring: Continue annual monitoring for zebra and quagga mussels, initiated
in summer 1992, in the St. Croix River.

**Task 1D2, Zebra mussel loads: As part of mussel community monitoring (Task 1A1),
monitor zebra mussel loads on mussels within the known Q. fragosa range.

**Task 1D3, Assess impact: Prepare a report assessing the likely effects of zebra mussels on Q.
fragosa.

**Task 1D4, Emergency response plan: Develop and implement a zebra mussel emergency
response plan in cooperation with the Department of the Interior (USNPS and USFWS).

**Task 1DS, Protective legislation: Develop state and Federal legislation to prevent or retard
the spread of exotic species in the St. Croix River.

Task 1E, Habitat degradation: The following actions are recommended to address the issue of
habitat degradation:

Task 1E1, Federal agencies: Establish formal agreements between the Service, National Park
Service, and USACOE to the effect that National Park Service and USACOE notify the Service
in the event of any development or maintenance work that could disturb or endanger the Q.
Jfragosa population or its habitat.

Task 1E2, State agencies: Establish formal agreements with Minnesota and Wisconsin
Departments of Transportation and Departments of Natural Resources to the effect that they will
notify the Service prior to their development or maintenance work that could disturb or endanger
the Q. fragosa population or its habitat.

Task 1E3, County zoning: Review county zoning rules for St. Croix and Polk Counties,
Wisconsin, and Washington and Chisago Counties, Minnesota. The report should include a
description of how zoning rules are likely to adversely impact or protect water quality in the
drainage basin.
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**xTask 1E4, Critical habitat: Prepare a proposed rule to designate appropriate areas in the St.
Croix River, such as the east channel of Folsom Island, as critical habitat under the Act.

Task 1ES, Natural heritage databases: Complete entry of 0. fragosa distributional data into
Minnesota and Wisconsin Natural Heritage databases; make the data available to USFWS,
USNPS, USACOE, MDOT, MPCA, WDOT, and local county zoning boards.

Task 1F, Human disturbance and destruction of Q. fragosa: The following actions are
recommended to address the issue of human disturbance of Q. fragosa:

**Task 1F1, Human disturbance: Quantify the magnitude of these potential threats
(harvesting, swimming/wading/digging, small recreational watercraft, and commercial
paddlewheel watercraft) and identify specific geographic locations of greatest concern.

=*Task 1F2, Educational signs: Produce educational signs to inform the public of the presence
of Q. fragosa, laws and penalties associated with disturbing individuals of the species, and
behaviors to avoid while in critical areas. These signs should be posted at marinas, campgrounds,
boat ramps and landings, and near critical mussel beds, such as at Folsom and Blast Islands.

#*Task 1F3, Public education: Contact and encourage educational institutions to conduct
educational programs on Q. fragosa. These institutions should include the National Park Service,
state parks (St. Croix, Wild River, Interstate, William O'Brien, Afton, and Kinnickinnic), the
Science Museum of Minnesota, Carpenter and Wilder Nature Centers, and local conservation
groups.

*+Task 1F4, Paddle wheel boats: Request owners of the commercial paddle wheel boat to
review their operating procedures with the intent of minimizing their boat operation’s impact on
the mussel population.

Task 1G, Water quality: The following actions are recommended to address the issue of water
quality: '

Task 1G1, Water quality classification: Review the classification status for water quality in the
St. Croix River for both Minnesota and Wisconsin and recommend changes in classification, as
appropriate to protect Q. fragosa.

Task 1G2, Ammonia: Monitor the river for ammonia to better determine sources and
concentration level trends. The report should address both chronic and acute ammonia pollution.

Task 1G3, Point discharge impacts: Perform detailed water chemistry analysis from above and
below point discharge facilities and assess the effects of measurable discharges on Q. fragosa.

Task 1G4, Point discharge permits: Review point source discharge data on file at Minnesota
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Pollution Control Agency and Wisconsin Department of Natural Resources. Cooperate with
agencies to assure permits effectively protect Q. fragosa and that discharges are within the
permitted limits.

Task 1G5, Toxins: Quantitatively sample mussels found in association with Q. fragosa to
determine the extent of contamination with bioaccumulative, persistent toxins.

Task 1G6, Metal contamination: Review Troelstrup's data to determine history of metal
contamination in the river.

Task 1G7, Water quality monitoring: Determine critical water quality parameters to monitor,
and monitor them to detect changes in water quality, including toxins and metals identified in
Tasks 1GS and 1G6.

. Task 1G8, Literature review: Prepare an up-to-date literature review on contaminant effects on
unionid mussels.

Task 1H, Watershed: Significant changes in land use are anticipated in the St. Croix River
watershed. These changes are anticipated because of a rapid increase in the human population of
the watershed and because of changes in agricultural, mining, and forestry practices. The
following actions are recommended to address these changes:

Task 1H1, Non-point pollution: Prepare a report which assesses the likely impact of non-point
source pollution. The report should include an inventory of likely contaminants and their
concentrations.

Task 1H2, Forestry: Review state and Federal forest plans for forested areas within the
watershed and prepare a report which assesses the likely impact of these plans on water quality in
the St. Croix River.

Task 1H3, Mining: Inventory all gravel and sand mines in the watershed and assess their likely
impact on water quality in the St. Croix River.

Task 1H4, Agriculture: Prepare a report assessing the dominant agricultural practices in the
watershed and their likely impact on water quality in the St. Croix River.

Task 1HS, Residential and commercial development: Prepare a report assessing residential
and commercial developments in the watershed and their likely impact on water quality in the St.
Croix River.

Task 1H6, Watershed remediation: Work with state and Federal agencies and non-

governmental organizations to effectively mitigate Q. fragosa related problems identified in Tasks
1H1 to 1HS.
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Task 11, Disturbance by non-human animals: The following actions are recommended to
address the issue of disturbance by non-human animals:

Task 111, Non-human predators: Produce a report on muskrat, raccoon, and other predator
(including avian predators) population sizes along the St. Croix River between St. Croix Falls and
Osceola, Wisconsin.

Task 112, Predation impact: Determine the importance of predation in controlling the St. Croix
River population of Q. fragosa.

Task 113, Predator control: Implement predator control measures as warranted.

Task 114, Parasites and disease: Determine the importance of parasites and disease in
controlling the St. Croix River population of 0. fragosa.

Task 1J) Cryopreservation: The St. Croix River population of Q. fragosa should be considered
at very high risk of extinction because of its small size and restricted distribution. For this reason,
modern technological methods of species preservation should be evaluated and applied as
appropriate.

Task 1J1, Cryopreservation: Evaluate and produce a report on the efficacy of cryopreservation
to preserve Q. fragosa.

Task 2;: Improve understanding of Q. fragosa biology and ecology. The following sub-tasks
are to provide information critical to devising actions to preserve Q. fragosa. Many of the sub-

tasks must be completed for successful completion of sub-tasks described in Tasks 1, 3, 4, and 5.

Task 2A, Systematics: Further work is needed to determine taxonomic relationships within the
Q. quadrula complex and to determine the appropriateness of species designation for Q. fragosa.

Task 2A1, Molecular systematics: Conduct molecular studies on existing . fragosa material.
This study should include the population of Quadrula found in the Kiamichi River, Oklahoma,
and all members of the Q. quadrula complex.

Task 2A2, Conchology: Compare shell morphology of the Kiamichi River and St. Croix River
populations and all members of the Q. quadrula complex.

Task 2A3, Soft body morphology: Describe the soft-body morphology of Q. fragosa and all
members of the Q. quadrula complex.

**Task 2A4, Glochidia: Describe the glochidia of all members of the Q. quadrula complex.
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Task 2B, Habitat requirements: Further work is required to identify specific habitat features
usable for habitat suitability determinations for Q. fragosa. It is not known why Q. fragosa
occurs where it does generally nor what limits its distribution within the St. Croix River itself.

**Task 2B1, St. Croix habitat: Produce a report on an extensive comparison of the reach Q.
fragosa inhabits with upstream and downstream reaches where it is not found to identify
significant habitat limiting parameters. Review Wisconsin Department of Natural Resources
distributional and habitat data in conjunction with this task.

Task 2B2, Historical distribution: Review the rivers comprising the historical distribution of Q.
fragosa to assess the historical water quality parameters and other available historical trend data.
Parameters to be included are: oxygen, temperature, chlorine, phosphorus, ammonia, calcium,
alkalinity, total organic carbon, metals, pesticides (including herbicides), suspended solids, stream
flow, pH, sodium, and potassium.

**Task 2B3, Microhabitat: Because only 26 individual Q. fragosa have been studied, continue
intensive microhabitat study to better identify habitat needs (substrate, depth, flow rate, etc.) of Q.

Jfragosa.
Task 2B4, Scour: Evaluate and produce a report on unionid susceptibility to ice scour and
exposure in winter and flood scour in spring. Evaluate ice impacts during naturally low flow and

run-of-river vs. hydropeaking flow conditions.

Task 2B5, Sediment deposition: Evaluate and produce a report on sediment deposition patterns
and unionid susceptibility to sediment deposition.

**Task 2B6, Dewatering: Determine the effects of dewatering and of low and high
temperatures on unionids. The report should include a discussion of how these parameters effect

survivorship and reproduction.

Task 2C, Reproductive biology: Animproved knowledge of the reproductive biology of this
species is required to make sound management decisions.

*2Task 2C1, Reproductive phenology: Determine the phenology of reproduction.
**Task 2C2, Glochidial host: Identify the glochidial host(s).

*2Task 2C3, Glochidial host distribution: Determine the distribution and abundance of
glochidial host(s) population(s) in the St. Croix River.

**Task 2C4, Reproductive parameters: Determine other factors that influence reproductive
success (fecundity, sex ratio, density, spacing of adults, or external environmental factors).
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Task 2D, Population biology: An improved knowledge of the population biology of this species
is required to make sound management decisions.

Task 2D1, PVA and MVP: Conduct a Population Viability Analysis (PVA) to determine the
Minimum Viable Population (MVP) for a discrete population of Q. fragosa.

Task 2D2, Demographic patterns: Determine normal growth rates and age structure from
museum specimens and data from the St. Croix River.

Task 2D3, Historic distribution: Study museum specimens to better establish historic range and
number of pre-settlement populations.

Task 2D4, Number of populations: Estimate the number of discrete populations needed to
maintain the species and the optimal geographic distribution for those populations.

Task 2E, Population survey:

**Task 2E1, St. Croix River: Complete a survey of the St. Croix River and its tributaries to
improve our knowledge of the extent of the population and to improve estimates of population
size. A survey is needed from the dam at St. Croix Falls downstream to Marine on St. Croix and
upstream from the dam to the confluence of St. Croix and Namekagon Rivers. Review Wisconsin
Department of Natural Resources surveys reports on substrate and mussel distribution.

Task 2E2, Historic distribution: Finish the field survey of rivers having historic distribution of
Q. fragosa. Highest priority should be given to stretches just below dams in: 1) The Kiamichi
River, Oklahoma; 2) Duck River, Tennessee, which has a recent record of a "strange looking Q.
quadrula, which might have been Q. fragosa" (S. Ahlstedt, Tennessee Valley Authority, Aquatic
Biology Laboratory, Norris, Tennessee, in litt. 1991); 3) Rivers thought to have historically had
large populations of Q. fragosa (Iowa and Raccoon Rivers, Iowa); and 4) Rivers having relatively
undisturbed watersheds or water quality characteristics similar to the St. Croix River.

Task 3: Increase the St. Croix population of Q. fragosa.

Translocation of mussels is problematic and has resulted in high mortality rates during
transportation or shortly after transportation and there is a dearth of knowledge about the long-
term viability of translocated unionids. Additionally, ex-situ culture techniques are poorly
developed and few species have been successfully cultured. The population in the St. Croix River
is so small that it is too risky to attempt either translocation or aquaculture of this species until
either methodologies improve or the population in the St. Croix increases significantly.
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Task 3A, Increase St. Croix population:

Task 3A1, Feasibility study: Perform a feasibility study to determine the relative merits and
likely success of attempts to increase the population size of Q. fragosa in the St. Croix River vis d
vis attempts to translocate individuals to initiate new populations. This feasibility study should
utilize the results of tasks outlined in Tasks 2, 4A, and 4B.

Task 3A2, Plan to increase St. Croix population: If, upon completion of Task 3Al, it is
deemed feasible to increase the St. Croix River population, then a plan to do so should be
developed and implemented.

Task 4: Reestablish Q. fragosa populations in historical range.

Small, localized populations are very susceptible to environmental stochasticity (Gilpin and Soulé
1986). The long-term viability of Q. fragosa depends on establishing more than one discrete
population. There are no data which suggests a particular number of populations confers long-
term protection from negative, stochastic environmental and genetic events. Theoretical
considerations (Simberloff 1988), however, suggest a metapopulation comprised of several sub-
populations confers more long-term stability on a species than fully isolated populations.

Task 4A, Translocation:

Task 4A1, Translocation protocol: Evaluate translocation techniques and establish a
translocation protocol.

Task 4A2, Suitable habitat: Identify rivers within the historical distribution of Q. fragosa which
have suitable physical, chemical, and biological habitat for reintroduction of Q. fragosa. Give
priority to the following factors when selecting translocation sites:

a) Rivers close to the St. Croix so environmental and climatic factors will be similar to those to
which the St. Croix River population is adapted and so new populations might function as a
metapopulation.

b) Rivers having sufficient long-term protection (such as mussel sanctuaries, state or National
parks) so they will qualify under the guidelines for population habitat protection in Task 5C.

¢) Rivers at low risk from colonization by Dreissena spp.
Task 4B, Mussel culture and propagation:

Task 4B1, in situ vs. ex situ: Evaluate in situ vs. ex situ approaches to recovery and develop
methods consistent with the findings.

28



Task 4B2, Mussel cultivation: Generally improve the knowledge of mussel cultivation.

Task S; Determination of reclassification and delisting. Task 2D4 will establish the
appropriate number and distribution of populations of Q. fragosa.

Task SA, Determination of population viability: A population may be counted toward
reclassification or delisting only after the following tasks are performed to demonstrate its
viability:

Task SA1, Recruitment: Conduct surveys until data demonstrate recruitment to the population
in 8 of the 11 age classes aged 2 to 12 years.

Task SA2, Population size: Conduct surveys until data demonstrate the population likely
exceeds the MVP determination made in Task 2D1.

Task SA3, Age structure: Conduct surveys until data demonstrate the population has an age
structure consistent with the MVP determination made in Task 2D1.

Task SA4, Genetic structure: Conduct surveys until data demonstrate the population has a
genetic structure consistent with the MVP determination made in Task 2D1.

Task 5B, Determination of population persistence: A population may be counted toward
reclassification or delisting only after the following tasks are performed to demonstrate its
persistence:

Task SB1, Longevity: The population must have been extant for 24 years following colonization
or establishment.

Task SB2, Population surveys: Three consecutive surveys taken at approximately 5-year
intervals must demonstrate population levels to exceed the MVP determination made in Task
2D1.

Task 5C, Determination of habitat protection: A population may be counted toward

reclassification or delisting only after the following tasks are performed to'demonstrate its habitat
is protected:
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Task 5C1, Watershed management plan: A watershed management plan must be drafted and
approved by the Service which demonstrates all potential threats to the population have been
identified and either eliminated, mitigated, or otherwise provided for. The factors to be included
in this plan should be similar to those outlined in this document for protection of the St. Croix
Population in Task 1 and must include:

a) Physical habitat.

b) Chemical habitat.

¢) Biological habitat.

d) Protection from commercial harvest.

e) Protection from toxic spills.
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