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PROPAGATION OF FRESH-WATER MUSSELS

Richard 0. Jones ,
U. 5. Fish and Wildlife Service
Craborchard Natlonal Wildilfe Refuge
Cartervilie, Illlnois

IN 1685, Lesuwenhoek, the Dutch micros-

coplst, studied the anstomy and repro-
ductive processes of fresh-water mussels.
He learned that the eggs pass from the
ovaries to the gill passages, where embry-
onie development 1s completed. His work
was lost to science for about a hundred
and Tifty years, however, and the general
bellef was that the organisms found in
a mussel's gllls were parasites preyling
upon the mussel, The organisms were glven
the name, Glochidlum parasiticum.

Carus, in 1832, concluded that these
tiny living bilvalves were the larvae
of the adult mussel which bore them, but
he was unable to bring about continued
development alter they were separated
from the parent mussel,

1t was not until 1866 that Leydlg dis-
covered that the larval mussels became
parasites on fishes and that parasitism
was essential to thelr development. Lilt-
tie was Known of their 1ife histeory or
ecology unill & considerably later date.
The dlscovery in the latter years of the
ninetsenth century that the shells of
iresh-water mussels could be used in
the manufacture of buttons led to the
invention and improvement ¢f cutting and
finishing machines and the opening of
mussel fisheries in the upper Mississippi
River and its tributaries.

intensive harvesting of mussels in
these streams caused fear thail a valuable
natural resource would be depleted, and
in 1894 the United States Bureau of Fish-
eries became actively interested in gzin-
ing wowledge of mussels and in developing

meané of artificially propagating them
in order to insure g continued supply to

- meet commercizl demands.

A bilolegleal station was built at
Fairport, Iowa, on the Mississippl River,
for the primery purpose of studylng mus-
sels and developing methods of propagating .
them.

Prior to 191C, George lefevre and
Winterton C. Curtis worked there inten-
slvely on reproduction and artificlal
propagaticn. Thelr studles were continued
at the Unlversity of Missouri. Much of
thelr work was of a pioneer nature,

Dr. Robert K. Coker, who was 1n charge
of the Falrport Biclogical Station for
some tlme, mede extensive studles of mus-
sel populations and advocated conservation
measures Ior the protectlon of mussels,
Dr. Coker, with the collaboration of
or. A.-F. Shira, Dr. H. W. Clark, and
Dr. A. D. Howard, made intensive studies
of the natural history cf fresh-watser
mussels and of methods of propagailoni.

By the efforts of workers at the Fair-
port Statlon, many attempts were made to
rear mussels in ponds and troughs and
in enclosures in the river. .

Propagation was undertaken successrully
by means of artificially infecting the
gills of fish with glochidlia. Most of
thls work was conducted in the LakKe Pepin
area of the Misglsgippl River. Experi-
mental work led to the determination of
the species of fishes reguired as hosts
to the varicus specles of mussels and
previded more accurate xnewledge of the
1ife history and ecology of mussels.
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he structure of a {reshowater mussel.  (Based upan drawing of white heclsplitter, Symphrnota remplangta,

from Lefevre and Curtis, 1912.)

The efforts of these workers gave us
the Tirst complete ploture of the life
history of fresh-water musgsels.

LIFE HISTORY

In the so-called long-term or winter
breeders, fertilization takes place in
late July and August, This group of
breeders 1ncludeg yellow sand-shells and
micxets. Embryonic development occurs
within a Tew weeks, and the young mussels
are carried as mature glochidia until
the fellowing spring or early summer,
when ithe gravid females move into shoal
Water and spewning occcurs. The eggs of
short-ierm cor summer breeders are fer-
tilized early in spring, and spawning
takes place in the fall. This latter
group includes plg-toes, nlggerheads,
pimple-backs, and butterflies.

Sexes are .separate, and spermatczos
are drawn from the male mussel through
the incurrent siphon of the female to
fertllize the eggs. Somé investlgators

believe that actual fertilization takes
place while the eggs are migrating from
the ovarles to the gills, which swell
to accommedate an estimated 2 million
8ggs. Kach glll chamber holds a mass
of eggs In a Jellyllke matrix called a
conglutinate., As embryonic development
progresses, the eggs become separats in
the brood pouch and shell mepbranes dis-
appear. Al the end of this embryonic
Phase, the larval mussel is a minute bi-
valve, 0.4 to 0.5 millimeter in longest
dimension, possessing a thin tissue of
mantle on the inner surface, a cross band
¢f muscle tissue between the valves, and
Tine hairlike projections belleved to be
tactile in functlon. Germ plasm is, of
course, present in the living tissue,
In thls latter phase the larvae are re-
ferred to as giochidia,

In natural reproduction the glochidia
are dispersed into the water through the
excurrent siphon of {he parent mussel
and are carried in suspension by water
currents. AS the water bearing them
passes through the gill chamber of a figh,
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the. glochldia attach themselves to the
Iish's gill by closing on the iissue.
A cyst is formed by the proliferation
of cells from the fish's gill. The forma-
tion of this protective cyst begins almost
at once, and the glochidium 1s usually
completely enclosed within 24 hours, The
attachment to the tissue of the Iish marks
the beginning of the parasitic phase.
Glochidla are nourished through this phase
by the blood of the fish. They do not
increase in size but develep parts similar
t0o those of an adult mussel. The time
they remain on the fish 1s governed by
the water temperature and varles Irom
10 To 30 days in summer conditlons. It
may last until the following spring if
the attachment takes place late 1n the
fall.

At the end of the parasitlic phase,
the glochidlum is equipped with a pro-
tractile foot, This larval foot has a
hardened terminal portion. Movenment of
the foot effects the release of the glo~
chidium from its cyst. OChemical change
may aid in the break-down of the cyst.

After release from the host Iish,; the
glochidium ¥alls to the bottom. A byssus
gland secretes a long sticky strand which
ig quite strong and may serve as an anchor
on swilt rocky bottoms. Young mussels
from the end of the parasitic phase until
they reach a length of 20 millimeters
are referred to as juvenlle mussels.

FCORMER METHCODS OF PROPAGATION

In 1930, Dr. M. M. Ellis of the U. S.
Bureau of Fisheries announced that 1t
was possible, by laboratory methods eand
the use of nutrient solution, to bring
young mussels from the glechidial to the
juvenile stage without the use of a host
figh. Thls method, although successiul
in the laboratory, 4id not prove to be
practical for handiing the large quanti-
ties of glochidia needed in a rehabllita-
tion program.

As a result of early experiments at
the Fairpert Staticn and in the interest
of economy, the Pureau of Fisheries in-
sugurated a program of mussel planting
in which the fish-rescue crews regularly
employed on the upper Mlssissippl durlng
the sumer infected the rescued Tish with

] T

glochidia before releesing the fish into
ihe parent stream. The Iish crews 0D~
tained gravid female mussels of the de-
sired species, either from the stream
where rescued fish were being liberated
or from selected locatlensg where more
desirable speclmens were svallable. In
the latter instance, the gravid mussels
were packed in ice and shipped to the
site of operations, where, alter temper-
ing, they were held in rumning water until
neaded. Gravid mussels were carrisd by
Tigh crews in pails or tuds of water and
used as reguired. Hest Llsh were placed
in & tub containing & small amount of
river water. Glochidia were then added
1o the water by opening one or two gravid
mussels and pressing out the glochldlial
masses. After waiting a few minutes for
the glochidla te become fixed, the workers
emptied the tub into the stream and then
repsated the process as necessary. Thils
fish-infection program was carried on
until 1830. By ihat tlme, the changes
in habitat caused by silting and pollution
had seriously diminished the mussel-
producing potential of the upper lMissls-
sippl River and meny of its tributaries.
Conversations with comiercial users
wno had knowledge of this work and who
were Tamillar with the yearly harvest
of commercial mussels, disclosed the pre-
vailing opinion that increased mussel
production was evident in the areas where
such infection work had been done.
Although the method used produced Te-
sults in Lake Pepin and other areas, and
although it was performed economlcally
by cembining Zish infectlon with Tish
rescue work, later investigatlon and test-
ing of the method showed that InTectlon
thus obtalned gave inconstant results
as to the numbers of glochidia Tixed on
the flsh's gillls. (Unpublished reports,
Ellis, Westfall, anc¢ others.) Further
experiments demcnstrated that the excita-
tion of the Tish during selning and han-
dling and the ancxla caused by crowding
in tubs accelerated liberation ol carbon
dloxide and kidney wastes 1into the water,
and that these substances reached con-
centration levels which caused premature
closing of glochidla. Mucous secretion
from gills and body surface greatly in-
ereases when fish are excited, This is
particularly true of gar, Strands of

-
T
«




IR

=] B

mycus from excited Iish in the tub en-
tangled particles of deliris, forming slime
strings which, in turn, enmeshed glochidia
and thus contributed to the conditions
which tended to prevent successful attach-
ment ¢f glochidia. Thick coatings of
micus on the gills intertered with closing
actlion of glochidia to such extent that

many wWere sloughed off wlthin 24 hours

after attachment,

As these conditions became apparent,
a method of fish infection was developed
in which the objecticnable factors could
be controlled or eliminsted (Ellis, West-

~fall, and Ellis, unpublished report).

This method was tested and proved sug-
cessTul by Dr. B. A. Westfzll on the White
and St. Francls Rivers in Arkansas. In
1938 plantings were made with gar confined
in enclosures. When the areas were ex-
amined in 1937 and 1938, thick beds of
Juvenile sand-shells were found. Stmllar
Success was achlieved with plantings of
muckets in Illinois. The same method
was used in Intensive plantings in Arkan-
sas ard Indlana during the sumer of 1943,
Comparison of tonnage purchased from the
planted areas in 1945 with the tonnage
of 1941 showed s marked increase.

This method is referred to as the medi-
fied artificilal infection method ang is
employed 1n the present mugsel planting
pProgram,

MODIFIED ARTIFICIAL INFEGTION METHOD

Selection of Glochidia

Only fresh glochidis are used, and
the infectlon is mace as soon as possible
after gravia mussels are collected, Grav-
14 Temale mussels are selected by examin-
ing freshly caught mussels. Preliminary
examination is made by inserting a thin-
edged "clam opener” betwsen the vaivas
at the ventral edge and prying the valves
apart only enough to see into the inte-
ricr. The modified g£i11s, or marsupla,
are quite plump in the "ripe" mussel.
If all gills are Tlat, the specimen 1s
elther a male or g very "green" female,
Different numbers and/or portions of the
gilils may serve as brood pouches. 1In
the sand-shell the outer g111 of each
palr carries the glochidia. 1In the ripe
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yellow sand-shell the gill is full an
rounded along its entire length and ha
black beading on the dlstal edge.

Males and females of some specles ¢
mussels mey be distingulshed by difrer
énces In the contour of the shelis. Th
Temale yellow sand-shell has a swellin
near the posterior which gives the ventra
1ine of the shell a glightly emarginat:
appearance. Thls swelling coineldes wit
the position of t{he modified or mErstpia
gllls.

When a number of gravid mugssls have
been found and segregated, they are place
in fiowlng stream water to be convenlen:
for use. Fhe final selection 1s ther
maede by taking a sample of glochidia fror
gach mussel. The valves are pried apart
only far encugh to admit the end of s
plpette. Caution is used in opening,
as the mussel, if not yet ready, may be
returned to the stream for lster use,
and acdductor muscles torn by too much
stretehlng will cause the mussel to die,
After the valves are slightly separated,
& small wooden wedge is Placed betwsan
them to hold them apart. The point of
4 sharp scalpel 1s then inserted between
the valves to make a slit at the end of
one marsuplal chamber. A bulb plpette
with a small amount of water at the tip
is then touched to the slit in the g111,
Water is forced from the pipette, Ir
the glochldia are free from the aggluting-
tion, they will be carried out with ths
arop of water and may then be drawn inte
the pipette. The pipette is held verti-
cally until the glochidia have settled
to the tip. They are then Piaced on a
watch glass or siide ang examined under
& low-powered lens or mieroscope. Healthy
glochldia which are ready for parasitisnm
Will be in a gaping pesition. The valves
may usually be seen to move slightly in
and out; they occasionally snap togsther
but immediately open. Under higher magni-
Ticatlon the valves have g Paarly, siiznt-
1y granular appearance when they are Tully
mature. Sometimes a marsupium may have
the appearance of contalning Tully matured
glochldla. Examination will show them to
be still within the €£g membrane. Tully
matured glochldis always separate easlly
and are readlly removed from the chembers.
Often they will burst fortn from the
stretched marsupium when 1t is touched
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The gar will serve as hoat fish,
Indicsting location of glochidia in ripe mussel,

Sorting mussels from holéing cage.
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Washing glochidia,

Tanks (ses text) used while inoculating host rish with glochidia.
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by the point of a scalpel. IT the valves
of the glochidia are opened wide, 1.e.,
flattened to 180°, they are dead. This
is the condition found when bacterial
or protozoan paracites have consumed the
ilving tissue,

The means used {0 detﬂrmine the suit-
abllity of glochidis for use in infectlon
18 to test the closing time. A number
of glochidlia are placed in a drop of water
under a low-powered microscope. A drop
of 0.5-percent NaCl 1s introduced into
the drop and its effect observed, The
galt solution should cause the closing
reaction. The closing of about 80 percent
of the glochidia in a period of 60 seconds
is considered good. Uvservation has showm
that glochidia reach the optimum of clos-
ing response when they have been removed
from the brood pouch and held 1n fresh
water for about 30 minutes.

Washing Glochldia

Washing in a flow of filtered sirean
water has been shown to be effective in
cleaning glochidia and selecting by rela-
tive density those that are living ‘and
free of infection. .

Further tests will be made to demon-
strate the efficacy of the washlng pro-
cedure. The present method makes use of
“the flow of flltered stream water siphoned
“through a rubber tube with screw clamp
to control flow rate. Water 1s placed
in a beaker of fairly large size (500
to 800 cubic centimeters), and glochidla
from several mussels {previously tested
and approved) are put into the water,
The siphon hose is introduced into the
beaker with the opening near the bottom
and at an angle which will cause centrifu-
getlon. Flow is regulated s0 itbat the
glochldia are Kept 1n motlon and the
lighter ones are carried away as the beak-
er overflows. Dead glochldla are readlly
removed in thls way. This season a
settling-out process is to be itrled as
a method of selecting the more desirable
glochidia.

Waghing the glochldia is not imperative
to obtaining fairly heavy infections,
but it is believed that a higher percent
of survival may be cobitainad by washing.

w2l

Transportation of Gravid Mugsels

gravid mussels should be transported
only when it 1s impossible to obtain Ge-
sirable specimens near the slie of opera-
tlons.

Short trips are possibie with musséls
placed in pails or tubs oI water when
the temperature can be Kept reasonably
low and the time involved is not more
than 2 to 3 hours. Express shipments
have been made successfully when mugsels
were placed in palls and interspersed
with cracked ice., The wrlter has found
that when such shipments were made over
long perlods, the mortality following
shipment was high.

gur present practlce when required
transportation invelves a2 relatively long
time, is to use auto lce-boxes in which
bottom drains have been drilled. When
transported by this method, each mussel
1s individually wrapped in cheesecloth.
The cheesecloth ig cut into pleces about
1¢ by 18 inches. Each shell 1s then
wrapped in several layers of cloth, each
plece belng stretched tightly at righi
angies to the ventral or opeéening edge
s0 as t0 make sure that the valves are
tightly closed. Iayers of wrapped shells
ars alternated with layers of cracked
ice in the l1ce~box. IT the trip 1s long,
it may De necessary o renew ihe ice oG-
casionally. Keeplng mussels alive and
in good condition by thils method reguires
two things: (1) shells must not be allowed
to open; (2) water from melting ice must
not be allowed to accumulate to such ex-
tent as to lmmerse the mussels. In either
case, high mortality results. The writer
has not studied the physloloegy of this,
but the suppositicn may be that when the
mussel opens In the absence of water, non-
replaced body flulds are lost end Geatn
ensues. wWhen water lmmerses the mussel,
1t may be possible for the mussel to re-
sume respiratory.activity and subsegquently
death results from anoxia., It has been
demonstrated that mussels exposed to ailr
but having the valves closely bound to-
gether so that no living tissus is ex-
posed, will remain slive for long perlods.
An adeguate buffering system, probably
drawing on carbondate from the shell,

* will malntain blood pH at the normal level
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until just an hour or ¥wo before death.
The survival time of mussels forced to
remaln closed has in some lnstances been
as much as 30 days. High temperatures,
naturally, will decrease the survival
time.

The handling of brood musselg should
be kept at a minimum. Prolonged storage
in confinement and repszated handling often
bring on abortlon. Summer breeding mus-
sels are more likely to abort than winter
breeders.

Handling of Host Fish

Hest figh are used as soon as posslble
after capture. The earllest selning is
done nsar the site of operation. Fish
are held in 2 temporary pen made by stak-
ing out a live net made of seine webblng
1f they are to be held only a short time
or of hardware cloth 1f they are too nu-
rerous or must be held overnight. Gar
{Lepisosteus osseus or platostomus) are
hosts to the yellow gand-shell, the spe-
cles most frequently pianted at present.
Gar are not so tenzclous of life as is
generslly supposed, and great care must
be uged in order to prevent mortallty
smong infected fish. Experience has shown
that in holding gar overnight (which
should be done only when daylight f{ighing
w11l not meet the need) mesh or web too
small for bllls to penetrate should be
used, and that an area of moderate current
should be chosen. Heavy losseg may occur
either in swift water or in static water--
in the latter particularly 1f the fish
are crowded. Gar are surprisingly sensl-
tive to brulsing. Rolling in the seline
ghould be avolded, and the number of times
the Tish are handied should be kKept &t a
minimun. Repeated handlings cause bleed-
ing betwsen scales; and our experience
hzs teen that when this bleedlng occurs,
the fish almost invariably die within
2 weeks. All species should, of course,
be nandled wlth care,

Eguig@entiggg Procedurse

Four metal tarks are arranged near the
river. In hot weather shade 1s essentlal
to prevent increase of the temperature
of statle water in tanks. If trees are
not convenlently located, & canvas Ily
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ray be used. The tanks are palnted with
asphaltum varnish. 7They are 18 inches
wida, 22 inches deep, and 54 Inches long.
Kach tank has & threaded draln openlng
very near the bottom in one end, and a
nipple and faucet may be screwed Inte
the opening so that the outflow can be
controlled. The four tanks are placed
parallel to each other with the drain
ends toward the river, and there 1ls suffi-
cilent space 80 that overators may walk
between the tanks,

A portable gasollne motor and pump
unit with fittings adapted to 3/4-inch
garden hose 1s used to supply runuing
water for the first tank. The lntake
end of the hose is gereened against devrls
and placed well below the surface and
upstream from the zong of actlvity. The
delivery end of the hose 1s covered with
several thlcknssses of cheesecloth to
filter out suspended matter. The outlst
Taucet is adjusted to balance the Inflow
and maintain a constant level about 10
inches below the rim of the tank.

The second tank ig used for giil dis-
infection and 1s filled with flltered
water to a marked level which wikY glve
& known volume, An amcunt of neutral
acriflavine which will give a solutlon
of 1 part per million is &dded. The num-
ver of cublc inches of water dlvided by
81 gives the number of milllgrams to be
used to make a solutlon of 1 part per
rillion. As this solution must be renewsd
after every four or five lots of fish, it
is impractical to make analytical welghts
for each batch of solution. Standard
No. 3 gelatine capsules are fllled with
acrifiavine powder. A capsule is filled
py holding the lower (inslde) portion
with a forceps and dipplng into a beaker
of the powder. The powder 1s slightly
compressed and leveled by pressing the
open end agalnst the side of the beaker,
and the cap is then put 1n place. Dosage
is standardized by welghing Tlve of the
filled capsules, averaging thelr welghts,
and subtracting the average welght of
five empty capsules which have besn drled
in a desiccator., This welght may then
be uged in calculating the ievel to cali-
brate the tank in order to obtain a solu-
fion of 1 part per million. OCapsules
are thereafter fllled 1n the same manner
without further apalytical welghing. This
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method is sufficiently accurate, as some
variatlion in the strength of the selutlon
1s permissible, but solutions should never
contain less than 0,75 or moere than 2
parts per million. When a new stock of
acriflavine is obtalined, new average
welghts should be taken, as the Tineness
of the commercial powder may vary angd
cause an apprecladie difference in the
welght contained in each capsule. It
is lmportant that the acrillavine powder
be kept dry at all times. When ecapsules
are taken Into the field, they are stored
in small glass bottles,

The third tank is used only as a rinse
to prevent the transfer of antiseptic
solution to the infection tank. It 1s
Tilled to & sultable level with filtered
stream water and changed when the tem-
perature rises or after 50 flsh have been
rinsed.

The fourth tank is used as the infec-
tion tank. Flltered water 1s used in a

quantity commbnsurate with the size and

nunber of fish to be infected, but this is
always a relatively small amount. Better
infectlons are obtained by thus concep-
trating the glochldia. Thls is particu-
larly true of Centirarchids. ¥The water
in thls tank should be watched carefully,
and it should be discarded and renewed
at once 1f 1t becomes warm or if mucous
strings appear,

The procedure in handling the figh
through the series of tanks 1is as follows:

Fish (& few at a time) are brought
from the holding enclosures and put into
the wash tank, They are given sufficlent
iime 1in this tank to recover from exclte-
ment and for waste products and mucus
to wash away. The usual time is from
15 to 3C minutes. After sulflcient time
in the wash tenk the fish are transferred,
one at a time, to the dlsinfecting tank.
The transfer 1s mede by hand and as gently
and gulckly as posslnle. Workers ac-
customed to handling fish can accomplish
this with a minimum of dlsturbance. Small
Tish must be handled with a dip-net. As
soon as all are transferred, another lot
is placed in the wash tank.

The acriflavine solutlon cleans the
gills of mucus. It also has a bacterio-
static effect and temporarlily arrests
the flow of mucus. The time reguired
in thls bath 1s from 5 to 15 minutes.

THE PRCGRESSIVE FISH-CULTURIST

The sclution should be renewed after four
or five lots of fish have been treated.

One or two minutes are sufficlent in
the rinse tank, After being rinsed, the
Tish are transferred to the infection .
tank, which has previously been charged
with washed glochidlia. Motlon of the
water caused by resplratory and swimming
movements of the flsh alds in keeping
the glochidia suspended, but the occasion-
al stirring of the watsr 1s advisable.
Giils are examined at intervais to cbserve
the progress of infectlon. IExamlnatlon
is facllitated by the use of a hand magni-
fying lens. Fifteen minutes wlil usually
be sufficlent for good infectlons. Infec-
tions are considered adequate when the
glochlidia are fixed thickly enough te
appear as a white rim on the edges of the
g111s. Infections heavy enough to injure
the fish are not likely with gar but may
occasionally occur wlth Centrarchids.
Ezch flsh 1s examined. When satisfactory
infectlons are apparent, the flsh are

placed in a separate holding pen for dis-

trivution. :

Infected Ifish are carried in the tanks
for éistributlon. They are carried by
boat or truck to selected points for re-
lease. In the interest of returning fish
to the stream in the best possible condi-
tlon, fish are rarely carried more than
10 miles from the site of infectlon.
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More than forty mililon fish Trom hatcherles of the U. S. Fish
and Wildllfe Service were stocked in 16,455 farm ponds during 1848,
The Federal Government places no restrictions on fishing the farm ponds
s0 stocked, but the farmers must observe State laws in regard to licens-
ing and the opening of their ponds to the publie.

There are only two occasiong 1n American life when people have

a regard for onets prilvacy.
when you go fishing.

One is when you are at prayer; the other
At both, you are able to be by yourself.

-~Herbert Hoover,
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