A RECOVERY PLAN FOR THE
CURTIS’ PEARLY MUSSEL

Epioblasma florentina curtisi
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Disclaimer

This is the completed Curtis' Pearly Mussel Recovery Plan. It has been
approved by the U.S. Fish and Wildlife Service. It does not necessarily
represent official positions or approvals of cooperating agencies and does
not necessarily represent the views of all individuals, who played a role
in preparing this plan. This plan is subject to modification as dictated
by new findings, changes in species status, and completion of tasks
described in the plan. Goals and objectives will be attained and funds
expended contingent upon appropriations, priorities, and other constraints.
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I. Introduction

The Curtis' Pearly Mussel, Epioblasma florentina curtisi, is on the

verge of extinction. Although it has never been common or widespread,
the range of E. f. curtisi has declined significantly since the early
1900s. Loss of habitat has been the primary cause of the decline of this
species. E. f. curtisi requires shallow, flowing streams with stable
substrates. Dam construction, sand and gravel dredging, and other stream
disturbances have destroyed much of the habitat where this species

originally occurred. Epioblasma florentina curtisi was listed as

endangered on the United States List of Endangered and Threatened
Wildlife and Plants (United States Department of the Interior 1976) on
June 14, 1976, with an effective date of July 14, 1976.

Epioblasma florentina curtisi was first named Truncilla curtisi by

Utterback (1915). Other synonyms include Dysnomia curtisi, and Plagiola

turgidula. Clarke (1981) gives a brief explanation of the rationale for

using Epioblasma rather than other generic names for this species.

Description

The Curtis' Pearly Mussel was first described from specimens collected in
the White River at Hollister, Missouri (Utterback 1915). His description was
as follows:

"Nutritive Structures: Branchial opening densely bordered with papillae;

anal crenulated; supra-anal high, rather small, separated from anal by

moderately short mantle connection, mantle border here spotted; inner
laminae of inner gills entirely connected to visceral mass; palpi very

small connected only by their anterior base which is remote from the



anterior attachment of pointed outer gill; color of soft parts grayish

except the blackish mantle edge at siphonal openings.

Reproductive Structures: Marsupium very broad, rounded ventrad, kidney-

shaped, ovisacs several, distinct occupying posterior half of outer gills

and distended into beaded, unpigmented structures along ventral edge when
gravid; conglutinates broken masses; glochidia unknown as only specimens
gravid with early embryos have been obtained; inner mantle edge of ferale
antero-ventrad to branchial opening drawn in toward the interior of shell
forming a chamber."
Shell Characters: The shell is small, usually less than 1 1/2 inches (39 mm)
in length. Males are slightly larger than females (mean length 31.5mm and
28.1 mm, respectively). The ratio of shell length to shell height to shell
breadth is 6:4:3.

In the males, the shell is oval in shape, with the anterior end smoothly
rounded, and the posterior end bluntly pointed and biangular. There is
generally a slight but wide indentation on the posterior-ventral margin where
the double, barely discernitle posterior ridge joins the ventral margin (see
Appendix A for a diagram illustrating shell terminology).

The female shell is smoothly rounded anteriorly and broadly rounded and
inflated posteriorly. The posterior edge of the shell is serrated. The
annual growth lines are deeply incised.

The shell of both sexes is yellowish brown to brown, usually light brown,
sometimes with fine, evenly spaced rays over most of its length. The beaks
are broad and low and the beak sculpture is typically eroded away. Utterback
(1915) describes the beak sculpture as heavily ridged, tending towards double-

looped.



The interior of the shell is white to whitish-blue, with the periostracum
frequently showing through the nacre, particularly in the beaks and posterior
half of the shell. Beak cavities are broad and relatively shallow. The
pallial line, often indistinct when present, is one-third of the height of the
shell above the ventral margin. The hinge line is broadly curved. Muscle
scars are located against the hinge line. Anterior muscle scars are deeply
impressed and touch the cardinal teeth, while posterior muscle scars are
barely discernible. Two high, blade-like, short (one-third of the shell
length) lateral teeth are found in the left valve, and one high blade-like
lateral tooth 1s in the right valve. Lateral teeth are separated from the
cardinal teeth by approximately half the laterals' length., Cardinal teeth are
high, triangular, and divergent, one in the right valve and two in the left

valve (Fig. 1).

Historical Distribution

Early in the 1900s, Epioblasma florentina curtisi occurred at scattered

locations in the White and St. Francis River basins in southern Missouri and
northern Arkansas (Figs. 2 & 3). In his "Naiadgeography of Missouri",
Utterback (1917) listed this species as abundant in the White River Basin in
southwestern Missouri and scarce in the Black River Basin in southeastern
Missouri. Utterback (1915) reported this species from the White River near
Hollister, Missouri. Johnson (1978) lists a collection of this species from
the White River near Forsyth, Missouri in the early 1900s. The White River
has been impounded at both Hollister and Forsyth, and E. f. curtisi no longer
occurs in this stream. An old record (1916) of E. f. curtisi also exists from
South Fork of the Spring River, a tributary to Black River in Arkansas
(personal communication with Mr. Mark Gordon, University of Arkansas,

Fayetteville, Arkansas).
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More recent historic records of E. f. curtisi exist for the Black River
between Williamsville and Poplar Bluff in Wayne and Butler counties, Missouri
(OSUM 13647 and 26509) (Oesch 1984; personal communication with Dr. David H.
Stansbery, Ohio State University, Columbus, Ohio). These records are as

recent as 1971.

Present Distribution

Since the mid-1970s E. f. curtisi has been found in the Castor River
(Oesch 1984), Cane Creek, a tributary to the Black, and Little Black River
(Fig. 2). Oesch (1984) found a subfossil shell of this species in Cane Creek
in 1979; no fresh material was found. Living specimens and fresh shell of E.
f. curtisi have been found in the Castor River at Zalma (OSUM 35918, 40480,
42223) between 1971 and 1978 (Oesch 1984; personal communication with Dr.
David H. Stansbery, Ohio State Museum of Zoology, Columbus, Ohio; Bates and
Dennis 1983). This species was found at 3 sites in 5 miles of the Upper
Little Black River, a tributary to Current River, in 1979 during a survey
funded by the Soil Conservation Service (Buchanan 1979). Bates and Dennis
(1983) report finding 3 shells of an Epioblasma species from Black River at
the mouth of Spring River in Arkansas. The specimens, however, are too
different in size and other characteristics from Missouri specimens to be E.
f. curtisi (personal communication with Mr. Mark Gordon, University of
Arkansas, Fayetteville, Arkansas).

A survey was conducted during 1981 through 1983 to determine the
distribution of the Curtis' Pearly Mussel in southern Missouri (Buchanan
1983). One hundred and forty-two sites were sampled on 26 streams between and
including the James and Castor Rivers in southern Missouri. Fresh material of

E. f. curtisi was found only in Little Black River. This species presently
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occurs only in 6.1 miles of the upper Little Black River and 7 miles or less
of the Castor River upstream from the Headwater Diversion Channel (Fig. 2).

It i1s known from only a total of six sites in these two streams.

Ecology and Life History

Epioblasma florentina curtisi occurs in stream reaches which are

transition areas between headwater and lowland stream reaches. It has been
found in order 4 to T streams with gradients of 0.9 to 8.0 feet per mile, in
stable substrates of sand and gravel to gravel, cobble and boulder, in riffles
or runs (Buchanan 1983). Mean particle size of the substrate where this
species 1is found, based on substrate analysis in the Little Black River,
ranges from small gravel to cobble (Buchanan 1982). It is found in 2 to 30
inches of water in slow (less than 0.06 ft/sec. to 0.7 ft/sec. at the bottom)
current. (Buchanan 1982; 1983). Other species of the genus Epioblasma also

occur in shallow flowing water. Epioblasma walkeri (Wilson and Clark 1914) is

found in coarse substrate in riffle areas of small to moderate sized rivers

(Neves 1983). Ortmann (1919) found Epioblasma triquetra (Rafinesque 1829) and

Epioblasma rangiana (Lea) in shallow water in strong current. He found E

triguetra in a sand to coarse packed gravel substrate.

The Curtis' pearly mussel is assumed to have a life cycle similar to that
of most other naiades'! (Fig. 4). Males eject sperm directly into the water.
The female holds eggs in her gills where they are fertilized by sperm taken in
with water during siphoning. These eggs then develop into glochidia (the
parasitic larval stage) in a modified portion of the gills called the

marsupium. Fully developed glochidia are discharged into the water by female

1 Naiades - freshwater bivalve mclluscs with larvae (glochidia) which
are parasitic on fish or other aquatic invertebrates.



-9-

*sadels snotaea 9yl 3ur3iordop 91040 9IIT pereu TEITdAL] y 2In314g

uig ___mo:_m
uo DiIpIys0|9

5. 0
M L
e . 27 ¥
* e LTS
o ¢ 4

POIDN ajluaAns

¢

0_02 .—_Dmv<

a|jpway

PIPIY20|9

°Iplyd0lp . X  wieds



-10-

nalades. If a glochidium comes into contact with an appropriate fish host, it
attaches to the fish's skin, fins, or gills and begins its parasitic stage.

Glochidia can neither swim nor crawl, and if a glochidium does not come
into contact with a proper fish host, it falls to the bottom and dies. Each
naiad species can successfully parasitize only certain species of fish. If a
glochidium attaches to the wrong host, it will eventually be sloughed off and
die. Some species have several fish hosts, while others may have only one.
Most fish hosts are still unknown.

Glochidia live on the fish host for a week to several months, depending
on the species, water temperature, and other factors. While attached, they
receive nutrients from the fish., Eventually, glochidia develop into Jjuvenile
naiades and drop from the fish to begin life on the stream bottom.
Unfortunately the host for E. f. curtisl is not known.

Epioblasma florentina curtisi is bradytictic (eggs are fertilized in the

fall and mature glochidia are released during early spring), based on ongoing
research by the Missouri Department of Conservation. Females are extremely
difficult to find except during March and April when they can be found lying
on their sides on the surface of the substrate, releasing glochidia. During
the remainder of the year they remain buried in the substrate. Other
Epioblasma species also appear to bradytictic (Ortmann 1919; Bogan and

Parmalee 1983).

Population Limiting Factors

Habitat

Epioblasma florentina curtisi is primarily limited by habitat. It

requires shallow flowing riffles and runs and relatively unpolluted water.
Much of the original habitat in which this species occurred has been inundated

by waters dammed for flood control, water supply, hydropower production, and



-11-

recreation (Buchanan 1983). Dam construction has impacted E. f. curtisi and
other naiad species in several ways: elimination of flowing water habitat
resulting in stagnation of bottom waters and accumulation of silt and organic
matter; alteration of food supply; and possible elimination of fish hosts or
restriction of their movement. Stream channelization and gravel dredging have
reduced substrate variability and stability. Poor land management practices
have increased siltation. Other forms of pollution have made many waters

uninhabitable.
Hosts

E. f. curtisi may be limited by its host. Unfortunately, its host is not
known. Research is currently being conducted by the Missouri Department of
Conservation in cooperation with the United States Fish and Wildlife Service

to determine the host and reproductive cycle of the Curtis' pearly mussel.
Reproduction

In streams such as the Castor River and Cane Creek, populations of E. f.
curtisi may be so low that successful reproduction is rare. In 1978 it took
four persons 22 man-hours to find a single living specimen in Castor River.

Living specimens have not been found in Cane Creek.

Habitat Requirements

Like most naiades, E. f. curtisi requires flowing, relatively pristine
silt-free waters. More specifically, this species appears to require shallow,
stable riffles and runs in transitional stream reaches between headwater and
lowland stream reaches. It has been found in order 4 to 7 streams with

gradients of 0.9 to 8.0 feet per mile. Recently it has been found in 2 to 30
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inches of water, in stable substrates of sand and gravel to gravel, cobble and

boulder (Buchanan 1982; 1983).

Endangered Species Status

Epioblasma florentina curtisi was listed as endangered on the United

States List of Endangered and Threatened Wildlife and Plants (United States
Department of the Interior 1976) on June 14, 1976, with an effective date of
July 14, 1976. This species remains extremely uncommon in the 15 miles or

less of streams in which it occurs.

Reason for Decline and Threats

Habitat alteration has been and remains the principal threat to E. f.
curtisi. This species requires shallow flowing water and a stable substrate.
Consequently, stream impoundment and dredging have been the principal factors
in the decline of E. f. curtisi. Impoundment caused the disappearance of E.
f. curtisi from White River, impoundment and gravel dredging may have con-
tributed to the decline of this species in Black River, and impoundment may
pose a threat to this species in Little Black River (Buchanan 1983).

Populations of E. f. curtisi in White River have been eliminated by a
series of impoundments constructed since the early 1900's. Lake Taneycomo,
impounded in 1913, covered the sites where this species was found in the early
1900's (Utterback 1915; Johnson 1978). White River was further impounded by
Bull Shoals Reservoir in 1952, Table Rock Lake in 1959, and Beaver Reservoir
in 1966,

The disappearance of E. f. curtisi from Black River may be related to dam
construction and gravel dredging (Buchanan 1983). Since closure of Clearwater

Dam, flow characteristics in Black River downstream have changed drastically.
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Hydrographic records at Leeper, 6.0 miles downstream from Clearwater Dam,
reflect these changes (United States Geological Survey unpublished data). The
dam has resulted in a drastic reduction in maximum annual flows, a reduction
in mean daily flows in April, May, and June, and an increase in mean daily
flows during July, August, and September. Clearwater Dam has caused much
lower downstream flows than occurred before its construction. Very low flows
may have exposed concentrations of naiades, causing desiccation, temperature
stress, and increased susceptibility to predators. Changes in flow
periodicity may have impacted reproduction through impacts on available fish
hosts, water temperature, etc.

In the Little Black River, E. f curtisi may be impacted by proposed
reservoir construction 4 to 6 miles upstream. The impact of an impoundment on
the aquatic organisms downstream is not easily predicted. Any effect which an
impoundment has upon water temperature and chemical characteristics, types and
amount of sediment, flow volume, duration and periodicity, and other factors
will ultimately impact nalades. Changes in fish populations may also affect
the chances of naiad reproduction. Changes in the microorganisms in the water
may impact a naiad's food supply. Two impoundments proposed to be built
upstream from populations of E. f. curtisi in Little Black River will cause
changes in flow volume and periodicity, and may change the availability of
nutrients and food, and cause an increase in scouring (Buchanan 1983).

Encroachment due to home construction and agricultural activities may
impact E. f. curtisi in both the Little Black and Castor rivers. Construction
of buildings on the floodplains of these two streams may result in bank
destabilization and alteration of the channel to reduce flooding damage to

those buildings. Agricultural activities in the floodplain can cause bank
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destabilization and an increase in nutrient and sediment loads. Deforestation

of the Little Black watershed may result in gravelling in of the river itself.

II. Recovery

Recovery Plan Objective and Rationale

The primary objective of this plan is to prevent the extinction of E. f.
curtisi and restore its populations so that it can be removed from the Federal
List of Endangered and Threatened Species. In order to do this, it is
necessary to: 1) protect existing populations of this species and its habitat,
2) enhance existing populations and associated habitat, and 3) restore viable
populations of E. f. curtisi to suitable habitat in its present and former
range.

E. f curtisi shall be considered recovered when: 1) viable? reproducing
populations occur in four streams sufficiently separate so that a single
catastrophic event would be unlikely to affect more than one population, 2)
provisions have been made to prevent any future man-made changes (dam
construction, channelization, in-stream dredging, etc.) that have the
potential to adversely affect mussels in those streams (i.e. the riverways
themselves are protected from significant changes due to industry,
agriculture, or other forms of human encroachment and development), and 3) the
four populations are protected by some form of riparian protected zone.

This plan is divided into two parts: Part A with a short-term goal to

2 yiable population - A reproducing population that is large enough to
maintain sufficient genetic variation to enable it to evolve and
respond to natural habitat change. The number of individuals needed
to meet this criterion will be determined as one of the recovery
tasks (J.S. Fish and Wildlife Service 1984).
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prevent extinction, and Part B with a long-term goal to provide for recovery

of this species.

Step~Down Outline

A. Prevent Extinction

Protect existing populations of E. f. curtisi and its habitat.

1.

2,

Further define the habitat needs of E. f. curtisi.

Review proposals for actions having the potential to adversely affect

E. f. curtisi or its habitat.

Develop land protection plans.

Set aside riparian zones where activities which may impact E f.

curtisi are prohibited.

Carry out other land protection actions.

Monitor habitat and populations in protected areas.

B. Recovery

1. Enhance existing populations through habitat and population management.

a.

b.

Improve status of habitat-limited populations.
(1) Evaluate habitat conditionms.
(2) Develop methods to improve habitat.
(3) 1Implement habitat improvement methods.
Enhance populations declining due to low numbers or density of mature
individuals.
(1) 1Identify populations with insufficient numbers or density.
(a) Determine population standing stocks.

(b) Determine if reproduction is taking place.
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(2) Determine how many individuals constitutes a viable population.
(3) Develop artificial culture/transplantation techniques.
(4) Enhance such populations with adults or artificially propagated
Juveniles.
c. Evaluate habitat and population enhancement efforts.
2. Restore viable populations of E. f. curtisi to unoccupied former range.

a. Identify limiting factors in former E. f. curtisi habitat.

b. Eliminate limiting factors.

c. Introduce E. f. curtisi to former habitat.

d. Protect reintroduced populations,

e. Monitor sites where E. f. curtisi has been introduced.

Narrative Outline

A. Prevent Extinction

Protect populations of E f. curtisi in the Little Black and Castor
Rivers, Cane Creek, and other streams where this species may occur.
Prevent adverse alteration of existing habitat, via establishment of
riparian protected zones, if necessary., The portions of Little Black and
Castor Rivers where this species occurs are essential for its survival,
and should be protected from adverse impacts resulting from development.
Land protection planning should be initiated to determine the best means
of preserving essential habitat areas.
1. Further define the habitat needs of E. f. curtisi so as to be able to
better predict impacts of potential changes.
a. Continue to collect physical and chemical data at sites where the

Curtis' pearly mussel occurs.
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5.
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b. Map stream reaches where this species occurs and mark locations
where individuals occur in relation to depth, gravel bars,
vegetation, flow, etc.

c. Compare plankton composition in streams to contents of Curtis!
pearly mussel stomachs to determine food habits of this species.

d. Record seasonal flow, temperature and chemical characteristics
where this species occurs and where it occurred previously.
Document any changes in historic flow, temperature, and chemical
regimes in streams from which this species has disappeared.

Review proposals for actions having the potential to adversely affect

E. f. curtisi or its habitat, and require modifications which

minimize or eliminate adverse effects.

Develop land protection plans which identify the best methods of

methods of protecting essential habitat.

Set aside, through purchase, lease, or other means identified in the

land protection plans, riparian zones where activities which may

adversely impact E. f. curtisi are prohibited.

Carry out other steps identified in land protection plans.

Monitor habitat and populations in protected areas to determine

if protective measures are effective.

a. Reexamine habitat characteristics every 3 to 5 years, and

relate changes in population density to habitat changes.

B. Recovery

1. Enhance existing populations through habitat and population management.

a.

Improve status of habitat-limited populations. Determine which



b.

-18-

marginal populations are limited by existing habitat, and improve the
status of those populations.
(1) Evaluate habitat conditions at all sites having marginal popu~

lations using the habitat needs data obtained from A1,
(2) Devise methods of reducing or eliminating those habitat

factors which are suppressing E. f. curtisi population levels.
(3) Implement habitat improvement methods.
Enhance status of density-limited populations. Where existing
habitat is capable of supporting greater populations than now exist,
but existing populations are so low that reproductive success is
poor, enhance populations through introduction of additional
individuals from viable populations (without harming viable
populations) or by introducing juveniles produced through artificial
culture. Propagation of E. f. curtisi through artificial culture
should be attempted only after the techniques for artificial culture
have been refined and there is a high likelihood that the juveniles
will survive in the natural environment. Removal of gravid females
and/or mature glochidia from viable populations for artificial
culture should take place only from populations which will not be
Jeopardized by such removal.
(1) Evaluate populations to identify those where recruitment is

limited by low numbers or density of mature individuals.

(a) Determine population standing stocks by quadrat sampling

or mark/recapture techniques. Repeat procedures every 3
to 5 years to determine population trends.
(b) Determine if reproduction is taking place by examining

females for mature glochidia in early spring, and by
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sieving the substrate for Juveniles.
- (2) Determine how many individuals constitutes a viable population.
(a) The present basis for determining how many individuals
constitute a viable population is theoretical. Franklin

(1980) postulates that at least 500 individuals are

necessary for a population to maintain its genetic

variability indefinitely. Smaller populations may lose
their genetic ability to adapt to changing conditions.

The following types of research will be required to

determine the exact numbers necessary for the Curtis'

pearly mussel to remain viable:

1. Chromosome mapping, electrophoresis, and other genetic
research to determine how much genetic variation
exists in each population, and between individuals in
each population.

2. Once it is determined how many individuals are
necessary to carry the present genetic variation, the
population size required to perpetuate this variation
can be determined based on mortality and recruitment
rates, sex ratio, fecundity, etc.

3. Genetic research towards determining how many
individuals constitutes a viable population can be
accomplished only after Task B1b(3) is completed.
Present populations are insufficient to permit removal
of adequate numbers of individuals for genetic
research.

(3) Develop artificial culture and transplantation techniques.

(a) The Tennessee Valley Authority (Isom & Hudson 1982; Hudson
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& Isom 1984) is developing techniques for culturing
glochidia and juveniles artificially.  TVA has
successfully raised the glochidia of several mussel
species to juveniles in an artificial medium consisting of
essential amino acids, vitamins, catfish blood, and
antibiotics. They have also had limited success growing
Juveniles in river water piped into the laboratory.

(b) The above techniques can be employed to propagate E. f.
curtisi only after they have been proven successful with
closely related species, artificially propagated Juveniles
of those species are surviving and developing under
natural conditions, and glochidia of E. f. curtisi have
been raised to the juvenile stage under artificial
conditions and shown to survive and grow under natural
conditions.

(4) Enhance such populations with adults or juveniles produced
through artificial propagation.
c. Perilodically evaluate enhancement efforts to see if those efforts
have been successful.
(1) Assess populations to determine if adult numbers are
increasing.
(2) Monitor introduced individuals for survival.
(3) Examine introduced individuals for gravidity.
2. Restore viable populations of E. f. curtisi to present and former range.
a. Identify limiting factors in habitats where E. f. curtisi occurred
previously but no longer occurs.
(1) Based on information collected in Section A1, identify
differences between sites where E, f, curtisi occurs and

where it no longer occurs.
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c.

d.
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Eliminate limiting factors if possible.

Introduce adults or juveniles to former habitat.

Protect reintroduced populations using the methods identified in "AW,
as appropriate.

Monitor sites every 3 to 5 years where E. f. curtisi has been
reintroduced to evaluate success of reintroduction, using tech-
niques from Section B1.

(1) Determine population standing stocks.

(2) Determine if reproduction is taking place.
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ITI. TIMPLEMENTATION SCHEDULE

GENERAL CATEGORIES FOR IMPLEMENTATION SCHEDULE (COLUMN 1)

Information Gathering - I or R (research)

1. Population status

2. Habitat status

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

6. Demographic studies
7. Propagation

8. Migration

9. Predation
10. Competition
11. Disease

12. Envirommental contaminant
13. Reintroduction
14, Other information

Management - M

1. Propagation

2. Reintroduction

3. Habitat maintenance and manipulation
4, Predator and competitor control

5. Depredation control

6. Disease control

7. Other management

Acquisition - A

1. Lease

2. Easement

3. Management agreement
4, Exchange

5. Withdrawal

6. Fee title

7. Other

Other - O

l. Information and education
2. Law enforcement

3. Regulations

4., Administration
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Priorities in column four of the implementation schedule are assigned as
follows:

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

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

3. Priority 3 All other actions necessary to provide for full recovery
of the species.

Abbreviations used in the implementation schedule, mainly in columns 7 and 8,
are as follows:

ARGFC Arkansas Game and Fish Commission

LE Law Enforcement Division, U.S. Fish and Wildlife Service
MODOC Mi ssouri Department of Conservation

SE Endangered Species Division, U.S. Fish and Wildlife Service
TBD To be determined

TVA Tennessee Valley Authority

USACE U.S. Army Corps of Engineers

USFS U.S. Forest Service, Mark Twain National Forest
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APPENDICES

APPENDIX A. Morphology of a naiad shell illustrating shell
terminology

APPENDIX B. Three reports from completed research on the
Curtis' Pearly Mussel

APPENDIX C. List of Reviewers
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Appendix B.

The following reports have been included as appendices to give the reader more

specific information on research already completed on the Curtis' Pearly

Mussel:

Buchanan, A. C. 1983. Distribution, abundance, status, and habitat of the
Curtis' Pearly Mussel Epioblasma florentina curtisi in southern Missouri.

United States Department of the Interior, Fish & Wildlife Service.
Endangered Species Project SE-3-1. 10 pp.

Buchanan, A. C. 1982. A study of Epioblasma florentina curtisi (Utterback
1915), the Curtis' Pearly Mussel, in the Upper Little Black River,
Missouri. United States Department of Agriculture, Soil Conservation
Service, Columbia, Missouri. 11 pp.

Buchanan, A. C. 1983. An evaluation of the potential impacts of SCS
Structures B-9 and C-7 upon the Curtis' Pearly Mussel, Epioblasma
florentina curtisi (Utterback 1915) in the Upper Black River, Missouri.
United States Department of Agriculture, Soil Conservation Service,
Columbia, Missouri. 18 pp.
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Abstract

One hundred and forty-six sites were sampled on twenty-six streams
in southern Missouri during 1981 and 1982 to determine the distribution

and status of Epioblasma florentina curtisi, a federally endangered species.

Epioblasma florentina curtisi was not found in any new areas nor in areas of

Black River and Cane Creek where it had been collected previously. No fresh
specimens of E. f. curtisi have been found in Cane Creek or Black River since
1971. It occurs only in 6.1 miles of the Upper little Black River and 7
miles or less of the Castor River upstream from the Headwater Diversion
Channel. These stream reaches should be considered critical habitat for
E. f. curtisi. Most of the remaining E. f. curtisi occur in the Upper Little
Black River. Management of this species should include periodic monitoring
of populations, protection of critical habitat, searches for additional popu-
lations, reintroduction into areas from which it has disappeared, and intro-

duction into other areas which appear suitable.



Introduction

The Curtis Pearly Mussel, Epioblasma florentina curtisi, is one of

those species which is so uncommon that it is on the verge of extinction.
Although it has never been common or widespread, the range of Epioblasma

florentina curtisi has declined significantly since the early 1900s. Loss

of habitat has been the primary cause of the decline of this species. This
species requires shallow, flowing streams with stable substrates. Dam con-
struction, sand and gravel dredging, and other activities have destroyed much
of the habitat where this species originally occurred.

The Curtis Pearly Mussel was first described from specimens collected
in the White River at Hollister, Missouri (Utterback 1915). 1In his '"Naiad-
geography of Missouri" (1917) Utterback listed this species as "abundant”
in the White River Basin in southwestern Missouri and "scarce'" in the Black
River Basin in southeastern, Missouri. Johnson (1978) 1lists collection of
this species taken from the White River near Forsyth, Missouri in the early
1900s. The White River has been impounded at both of the aboﬁe White River
sites, and E. f. curtisi no longer occurs in this stream.

More recently E. f. curtisi has been found in the Black and Castor rivers
(Oesch in press; personal communication with Dr. David H. Stansbery, Director,
Museum of Zoology, Ohio State University, Columbus, Ohio), Cane Creek, a
tributary to the Black River (Oesch in press), and in the Little Black
River (Buchanan 1979). Living E. f£. curtisi had only been collected in
the Little Black and Castor rivers since the early 1970s.

This study was undertaken to gather information on the present dis-
tribution and status of E. f. curtisi in Missouri. The objectives of this study,

conducted during April, 1981 through November, 1982 were: 1. to determine
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the distribution and abundance of the Curtis Pearly Mussel; 2. to acquire
information about its habitat; 3. to identify existing and potential threats
to its survival; and 4. to develop recommendations for enhancing its status.
This study was partially funded by the U. S. Department of the Interior,

Fish and Wildlife Service.

Materials and Methods

Populations of Epioblasma florentina curtisi were assessed by field

sampling in the Black, St. Francis, Castor, and White River basins in southern
Missouri. Study sections included stream reaches where E. f. curtisi was
found in the recent past and reaches believed likely to provide favorable
habitat for this species, based on stream and basin characteristics such as
area geology, topography, stream gradient, soil types, etc.

During April, 1981 through November, 1982, naiades were collected at
146 sites in 26 streams in southern Missouri (Fig. 1). Both stream reaches
where E. f. curtisi had been found in the past and other reaches which

appeared suitable for Epioblasma florentina curtisi were sampled. In most

cases, a stream was sampled at 5-mile intervals in those reaches.

All habitat types were sampled at each site. Shells were collected by
hand along shore, from muskrat and raccoonpiles, and from the bottom of the
stream. Live naiades were collected by hand while wading, and diving if
necessary, until representatives of all species present were collected. The
time spent collecting at each site ranged from 15 ninutes to 7 1/2 hours;
the average was 2 hours and 30 minutes.

The following information was recorded at each site: date, location,

name(s) of collector(s), area covered by the site, bottom type(s) where
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living naiades were found, water temperature, water depth, collection techn-
niques, the number of specimens of each species examined, and current velocity
where living naiades were found. One or more specimens of all species except
endangered species found at a site were retained as vouchers. Endangered
species were photographed and returned unharmed to the habitat.

At each site, total hardness, pH, alkalinity, and dissolved oxygen
were determined with a Hach kit, turbidity was measured with a Hach turbidi-
meter, and current velocity was measured with a Pygmy Current Meter. Current
velocity was measured at mid-depth in water less than 6 inches deep and at

surface and bottom in water greater than 6 inches deep.
Results and Discussion

Distribution and Abundance

Epioblasma florentina curtisi was not found in any new areas during this

study. Also, no living specimens or fresh shell were found in areas of Black
River and Cane Creek where it had been collected previously. No fresh material
of E. f. curtisi has been found in Cane Creek or Black River since 1971.

Based on this study, and a study on the upper Little Black River (Buchanan
1982), this species presently occurs only in 6.1 miles of the upper Little
Black River and 7 miles or less of the Castor River upstream from the
Heédwater Diversion Channel (Fig. 2). It is known from a total of only six
sites in these two streams. Following is a description of the distribution

of E. f. curtisi in streams where it has been found both recently and his-

torically.

White River

No E. f. curtisi have been collected from White River since it was
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impounded. Since E. f. curtisi is a riffle species, no sites were sampled
on White River during this study. This species was not found in south-flowing
tributaries sampled in southwestern Missouri during 1981-82, including James

River, North Fork White River, and Swan, Bull, and Beaver creeks.
Black River

Epioblasma florentina curtisi has disappeared from Black River. It

was first collected from Black River during the early 1900s (Utterback 1915).
Utterback (1917) listed this species as "scarce" in the Black River Basin.
During the 1960s E. f. curtisi was collected from Black River near Markham
Spring, at Williamsville, and at Hendrickson (Oesch in press; personal
communication with Dr. David H. Stansbery). Fresh shell of this species was
collected from the Black River near Hendrickson in 1964 (OSUM 13647) and 1967
(OSUM 26509), and from Black River near Markham Spring in 1971 (OSUM 33633).
No fresh material of this species has been found in Black River since 1971.
No E. f. curtisi were found at 13 sites sampled between Clearwater Dam and
Poplar Bluff during 1981 and 1982 (Fig. 1). The site near Hendrickson where
it previously occurred has been dredged for sand and gravel. 0ld subfossil
shell of this species was found in a muskrat midden near Williamsville but
no fresh material was found.

The reason for the decline in E. f. curtisi populations in Black River
is unknown. Changes in flow patterns in Black River since construction of
Clearwater Dam in 1948 have probably contributed to the decline of E. f.
curtisi in this stream. Hydrograph records at Leeper, 6.0 miles downstream
from Clearwater Dam, reflect these changes (USGS). Between 1922 and 1948,

the maximum annual flow was less than 10,000 cubic feet per second (cfs)
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only 8 times and was less than 5,000 cfs only twice. Since construction of
Clearwater Dam, the maximum annual flow at Leeper has never exceeded 10,000
cfs and has exceeded 5,000 cfs only twice. Periodicity of flows has been
altered also. Mean daily flows at Leeper during April, May, and June were
reduced by 357, 124, and 335 cfs, respectively, by Clearwater Dam. Mean
daily flows during July, August, and September have been increased by 198,
160, and 126 cfs, respectively, by the dam. Clearwater Dam has also resulted
in extremely low flow levels at Leeper. Between 1922 and 1948, annual minimum
flows dropped below 200 cfs only 7 times, and the lowest flow was 133 cfs in
August, 1934, Between 1949 and 1979 annual minimum flows dropped below 200
cfs 14 times and below 100 cfs twice. The lowest flows recorded were 70 cfs
in November, 1959 and 62 cfs in September, 1966. The above flow changes
could impact the time and bottom area available for fish, potential hosts for
E. f. curtisi and other naiades, to spawn. Very low flows may expose con-
centrations of naiades, causingdesiccation, temperature stress, and increased

susceptibility to predators.

Cane Creek

A single subfossil shell of E. f. curtisi was collected in Cane Creek,
a tributary to Black River, by Oesch (in press) in 1978. No other specimens
of this species have been found in Cane Creek. None were found at three
sites sampled between 21.5 miles and 29.0 miles upstream from the Arkansas
border during 1980 and 1981. This stream changes rapidly from a headwater
stream to a lowland stream and less than 5 miles of it provides potentially
suitable habitat for E. f. curtisi. Naiad populations in Cane Creek are
very limited. If E. f. curtisi still occurs in Cane Creek, it is present

in very low numbers.
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Castor River

Utterback (1915, 1917) did not report finding E. f. curtisi in the Castor
River. This species was first collected from the Castor River at Zalma during
the 1960s by Frieda Schilling and Hessie Kemper (Oesch in press; personal
communication with Dr..David H. Stansbery) (Fig. 2). The Ohio State Uni-
versity Museum (OSUM) has lots (OSUM 35918; OSUM 40480; OSUM 42223) containing
a total of six specimens of E. f. curtisi collected at Zalma between 1973 and
1978. The Zalma site was last collected in 1978. At that time, E. f. curtisi
occurred in very low numbers and only one specimen was found during 24 man-
hours of effort. I felt no need to further disturb the site for the purposes
of this study.

No E. f. curtisi were found at eight sites sampled in Castor River
between 2.0 miles and 31.0 miles upstream from the Headwater Diversion Channel.
Only about 6 miles, between 7.4 and 13.5 miles above the Headwater Diversion
Channel, appear to provide suitable habitat for E. f. curtisi. Upstream from
this 6-mile reach the stream becomes unstable, and downstream it becomes
sluggish and lacks well-defined riffles. This species probably still occurs

in Castor River in low numbers.
Little Black River

The bulk of the remaining E. f. curtisi occurs in 6.1 miles of the
upper Little Black River. Buchanan (1979) first found this species at
three sites in 5 miles of the upper Little Black River during a survey of
that stream funded by the Soil Conservation Service. During a subsequent

study (Buchanan 1982) the range, habitat, and abundance of E. f. curtisi
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in the upper Little Black River were further defined. Epioblasma florentina

curtisi occurs between river miles 33.6 an& 39.7 of this stream (Fig. 2).
Thirty living specimens of E. f. curtisi from the upper Little Black
River, including 27 males and 3 females, were examined during 1979 through
1982, more specimens than have been found previously elsewhere. E. f. curtisi,
however, is uncommon even in the Little Black River. Only 0.05 E. f. curtisi
per square meter were found during quantitative sampling at three sites where
this species is known to occur (Buchanan 1982). It comprised only 0.9 percent

of the living naiades at those sites.

Habitat

Epioblasma florentina curtisi occurs in stream reaches which are tran-

sition areas between headwater and lowland stream reaches. It is found in
order 4 to order 7 streams with gradients of 0.9 to 8.0 feet per mile, in
stable substrates of sand and gravel to gravel, cobble and boulder, in riffles
or runs. The mean particle size of the substrate where this species is found,
based on substrate énalysis in the Little Black River, ranges from small
gravel to cobble (Buchanan 1982). It is found in 4 to 30 inches of water

in slow (less than 0.02 m/sec. to 0.2 m/sec.) current.

Status

Epioblasma florentina curtisi is extremely uncommon in the less than

15 miles of streams where it occurs in southeastern Missouri. Only the
upper Little Black River contains populations large enough to be effectively
monitored and to serve as a source for reintroduction of E. f. curtisi into
areas where it occurred previously. Loss of the Little Black River popu-

lations would probably result in extinction of the species. Epioblasma
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florentina curtisi probably still occurs in Castor River in very low numbers.

The Little Black River between river miles 33.6 and 39.7, and the Castor
River between river miles 7.4 and 13.5 should be considered critical habitat
for E. f£f. curtisi. Any impacts upon existing populations of this species

may prevent its recovery.

Threats

Habitat alteration has been and remains the principal threat to E. f.
curtisi. This species requires shallow flowing water and a stable substrate.
Consequently, stream impoundment and dredging have been the principal factors
in the decline of E. f. curtisi. Impoundment caused the disappearance of
E. f. curtisi from White River and impoundment and gravel dredging con-
tributed to the decline of this species in Black River.

In the Little Black River E. f. curtisi may be impacted by proposed
reservoir construction 4 to 6 miles upstream. The impact of an impoundment
on the aquatic organisms downstream is not easily predicted. Any effect
which an impoundment las upon water temperature, the chemical parameters of
water, the types and amount of sediment in the water, flow volume, duration
and periodicity, and other factors will ultimately impact naiades. Changes
in the fish present may affect the chances of a naiad successfully reproducing.
Changes in the microorganisms in the water may impact a naiad's food supply.

Encroachment due to home construction and agricultural activities may
impact E. f. curtisi in both the Little Black and Castor rivers. Construc-
tion of buildings on the floodplains of these two streams may result in bank
destabilization and alteration of the channel to reduce flooding damage to
those buildings. Agricultural activities in the floodplain can cause bank

destabilization and an increase in nutrient and sediment loads.



Recommendations

1.

The Little Black River between river miles 33.6 and 39.7 and the Castor
River between 7.4 and 13.5 miles above the Headwater Diversion Channel
should be listed as critical habitat for E. f. curtisi.

Populations of E. f. curtisi in the Little Black and Castor rivers should
be monitored to detect changes which might affect the status of this
species.

Portions of the habitat where E. f. curtisi occurs should be protected,
through purchase or other means, to assure survival of existing popu-
lations.

Activities which might adversely impact E. f. curtisi in the Little
Black and Castor rivers should be prevented.

Attempt to determine the reproductive cycle and host(s) of E. f. curtisi.
Continue to gather information on the habitat requirements for this species.

Identify stream reaches which may provide suitable habitat for E. f.

curtisi.

Attempt to reestablish E. f. curtisi in habitats where it previously
occurred. Care must be taken, however, tn avoid harming existing popu-

lations by removal of too many individuals.
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ABSTRACT

A study of the Curtis Pearly Mussel, Epioblasma florentina curtisi,

in the Upper Little Black River, Missouri was conducted from May 1980
through November 1981. Twenty-one sites, including 11 sites on the Upper
Little Black River, 2 sites on Flat Creek, 3 sites on Cane Creek, 1 site

on Ten Mile Creek, and 4 sites on Castor River were examined. E. f. curtisi
was not found in Flat or Ten Mile creeks or at any additional sites in Cane
Creek or Castor River. The known range of E. f. curtisi was extended 1.2
miles in the Little Black River where it is now known from river mile 33.6
to river mile 39.7.

Comparison of naiad populations in the Upper Little Black River between
river miles 33.6 and 43.5 revealed little difference in abundance, relative
abundance, or species composition between 3 sites where E. f. curtisi is
known to occur and 2 sites where this species does not occur. Seven
species comprised 89.1%7 of the living naiades found in the 600 quadrats

quantitatively sampled in the Upper Little Black River: Elliptio dilatata

(29.3%), Pleurobema coccineum (23.7%) Lampsilis reeviana brevicula (15.6%),

Ptychobranchus occidentalis (8.4%), Villosa lienosa lienosa (5.7%), Fusconaia

flava (3.9%), and Toxolasma parvus (2.5%). Elliptio dilatata, P. coccineum,

L. r. brevicula, P. occidentalis, and F. flava comprised over 75% of the

living naiades found at both E. f. curtisi sites and non-E. f. curtisi
sites. E. f. curtisi comprised only 0.67% of the naiades found. An average
of 5.3 and 4.6 naiades/yd2, respectively, were found at E. f. curtisi sites
and non-E. f. curtisi sites. There was no significant difference in water
quality or substrate composition between sites where E. f. curtisi occurred
and did not occur in the Upper Little Black River.

The 23 E. f. curtisi collected included 20 males and 3 females, ranging



from 0.6 to 1.5 inches long and from 4 to over 12 years old. Males were

larger than females. They occurred in 4 inches to 30 inches of water, in
slow (less than 0.2 yd/sec. to 0.26 yd/sec. at bottom) current, in a sand
and gravel to a gravel, cobble and boulder substrate in or near riffles,

in reaches of streams which serve as transition zones between headwaters

and lowlands.

The populations of E. f. curtisi found in the Upper Little Black River
are the best populations of this species known. The Little Black River
between river miles 33.6 and 39.7 may be considered habitat essential to
the survival of E. f. curtisi if no better populations of this species are

found.



INTRODUCTION

Epioblasma florentina curtisi, the Curtis Pearly Mussel, was first

reported from the Upper Little Black River during a survey funded by the
United States Department of Agriculture, Soil Conservation Service (Buchanan
1979). Although its presence was documented between river miles 33.6 and
38.5, its habitat requirements were not sufficiently described to evaluate
the potential impacts of two proposed S.C.S. impoundments upon this species
in the Upper Little Black River.

The primary objective of this study is to determine the distribution,
abundance, habitat preference, and age structure of populations of E. f.
curtisi in the Upper Little Black River and at selected sites in Cane Creek
and the Castor River in Missouri. A secondary objective is to determine
the reproductive success of E. f. curtisi in the above named streams. This
study is being funded by the Columbia, Missouri office of the Soil Conser-
vation Service to provide baseline data for evaluating the potential impacts

of the two proposed S.C.S. impoundments (B-9 and C-7) upon the populations

of E. f. curtisi in the Upper Little Black River.

STUDY AREA

The primary study area, in the Little Black River Basin in southeastern
Missouri (Fig. 1), is the Little Black River between river mile 43.5 (T24N,
R3E, Section 4) in Ripley County and river mile 29.0 (T24N, R4E, Section 26)
in Butler County (Fig. 2). The Little Black River in the primary study area
is characterized by long, shallow, gravel and cobble-bottomed riffles inter-
spersed with long, deep, silt and sand-bottomed pools. This portion of the
Little Black River serves as a transition zone between its headwater and

lowland reaches. Water willow (Justicia americana) is found in dense stands
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Little Black River Basin, Missouri and Arkansas.
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along shore in riffle areas, and Spatterdock (Nuphar ozarkanum) and Pond

week (Potamogeton sp.) are the most abundant plants in pools. The banks in
most of the primary study reach are forested. Stream gradient ranges from
5.7 to 10.0 feet per mile.

The secondary study area is the Castor River between Highway 34 and
the headwater diversion in Bollinger County, and Cane Creek between Highway
PP and Highway 160 in Butler County (Fig. 3). These specific reaches of
stream are transition zones between headwater and lowland streams habitats.
Gradient in the study area of tﬁe Castor River ranges from 0.9 to 5.9 feet
per mile. Cane Creek ranges in gradient from 2.5 to 5.9 feet per mile in
the study reach. More specific water chemistry data for the above three

stream reaches and Flat and Ten Mile creeks are listed in Table 6.

MATERIALS AND METHODS

Naiades were collected at 21‘sites during May 1980 through November
1981, including 11 sites on the Little Black River, 4 sites on Castor River,
3 sites on Cane Creek, 2 sites on Flat Creek and 1 site on Ten Mile Creek
(Fig. 3). Estimates of naiad density were made at 6 of the 21 sites (Fig.
3).

Initial sampling at 3 sites on the Castor River, 3 sites on Cane Creek,
and 9 sites on the Little Black River was conducted to further delineate
the distribution of E. f. curtisi in stream reaches from which it had pre-
viously been reported (Buchanan 1979) (including sites at approximately
l-mile intervals in the Little Black River between river miles 38.5 and 41.7
and between river miles 29.0 and 33.6). At these sites dead shells were
collected by hand along shore, from muskrat and raccoon piles, and from the

bottom of the stream. Live naiades were collected by hand while wading
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until we were confident that representatives of all species present had
been collected.

Estimates of the density of naiades and Asiatic clams (number per
square yard) were made at 5 sites on the Little Black River and 1 site on
the Castor River. At each of these sites, a 50 (45m) to 110 (100m) yard
stretch of stream which appeared to provide potential habitat for E. f.
curtisi was marked off randomly (using a random numbers table) so that an
average of one transect for every 3.3 yards (3m) of stream length was made.
Along each transect, 1 to 7 quadrats (0.6 yd2) were selected (1 quadrat per
every 5.5 yards (5m) of stream width). The substrate was sampled twice to
a depth of 4 to 6 inches in each quadrat and all naiades and Asiatic Clams

(Corbicula leana) were counted. Naiades and C. leana were counted in 600

quadrats on the Little Black River and in 92 quadrats in the Castor River.

Eleven to 20 randomly selected substrate samples were taken at the
5 sites on the Upper Little Black River where estimates of naiad densities
were made. A l-gallon can with one end removed was forced into the sub-
strate as far as possible to obtain a substrate sample. These samples
were frozen for later analysis.

Substrate samples were allowed to thaw and air-dry. Two randomly
selected subsamples, each representing 1/8 of the original sample were
taken for further analysis. The material was seived to separate each sub-
sample into nine different particle sizes (Table 3). Each size fraction
was weighed, and its percent of the total weight of the subsample was
calculated. The relative percent of each particle size was used to calcu-
late mean Phi diameter, a measure of the mean particle size of the substrate

(Inman 1952).
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After sieving, all material less than 0.04 inches in diameter was
combined from each subsample for determination of organic content. Each
of these samples was dried at 100°C for 24 hours, weighed, ignited at 600°C
for 2 hours and weighed again to determine percent loss at ignition.

Total hardness, pH, alkalinity, and dissolved oxygen were determined
with a Hach kit, and turbidity was measured with a Hach turbidimeter at
each site at which estimates of naiad density was made. These measurements
were made quarterly during 1981. Current velocity was measured with a
Pygmy Current Meter at locations where living E. f. curtisi were found.
Current velocity was measured at mid-depth in water less than 6 inches

deep, and at the surface and bottom in water greater than 6 inches deep.

RESULTS AND DISCUSSION

Epioblasma florentina curtisi was found 1.2 miles further upstream in

the Little Black River during 1980 and 1981 than had been previously reported
(Buchanan 1979). It was not, however, found any further downstream than
previously reported. The Little Black River between river miles 30.4 and
33.6 appears to provide poor habitat for naiades and no naiad concentrations
were found in that reach of the river. The known range of E. f. curtisi now
extends from river mile 33.6 to river mile 39.7 (Fig. 2).

Twenty-three living specimens of E. f. curtisi, including 20 males
and 3 females were found in the Upper Little Black River (Table 2). Males
ranged from 0.6 to 1.5 inches long and from over 6 years old to over 12
years old. The 3 females were 0.9, 0.9, and 1.1 inches long and were all
betweea 4 and 6 years old (Table 2). Twenty-one of the 23 specimens were
found at river mile 37.9.

The composition of the substrate varied widely, both between sites and
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Table 2. Age, sex, and size of the Epioblasma florentina curtisi found
in Upper Little Black River during 1980 and 1981.

Length Age
River Mile Sex (inches) (years)
1980 39.7 M 1.3 10+
37.9 M 1.2 9
M 1.2 10
M 1.4 10
M 1.5 12+
F 1.1 5+
36.7 M 0.6 6+
1981 37.9 M 1.2 9
M 1.3 9+
M 1.3 10
M 1.2 8+
M 1.3 8+
M 1.2 9
M 1.3 10+
M 1.2 7+
M 1.3
M 1.3
M 1.3
M 1.3 12
M 1.2 7+
M 1.1 9
F 0.9 4+
F 0.9 5
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at any one site (Table 3). ' There was no significant differeonce in the
composition of the substrates between sites and no significant difference
in the composition of the sﬁb;trates where E. f. curtisi was found and where
it was not. The mean particle size of the substrate samples ranged from
coarse sand (0.02 to 0.04 inches in diameter) to cobﬁlev(l.ZS to 2.5 inches
in diameter). Organics comprised less than 0.6% of all substrate samples,
and less than 0.47% of the substrate samples where E. f. curtisi was found.

Epioblasma florentina curtisi was found in 4 to 30 inches of water,

in slow (less than 0.2 yd/sec. to 0.26 yd/sec. at bottom) current, in a
sand and gravel to a gravel, cobble and boulder substrate. The mean parti-
cle size of the substrate where E. f. curtisi was found ranged from small
gravel (0.04 to 0.16 inches in diameter) to pebble (0.62 to 1.25 inches

in diameter).

An average of 5.1 naiades and 74.4 Corbicula leana per square yard was

found in the Little Black River at the 5 sites where estimates of naiad
density were made (Table 4, Fig. 2). Naiades were found in 63.87 of the

quadrats sampled and occurred at all 5 sites. Corbicula leana was found in

72.07 of the quadrats sampled and occurred at 4 of 5 sites sampled; none
were found at the most upstream site. Seventeen naiad species were found,
including E. f. curtisi, and Cyprogenia aberti (Table 1.).

Seven species comprised 89.1% of the living naiades found in the 600

quadrats sampled in the Upper Little Black River (Table 4): Elliptio dilatata

(29.3%) . Pleurobema coccineum (23.7%), Lampsilis reeviana brevicula (15.6%),

Ptychobranchus occidentalis (8.4%), Villosa lienosa lienosa (5.7%), Fusconaia

flava (3.9%), and Toxolasma parvus (2.5%Z). Epioblasma florentina curtisi

was found in 8 of the 600 quadrats sampled and comprised only 0.6% of the

living naiades found. E. f. curtisi was found at only 1 of the 5 sites



Particle size and organic composition of the substrate at five sites in the Upper Little Black River.

Table 3.
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Table 3 (continued).
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during quantitative sampling in 1980 and 1981, even though it had previously
been found at 3 of these 5 sites (Buchanan 1979). This species comprised
only 1.6% of the living naiades found at that site.

The mean density of naiades ranged from 1.9 to 21.7 naiades per square
yard at river miles 36.7 and 37.9, respectively. ,There was little differ-
ence, however, between the mean density of naiades at the 3 sites at which
E. f. curtisi occurs and the 2 sites where it does not occur (5.3/yd2 and
4.6/yd2, respectively). E. f. curtisi was most abundant at the site which
had the greatest concentration of all naiades.

There were few differences in species composition and relative abundance
between the E. f. curtisi sites and the non-E. f. curtisi sites. Five species,

E. dilatata, P. coccineum, P. occidentalis, L. r. brevicula, and F. flava

comprised 78.4% of the living naiades found at the 3 E. f. curtisi sites
and 85.2% of the living naiades found at the 2 non-E. f. curtisi sites
(Table 4). L. r. brevicula, typically a headwater species, was the most
abundant species at river mile 43.5 (Table 5). It comprised a progressively
smaller portion of the naiad population, however, further downstream.

Elliptio dilatata and P. coccineum were the most abundant species at the

3 E. f£f. curtisi sites and were second and third in abundance, respectively,
at the 2 non-E. f. curtisi sites (Table 4).

Measures of water quality were similar at all sites in the Little Black
River (Tables 6 and 7). Dissolved oxygen ranged from 5.5 to 13.2 mg/l,
alkalinity from O to 137 mg/l, total hardness from 86 to 205 mg/l, pH from
7.0 to 8.5, and specific conductance from 110 to 165 pmhos/cm?. No distinc-
tive trends were evident between upétream and downstream portions of the

primary study area.
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Table 7. Water quality measurements at six sites in the Upper Little Black River
during April, 1981 through January, 1982.

River Mile: 33.6 36.7 37.9 39.7 42.1 43.5
April 10, 1981
Water temperature (OC) 20 20 20 19 18 18
Dissolved oxygen (mg/l) 9.9 7.7 7.7 7.7 7.7 7.7
pH 8.5 8.5 8.0 8.0 8.0 8.0
Alkalinity (mg/1) 86 86 86 86 68 68
Total hardness (mg/l) 137 137 120 120 103 103
Turbidity (JTU'S) - - - - - -
June 21, 1981
Water temperature (©C) 23 24 24 23 23 23
Dissolved oxygen (mg/1) 7.7 6.6 5.5 6.6 6.6 6.6
pH 8.0 7.5 7.5 7.5 7.5 7.5
Alkalinity (mg/l) 68 68 68 51 68 51
Total hardness (mg/1l) 120 120 120 103 103 86
Turbidity (JTU'S) - - - - - -
August 8-12, 1981
Water temperature (°C) 22 23 23 24 - 26
Dissolved oxygen (mg/l) 7.7 6.6 5.5 6.6 - 7.7
pH 8.5 8.0 8.0 8.5 - 8.0
Alkalinity (mg/1) 120 120 137 137 - 120
Total hardness (mg/1) 17 205 in 154 - 154
Total nitrogen (mg/l) 0.185 0.159 0.217 0.155 0.142 0.173
Total phosphorus (mg/l) 0.034 0.036 0.030 0.034 0.033 0.030
Turbidity (JTU'S) 3.8 3.5 3.6 4.1 2.2 2.7
October 19-22, 1981
Water temperature (°C) 13 14 15 13 15 15
Dissolved oxygen (mg/l) 7.7 7.7 7.7 8.8 8.8 7.7
pH 8.5 8.5 8.5 8.0 8.0 8.5
Alkalinity (mg/l) 68 68 34 68 68 51
Total hardness (mg/l) 188 171 188 171 171 154
Total nitrogen (mg/l) 0.118  0.104  0.118  0.152  0.105  ©0.145
Total phosphorus (mg/1) 0.018 0.008 0.016 0.020 0.002 0.02
Turbidity (JTU'S) 3.0 1.3 2.5 1.4 3.3 4.9
January 12, 1982
Water temperature (°C) 0 0 - 0 0 0
Dissolved oxygen (mg/l) 12.1 12.1 - 11.0 13.2 12,1
pH 7.5 7.5 - - 7.5 7.5 7.0
Alkalinity (mg/1) 0 0 - 0 0 0
Total hardness (mg/1l) 120 103 - 103 103 103
Total nitrogen (mg/1) 0.470 0.510 - 0.517 0.517 0.617
Total phosphorus (mg/1l) 0.011 0.014 - 0.011 0.012 0.015
Turbidity (JTU'S) 3.5 3.0 - 2.6 2.7 2,3
Conductivity 165 150 - 135 145 120
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Quarterly measurements of water quality made during 1981 and early
1982 revealed little difference among the 5 sites that were quantitatively
sampled in the Upper Little Black River (Table 7). Alkalinity, total hard-
ness, and water temperature were highest during summer and lowest during
winter, dissolved oxygen and total nitrogen were %ighest during winter, and

pid was lowest during winter.

Flat Creek
Fifteen species of naiades were found in Flat Creek at the 2 sites
sampled (Table 1). No E. f. curtisi were found. No attempt was made to

estimate naiad densities in Flat Creek.

Castor River

Seventeen naiad species were found at the 4 sites sampled in the Castor
River during 1980 and 1981 (Table 1). Although E. f. curtisi has been found
as recently as 1978 in the Castor River at Zalma (river mile 9.8), none were
found at that site or at the other 3 sites sampled during 1980. Habitat at
river miles 20.0 and 30.3, upstream from Zalma, éppeared to be too unstable
for E. f. curtisi. The Castor River at river mile 3.6, downstream from
Zalma, is a slow, sluggish, turbid lowland stream and not suitable habitat
for E. f. curtisi.

Estimates of naiad density in the Castor River at river mile 9.8

revealed an average of 12.3 naiades and 242.2 Corbicula leana per square

yard (Table 8). Nine species were found in quadrats sampled at this site.

Elliptio dilatata (76.9%) and Actinonaias ligamentina carinata (9.5%) com-

prised 86.4% of the naiades found.



Table 8. Numbers and relative abundance of naiad species found at River Mile 9.8
in the Castor River during 1980.

Percent Number Relative
occurrence found No./yd abundance(%)
Species in quadrats
Lasmigona costata 1.1 1 * 0.4
Quadrula metanevra 4.3 5 0.1 1.8
Amblema p. plicata 12,0 14 0.2 5.1
Fusconaia flava 2.2 2 * 0.7
Pleurobema coccineum 2.2 2 * 0.7
Elliptio dilatata 52.2 210 3.4 76.9
Cyprogenia aberti 9.8 11 0.2 .0
Actinonaias ligamentina carinata 21.7 26 0.4 .5
Ligumia recta 2.2 2 * .7
Naiad Totals 64.1 273 4.5 100.0
Corbicula leana 95.6 14,788 242 .2
Area sampled 2051.6 yd2
Sample size 61.1 yd2
Percent of area sampled 3.0%
Length of stream sampled 102 yd

* = less than 0.1%



Cane Creek

Thirteen species of naiades were found at the 3 sites sampled in Cane
Creek during 1980 and 1981 (Table 1). No E. f. curtisi were found. Oesch
(in press) reported taking gQ j, c;rtisi from Cane Creek at Highway M, but
none were found at that site during this study. 7This species is‘very
uncommon in Cane Creek and it probably occurs in only a short reach of this

stream. Naiad densities were not estimated in Cane Creek.

Ten Mile Creek

Lampsilis reeviana brevicula was the only naiad species found at the

single site sampled in Ten Mile Creek during 1980; no E. f. curtisi were

found (Table 1).

SUMMARY AND RECOMMENDATIONS
Naiad collections were made at 11 sites in the Upper Little Black River,
2 sites in Flat Creek, 4 sites in the Castor River, 3 sites in Cane Creek,
and at 1 site in Ten Mile Creek to further delineate the distribution of

Epioblasma florentina curtisi in these streams. Epioblasma florentina

curtisi was not found in Flat Creek or Ten Mile Creek, or at any new sites

in Cane Creek or the Castor River. Epioblasma florentina curtisi was found:

1.2 miles further upstream in the Upper Little Black River than previously "
reported, and its known range now extends from river mile 33.6 to river

mile 39.7.

Epioblasma florentina curtisi was found in slow (less than 0.02 yd/sec.

to 0.26 yd/sec. at bottom) current in 4 to 30 inches of water in a sand and
gravel to gravel, cobble, and boulder substrate. The mean particle size of

the substrate where E. f. curtisi was found, based on substrate analysis,
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ranged from small gravel to cobble. The particle size and organic compo-
sition of the substrate where E. f. curtisi was found was similar to that
where it was not found in the Upper Little Black River.
The 20 male and 3 female E. f. curtisi found during 1980 and 1981
ranged from 0.6 to 1.5 inches long and were detertined to be from more than
4 to over 12 years old.

An average of 5.1 naiades and 74.4 Corbicula leana per square yard

were found in the Upper Little Black River at the 5 sites where estimates
of naiad densities were made. At 3 sites where E. f. curtisi is known to
occur, an average of less than 0.1 E. f. curtisi per square yard were found.

The abundance, relative abundance, and species composition of naiades
were similar at sites where E. f. curtisi occurred and sites where this
species did not occur in the Upper Little Black River. Measures of water
quality were similar at sites where E. f. curtisi occurred and sites where
this specles did not occur.

Epioblasma florentina curtisi, in both the Little Black River and

other streams from which it is known, occurs in stream reaches which repre-
sent transition areas between headwater and lowland stream reaches. It is
found in stream reaches of order 4 to order 7, with gradients from 6.9 to
8.0 feet per mile, in stable substrates of sand and gravel to gravel, cobble
and boulder, in riffles or runms.

Habitat and population characteristics examined during this study do
not explain why E. f. curtisi occurs where it does in the Upper Little
Black River nor do they enable us to predict what impact proposed S.C.S.
impoundments might have on this species in the Upper Little Black River.

This study does underline, however, the importance of these populations to
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the species as a whole. The populations of E. f. curtisi in the Upper Little
Black River are the largest known populations of this species. The Upper
Little Black River between river miles 33.6 and 39.7 should be considered
essential habitat for the survival of E. f. curtisi unless ongoing studies
(Buchanan 1982) of the distribution, abundance, agd status of this species
in Missouri reveal larger populations of E. f. curtisi elsewhere.

Ongoing studies on nearby Fourche Creek in southwestern Ripley County,
Missouri may reveal some of the downstream changes which will occur in a
small stream after impoundment. Fajen (1979) is studying the fish popula-
tions and physical characteristics at 7 sites on Fourche Creek, and the
United States Geological Survey is monitoring flow and water temperature.

Future research in the Upper Little Black River should concentrate on
establishing baseline water quality data for a period of several years, and
further study 6f the life history and populations of E. f. curtisi. Popu-
lations of E. f. curtisi should continue to be monitored to determine pop-

ulation trends.
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Introduction

Epioblasma florentina curtisi is one of those species which is on the

verge of extinction. Based on recent information, E. f. curtisi occurs in
less than 15 miles of streams in Missouri and nowhere else in the world.
Without proper management and protection of this species and its habitat, it
is unlikely to survive this century. E. f. curtisiwas listed as "Endangered"
on the United States List of Endangered and Threatened Wildlife and Plants
(United States Department of the Interior, Fish and Wildlife Service 1976)

on July 1, 1975, This review is based upon information regarding the distri-
bution and biology of E. f. curtisi, information on the characteristics of
proposed structures B-9 and C-7, and literature on the impacts of impoundments
on the physical, chemical and biological characteristics of streams.

Most reports documenting impacts of impoundments on aquatic organisms
downstream dealt with large deep reservoirs with either surface (epilimnial)
or bottom (hypolimnial) releases. Deep reservoirs with epilimnial releases
generally discharge water which is warmer and lower in nutrients than waters
downstream. Reservoirs with hypolinmnial releases generally discharge water
which is higher in nutrients and dissolved inorganic matter, lower in oxygen,
and colder than waters downstream. Proposed structures B-9 and C-7 would
create relatively small (298 and 136 acres, respectively), shallow (26 and
18 feet maximum depth, respectively), reservoirs with multilevel discharges
(United States Department of Agriculture, Soil Conservation Service 1975).
The potential impacts of these structures on the water quality of the
Little Black downstream are thus expected to be much less drastic than those

of large, deep reservoirs with single-level releases.
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This evaluation is divided into two partsi 1) the potential impacts
of structures B-9 and C-7 on the chemical, physical, and biological char-
acteristics of the Little Black River downstream; and 2) the relative im-
portance of Little Black populations of E. f. curtisi to the survival of
the species as a whole.

Impacts of Structures B-9 and C-7 on Chemical, Physical, and Biological
Characteristics of the Little Black River Downstream.

Chemical Factors

Dissolved Oxygen

Dissolved oxygen levels downstream from structures B-9 and C-7 would
be at or near saturation. Although both reservoirs would stratify during
summer months, water would be released from the reservoirs near the surface
where dissolved oxygen levels would be expected to be high enough to support
aquatic life. Turbulence immediately below the dam would restore any low-

oxygen water released to saturation within a short distance downstream.

Alkalinity, Hardness, pH, and Conductivity

The impact which structures B-9 and C-7 would have on alkalinity, hard-
ness, and pH downstream is unknown. The Little Black River is relatively
well-buffered (alkalinity 34 to 137 ppm). Alkalinity dropped to O ppm in
January, 1982 in the study reach because of rainfall runoff at a time when
the ground was frozen. During normal flow conditions, however, the Little
Black probably remains well-buffered. Little Black waters are also moderate-
ly hard (86 to 205 ppm total hardness) with a pH usually above 8.0 (7.0 to
8.5).
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The reservoirs created by both structures B-9 and C-7 would be expected
to stratify during summer. During stratification in eutrophic hard water
reservoirs (which both of these reservoirs would be) there usually is a
reduction of total carbon dioxide in the epilimnion due to photosynthesis
by vascular plants and algae (Hutchinson 1957; Ruttner 1963; Wetzel 1975).
With a removal of carbon dioxide there is a precipitation of calcium carbon-
ate and a concurrent rise in pH. The pH would not be expected to greatly
exceed 9.0, however. In the hypolimnion there is a progressive increase in
carbon dioxide, due to respiration and release from the sediments, with a
resultant reduction in pH and rise in bicarbonate. Again, the pH would be
expected to remain relatively moderate and not drop below 7.0.

Since water would be drawn from the epilimnion in both reservoirs and
released downstream, this water would be near or above the pH of water in
the stream below. Total hardmess and alkalinity in the water released from
this level would be less than downstream. The conductivity of the water
released from structures B-9 and C-7 would also be expected to be lower than
ambient levels downstream since reservoirs generally reduce the conductivity
of water. The effect that an increase in pH and a reduction in alkalinity,
hardness, and conductivity would have on benthic macroinvertebrates in
Little Black River is expected to be minimal.

There would also be fluctuation in levels of pH, alkalinity, hardness,
and conductivity in the reservoirs during the seasons. During spring and
fall overturn, when there is a mix of surface and bottom water within the
reservoirs, levels of pH, alkalinity, hardness, and conductivity would be
similar from surface to bottom. Thus, in water released from the reservoirs,

the pH would be lower and the alkalinity, hardness, and conductivity higher



-

than during times of stratification. The effect that these annual fluctua-
tions would have on the biota of the Little Black River 3.5 to 6 miles down-
stream from these structures is not known.

Below Fourche Dam #1 on Fourche Creek, a tributary to Current River in
Ripley County, Missouri, there was a reduction in conductivity, total alka-
linity, and total hardness within and immediately below the lake as compared
to above and 5 miles below the lake (Missouri Department of Conservation memo
from Rich Wehnes to Stan Michaelson dated November 28, 1978). There was no
change in pH within the reservoir. This information is based on a single set

of measurements made in November, 1978.

Nutrients

Reservoirs generally serve as nutrient sinks, with nutrients in the
incoming waters being trapped in the bottom sediments.. A review of the
literature suggests that there would be a reduction of nutrients in waters
released from structures B-9 and C-7 in comparison to levels in the Little
Black River entering the reservoirs. Levels of nitrogen, phosphorus, iron,
and zinc would probably be reduced.

Turner et al. (1983) reported a mean loss over a 3-year period of
44.8% of the total phosphorus and 10% of the total nitrogen from water enter-
ing Lake Talquin in northwestern Florida. The amount of phosphorus and
nitrogen lost to the reservoir was inversely related to the flushing rate
in any given year. The flushing rate in Lake Talquin ranged from 8 to 16
times per year. Lake Talquin had no significant effect on silicates or
chloride in water passing through it.

In a review of the literature, Turner et al. (1983) found that phosphorus

and nitrogen are frequently reduced by reservoirs. They found that phosphorus
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was reduced by 25%Z or more from the inflow to the outflow of 20 of 27
reservoirs examined. 1In 3 of the 27 reservoirs phosphorus was reduced by
more than 50%Z and in 2 others by more than 75%. Nitrogen was also retained
by reservoirs but to a lesser extent than phosphorus. Ten of thirteen
reservoirs examined by Turner et al. (1983), retained 10% or more of the
total nitrogen‘entering them. Seven reservoirs retained 25% or more of the
total nitrogen entering them. Although there was a trend toward greater
retention of nitrogen and phosphorus in reservoirs with longer retention times,
especially in those with retention times of more than a year, there was no
significant correlation between retention time and retention of nitrogen and
phosphorus by reservoirs.

Several other studies report significant retention of nitrogen and phos-
phorus by reservoirs. In Bighorn Lake, Montana (Soltero et al. 1973, 1974)
there was a reduction of phosphorus by 86% and of nitrogen by 257 from the
inflow to the outflow. Higgins (1978) reported a reduction of total nitrogen
and total phosphorus from the inflow to the outflow in five Tennessee Valley
Reservoirs over a l0-year period. Although nutrients are frequently reduced
by reservoirs, they are not necessarily reduced to levels that would be limit-
ing to the streams below.

Frequently the reduction of nutrients in the outflow of water from a
reservoir is seasonal, generally during summer stratification. During fall
overturn, there is often an increase in phosphorus and nitrogen in the out-
fall due to the mixing of hypolimnial water, which is higher in these nutrients,
with water from the epilimnion. Thus there are seasonal fluxes of nutrients
to the stream below the reservoirs.

The impact of B-9 and C-7 upon the nutrient levels of the Little Black

River 3.5 to 6 miles downstream is unknown. Due to the expected short
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retention time of water in these reservoirs, there will probably be a
miﬁimal retention of nutrients. The seasonal fluctuation of nutrients in
water released from the reservoirs would affect benthic macroinvertebrates
immediately below the dams, but might have little effect on benthos 3.5 to 6

miles downstream.
Dissolved Solids

Higgins (1978) reported that total dissolved solids were lower in the
outflow than in the inflow of five Tennessee Valley Authority reservoirs.
Total dissolved solids were slightly lower in the outflow than the inflow in
Bighorn Lake, Montana (Soltero et al. 1973, 1974). Dissolved solids will be
reduced by the reservoirs formed by structures.B-9 and C-7. The impact, if

any, downstream would be minimal.

Physical Factors

Temperature

Due to the arrangement of release ports on structures B-9 and C-7,
little or no change in downstream temperature would be expected. The only
direct effects may be a retarding of spring warming and fall cooling. Re-
tarding the spring increase in water temperatures might impact E. f. curtisi
if it occurs during the spawning period for this species. The likelihood of
impact is proportional to the amount spring warming is retarded. Studies
on other small reservoirs, such as those on Fourche Creek may provide addi-
tional information on the impact of small reservoirs on the rate of spring
warming and fall cooling of receiving streams. Both reservoirs would be

expected to stratify thermally in the summer and possibly in the winter.
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Summer surface temperatures in the reservoirs ﬁould be significantly higher
than that of inflowing waters. Consequently, the reservoirs would support a

different biotic fauna than the stream.
Downstream Flows

Peak flows would be reduced by construction of structures B-9 and C-7.
Peak flows 2 1/2 miles downstream from Highway K, (cross section 19, Fig. 1)
near the reach where E. f. curtisi occurs, would be reduced from 12,500 cfs
to 2,800 cfs for a 25-year frequency flood, and from 3,000 cfs to 1,400 cfs
for a l-year frequency flood (United States Department of Agriculture, Soil
Conservation Service, unpublished data). Bank full at this site is 3,000 cfs.
Two miles further downstream (cross section 21, Fig. 1), in the reach where
the best populations of E. f. curtisi occur, peak flows would be reduced from
14,000 cfs to 3,600 cfs for a 25-year frequency flood, and from 1,325 cfs to
900 cfs for a l-year frequency flood. Bank full at this latter site is 1,830
cfs.

Although peak flows would be reduced by structures B-9 and C-7, duration
of flood flows would be increased significantly. The project is designed to
reduce the volume and duration of out-of-bank flows, but would increase the
length of time of bank-full and above normal in-bank flows. The change in
duration of a 25-year flood event which would result from the projects is as
follows (cross section 17, Fig. 1): Without structures B-9 and C-7 it takes
10.25 hours for the waters to overflow the banks. Flows remain out-of-bank
for 19.75 hours, and return to normal (7 cfs) 43.5 hours after the initial
increase. With structures B-9 and C-7 in place, it would take 13.5 hours

for the waters to overflow the banks. They would remain out—of-bank for 10



hours, and return to 450 cfs in 72.5 hours. It could take up to 10 days for
flows to return to normal (7 cfs) after the beginning of the flood event
(United States Department of Agficulture, Soil Conservation Service unpub-
lished data). The change in duration of flows for 10- and 100-year floods
would be very similar to that described for the 25-year flood event.

The impact of a combination of reduced peak flows and reduced duration
of out-of-bank flows, and an increase in duration of above normal in-bank
flows is unknown. While a reduction in peak flows would tend to reduce scouring
downstream, increased duration of above normal in-bank flows would have the
opposite effect. Based on unpublished data provided by the United States
Department of Agriculture, Soil Conservation Service, bedload transport
during 25-year and l-year flood events would be reduced by factors of 6 and 3,
respectively, at cross section 19 (Fig. 1). This would result in aggrada-
tion of the streambed below the proposed reservoirs if a source of bed material
were available. Structures B-9 and C-7 and other structures in the basin will
severely reduce the source of bedload material, however, and degradation is
expected.

While a reduction in peak flows would reduce scouring of the streambed
and banks and reduce exchange of nutrients and organic matter between the
stream and floodplain, extended duration above normal in-bank flows would
tend to increase bed scouring and bank scouring and sloughing. The net impact
upon instream vegetation and bank stability is not known. With a decrease
in out-of-bank flows, riparian vegetation will probably change to species
characteristic of more advanced successional stages.

The net impact upon benthic macroinvertebrates downstream isvalso not
known. Evidence from at least one previous study indicates that changes in
flows, particularly elimination of seasonal peak flows may cause significant

changes in the species composition and abundance of benthic macroinvertebrates.
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Williams and Winget (1979) found an increase in aquatic macrophytes and
epiphytic algae below Soldier Creek Dam, a small impoundment on the Straw-
berryikiver, a high gradient stream in Utah. Although there was no change
in diversity as indicated by the Shannon Weaver Index, there was a change in
taxonomic composition of benthic macroinvertebrates. Numbers of low-flow
tolerant species increased significantly, while some species disappeared
entirely. They attributed these changes to a reduction in habitat hetero-
geneity due to reduced seasonal flows. A reduction in peak flows in the
Strawberry River also allowed the proliferation of beaver dams which were
previously washed out annually by spring flooding. Beaver dams backed water
over riffles, reducing riffle flow velocity and allowing the accumulation of
finer sediments in riffles.

An increase in duration of above normal in-bank flows during a flood
event would result in an increase in duration of above normal turbidity,
which may limit the spawning success of E. f. curtisi. This species spawns
in the spring, when high flows are most common. Extended periods of valve
closure by naiades because of increased turbidity may reduce the time avail-
able to release glochidia (larval naiades). Glochidia and juvenile naiades
are more susceptible to silt and other turbidity than adults and would be

adversely affected by extended periods of above normal levels of turbidity.
Suspended Sediment

Water released downstream from structures B-9 and C-7 would contain less
sediment than the water presently contains. A reduction in sediment down-
stream could, ultimately, alter the composition of the substrate. Water
released from the above structures would be "sediment hungry." This could

increase bed-cutting and reduce the fines in the substrate downstream. Either
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change may adversely impact naiades because substrate quality appears to be
critical for most species. The mean particle size of the substrate where
E. f. curtisi occurs ranges from small gravel to pebble (0.04 to 1.25 inches in

diameter).
Biological Changes

The most important, yet most difficult to predict, downstream changes
which may occur in a stream after construction of an impoundment are changes
in the biological constituent of the stream. Potential changes include in-
creases or reduction in numbers of organisms present, a change in species
dominance, and addition or loss of one or more species.

An impoundment creates an environment suited to lake species but poorly
suited for many riverine species which occur in the stream before impound-
ment. Thus, impoundments contain a different array of organisms than streams.
Consequently, the organisms which pass from a reservoir into the stream
below are generally much different than those occupying the stream.

Cummins (1979), in a discussion of stream ecosystems as continuums,
discussed impacts which impoundments have.upon stream reaches downstream
from the impoundments. A stream is a continuum from its headwaters to its
mouth. In its headwaters (orders 1 to 3) the stream is most impacted by
inputs from outside the channel. As you move downstream, the influx of
materials from upstream in-channel sources becomes progressively more
important and out-of channel inputs progressively less important. While
coarse particulate matter processing is most important in the upper reaches
of a stream, fine particulate organic matter processing is most important in

large rivers. Impounding a stream has the effect downstream similar to
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increasing the stream order; the continuum is interrupted. Organisms and
organic matter processing below an impoundment change to resemble that of
communities much farther downstream. Impoundments impart a stability to
downstream reaches which is more characteristic of larger stream reaches.
This may alter not only the plankton and benthos of the downstream reach,

but also the fish which feed upon them. E. f. curtisi has been found only in
stream reaches which serve as transition areas between headwater and lowland
reaches. Therefore, any change in stream characteristics which resemble a
change in stream order would impact this species.

Several authors have described differences between the organisms present
immediately downstream from a reservoir and those in unimpacted portions of
the stream furthef downstream. Lowe (1979) found that phytobenthos down-
stream from reservoirs increased because of increased light penetration and
regular flows. Armitage and Capper (1976) documented the transport of lake
zooplankton downstream from reservoirs. They found that the amount of lake
plankton in a stream below a reservoir was inversely related to the distance
below the reservoir, turbulence, and amount of vegetation present. The
relative size of the reservoir and the stream into which it emptied, and the
season of the year were also important. In nine cases discussed, lake spécies
comprised from 1007 of the plankton in Maple Creek 35 feet downstream from
Douglas Lake to 1% in the Huron River 4.5 miles downstream from Portage Lake.
In the Marais River, lake species comprised 96%Z of the zooplankton 7.75 miles
downstream from Tiber Reservoir.

The type of plankton and other microorganisms present in a stream affects
not orly the food available for naiades, which feed on plankton and organic

matter, but also the kinds of fish present which act as potential hosts for
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the glochidia of naiades. Changing the amounts and types of microorganisms
may thus impact the survival of naiades downstream. The reach of the Little
Black‘River which supports E. f. curtisi is approximately 3.5 and 6.0 miles,
respectively, downstream from the proposed sites of B-9 and C-7. It is not
known with certainty . whether these projects would impact the biological com-
ponent of the Little Black this far downstream. Unfortunately, neither the
host(s) nor the specific food of the Curtis Pearly Mussel are known.

Epioblasma, the genus of which the Curtis Pearly Mussel is a member, is
the most recently evolved genus of freshwater naiades, and one of the most
specialized. Species of this genus are found only in riffles, in stable
substrates, in waters of relatively high quality. Because members of this
genus are so specialized, they have been severely impacted by human activities
since the Industrial Revolution. Only one species in the genus, Epioblasma
triguetra, is not in immediate danger of extinction. Holden (1979) in refer-
ence to fish in regulated streams, stated that the most specialized species
of fish disappear first when a stream is altered. This also appears to be
true in the case of naiades. If structures B-9 and C-7 produce any signifi-
cant downstream changes, E. f. curtisi would be one of the first species
impacted.

The Relative Importance of the Little Black Populations of Epioblasma
florentina curtisi

Any impacts which structures B-9 and C-7 might have on populations

of Epioblasma florentina curtisi in the Upper Little Black River become

more significant when the relative importance of the Little Black River

population of E. f. curtisi to the species as a whole is considered.
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E. f. curtisi has not been found outside of Missouri in recent times. The
best populations known of this species occur in approximately 6 miles of the
Upper Little Black River. During the past 5 years, over 60 specimens of E.
f. curtisi have been examined in the Little Black River, more than have been
found previously throughout its entire range. Outside of the Little Black
River, specimens of this species have been found at only one site each in
Cane Creek (Oesch in press) and the Castor River, and at several,sites in
Black River (Dr. David H. Stansbery, Ohio State University Museum of Zoology
personal communication) during the past 15 years.

A recent survey of E. f. curtisi in southern Missouri (Buchanan 1983)
failed to expand the range of this species. More importantly, no fresh
material of this species was found during extensive sampling in Black River
and E. f. curtisi probably no longer occurs in Black River. The last fresh
material of E. f. curtisi collected from Black River was collected in 1970
(Dr. David H. Stansbery personal communication). E. f. curtisi is now known
to occur only in 6.1 miles of the Upper Little Black River, 5 miles or less
of the Castor River, and one site in Cane Creek. Population levels remain
very low in Castor River and Cane Creek.

The disappearénce of E. f. curtisi from Black River may be tied to human
activities, including the construction of Clearwater Dam, which was closed
in 1948. Since closure of Clearwater Dam, flow characteristics in Black River
downstream have changed drastically. Hydrographic records at Leeper, 6.0
miles downstream from Clearwater Dam, reflect these changes (United States
Geological Survey unpublished data). Between 1922 and 1948, the maximum
annual flow was less than 10,000 cubic feet per second (cfs) only 8 times

and was less than 5,000 cfs only twice. Since construction of Clearwater
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Dam, the maximum annual flow at Leeper has never exceeded 10,000 cfs and has
exceeded 5,000 cfs only twice. Periodicity of flows has been altered also.
Mean daily flows at Leeper during April, May, and June were reduced by 357,
124, and 335 cfs, respectively, by Clearwater Dam. Mean daily flows during
July, August, and September have been increased by 198, 160, and 126 cfs,
respectively, by the dam. Clearwater Dam has also resulted in extremely low
flows by Leeper. Between 1922 and 1948, annual minimum flows dropped below
200 cfs only 7 times, and the lowest flow was 133 cfs in August, 1934. Be-
tween 1949 and 1979 annual minimum flows dropped below 200 cfs 14 times and
below 100 cfs twice. The lowest flows recorded were 70 cfs in November, 1959
and 62 cfs in September, 1966. The above flow changes could impact the time
and bottom area available for fish, potential hosts for E. f. curtisi and
other naiades, to spawn. Very low flows may expose concentrations of naiades,
causing desiccation, temperature stress, and increased susceptibility to
predators. Changes in flow periodicity may also impact reproduction in

benthic macroinvertebrates.

Summary and Recommendations

1. Structures B-9 and C-7 are not expected to have a significant impact
upon wvater temperature or the levels of dissolved oxygen downstream.

2, The impact of B-9 and C-7 upon nutrient levels downstream would depend
upon annual temperature and rainfall regimes, and characteristics of the
reservoirs created, including flushing rates, level and duration of
stratification, and other factors. Nutrient levels in the outflow from
these reservoirs would change during each year as the reservoirs stratify

and destratify from season to season.
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Although stratification related changes in pH and alkalinity within

the reservoirs created by B-9 and C-7 would be expected, the Little
Black is relatively well-buffered and no significant impacts are expected
downstream.

Structures B-9 and C-7 would act as sediment traps, reducing the load of
sediments passing downstream. This may have an impact on substrate
composition and stability downstream. The extent of downstream impact,
if any, is not known.

The impact of the combination of reduced peak flows and extended duration
of above normal in-bank flows created by structures B-9 and C-7 is not
known. While reducing peak flows and the duration of out-of-bank flows
would tend to reduce scouring and bank-cutting, extending the duration

of above normal in-bank flows would have the opposite effect. The net
impact would probably be degradation of the streambed downstream due to
entrapment of sediments behind B-9 and C-7 and other structures in the
basin, possibly altering the composition of the substrate.

Longer duration above normal in-bank flows would be expected to be accom-
panied by longer periods of above normal turbidity. Since peak flows in
the Little Black River normally occur in the spring when E. f. curtisi

is releasing glochidia, extended duration above-normal flows may result
in longer periods of above-normal turbidity at a very crucial time for
this species. Glochidia and juvenile naiades are particularly sensitive
to silt, and higher turbidity may reduce the chances for successful
reproduction.

Impoundments frequently alter the biota of the streams into which they
empty. Previous studies have documented changes in periphyton, vegeta-

tion, plankton, benthic macroinvertebrates, and fish populations
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downstream from reservoirs. Water passing from reservoirs usually
contains organisms quite different from those occupying flowing waters
downstream. Changes in the plankton available might alter the food
supply and a change in fish populations might reduce the number of
potential hosts for E. f. curtisi.

Populations of E. f. curtisi in the Upper Little Black River are the best
known. This species has experienced a serious reduction in numbers and
range since the early 1900s, primarily due to dam construction. Outside
of the Little Black River, E. f. curtisi occurs in very low numbers in
Castor River and Cane Creek, and nowhere else. Disappearance from Black
River since 1970 may be at least partially attributed to altered flows
below Clearwater Dam since its construction in 1948.

Sensitive species such as E. f. curtisi are generally the first species
to disappear when a change takes place in-a stream. Any change which
impacts E. f. curtisi in the Upper Little Black River will impact the
existence of this species as a whole. Disappearance of this species
from the Little Black River will probably lead to its extinction.

Since construction of structures B-9 and C-7 on the Upper Little Black
River may impact E. f. curtisi, they should not be built until the

survival of this species can be assured.
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