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DISCLAIMER

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

Literature citation: U.S. Fish and Wildlife Service. 2004. Higgins Eye Pearlymussel (Lampsilis
higginsii) Recovery Plan: First Revision. Ft. Snelling, Minnesota. 126 pp.

Recovery plans can be downloaded from USFWS website: http://endangered.fws.gov.
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EXECUTIVE SUMMARY
Current Species Status

This species is currently listed as endangered. Studies before 1993 indicate healthy populations of
Lampsilis higginsii in the Upper Mississippi River drainage, with no apparent significant declines
in its distribution or abundance. In fact, information since completion of the first recovery plan in
1983 has extended its known range by 180 river miles.

There was concern, however, that a major flood in 1993, as well as an infestation of the non-
native zebra mussel (Dreissena polymorpha), may pose serious threats to the continued existence
of this species. In response to these threats and information, the recovery team was constituted to
review the status of the species and to revise the initial recovery plan if necessary. The team
commissioned a review of all research conducted on the species since 1980, as well as a survey of
all sites designated as Essential Habitat Areas in the 1983 recovery plan. During the development
of this revised recovery plan, new information suggesting a significant impact of zebra mussels on
Lampsilis higginsii came forward and the team believes there is now a significant risk that the
distribution and abundance of this species will be severely compromised.

The initial Higgins Eye Pearlymussel Recovery Plan listed seven locations as primary habitats
(called Essential Habitat Areas in this document) and nine locations as potential secondary
habitats. This revised plan identifies ten Essential Habitat Areas -- six in the Mississippi River
between river miles 489 (Sylvan Slough) and 656 (Whiskey Rock), one in the Wisconsin River
(Orion), and three in the St. Croix River, which empties into the Mississippi River at river mile
811. The term “Essential Habitat Area” is intended to identify those areas that the Service and its
partners have found to be of utmost importance to the conservation of the species. Cawley
(1996) indicated that since 1980, all seven of the Essential Habitat Areas in the initial Higgins Eye
Pearlymussel Recovery Plan had been sampled. In addition, six of the nine secondary habitats had
been sampled. L. higginsii also occurs elsewhere in the Mississippi River, and this revised plan
recommends that surveys be conducted in several specific areas to better describe other
potentially important habitats.

Since zebra mussels invaded the Mississippi River in the early 1990's, three of the Essential
Habitat Areas, East Channel (Prairie du Chien), Harpers Slough, and Cordova have become
severely infested with zebra mussels; only one Essential Habitat Area, Interstate Park (St. Croix
River) is entirely free of zebra mussels. There are currently no effective methods to control
established populations of zebra mussels of the scale and nature necessary to nullify their threat to
L. higginsii in the Mississippi River. Since 2000, L. higginsii has been reintroduced into four
rivers from which it had been extirpated, but it is too soon to determine whether these efforts
have resulted in the successful reestablishment of the species there.
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Habitat Requirements and Limiting Factors

Lampsilis higginsii is characterized as a large river species occupying stable substrates that vary
from sand to boulders, but not firmly packed clay, flocculent silt, organic material, bedrock,
concrete or unstable sand. Water velocities should be less than 1 m/second during periods of low
discharge. They are usually found in mussel beds that contain at least 15 other species at densities
greater than .01 individual/m®. In the Mississippi River, the density of all mussels in the bed
typically exceeds 10/m’.

The ten identified Essential Habitat Areas are: The Mississippi River at Lansing, [owa (Whiskey
Rock); near Harper’s Ferry, lowa (Harper’s Slough); the main and east channel areas at Prairie du
Chien, Wisconsin; near Guttenberg, [owa (McMillan Island); Cordova, Illinois; Moline, Illinois
(Sylvan Slough); the St. Croix River at Prescott, Wisconsin, at Hudson, Wisconsin, and near
Taylor’s Falls, Minnesota (Interstate Park); and the Wisconsin River near Muscoda, Wisconsin
(Orion mussel assemblage). Zebra mussels have severely degraded the mussel communities at a
few of these areas to the degree that they may no longer support dense and diverse mussel beds.
Each of these areas, however, demonstrated its importance to the conservation of Lampsilis
higginsii before zebra mussel infestation and zebra mussels are the only factor that has, at least
temporarily, degraded their ability to support stable or growing populations of Lampsilis
higginsii. Therefore, we will retain each of these areas as Essential Habitat Areas at this time due
to their historical importance to the species and the uncertainty regarding their potential to
recover from the effects of zebra mussels. The Service’s Twin Cities Field Office will retain an
up-to-date list of Essential Habitat Areas. There are no numeric criteria for areas to be added or
removed from this list. Any Essential Habitat Areas used as part of the basis for a decision to
reclassify or delist the species, however, must meet specific numeric criteria (see Recovery
Criteria).

Recovery Strategy

This revised recovery plan continues the approach of the previous recovery plan for L. higginsii
by focusing recovery on the conservation of the species at identified Essential Habitat Areas. In
the 1983 recovery plan, Essential Habitat Areas were specific areas throughout the historical
range of L. higginsii that supported dense and diverse mussel beds where L. higginsii was
successfully reproducing. This revised recovery plan identifies three additional “Essential Habitat
Areas” (Orion, WI, Prescott, WI, and Interstate Park, MN/WI). The plan recommends the
development of a uniform protocol for collecting information on populations of L. higginsii. Use
of this protocol will allow for ongoing evaluation of the list of Essential Habitat Areas and
progress towards recovery.

The highest priority recovery actions for L. higginsii are primarily intended to address the severe

impacts and threats posed by zebra mussels. Of the ten Essential Habitat Areas designated in this
revised plan, zebra mussels have had severe impacts on the mussel communities at Harpers
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Slough, Prairie du Chien, and Cordova and are imminent threats at the Prescott, and Hudson, WI
areas. The Prairie du Chien Essential Habitat Area may have contained the largest population of
L. higginsii before its severe infestation by zebra mussels, but Miller and Payne (2001) found
nearly 10,000 zebra mussels/m” in this area in 2000.

The removal of zebra mussels in a manner and scale necessary to benefit L. higginsii is evidently
not currently feasible. Therefore, the plan focuses on developing methods to prevent new
infestations, monitoring zebra mussels at Essential Habitat Areas, and developing and
implementing contingency plans to alleviate impacts to infested populations. Based on recent
activities, the latter may consist largely of removing L. higginsii from areas where zebra mussels
pose an imminent risk to the persistence of the population and releasing them into suitable habitats
within their historical range where zebra mussels are not an imminent threat. Since 2000, workers
have removed 471 adult L. higginsii from areas near Cassville, WI and Cordova, IL on the Upper
Mississippi River and relocated them into Pools 2 and 3 near Minneapolis, MN and Hastings,
MN, respectively (Table 1). Cleaning fouled adults in situ and artificial propagation and release
(Table 1) are also currently being implemented in an attempt to alleviate the effects of zebra
mussels on the conservation of L. higginsii.

Although zebra mussels are currently the most important threat to L. higginsii, construction
activities, environmental contaminants, and poor water quality may also pose significant threats.
Therefore, the Corps and other agencies must continue to assess and limit the potential impacts of
their actions on L. higginsii. The plan also outlines tasks needed to improve our understanding of
the potential importance that contaminants play in the conservation of L. higginsii and calls on the
U.S. Coast Guard, Environmental Protection Agency, and other agencies to take actions to
minimize the potential impacts of toxic spills.

Interagency partnerships will be key to the recovery of L. higginsii. In addition to the USFWS,
the Implementation Table identifies five other federal agencies and four states as being responsible
for various aspects of the recovery of the species. The U.S. Army Corps of Engineers, for
example, is called on to implement several of the tasks. The Corps’ implementation of the 2000
Biological Opinion on continued operation and maintenance and operation of the 9-foot
navigation channel has resulted in the formation of the Mussel Coordination Team (MCT). This
MCT has assisted the Corps with the implementation of extensive relocation and reintroduction of
L. higginsii since 2000 (Table 1). These activities, although necessary to avoid jeopardizing the
species, are leading to the development and refinement of techniques for propagating L. higginsii
and other mussel species.

Recovery Goals and Recovery Criteria

The goal of the recovery plan is the recovery of Higgins eye to levels where its protection under
the Act is no longer necessary and it may be removed from the Federal list of Endangered and
Threatened Wildlife (50 CFR 17.11). This plan also contains an intermediate goal of reclassifying
the species from Endangered to Threatened.



Essential Habitat Areas

Essential Habitat Areas used to support the reclassification or delisting of L. higginsii (see below)
must meet the following criteria.

1. L. higginsii constitute at least 0.25% of the mussel community and the mussel habitat
appears to be stable and supports a dense and diverse mussel community; or,

2. L. higginsii are found, but constitute <0.25% of the community, the mussel habitat
appears to be stable and supports a dense and diverse mussel community, and zebra

mussel densities are < 0.5/m’.

For each definition, “dense and diverse” mussel communities are those that:

. include a total mussel density of > 10/m* (Mississippi River) or > 2/m’ (other
rivers); and,

. contain at least 15 other mussel species, each at densities greater than 0.01
individual/m’.

Intermediate Goal (Reclassification of Lampsilis higginsii to Threatened Status)

Criteria for Intermediate Goal (Goal 1: Reclassification)

1. Lampsilis higginsii may be considered for reclassification from Endangered to Threatened
when at least five identified Essential Habitat Areas contain reproducing, self-sustaining
populations of L. higginsii that are not threatened by zebra mussels. The five Essential
Habitat Areas must meet the above criteria and must include the Prairie du Chien Essential
Habitat Area and at least one Essential Habitat Area each in the St. Croix River and in
Mississippi River Pool 14.

a. L. higginsii populations will be considered to be “reproducing” if there is evidence
that they include a sufficient number of strong juvenile year classes.'

b. Populations will be considered to be “self-sustaining” if they have maintained
stable or increasing population densities for at least twenty years.” L. higginsii
populations will be considered stable or increasing if:

! Task 1.2.2 details the questions that the Service must answer to determine the number of strong

juvenile year classes sufficient to allow for stable or increasing populations of L. higginsii.
2 For all analyses of trends use a significance level (o) < 0.2 and power > 0.9.

Vi



1. total mussel density in each of the identified Essential Habitat Areas is
stable or increasing for at least twenty years (significance level (o) <0.2
and power >0.9);

ii. and, in each of the identified Essential Habitat Areas L. higginsii comprises
at least 0.25% of the mussel community in Mississippi River sites or, in
other rivers, are consistently present throughout the twenty year period.

The Service will develop standardized sampling protocols (Task 1.2.1) to
evaluate the status of populations relative to these criteria.

c. This criterion will be met if zebra mussels are not present in locations where they
or their offspring are likely to adversely affect L. higginsii populations in any of
the five identified Essential Habitat Areas. The Service will make this
determination by evaluating zebra mussel densities in the source areas and
identified Essential Habitat Areas, the distances between the zebra mussel
populations and identified Essential Habitat Areas, water velocities, larval
development times, and any other relevant information.

Complete the following tasks to determine if water quality criteria for the Final Goal
(Delisting) are necessary to ensure the conservation of L. higginsii and, if so, to develop
measurable water quality criteria for the Final Goal.

a. Develop a freshwater mussel toxicity database for sediment and water quality
parameters to define L. higginsii habitat quality goals. (7 sub-tasks)

b. Characterize specific sediment and water quality parameters in L. higginsii
Essential Habitat Areas and reestablishment areas. (1 sub-task)

Harvest of freshwater mussels is prohibited by law or regulation in Essential Habitat
Areas. This applies to all Essential Habitat Areas, not just the five identified for criterion
1.

Criteria for Final Goal (Delisting)

1.

Delisting L. higginsii requires that populations of L. higginsii in at least five Essential
Habitat Areas are reproducing, self-sustaining, not threatened by zebra mussels, and are
sufficiently secure to assure long-term viability of the species. The five Essential Habitat
Areas must meet the above criteria and must include the Prairie du Chien Essential Habitat
Area and at least one Essential Habitat Area each in the St. Croix River and in Mississippi
River Pool 14. "Reproducing" and “self-sustaining” are defined above under the
Intermediate Goal (Reclassification).
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Populations at the identified Essential Habitat Areas will be “sufficiently secure to assure
long-term viability of the species” if each of the following four conditions is met:

a. The Service can identify no activities that are likely to take place in the foreseeable
future that will result in a change in the predominant substrate conditions within
each identified Essential Habitat Area to shifting, unstable sands, silt, cobble,
boulder, or artificial substrates (e.g., concrete) to the extent that such changes
would appreciably reduce the likelihood of conserving the Higgins eye population
in the Essential Habitat Area.

b. The Service can identify no activities that are likely to take place in the foreseeable
future that will result in water quality characteristics (e.g., harmful concentrations
of un-ionized ammonia) in Essential Habitat Areas that have been shown to cause
detrimental effects to L. higginsii or to sympatric or surrogate species to the
extent that such effects would appreciably reduce the likelihood of conserving the
Higgins eye population in the Essential Habitat Area.

c. There is no indication that construction of barge loading or off-loading sites, boat
harbors, highway bridges, or fleeting areas or dredging of access channels is likely
to occur in the foreseeable future within the identified Essential Habitat Areas to
the extent that such activities would appreciably reduce the likelihood of
conserving the Higgins eye population in the Essential Habitat Area.

d. Measures that provide for review of federally funded, permitted, or planned
activities in or near L. higginsii habitat pursuant to the Fish and Wildlife
Coordination Act and Clean Water Act are in place.

e. This criterion will be met if zebra mussels are not present in locations where they
or their offspring are likely to adversely affect L. higginsii populations in any of
the five identified Essential Habitat Areas. The Service will make this
determination by evaluating zebra mussel densities in the source areas and
identified Essential Habitat Areas, the distances between the zebra mussel
populations and identified Essential Habitat Areas, water velocities, larval
development times, and any other relevant information.

The use of double hull barges or other actions have alleviated the threat of spills to each of
the identified Essential Habitat Areas.

L. higginsii habitat information and protective responses to conserve each of the identified

Essential Habitat Areas have been incorporated into all applicable spill contingency
planning efforts.
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4. Water quality criteria may be added to the criteria for the Final Goal (Delisting) upon
completion of the tasks referred to under the Criteria for the Intermediate Goal
(Reclassification) (see 2a-b above and Tasks 1.5.1 and 1.5.2).

Actions Needed: The recovery plan is organized around two main objectives: 1) Preserving L.
higginsii and its Essential Habitat Areas and 2) Enhancing the abundance and viability of L.
higginsii in areas where it currently exists and restoring populations within its historical range.

1) Preserving the current populations of L. higginsii and its Essential Habitat Areas requires the
following actions:

A.  Limit the impact of the exotic bivalve, the zebra mussel, Dreissena polymorpha.

B.  Develop uniform protocols for collecting and maintaining information on L. higginsii
populations.

C.  Confirm and modify the list of Essential Habitat Areas.

D. Limit construction in areas of essential L. higginsii habitat. Mitigation, including
translocation, may be an acceptable alternative in limited instances.

E.  Continue to examine the relationship between water quality, especially contaminants, and
L. higginsii populations in Essential Habitat Areas.

F.  Develop plans to reduce the shipment of toxic materials near L. higginsii habitat and
develop response plans for any spills that may occur.

G. Review current regulations and develop additional regulation of mussel harvest in the
upper Mississippi River drainage to reduce impacts on L. higginsii.

H.  Develop materials to educate the public on the nature of endangered mussels and L.
higginsii, in particular.

2) Enhancing and restoring populations of L. higginsii within its historic range requires the
following actions:

A.  Identify and rank potential sites of existing L. higginsii populations for enhancement.

B.  Increase the number of L. higginsii at enhancement sites to current levels found in
Essential Habitat Areas or to numbers appropriate for the local habitat.

C.  Determine the feasibility of reestablishing L. higginsii into historic habitats, particularly
streams that are at lower risk for zebra mussel colonization, and carry out reintroduction
using the best available methods.

D.  Examine the taxonomic validity of L. higginsii especially since L. abrupt is found in
noncontiguous geographic areas.

Several specific actions are recommended for immediate implementation to ensure the survival of
the L. higginsii.

A. Limit the impact of the exotic bivalve, the zebra mussel, Dreissena polymorpha.



B. Develop uniform protocols for collecting and maintaining information on L. higginsii
populations.

C. Confirm and modify the locations listed in the initial recovery plan as Essential Habitat
Areas.

D. Require the use of double hull barges.
Estimated Cost of Recovery for Fiscal Years 2005-2007 (in $1000s): Costs for fiscal years

2008-2055 will be determined on at least an annual basis by the USFWS and cooperating
agencies.

Fiscal Task Task Task Task Task Task Task Task Total
Year 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

2005 100 160 290 50 745 40 0 10 1395
2006 120 160 280 50 745 40 0 0 1395
2007 70 110 270 50 470 40 0 0 1010
Total 290 430 840 150 1960 120 0 10 3800

The total costs for Years 1 - 3 do not include the cost of two tasks (1.4.1 and 1.4.2) which could
not be determined at this time.

Date of Recovery: 2055, if recovery criteria are met and if fully funded.
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I. INTRODUCTION

The Higgins eye pearlymussel (Lampsilis higginsii, Lea 1857) was federally listed as an
endangered species June 14, 1976 (41 FR 24064). The first Federal recovery plan was approved
on July 29, 1983. Revision of the 1983 plan began in 1994, in the wake of the large flood of
1993. There was concern that the flooding may have significantly impacted L. higginsii. This
revision is part of the Service’s ongoing revision of recovery plans, and it supersedes the initial
1983 recovery plan.

Description of Lampsilis higginsii

Taxonomy and Systematics

Phylum: Mollusca

Class:  Bivalvia

Order: Unionoida

Family: Unionidae

Genus: Lampsilis

Species: higginsii (Lea 1857)

The type locality for L. higginsii is the Mississippi River at Muscatine, lowa (USFWS 1983).
The original species name given was higginsii, but many references, including the original listing
document, gives the spelling as higginsi. Turgeon et al. (1998) indicate that the proper name is
Lampsilis higginsii with the common name for the species being the Higgins Eye. This species
belongs to a morphologically variable, geographically widespread genus. Most malacologists
agree that L. higginsii is a valid species. There was some early confusion between L. higginsii
and the morphologically similar L. abrupt (the pink mucket pearly mussel -- also on the Federal
Endangered and Threatened Species list). Lampsilis abrupt is distributed further to the south,
and L. higginsii is found only in the Upper Mississippi River Basin (Oesch 1984). Johnson (1980)
discusses the similarities and differences between L. abrupt and L. higginsii but there is still some
controversy surrounding the taxonomic status of these species.

Morphological Description

Baker (1928) provided a general description of the shell morphology. Baker stated that the shell
was: “Oval or elliptical, somewhat inflated, solid, with gaping anterior base; beaks placed forward
of the center of the dorsal margin, much elevated, swollen, their sculpture consisting of a few
feeble ridges slightly looped; anterior end broadly rounded; posterior end truncated in the female,
bluntly pointed in the male; ventral and dorsal margins slightly curved, almost parallel; posterior
ridge rounded, but well marked; surface shining, marked by irregular growth lines which are
better developed at rest periods where they are usually dark colored; epidermis olive or yellowish-
green with faint green rays. Hinge massive; pseudocardinals erect, triangular or pyramidal,
divergent, serrated, two in the left and one in the right valve, with sometimes indications of
additional denticles on either side of the single right pseudocardinal; interdentium narrow, flat;
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laterals short, thick, slightly curved, almost smooth; cavity of the beaks deep, containing the
dorsal muscle scars; anterior adductor scar deeply excavated, posterior scar distinct; nacre silvery-
white, iridescent, often tinged with pink.”

This species exhibits marked sexual dimorphism with the posterior end in the females sharply
truncated with a post-basal swelling. The posterior end in the males is more roundly pointed. A
number of species can be confused with L. higginsii. Those cited as most similar are Obovaria
olivaria, L. cardium, L. siliquoidea, L. abrupt and Actinonaias ligamentina (Baker 1928;
Cummings and Mayer 1992). Although nothing has been published specifically on the internal
anatomy of L. higginsii, Baker (1928) indicates it is most likely similar to that of other
lampsilines.

Historical and Present Distributions

In the initial Higgins Eye Pearlymussel Recovery Plan (USFWS 1983), the historic distribution of
L. higginsii before 1965 was given as the main stem of the Mississippi River from just north of St.
Louis, Missouri, to just south of St. Paul, Minnesota; in the Illinois, Sangamon, and Rock Rivers
in Illinois; in the lowa, Cedar, and Wapsipinicon Rivers in lowa; in the Wisconsin and St. Croix
rivers in Wisconsin; and, in the Minnesota River in Minnesota (based on Havlik 1980). A
questionable report of this species in the lower Ohio River was also given (Havlik 1980). The
initial plan also indicated a great reduction in the range of L. higginsii based on studies from 1965
through 1981 (Larsen and Holzer 1978; Mathiak 1979; Perry 1979; Havlik 1980; Fuller 1980;
Thiel et al. 1980; Thiel 1981; Ecological Analysts 1981a).

Since the 1983 Recovery Plan, a number of studies have provided new information on the
distribution and abundance of L. higginsii. A study by Cawley (1996) commissioned by the
USFWS for the current recovery team provided a review of the information on L. higginsii
distribution from 1980-1996. Cawley (1996) noted that 510 specimens of L. higginsii had been
collected since 1980. Cawley (1996) extended the reported range of L. higginsii 98 miles to the
south and 82 miles to the north based on the collection of dead specimens. Figure 1 (see Section
V) summarizes the distributional data before 1965, from 1965-1980 and 1981-1996 based on the
1983 Recovery Plan and Cawley’s (1996) study. Thiel (1981) stated that Pool 10 of the
Mississippi River supported the largest population of L. higginsii. The area in the East Channel
of the Mississippi River, by Prairie du Chien, Wisconsin, was considered to be the most
productive L. higginsii habitat in the Mississippi River system. Cawley’s (1996) review supports
this assessment. Since Cawley’s (1996) review, however, zebra mussels (Dreissena polymorpha)
have drastically reduced the population of L. higginsii at Prairie du Chien.

Based on Cawley’s (1996) review, it appears that there has been recruitment of L. higginsii
(individuals <30 mm in shell length) in locations surveyed since 1980. The age distribution
indicated that there were more middle-age mussels (35-85 mm shell length) than young. Miller
and Payne (1988) indicated that some mussel species display infrequent, but fairly strong,
recruitment and that there can be substantial variability in recruitment among closely located sites.



Given that Cawley’s (1996) review included a wide variety of sites examined over a number of
years, the actual size distribution of L. higginsii populations is unknown at this time.

As mentioned above, one reason for examining the current status of L. higginsii was the Great
Flood of 1993. Clarke and Loter (1992, 1993, 1994, 1995) have been monitoring the population
of L. higginsii at Prairie du Chien, Wisconsin, since 1990 as part of a study designed to examine
the impacts of barge traffic on mussels. Based on their results, it appears that the flood caused no
significant change in the number of L. higginsii found, while recruitment of some other mussel
species was reduced in 1994. Recruitment varied among years (Miller and Payne 1991, 1992,
1993, 1994, 1995a,b, 1996a, 1997), and thus a cause-effect relationship cannot necessarily be
inferred from Clark and Loter’s (1995) work. Mussel communities may have been slightly
relocated due to the flood.

This recovery team commissioned four studies, funded by the Service, to examine L. higginsii
populations. The major objective of these studies was to examine what impact, if any, the 1993
floods in the Upper Mississippi River and its tributaries had on L. higginsii. These studies were
conducted by Davis and Hart (1995), Heath (1995), Hornbach et al. (1995) and Miller and Payne
(1996b). Differences in methods among these studies may not allow for statistical comparisons
among populations.

Heath (1995, 2003) sampled quantitatively and qualitatively for L. higginsii and other mussel
species at the Orion mussel aggregation in the Wisconsin River in 1988, 1995, and 2002. During
each of these three years he counted living and dead mussels present within randomly placed
quadrats and supplemented these samples with qualitative collections within the mussel
aggregation. L. higginsii comprised 0.21% and 0.08% of the live mussels counted in 1988 and
1995, respectively, but no living L. higginsii were found during sampling in 2002 (Heath 1995,
2003). Heath (1995) estimated that there were 2,273 L. higginsii within the aggregation in 1988.
Total mussel densities in the aggregation decreased significantly between 1988 and 2002; sample
means were 6.05/m” in 1988 and 1.34/m” in 2002. Species richness may have also decreased since
1988. Among the initial 600 mussels collected each year, there were 23 species in both 1988 and
1995, but only 21 species in 2002.

Hornbach et al. (1995) examined L. higginsii populations in the St. Croix River and estimated
populations to be 4,000 mussels at Franconia, 4,000 to 10,000 mussels at Prescott, Minnesota,
and 238,000 to 260,000 mussels at Hudson, Wisconsin (all listed as Essential Habitat Areas in the
initial recovery plan). Doolittle and Heath (1997), Heath (in litt. 1998), and Heath et al. (1999)
collected almost 90 L. higginsii from 1987-1999 in the area of the St. Croix river, extending
upstream of Franconia, MN to the Interstate Park Area (Taylor’s Falls, MN) - about 3 river miles.
They estimate L. higginsii population densities of approximately 0.01 individuals/m®. In 2000,
mean density estimates of L. higginsii at Interstate Park and Hudson were 0.01 and 0.09,
respectively (Heath ez al. 2001); these estimates did not reflect a statistically significant change in
abundance at either site. Estimates of population size were 9,224 (95% CI = 4,192 - 14,255) at
Hudson and 4,212 (95% CI = 358 - 7,886).



Miller and Payne (1996b) estimated that there were 40,000 m* of suitable habitat for L. higginsii
at McMillan Island in Pool 10 of the Mississippi River near Guttenberg, lowa, (an area designated
as Essential Habitat Areas in the 1983 Recovery Plan) which contained an estimated 5,320
individuals. A more recent report contained revised estimates of both suitable habitat (860,994
m®) and potential population size (662,965 individuals), although the authors suggest cautious
interpretation of these crude estimates due to high levels of variability among the data (Miller and
Payne 2001).

Davis and Hart (1995) examined an area downstream of Lock and Dam No. 6 on the Mississippi
River near Trempealeau, Wisconsin, to determine whether this area should be classified as
essential for L. higginsii. They found two live and two dead L. higginsii in the area. Although
they did not estimate overall population size of L. higginsii, they indicated that because this area
harbored many other mussel species at high densities, it has potential as an important area for L.
higginsii. Unfortunately, at the four sites they examined, from 9 to 44% of all unionids were
infested with zebra mussels.

Recent Reintroductions

Since 2000, state and federal conservation agencies have cooperated to reintroduce Lampsilis
higginsii into areas that it occupied historically, but from which it had been extirpated. This work
has largely been a result of a consultation between USFWS and the U.S. Army Corps of
Engineers (Corps) under section 7(a)(2) of the Endangered Species Act (Act) on the effects to
Lampsilis higginsii of the Corps’ operation and maintenance of a nine-foot navigation channel on
the Upper Mississippi River (see below). In 2000 and 2001, biologists relocated 471 adult
Lampsilis higginsii from the Mississippi River at Cassville, WI and Cordova, IL, where zebra
mussels posed an imminent risk, to two sites in Pools 2 and 3 of the Mississippi River where zebra
mussel densities are below threatening levels. Davis (2003) examined 59 relocated females at
these two sites in 2002 and found that about one-third were gravid. Of'the 63 L. higginsii
recovered in 2002 (59 females, 4 males), only one was found dead, although several had abnormal
growth patterns exhibited by “exaggerated growth arrest lines and in-turning along the ventral
margin of the shell” (Davis 2003). These mussels appeared to have resumed normal growth
patterns in 2003 (M. Davis, Minnesota Department of Natural Resources, pers. comm., 2003).

Workers are also releasing fish artificially infested with L. higginsii glochidia and hatchery-
propagated juveniles into its historical range and into its current range in an effort to reintroduce
the species and refine propagation techniques, respectively (Table 1). To produce glochidia or
juveniles for release, gravid females have been collected from the Hudson Essential Habitat Area
in the St. Croix River or from relocated L. higginsii in Pool 2 (Cordova origin). At Genoa
National Fish Hatchery, workers remove glochidia and either place them in water containing
suitable fish-hosts or pipette glochidia directly onto the gills. Workers hold the fish at the
hatchery for three weeks before releasing them or placing them in cages at the release site (Table
1, Gordon 2002). The hatchery has typically retained about 5% of the infested fish to monitor the
success of glochidial transformation, provide juveniles for hatchery propagation trials, and for



direct juvenile releases (Table 1, Gordon 2002). Propagation is discussed further below under
“Conservation Measures.”

Essential Habitat Areas

The initial Higgins Eye Pearlymussel Recovery Plan (USFWS 1983) listed seven locations as
primary habitats (called Essential Habitat Areas in this document) and nine locations as potential
secondary habitats (Table 2 - see Section [V). Essential Habitat Areas were selected based on:

1) historic and current distribution data (at the writing of the recovery plan);

2) the nature of the data available for each site, e.g., presence of live L. higginsii, presence of
both sexes, presence of juveniles, numerical abundance of L. higginsii, etc.; and,

3) the nature of the associated fauna (L. higginsii has often been reported from diverse and
dense mussel beds - Nelson and Freitag 1980).

The Essential Habitat Areas described in this Recovery Plan are those areas capable of supporting
reproducing populations of L. higginsii and are of utmost importance to the conservation of the
species. Cawley (1996) indicated that since 1980, all seven of the Essential Habitat Areas in the
initial Higgins Eye Pearlymussel Recovery Plan had been sampled. In addition, six of the nine
secondary habitats had been sampled.

The Service will maintain a list of Essential Habitat Areas. This list will initially contain the areas
described in this plan (Fig. 2), but the Service will revise this list if data indicate that one or more
areas are no longer of utmost importance to the conservation of L. higginsii or if additional
Essential Habitat Areas are identified. The following criteria will be used as a guideline to identify
new Essential Habitat Areas and for an ongoing evaluation of identified Essential Habitat Areas.
As stated above, any Essential Habitat Area that is one of the five on which either a
reclassification or delisting decision is based must meet these criteria:

1. L. higginsii constitute at least 0.25% of the mussel community and the mussel habitat
appears to be stable and supports a dense and diverse mussel community; or,

2. L. higginsii are found, but constitute <0.25% of the community, the mussel habitat
appears to be stable and supports a dense and diverse mussel community, and zebra

mussel densities are < 0.5/m’.

For each definition, “dense and diverse” mussel communities are those that:

. include a total mussel density of > 10/m* (Mississippi River) or > 2/m’ (other
rivers); and,

. contain at least 15 other mussel species, each at densities greater than 0.01
individual/m’.



Zebra mussels have severely degraded the native mussel communities at a few of the Essential
Habitat Areas to the degree that they may no longer meet the definition above. These sites,
however, demonstrated their importance to the conservation of L. higginsii until zebra mussels
invaded the Upper Mississippi River in the 1990s and zebra mussels are likely the sole reason that
they no longer meet the Essential Habitat criteria. Moreover, it is unclear how long zebra mussels
will continue to suppress native mussel communities at these sites. Therefore, the Service will
retain each of these as Essential Habitat Areas until data are sufficient to determine that one or
more no longer possesses and is unlikely to recover the physical and biological features that are
essential to the conservation of L. higginsii. The USFWS’s Twin Cities Field Office will retain an
updated list of Essential Habitat Areas for this species and should make this list available on the
world wide web.

Critical Habitat

Critical habitat is not currently designated for the Higgins eye. If following the completion of this
plan the Service finds that it is prudent and determinable to designate critical habitat for this
species, the Service will prepare a critical habitat proposal at such time as our available resources
and other listing priorities under the Act allow. This proposal will be based on essential habitat
features needed to ensure the conservation and recovery of the species, many of which have been
documented in the below Habitat Characteristics section of this Recovery Plan.

Biology, Ecology and Life History

Reproduction

Major aspects of the unionid reproductive cycle have been well described. Males release sperm
into the water, often in packets known as volvocoid bodies (Fuller 1974) that are taken in through
the incurrent siphon by the female. Fertilization occurs and zygotes are brooded in the water
tubes of the gills by the female. In the genus Lampsilis, the marsupia that contain the glochidia,
are kidney-shaped, occupying the posterior portion of the outer gills. Female unionids can
produce up to a million eggs a year (Burky 1983). The zygotes develop into larvae (glochidia)
that are released into the water column in various ways. In the genus Lampsilis, the edge of the
mantle of the female develops into a ribbon-like flap in front of the branchial opening. This flap
has been described as “minnow-like” in appearance, often having a dark “eye-spot,” and thus it
has been suggested to be important in attracting fish hosts (Baker 1928). The glochidia attach to
a fish host, where they remain for approximately three weeks (at water temperatures of 20-22°C)
(D. Waller, U.S. Geological Survey, pers. comm.) as they transform into juveniles. They then
drop off their fish host, develop a byssal thread, which may assist in dispersal, and upon settling
on suitable habitat, use the byssal thread as a means of attachment, to prevent being swept away
in water currents.

Lampsilis higginsii is a long-term brooder (bradytictic). This means that they spawn in the

summer and larvae are retained in the marsupia through the winter until they are released the
following spring/summer. Glochidial release has been reported during June and July (Waller and
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Holland-Bartels 1988) and May and September (Surber 1912). Glochidia of L. higginsii are
morphologically similar to those of several other species of lampsilines in the Upper Mississippi
River. Waller and Mitchell (1988) have shown that Lampsilis higginsii glochidia can be
differentiated from L. cardium, L. siliquoidea, and Ligumia recta by electron microscopy; they
could not be differentiated by light microscopy or morphometric measures.

Table 3 (see Section I'V) identifies the known hosts for L. higginsii. Early studies indicated that
the sauger (Stizostedion canadense) and freshwater drum (Aplodinotus grunnie