Survival of glochidia of freshwater
mussels, Pyganodon grandis (Mollusca:
Unionidae), in vitro in the United States
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Freshwater bivalves such Pygan-
odon grandis are found in rivers, lakes,
ponds and some mud bottomed pools.
They have a complex life cycle that in-
cludes a parasitic stage in which glo-
chidia live on the gills or fins of fishes,
like freshwater drum, Iowa darter
and brook stickleback, from days to
months depending on the host/species
relationship. During this time, glo-
chidia differentiate into free-living lar-
vae and drop from the host. Therefore,
survival and subsequent development
into free-living juveniles depend upon
the encounter of suitable host fish and
appropriate environmental conditions
for the growth of the host fish. In the
face of rapidly decreasing populations
of freshwater mussels (Liu et al. 1996),
one avenue for conservation will be
aquaculture of suitable host fishes on
which specific mussel larvae would
develop into free-living glochidia.
An alternative for conservation and
preservation of biodiversity of mus-
sels is to develop in vitro fertilization,
cultivation of embryos and larvae to
free-living juveniles without the use of
host fishes. Bypassing the need of host
fishes will also have the advantages of
yielding larger numbers of free-living
mussel juveniles because there will be
no predators in an in vitro environ-
ment. At a suitable stage of develop-
ment, they will be returned to sites
favorable for them to grow into repro-
ductive adults. This approach has been
successful for a number of marine in-
vertebrates of economic value, such as
Mytilus, oysters and shrimp. However,
little or no similar work has been con-
ducted with freshwater invertebrates,
including mussels.

56 DECEMBER 2005

The difficulties in-
volved in developing a
culture system for fresh-
water mussels similar
to those used to culture
marine invertebrates
include insufficient and
imprecise embryologi-
cal and developmental
studies. Other impor-
tant factors are the ben-
thic habitat and filter
feeding of freshwater
mussels. These factors
make it difficult to ob-
tain clean and sterile
preparations of living

Figure 1. Pyganodon grandis (giant floaters)

material for cultivation

due to the presence of microbes and
protozoa on and within the shells, as
well as in the visceral mass. Some zoo-
plankters and protozoa, in fact, feed
on glochidia.

The goal of the present investiga-
tion was to circumvent these difficul-
ties by formulating a culture medium
that discourages the growth of mi-
crobes and protozoa and favors mussel
larvae. Survival of glochidia for a rela-
tively long period of time under artifi-
cial conditions is the first step toward
the establishment of a culture system
that supports the transition from para-
sitic to free-living larval forms without
host fishes.

Culture Methods

Pyganodon grandis (giant float-
ers, Figure 1) were collected from the
marsh of the Winous Point Shooting
Club, Sandusky, Ohio, USA. The ani-
mals were kept in bioboxes with about
5 cm of regular aquarium gravel with

continuous aeration in running water
drawn from Lake Erie at 20-22°C. The
lake water intake was 300 m from shore
and the water was flowed through a
200y filter and stored in a tank. Over
90 percent survival of captive animals
have been obtained in this system dur-
ing an experimental period of over one
year. The animals were fed a commer-
cial fish food once a week. They were
healthy and they continued to follow
their natural reproductive cycle in the
experimental tanks.

The chemicals used, including an-
tibiotics and culture medium concen-
trates, were purchased from Fisher
or Sigma, Inc. and microbiological
nutrient mixes were obtained from
DIFCO. De-ionized water sterilized
by autoclaving was use to make up all
solutions. Working solutions were Mil-
lepore-filtered through 0.22u filters.
Culture vessels and pipettes were dis-
posable sterile Falcon or Costar tissue
culture dishes. All manipulations were



Conducwd. using aseptic techniques in Table 1.  Percentage of live glochidia after various periods of time in five
a hood with no air current. All solu- o
tions were filtered and sterilized with U e,
Millepore ﬁlters.. . o Vi e

Prior to obtaining the glochidia, t.he Days in Muller- Nutrient Brain/Heart Todd Lauria
mussel shells were scrubbed gently with Medium Hinton Broth Infusion
a soft brush under cool tap water. The
animals were rinsed thoroughly under 1 100 99 98 100 98
de-ionized water and then bathed in 2 100 98 98 98 97
de-ionized water with frequent chang- 3 99 100 99 99 98
es un.til1 no hb?ritlio? of partiCLﬁat}e1 4 99 98 98 99 95
materials was visible (a process whic
took about an hour). The shells were ° 94 98 98 98 17
opened with pliers and kept open with U 97 95 92 2
a cork of about 0.5 cm diameter. The 8 90 98 82
visceral mass was rinsed gently 6 times 12 10 84 3
with sterile mollusc Ringer’s solution 14 84 5
containing 10 pug of penicillin-strepto- 19 87
mycin/ml. Glochidia were then flushed 20 95
into Petri dishes with Ringer’s with a
1 mL syringe fitted with a 26 g needle. e3 79°
The glochidia were collected with a 24 86°
Pasteur pipette and serially transferred 25 573
into disposable sterile tissue culture aEach number is based on counting 100 glochidia.
dishes containing Ringer’s solution to ®Signs of deterioration were observed though shells were closed.
eliminate contaminating microbes and

protozoa by dilution. Embryos were
withdrawn from the gonads with a 24

Table 2.  Culture media mixture compositions (ml/L except bacterial nutrient which was added at 2 ml/L as either
nutrient broth [NB] or Brain/heart infusion [BHJ?).

Mixture Ringer’s HEPES®  Buffer-all® Kanamycin Geneticin Antimycotic Bacterial Leibovitz®
Number (1 M) (100X) (50 mg/ml) (50 mg/ml) (100X)° Nutrient (ml)

1 17.80 0.5 NB

2 17.80 0.2 NB

3 19.45 0.5 0.05 BH

4 17.45 0.5 0.05 0.05 NB

B 17.45 0.2 0.05 0.05 BH

6 17.78 0.2 0.2 NB

7 17.30 0.7 0.2 NB

8 15.45 0.5 0.05 NB 2

9 17.75 0.2 0.05 BH 2
10 17.45 0.5 0.05 2
11 17.78 0.2 0.2 BH 2
12 17.78 0.2 0.05 BH 2
13 17.72 0.5 0.05 0.05 0.2 2
14 15.20 0.5 0.05 0.05 0.2 NB 2
15 17.50 0.2 0.05 0.05 0.2 BH 2
16 16.50 0.2 0.05 0.05 0.2 NB 2
17 15.00 0.5 0.2 0.05 0.05 0.2 NB 2
18 20.00

aNB and BH from DIFCO.
bTrade name of organic tissue culture buffers.
°The formula used was concentrated 100 times the normal concentration.
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g needle and were cleaned by sedimen-

2Days on which media were changed.

Table 3.  Survival of glochidia (percent) in the 18 culture mixtures used on/ on in Ri s sol
wer s paiedl el 7 chs tation/re-suspension in Ringer’s solu-
tion a minimum of six times.
Culture Day The authors’ preliminary unpub-
Medium No. 1 P 4 6 = 9 11 lished experiments showed that mol-
lusc Ringer’s solution without nutrient
1 88 5 o4 46 a9 58 o mixture supplements could support
2 100 100 62 40 40 40 31 the survival of glochidia for only four
3 100 100 days. Because many cell types that are
4 90 92 75 90 44 37 35 routinely used for bacterial cultures re-
5 100 100 100 97 96 73 65 quire a supplement of nutrient broth,
6 100 96 73 87 87 63 48 the efficacy of different nutrient mix-
7 87 100 71 97 91 93 65 tures to evaluate the survival of glo-
8 100 100 46 60 46 18 15 chidia in vitro were tested. Five com-
9 96 96 97 % 97 95 90 monly used nutrient mixtures, Muller-
10 97 08 08 82 65 30 26 Hintc?n, Nutrient Broth, .Brain/heart
11 94 % 89 100 100 80 95 Infusion, Todd, and Lauria (Table 1)
were selected.
12 100 100 100 100 100 100 100 .. .
In these preliminary experiments,
U 81 =7 96 95 & 58 29 complete M199 and F12 media with
14 88 94 90 o1 8 34 21 bicarbonate buffer in both air and five
15 97 100 100 86 77 54 36 percent CO, or in air, were used. A
16 100 96 70 84 84 84 &2 mollusc Ringer’s mixture was selected
17 94 96 70 86 52 37 40 as the basic solution and was supple-
18 100 100 100 73 75 54 mented with the mammalian cell cul-
ture mixture, Leibotviz medium. The
Table 4.  Survival of glochidia (percentage) over up to 49 days with respect to duplicate cultures (a and b) using six
culture media mixtures.
Days in Mixture
Culture 1a 1b 2a 2b 3a 3b 4a 4b 5a 5b 6a 6b
1 97 100 100 99 100 99 93 97 100 97 91 98
3 90 96 97 98 97 99 90 99 99 93 95 96
5 98 98 100 —- 100 99 92 - 100 98 100 97
72 98 95 97 -- 97 - 97 -- == 98 == 91
9 89 96 96 -- 96 89 97 -- -- 94 -- 91
122 81 91 74 = 77 = 80 = = 84 = =
13 90 80 79 - 79 -- -- - - 81 - --
150 79 78 61 - 79 - — - - 59 - —
16 65 - 50 - 74 — — - - — - —
17 62 -- 64 - 53 -- -- -- -- -- -- --
20 66 = 42 =5 80 -
24 54 == 47 = 76 =
26 49 - 58] - 60 -
30 59 == 69 = 51 =
332 61 - 52 - 56 -
35 46 - 44 — 53 —
36 61 - 55) -- 50 -
372 61 - 56 - 55 -
40 55 - 59 - 52 -
422 51 - 54 - 52 -
45 58 = 51 — 52 =
47 39 - 41 - 42 --
49 38 - 29 -- 36 -
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rationale to choose the Leibotviz
formula was that it can be used with
organic buffer as well as with bicar-
bonate in air or a in CO, atmosphere.
Although the Leibotviz mixture was
selected to supply amino acids and vi-
tamins, nutrient broth was also needed
for survival. The two most efficient
mixtures were Brain/Heart Infusion
and Nutrient Broth from DIFCO.
Subsequently, to test the efficacy
for glochidia growth in vitro, 18 dif-
ferent working mixtures or culture
media were tested for a period of 11
days. The different concentrations of
the constituent ingredients in the cul-
ture media used are shown in Table 2.
The compounds were chosen using the
following information: 1) antibiotics
were of the broad spectrum type, and
2) Leibotviz culture media can be buft-
ered with organic buffer, HEPE, and
does not require a CO, atmosphere.
Most importantly, in order to discour-
age contamination, diluted culture me-
dia in mollusc Ringer’s was used. The
survival rates by percentage during the
11 day period were calculated (Table

3). Mixtures 9, 11, and 12
were chosen as the growth
media for the next experi-
ments (Table 4). Media 13,
14, and 15 were arbitrarily
chosen as controls. Media
were changed at intervals
as indicated.

Cultures were moni-
tored daily except Sundays.
An inverted microscope
with phase optics was used
to ascertain larval vitality.
Living cells and dead cells
were different in their re-
fraction. About 100 larvae
were counted in random fields to cal-
culate survival rates. Those larvae with
open shells were considered dead.

Results

Preliminary experiments. During
the manipulation of embryos and the
glochidia, we found that the freshwa-
ter mussel embryos of P. grandis were
much more fragile than those of ma-
rine invertebrates such as sea urchins
and starfish. Even mild centrifugation

Figure 2. Embryos with and without fertilization
membranes along with the membranes.

using a hand centrifuge would rup-
ture the membranes and fragment the
embryos. Washing, therefore, must be
done gently by hand. Embryos recov-
ered from the gonad consisted of dif-
ferent stages of development. Embry-
os with and without fertilization mem-
branes along with the membranes are
shown in Figure 2. In that Figure, we
placed a glochidium and an embryo on
the same slide to show their equivalen-
cy in overall size. The thin and trans-
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parent shells of glochidia flushed from
the marsupia stayed open for a short
duration, about 5-10 sec, then closed
under the present culture conditions.

The Brain/Heart Infusion support-
ed survival for the longest duration, up
to at least 22 days, with more than 85
percent survival. Brain/heart Infusion
broth therefore constituted part of the
growth media for freshwater mussel
glochidia in subsequent experiments.

Based on the preliminary results,
another series of experiments were de-
veloped in order to test larval survival
efficacy of new mixtures presented in
Table 3. Mixtures 9, 11, and 12, all
containing Brain/heart Infusion, were
the best media with survival rates of
90, 95 and 100 percent over the 11 day
experimental period. The same mix-
tures supported survival of the larvae
for as long as 49 days in those experi-
ments. Glochidia in the controls did
not survive longer than 15 days. The
duplicates were highly contaminated
rendering them unable to support the
growth of the glochidia.

Discussion

This study represents one of the few
investigations using defined culture
media in an attempt to bypass the par-
asitic stages of developing freshwater
mollusc glochidia. Isom and Hudson
(1982) reported that a defined medium
supplemented with fish serum would
support the transformation of glo-
chidia obtained from the gills of mus-
sels. However, unlike serum from large
vertebrates like goats or horses, fish se-
rum in quantity and of high quality is
difficult to obtain and thus not is prac-
tical for a large-scale cultivation.

Hudson and Shelbourne (1990) had
some success in the use of a serum-
free commercially available medium to
culture free-living juveniles. Juveniles
could survive up to 96 hours in stud-
ies conducted by Dimock and Wright
(1993). These sporadic reports did
indicate the possibility of adopting
mammalian tissue culture techniques
for the survival and subsequent trans-
formation in vitro free-living stages
without host fishes.

One of the difficulties in glochidia
cultivation in vitro is the continuous
presence of protozoa and other mi-
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crobes in even the viscera of the mus-
sels resulting in contamination of the
cultures. Some protozoa will feed on
the glochidia as well as competing for
nutrients. The reasons for high mortal-
ity rates in the controls during the last
series of experiments are unclear even
though steps of aseptic techniques
were strictly followed. The importance
of aseptic techniques in the cultivation
of freshwater mussel cells is considered
crucial. Although antibiotics are nec-
essary, our experiments showed that
none of the ones used was superior
over the others. It is more important
to start with a population of glochidia
with the least amount of contaminat-
ing organisms. Bathing the mussels in
sterile water until no visible particulate
matter is released is the minimum re-
quirement to obtain a clean culture.
Knowing this and other difficulties in
establishing a successful culture sys-
tem, we formulated a medium that dis-
couraged the growth of microbes and
protozoa. The reasons for choosing
DIFCO products for the preliminary
experiments were based on availability.
Products of other companies will most
likely be just as effective.

We have accomplished the first goal
which was to obtain high survival of
glochidia in vitro_for a relatively long
period of time without an expensive
CO, incubator. The next step will be to
find a suitable nutrient mixture that can
support metamorphosis and differen-
tiation to free-living juveniles without
the host fish. Because various species
parasitize host fish for different dura-
tions, requirement for survival through
metamorphosis into free-living juve-
niles will differ, hypothetically, in vitro.

To reach the level of efficacy as ex-
ists in mammalian cell culture, there re-
mains much work to be accomplished.
The concept of adopting mammalian
cell culture technology presented here
represents an alternative and practi-
cal approach to finding specific host
fishes for the rescue and replenishment
of populations of freshwater mussels,
especially the endangered species. To
that end, we have accomplished the
first step, survival in an in vitro envi-
ronment that can be refined for the
transformation and metamorphosis of
freshwater mussel larvae.

Our studies presented here have
demonstrated the feasibility of the
use of diluted amino acid mixtures
designed for cell cultures, broad spec-
trum antibiotics and the appropriate
use of aseptic techniques. The aseptic
techniques are the most important step
in establishing a culture condition suit-
able for survival first and subsequent
development.

Notes

"Department of Biology and the Lake Erie
Center, The University of Toledo, To-
ledo, OH 43606.

*Marine Biology and Limnology Research
Center (CIMAR), University of Costa
Rica, San José, Costa Rica.
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