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Photo: Pat Burns, Oregon Department of Fish and Wildlife, Margaritifera falcata in the Pistol River, Oregon
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The Xerces Society is an |
international nonprofit organization |
that protects wildlife through the

conservation of invertebrates and
their habitat

628 NE Broadway, Suite 200 :
Portland, OR 97232 sl

503) 232-6639 = -
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R . J ~ Photo: Fender’s blue (Icaricia icarioides fenderi) by Dana Ross
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4% go
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B Extinct
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30.1% = Endangered

B Threatened
B Yulnerable

Currently 5table

15.6%

Imperiled taxa comprise 78.4% of North American freshwater mussel fauna

Source: AFS Endangered and Threatened Mussel Committee. In prep.
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Freshwater Mussdls
Crayfishes
Soneflies
Freshwater Fishes
Amphibians
Flowering Plants
Gymnosperms
FerngFern Allies
Tiger Beetles
Butterflies Kippers
Reptiles
Dragonflies Damsdflies
Mammals

Birds
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Status

I
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I 51%
B 43%
N 370
BN 35%
B 33%
B 24
B 2%
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B 19% M Criticaly |mperiled (G1)
B =% Imperiled (G2
W Vulnerable (G3)
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B 4%
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Percent of Species

Source: Stein et al. 2000
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US Endangered Species Act

64 species listed Endangered
8 species listed Threatened
8 Candidate Species

Photo: Epioblasma triquetra, M. C. Barnhart, http://unionid.missouristate.edu/gallery/
Source: USFWS
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Margaritifera
Margaritifera falcata — Vulnerable

Gonidea
Gonidea angulata — Vulnerable

Anodonta*

A. beringiana — Currently Stable

A. californiensis — Vulnerable

A. kennerlyi — Currently Stable

A. nuttalliana — Vulnerable

A. oregonensis — Currently Stable

A. dejecta — probably not a valid species

*taxonomy of western Anodonta in need of revision

Photos: Ethan Nedeau, Freshwater Mussels of the Pacific Northwest 2" Edition
Source: Turgeon et al. 1998, AFS Endangered and Threatened Mussel Committee. In prep., Chong et al. 2009
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Margaritifera falcata is the most common species in Pacific Northwest

L]
3 » Associated with native salmonids and upper reaches of high gradient
~4 . streams B

e Live in dense beds ,

Can live to be >100 years old

y s
.
"
Photo: Jayne Brim Box, CTUIR Mussel Project
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2 RN Western pearlshell

Margaritifera falcata

 Extirpated from numerous
water bodies in every state

 Reduced reproduction
documented in CA, MT, and
WA

Observations or collections of the
Western Pearlshell
(Margaritifera falcata)

Records in the United States are shown by 4th "
level (8 digit) hydrologic unit code (HUC). J_
Records in Canada are shown by watershed. ]

Current record(s) (1985-Present)

« Highly inbred, consistent
with hermaphroditic lifestyle

@@ Historic record(s) (Pre-1985)

% Record(s) with no known date

0 250 500 1,000
Miles 1 1 1 | ! I 1 |

©The Xerces Society for Invertebrate Conservation, 2010

Photo: Ethan Nedeau; Sources: Chong et al. 2009, Hovingh 2004, Western Mollusk Sciences 2008, Jepsen et al. 2008, Murphy 1942



G mxmsan | jfe History: Feeding

Filtration = inhalent siphon pulls
material from water column into shell *

_ Pedal feeding = foot sweeps
material from substrate into shell

Gills filter food & oxygen from water

ﬁ e algae protozoa

"w
ria |tus dlssolved
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l ) @ | C _ _?‘ #, } b ? e -,g,: _ % Photo: Western pearlshell (Margaritifera falcata), Pat Burns,
- £ B L e e v Oregon Department of Fish & Wildlife; Source: Vaughn et al. 2008
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LB Seee LIfe History: Reproduction

generalists = use specialists = use one
dozens of host species to a few host species

Juvenile
_’ sperm dispersal may be inadequate , .
If population not dense enough -

Figure: Pacific Northwest Native Freshwater Mussel Workgroup
Source: Burky 2003; Bauer 1987; Downing et al. 1989




2 it Life History: Reproduction
e lochidia released via:
 Free broadcast

o Conglutinates & lures

* Host trapping

(B VI E]E.I'ﬂh art = Photo: snuffbox (Epioblasma triquetra) with logperch, M. C. Barnhart,
i - http://unionid.mi istate.edu/gall iobl alt d.j
- p://unionid.missouristate.edu/gallery/Epioblasma/trapped.jpg
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LB Seee LIfe History: Reproduction

« . i MRt T
4. Photo: Rainbow mussel (Villosasiris) crayfish lure; Bill Roston, Photo: worm-shaped conglutinate of fanshell (Cyprogenia aberti)
; http://unionid.missouristate.edufgallery/Villosa iris/irislure6¢c.htm 4 Unio Galleryshttp://molluskconservation.org/MUSSELS/Adaptation.htm|
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Photo: Fluted kidneyshell (Ptychobranchus subtentum); M. C. Barnhart,
http://unionid.missouristate.edu/gallery/Psubtentum/fluted.htm

Photo: Simuliidae pupa, California Dept. of Fish & Game



s . Life History: Development
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Photo: Michelle Steg, TNC 1

attach >

encyst -2

metamorphose -
- excyst 2

free-living mussel




b T X ocnmy Life H|story Development

Adult mussels may Ilve from -
decades to over 100 years,
dependlng on spemes

)
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Long-lived, slow growing animals
are very sensitive to overharvesting 5322
and other causes of mortality g \

. ,__' o qu -l ' " 'Photo: Margaritifera falcata, David L. Cowles, Walla Walla University, WA [
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Photo: Fatmucket (Lampsilis siliqguoidea); M. C. Barnhart,
" http://unionid.missouristate.edu/gallery/qgood bad ugly zebral.jpg

X "%‘:'-.p.,.: ‘ e T 1'“'

' Source: Strayer 1999; Vaughn & Spooner 2006

Invasive bivalves have:

higher filtration rates
faster reproduction
younger age to sexual maturity

: v/quer tsheet.aspx?speciesid=92
L

Parasitic glochidia
VS.

o planktonic veligers:

and the winner is....

fMa) Noel M. Burkhead,

3

v 41 B Noel M. Burkhead


http://unionid.missouristate.edu/gallery/good_bad_ugly_zebra1.jpg�
http://nas.er.usgs.gov/queries/factsheet.aspx?speciesid=92�

L e ECOlogical Services
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k Pearl mussels and salmonids form an important symbiotic community

In which each species finds optimal conditions for survival. The I
' protection and restoration of these valuable species is therefore

" interdependent, and the conservation of either one will benefit both.” I

-Ichthyologist Valery Ziuganov, working on the Kola Peninsula, northern Russia l
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Mussels filter water as they feed, imprdving water quality and clarity

* Visibility near a dense mussel bed is 20 times greater than away from the bed

 An individual mussel can filter 20-70 liters of water / day

« The amount of water filtered by dense beds of freshwater mussels can be
equivalent to or exceed daily stream discharge

Photo: Dr. Richard Neves, Sources: Ziuganov 1998, Vaughn & Hakenkamp 2001



NG Ecologlcal Serwces
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Freshwater mussels increase the abundance of benthic macroinvertebrates:

« Consuming suspended particles from the water column; transferring
those nutrients to the sediment as ‘pseudofaeces’

» Increasing substrate complexity i

Filter feeding activity can decrease algal blooms i
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P Photo Sue Scott, Sources: Howard &Cuffey 2006, Vaughn, Nichols &Spooner 2008
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B o ait.ee ECological Services

Food source for:

Muskrats
Predatory fish
Mammals
Waterfowl
Crayfish
Turtles

Photo: M.C. Barnhart, http://unionid.missouristate.edu,



im0 ECOlogical Services

Photo: Celeste Mazzacano, Xerces Socuaty
Source: Vaughn & Hakenkamp 2001 Vaughn et al. 2008
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Protectlon against exotlc blvalves A5|an clams may T e
. preferentlally invade areas where native musse Ts are declining

e

e Bibmonitoring: sentinel organisms; long life, limited mobility:;
accumulate contaminants in body and shell

= - Bioremediation: extract nutrlents metals orgamcs
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e Mussels were consumed when other food k= IV, ]
sources were scarce - d

« Many Native American tribes fashioned
tools ﬂprnaments out of shells
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FEATURE 5
SHILL COMCEMTRATION

Photo Chief Joseph Dam Project, Source Parmalee & Klippel 1974
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« Pearl buttons

» Shells used as ‘seeds’ in
oystr pear Ei'jdutry of
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2 haiees Habitat Requirements
Fish Hosts

. Reliance on a fish host is the most vulnerable part of
a mussel’s life cycle

' 5% of North American native fish fauna are extinct
I geny eastern species have gone extinct as a direct
S

L
.',

ult of dam construction

ey
.
-

J- ‘\5'.; e__ 3

| -,""- Photo Marie Fernandez, USFWS, Sources W|II|ams 1992, Bogan 1993
p Il B T 0909090 0 SaTuee e 2. T




LB i Habitat Requirements

% Hydrology .

~ « Perennial flow
i » Depth sufficient to provide refugia during low water periods

« Consistent flow velocity
* High levels of dissolved oxygen

» Atrtificial (pulsed) flows from dams cause:
* Reproductive interference
 Reduced density of mussels
* Increased hermaphrodism and parasitism
 Reduced body condition

T R
4 : ‘_‘§ ’
L4

Photo: Gonidea and Anodonta, Jayne Brim Box, CTUIR Mussel Project,
l50urce: Vannote and Minshall 1982, Spring Rivers 2007, Galbraith & Vaughn 2010




s Habitat Requirements
T v NS

Substrate

« Stability

« Large boulders can provide shelter
* Prefer pools

 Prefer gravel, rubble and sand
Generally cannot tolerate high levels of siltation

Photo: Sue Scott, Sources: Vannote & Minshall 1982 Williams 1992
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Water Quality

 Contaminants can have direct and indirect effects

Pollution implicated in extirpation of freshwater mussel populations f.

 Chemical pollution
e Thermal pollution !

Photo: Gonidea angulata, by Jayne Brim Box, CTUIR Mussel Project
Source: Bogan 1993, Havlik & Marking 1987, Aldridge & Mclvor 2003, Pandolfo et al. 2010

e - e F 3.



=% / THE XERCES SOCIETY
N FOR INVERTEBRATE CONSERVATION

Causes of mussel declines

Water quality

Chemical contaminants
Thermal pollution
Sedimentation

Nutrient enrichment
Livestock over-grazing

Invasive fish species
Extirpation of native fish

lussel survival

Channel modification
Impoundments
Invasive bivalves

Water withdrawal and diversion Restoration activities

Water

guantity




2 ninatees Upland Conservation Practices

Water quality

(+) 393 — Filter strip

(+) 601 — Vegetated Barrier
(+) 635 — Vegetative Treatment Area

(+) 558 — Roof Runoff Structure

(+) 645 — Upland Wildlife Habitat Management
(+) 590 — Nutrient Management
(—) 568 — Trails and Walkways

ussel survival

(-) 460 — Land Clearing

Water

guantity




Water quality

(+/-) 390 — Riparian Herbaceous Cover
(+/-) 391- Riparian Forest Buffer
(+) 472 — Access Control
(+/-) 528 — Prescribed Grazing

(+) 657 — Wetland Restoration
(+) 659 — Wetland Enhancement

Water
quantity

viussel survival

& maesan . Riparian Conservation Practices

(+/-) 612 — Tree/Shrub Establishment
(+) 646 — Shallow Water Development

(+/-) 580 — Streambank and
Shoreline Protection
(+/-) 395 — Stream Habitat Improvement




o mxmesseny Conservation Practices In Water

Water quality

(-) 399 — Fishpond Management (+/-) 326 — Clearing and Snagging
(-) 578 — Stream Crossing (+) 396 — Fish Passage

lussel survival

(-/+) 320- Irrigation Canal
(-/+) 388 — Irrigation Field Ditch

(-/+) 430 — Irrigation Pipeline (+/-) 584 — Channel Bed Stabilization
(-/+) 516 —Pipeline (+/-) 395-Stream Habitat Improvement
(-) 574 — Spring Development (-) 348 — Diversion Dam
(-) 640 — Waterspreading (-) 402 Dam

Water
guantity




e e CaSE Study: Missourl

- Emergency Watershed Program cost-share assistance

Phato: Joe Tousignant, Missouri Department of Conservation

T
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Dredging operation scheduled in drainage
ditch to remove sediment from spring floods

- Visual inspection revealed mussels in 2 locations where
dredging equipment would cross ditch, killing most of them

Photo: Joe Tousignant, Missouri Department of Conservation
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" )00 mussels in 14 dlfferent speC|es collected
.~ inone day and relocated downstream

:‘Euu&

A Photo Joe Tou5|gnant Missouri Department of Conservatlon
e - e e e e o T



& et o Case Study: Missour

w i e P yaa, ¢ :
Significant mortality occurred, likely due to temporary dewatering 3
and decreased water quality as dredges operated, but downstream | ‘
population is still diverse, dense, and surviving Py
e, : ; BEET T = N T . I # Y ( Y
"k . 5
! :
d 1
: il & E
- T 5 - - - 5; 4 ‘
L O - : WML £ 2

Lessons learned: , S -
« Conduct dredging when base flow _-;'hlgher to av0|d dewatering effects
« Have irrigation well pumping mt"ﬁ*elttch downstream of dragline

.« Coordination among NRCS, MDC, and couﬁty commissioners allowed
| mussel bed to be saved

XX RS PR i AN N R N

o

i.
"l Photo: Mapleleaf (Quadrula quadrula); Joe Tousignant,

: Missouri Department of Conservation
s a1 % r e 4 e .
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* Pilanned operation in West Fork Ri\
NS taIE‘Aquatlc Llfe Passage structu =E‘
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May benefit 23 species of native mussels,
including:

2 federally endangered species

1 federal candidate

1 species proposed for federal protection
14 state listed species

,; gy ¢ "f' & i T _ i,'. : ‘\\ r’fq_,g o f & ‘q'F !
Photo: Craig Stihler, WVDNR, endangered clubshell mussels upstrea

" e




F g f(?:]i,i*;iisgfsgﬁizmm Case Study: West Vrrgrnla
Multiple partners mvolved In the project:

USDA NRCS

US Fish and Wildlife Service — West Virginia Field Office
West Virginia Division of Natural resources

; Clarksburg Water Board

Canaan Valley Institute

Agencies and NGOs consulted:
US Army Corps of Engineers — Pittsburgh/Huntington District
West Virginia Department of Environmental Protection
West Virginia Culture and History
West Virginia Conservation Agency
‘Rivers Coalition
American Rivers
The Nature Conservancy
. Trout Unlimited

e A -
il -
‘,.:ﬁ Iy " B‘-u..

- Photo by Janet Clayton WVDNR Jack Wallace (left) and Crarg Stihler (right) just completing a mussel survey on the West Fork Rrver in 2004
7 7" albi = = PP .00 USRS



¢ o eenoe NRCS programs benefit mussels

Wetlands Reserve Program 9 hos 'Shj}ﬁtre m
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T T

“scopmg and groplng"

- snorkeling

shoreline surveys for mlddens T
nets'in thick sediment or deep water

Photo: Celeste Mazzacano, Xerces Society - o s : Photo: M. falcata viewed through AquaScope;
Source: Strayer & Smith 2003 e e e e - courtesy Johnson Creek Watershed Council
T T Tl T e — e < -
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Freshwater Mollusk Conservation Center at Virginia Tech:
http://fishwild.vt.edu/mussel/index.html

Freshwater Mollusk Conservation Society: http://molluskconservation.org/

The Mussel Project — University of Alabama: http://mussel-project.ua.edu/

Pacific Northwest Native Freshwater Mussel Workgroup:
http://www.fws.gov/columbiariver/musselwg.htm

Translocation guidelines: http://www.Xxerces.org/wp-content/uploads/2009/10/mussel-
relocation-position-statement. pdf

UNIO Gallery: http://unionid.missouristate.edu/

USFWS Threatened and Endangered Mussels:
http://www.fws.gov/endangered/species/us-species.html

The Xerces Society: www.xerces.org/western-freshwater-mussels/

Photo: CTUIR Freshwater Mussel Project
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REGIONS

Midwest: Cummings K. S. and Meyer, C. A. 1992. Field guide to freshwater mussels of the Midwest. Illinois Natural History Survey
Manual 5. 194 pp.

Pacific Northwest: Nedeau, E.J., A.K. Smith, J. Stone and S. Jepsen. 2009. Freshwater mussels of the Pacific Northwest, second
edition. http://www.xerces.org/wp-content/uploads/2009/06/pnw_mussel_guide 2nd_edition.pdf

Southeast: Williams, J.D, A.E. Bogan & J.T. Garner. 2008. Freshwater Mussels of Alabama & the Mobile Basin in Georgia,
Mississippi & Tennessee. The University of Alabama Press, Tuscaloosa. 908 pp.

STATES

Colorado: Harrold, M.N. and R.P. Guralnik. 2010. A field guide to the freshwater mollusks of Colorado Second Edition. Colorado
Division of Wildlife. http://wildlife.state.co.us/SiteCollectionDocuments/DOW/Wildlife Species/Profiles/FreshwaterMollusks.pdf

Connecticut: A field guide to the freshwater mussels of Connecticut.
http://www.ct.qov/dep/lib/dep/wildlife/pdf_files/nongame/fwmusl.pdf

Idaho: Lysne, S. 2009. A guide to southern Idaho’s freshwater mollusks. 35 pp.

lllinois: Klocek, R., J. Bland and L. Barghusen. 2011. A field guide to freshwater mussels of the Chicago Wilderness. 92 pp.
www.fieldmuseum.org/chicagoguides

Kansas: Unionid Mussels in Kansas. Great Plains Nature Center. http://www.gpnc.org/unionid.htm

Minnesota: Sietman, B.E. Field Guide to the Freshwater Mussels of Minnesota. Minnesota Department of Natural Resources.

Missc():lljtri:z(%(e)sch, R. D. 1984. Missouri naiades: a guide to the mussels of Missouri. Missouri Department of Conservation, Jefferson

ity. pp.

Montana: Stagliano, D. Freshwater Mussels of Montana. Montana Natural Heritage Program.
http://mtnhp.org/reports/Mussel_Booklet. pdf

New Jersey: Freshwater Mussels of the New York Metropolitan Region and New Jersey. http://cbc.amnh.org/mussel/

New York: Strayer, D. L. and K. J. Kirka. 1995. The pearly mussels of New York state. New York State Museum Memoir 26, 188 pp.

North Dakota: Cvancara, Alan M. 1983. Aquatic mollusks of North Dakota. North Dakota Geological Survey, Report of
Investigation No. 78. Jamestown, ND: Northern Prairie Wildlife Research Center.
http://www.npwrc.usgs.gov/resource/inverts/mollusks/index.htm (Version 15AUG97)

Ohio: Watters, G., M. Hoggarth, and D. Stansbery. 2009. The freshwater mussels of Ohio. Ohio State University Press.

South Carolina: Bogan, A. E., J. Alderman, and J. Price. 2008. Field guide to the freshwater mussels of South Carolina. South
Carolina Department of Natural Resources, Columbia. 43 pp.
http://www.fws.gov/charleston/pdf/South%20Carolina%20Mussel%20Field%20Guide.pdf

Tennessee: Parmalee P. W. and A. E. Bogan. 1998. The freshwater mussels of Tennessee. The University of Tennessee Press,
Knoxville TN. 328 pp.

Wisconsin: Wisconsin Department of Natural Resources. 2003. Freshwater mussels of the upper Mississippi River. WDNR, Madison
WI. 60 pp.

Photo: CTUIR Freshwater Mussel Project
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