“Life Is Life,

and Fun Is Fun,

But it’'s So Quiet

when the Goldfish
Die.”

Egyptian Coptic saying.




Cobbles with Gills and Guts:
Conserving
Freshwater Mussel Beds
and
Water Quality.
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Why Do We Care?

e Biodiversity

/2% imperiled
® e 150

43.2% T and E
27.7 % End

7.1 % listed &
possibly extinct

. Largeét diversity in the world
297 species in North America.




Conservation Status of United States Taxa
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source: The Nature Conservancy, 1997



wWhy Do We Care?

eEconomic Value




Why Do We Care?
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PROCEEDINGS OF THE WORKSHOP

on

DIE-OFFS OF FRESHWATER MUSSELS
IN THE UNITED STATES




Pheto courtesy of Matthew Patterson
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In a reach of river 200 yards long
(e.g.two football fields),

i OO OOO freshwater mussels

Is fnl'rer'mg 0

No electricity, no fancy filters, no scrubbers,

no chemical treatments.




Culprits
*Water Quality

Habitat
Degradation and
Habitat Loss




What Can We Do?




What We Know ...




The Unionoida is unique among bivalves
in that the larvae are par'asmc

o, The hos‘r is almost
always a fish
Juvenile Juvenile

6 @ Larvae are
brooded in the

/ / So.. ctenidia

8 __ mussels are typical

| i ' ; of freshwater

bivalves in that

they exhibit

parental care

Figure from Cummings and Mayer (1992).




The Suspension-Feeder Diet




What Do We Need To Know?

« Agquaculture Requirements.
—How do we hold them?

—What, How Much, and How
Often?

—Multispecies Management
 Habitat Requirements.

 Ecological Function, Role in
Maintaining Water Quality.




Challenges to Captive Care:
Diet Suitability

e Food Quantity - mg/L

- Rate Functions -i.e. clearance,
consumption, excretion,
defecation.

e Food Quality
— Physical - particle size, type
— Biological
; e hiochemical composition

e caloric - energy value
A Seasonal nutritional demands.
A Scope for Growth.

\



Clearance rate

(mL/h/gdtw)

Effect of algal ration on mean
clearance rate in Villosa iris
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Assimilation efficiency in Villosa iris
fed three rations of algae

100- | [0 D+E
901~

80 11 B T+R

70+
60
50+
40-
30+
20
10-

O_

Percent (%)

Ration A Ration B Ration C
0.03mg/L 0.34mg/L 3.4 mg/L



Gut passage and gut purge time In
Villosa iris fed three rations of algae
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PUMPER
System

« Continuous-

Flow-Through
System

- 4,100 L
reservoir
tanks

+ 4 20 L header
tanks

« 40, 2 L test
chambers




. What is the
SN effect of
K sediment on the

clearance rate
. (CR) of mussels?

What particle
size do mussels
clear most
efficiently?




Elliptio complanata

No Sediment Sediment
* seston

* seston . Glgae




Mussel chambers

o
Inflow

Qutflow




Mean CR of unionids held for 29d on four
different feeding treatments

1.8 0.37 0.84 diet
2.3 0.37
2.0 0.36 0.53 day
1.7 0.45

1 = Seston 3 = 0.5 pt Seston/ 0.5 pt Algae
2 = Seston,NO SUBSTRATE 4 = Algae







Mean Clearance Rate of Mussels in the Allegheny River
(Afternoon)
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Filtration Efficiency for Various Particle Sizes
Over Time by Elliptio complanata
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Seston Concentration in the Brandywine River
from June through December, 2001
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Relative Proportion

Proportion of Particle Size Categories in
the Brandywine River Seston Over Time

B2 to 3 um
M 3 to 4 um
4 to 6 um
6 to 10 um
Ml 10 to 15 um

6.29.01 7.17.01 8.1.01 8.23.01 10.16.01 11.11.01 12.11.01

Proportion of Large Particles Over Time

O 6 to 10 um
M 10 to 15 um

62901 71701 8.101 82301 10.1601 111101 121101
Date



PEr

« Successful growth and development of
cultured species depends to a large
extent on the nutritional value of the
feed provided.

e |f quantity does not limit growth, then
IS of Increased iImportance In
maintaining health of captive animals.




Critical for maintaining condition and
breeding success of cichlid fishes

Very important to marine mussels
undergoing reproductive development
(Kreeger 1993).

Greatest effect on growth in juvenile hard
clams; however, lipid had to be sufficient to
support rapid growth.

Important for tissue growth and
maintenance in adults (Hawkins and Bayne
1991).




Dietary bohydrate

 Primary energy source for adults
— Immediate use In respiration

—long-term storage as fuel for over-
wintering and subsequent
gametogenesis.

—glycogen ~ 40-50% of CHO.

 Energy source for juveniles, however,

— High CHO diet was of little use to

juvenile oysters and adult mussels
when protein became limiting.




Dietary Lipids

Bivalves have limited abilities in
— FA elongation to UFA
— Synthesis of cholesterol.

Dietary requirement for sterols and {: '
PUFA'’s.

Synthesis, transport, and regulation
of hormones.

Membrane function .

Energy storage compounds - triglycerides.

— Important for developing larvae and
growing juveniles.




Brandywine River, PA

Allegheny River, Foxburg, PA

MARYLAMD




30 mussels / sp. /sample in Allegheny
& Brandywine R. , 1 year.

6 mussels/sp./sample in New R., 2 y.




Breeding Strategies

e Short-term:
— spawn April-May,
— brood glochidia May-July,
— release glochidia Jun-Aug.

e Long-term:

— spawn July, Ambleminae: Elliptio complanata,

— brood glochidia Sep-April, : '
rood glochidia Sep-Apt E. dilatata, Cyclonaias tubercultata

— release glochidia April-Jun.




Seasonal variation in energy substrates:

long vs. short term brooders
Lipids

Carbohydrate
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Seasonal variation In energy substrates:
short term brooders
Carbohydrate

C.tub. NRO1 — C. Tubnr o2 New River, VA L L2
6

70

60 5

‘50 4

40
3

30

20

10

0 T T T T T T 1

May Jun Jul Sep Nov Dec April May  Jun Jul Sep Nov  Dec April
f‘ T =spawhing = Gametogenesis initiated

E. dil. — E. com. PA RiverS., PA E. dil. — E. com.
35

30

25

20

15

10

5

(0]




Seasonal
variation in lipid
and protein
content:
long term
brooders, New
River
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Mean Absorption Efficiency (%):
Mussels fed natural river seston.

« A. ligamentina
=60.0+5.0

e E. dilatata
=63.0+4.0

e L. costata
=66.5+4.0

P=0.5
E. complanata
=75+7.8




Seasonal timing and relative changes in BIOCHEM
different between River systems.

— Protein and lipid varied more than carbohydrate in mussels from
the Allegheny River.

— CHO may play a role in over-wintering conditioning in mussels in
the New R. Whereas, lipids may play a more seasonal role in
over-wntering, as well as gametogenesis and spawning in the

New R.
Lipid and PRO showed similar seasonal trends.

— Increased in Fall - onset of gametogenesis, Declined in
winter- quiessence, Increase in spring followed by sharp decline

post- Spawning.
As lipid (and protein) increased, CHO decreased.
Long-term brooders may be considered dabblers.




Until empirical data become available, a diet high In
protein and lipid is recommended for all mussels,
especially in the Fall.

Carbohydrates, however, should not be ignored.
Indeed, carbohydrate may be linked to late summer
conditioning in some short-term brooders.

We recommend the following diet for captive
freshwater mussel: ~10-15% carbohydrate, ~20-40%
protein, ~30% lipid, and ash ~ 20%.

Focus on identifying seasonal patterns to enable the
development of “smart” diets that will maintain fithess
of brood stock and the progeny.

Consider base feeding level of 1-1.5 mg/L or 20, 000
c/mL.




Challenges to Propagation:

Fish Host

What is 1t?
do we hold it?
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Challenges to Reintroduction

Genetics!!!
e Source Population.
e Where and which source population.

e IS it really a species?
e Lexingtonia subplana, Virginia pigtoe.
‘ e Occursonly in VA .. .hmmmm.
:- _




Challenges to Reintroduction:




The Juggling Act

Begin setting the stage —
— ES-USFWS, State, others ...

ldentify species in need.

ldentify Interest Groups . ..
and priorities.

ldentify reintroduction sites.

ldentify source populations.

On the ground working with
the public. ... OUTREACH.




Challenge . .. |
Juvenile Survival Bottleneck
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WSSNFH

WHITE SULPHUR SPRINGS

St 1
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Propagation: population augmentation and species preservation
Salvage and Refugia: adult holding and maintaining brood stock.
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UUUUUUUL awvenie

sl Systems

Mussel Building
__ Adult Mussel Sytstems \'\ .
Fish Host

Aquaria

__ |pumps

Algal Feed Pipe —*

Environmental
Control Building




Bunkbeds for Bivalves
Freshwater Mussel Culture System

Longitudinal View




Bivalve Bunkbeds: Down Stream Cross View of
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Future Opportunities - Applied

- Salvage and e ° Biomonitoring




The Future > Conservation Aquaculture for the
Recovery of Endangered and Imperiled Species

460 turtles harvested in
2000 to over 23,000
__harvested in 2002




Sustainable Aguaculture Opportunities

International Food
Trade - Turtles Freshwater Pearl
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Mamy hundreds of adult Southeast Asian box turtles in a
holding pen in Sumatra, Indonesia, awaiting international
export. This represents an average day's volume in the
trade of this species at this site.




Summary

here present mussels likely perform
serwces that are key to
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Effect of Substrate on Clearance Rates

Particles over 20,000 Particles under 20,000
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