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Ditferential sensitivity of hooked (Urrerbackia imbecillisy and hookless (Megalonaias
nervosa) glochidia to chemical and mechanical stimuli (Bivalvia: Unionidae)

Melanie K. Shadoan and Ronald V. Dimock, Jr.!

Department of Biology, Wake Forest University, Winston-Salem, NC 27109

ABSTRACT:  The stimuli involved in the attachment of glochidia larvae of freshwaler mussels to fish hosts are largely
unkrown, with a few observations suggesting that fish mucus or body fluids may be important cues. Specificity in the site of
attachment, with hockless glochidia generally encysting on gills and hooked forms attaching to fins cr opercula, may also
involve differential sensitivity te chemical or mechanical stimuli, To test this hypothesis, individual glochidia of Utterbackia
imbecillis {(hooked) and Megalonaias nervosa {hookless) were exposed to epithelial mucus of three species of fish, fo size-
fractionated mucus of bluegill, and to three putative components of mucus. Larvae also were exposed te fish-conditioned water,
two fish sex pheromones, and 11 amino acids, Sensory hairs of gaping glochidia were mechanically stimulated, both with and
without aming acids in the test medinm. Results were assessed from the number of valve adductions min?' and the duration of
prolonged (tonic) vaive closure. Fish mueus elicited a significant increase in the rate of valve adduction in five of six fish-mussel
combinations, and induced tenic closure in all combinations. Larvae of Megalonaias responded more actively to the fraction
of biuegill mucus of < 3000 Daltons than (o intact mucus or two larger molecular weight fractions. Etterbackia responded equally
to whole mucus and the molecular weight fractions. Of the remaining chemical preparations tested, only sialic acid and the
amino acids induced a significant response. Megalonaias and Utterbackia both were weakly responsive to sialic acid, but only
Megalonaias was stimulated by the amino acids alone. A synergistic Interaction between chemical and mechanical stimuli was
evident for both species. In contrast to an overall greater chemical sensitivity of Megafonaias, Utterbackia was significantly

more sensitive to mechanical stimulation.
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The life cycle of unionid mussels includes the
brooding of developing embryos to the shelled
glochidium larva within modified water tubes of
parental gills. Mature larvae are released and become
parasiiic on fish, whick serve as hosts during
subsequent metamorphosis to juvenile musseis. Of
the nearly 300 species of unionids in North America,
fish hosts are known for only about 25% (Watters
1994). However, it has recently been demonstrated
that fish might not be the only suitabie vertebrate hosts
upon which glochidia effect successful metamorpho-
sis (Watters and O’Dee 1998).

Morphological and behavioral features of some gravid
unionids {(Kraemer 1970, Harifield and Butler 1997)
probably function to eiicit visually mediated responses
by potential host fish that may increase the probability of
successful parasitism by glochidia. It has also been
implied {Davenport and Warmuth 19653, and recently
demonstrated experimentally (Jokela and Palokangas
1993}, that gravid mussels can detect chemical effluents
from fish and respond by releasing glochidia.

The behavior of glochidia is limited te opening and
closing the valves (sheiis). This valve adduction,
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although occasionally vigorous and repetitive [‘clap-
ping’ or ‘winking’ to Lefevre and Curtis (1912)], is
insufficient tc generate swimming or any other
locomotion. Valve adduction typically is phasic
{rhythmic) but also may lead to tonic adduction, or
prolonged closure of the valves {Labos ef al. 1964),
The abundance of glochidia and ease of quantifying
their behavior have led to their use in physiological,
pharmacological (Labos and Salanki 1963, Labos ef
al. 1964), and toxicological studies (Varanka 1986,
Huebner and Pynnonen 1992, Hansten et af. 1996,
Keller and Ruessler 1997, Jacobson e af. 1997). A
novel application of their behavior employed the
passive entry of live glochidia into the oral cavity of
fish to map the dynamics of flow over the gills by
monitoring the pattern of attachment of larvae to gill
filaments (Paling 1968).

One feature of mussel-host associations that has not
been well studied is the potential for sensory-
mediated interaction between glochidia and a host
that might facilitate successful attachment of larvae
prior to encystment. Lefevre and Curtis (1912)
suggested that hookless glochidia that typically attach
to gill filaments were iess responsive to mechanical
stimulation than were hooked species that generally
attach to external surfaces such as fins and opercula.
Hookless larvae were especiaily responsive fo



chemical stimuli, responding with vigorous contrac-
tions to the biood of fish and other vertebrates
{Lefevre and Curtis 1912). Since that early work,
glochidia of several species have been shown to
respond to fish mucus and epithelial tissue
(Lukasovics and Labos 1965, Wood 1974, Young and
Williams 1984) as well as to selected amino acids
(Heard and Hendrix 1964). The mechanics of valve
closure and attachment by giochidia have been
described by Hoggarth and Gaunt (1988).

The present study examines responses of the hooked
glochidia of Urnrerbackia imbecillis and the hookless
larvae of Megalonaias nervesa to chemical and
mechanical stimuli.  Glochidia were exposed to
epitheiial mucus of fish, as well as to size-fractionated
mucus, pulative components of mucus, two fish sex
pheromones, fish-conditioned water, and a series of
amino acids. They also were subjected to mechanical
stimulation of larval sensory hairs. The two species of
-mussels responded differently, with M. »ervosa in
general being more sensitive to chemical stimuli,
while U. imbecillis was more responsive 10
mechanical stimulation. The response of both species
to mechanical stimulation was more pronounced in the
presence of amino acids.

Methods

Glochidia were obtained from Utterbackia imbecillis
{Davis Pond, Mecklenburg County, NC, Aug to Oct) and
from Megalonaias nervosa (Kentucky Lake, Benton
County, TN, Nov to Jan). Adult U imbecillis were
maintained in the laboratory at 20 °C. Excised brooding
demibranchs of M. mervosa were shipped chilled
overnight from Tennessee, and the glochidia were used
within 18-20 h after excision of the gills from live
Megalonaias. In contrast to the observation of Keller
and Ruessler (1997), glochidia of M. nervosa remained
viabje well beyond the maximum time required to
compiete the relevant experiments with that species.

Approximately 3 ml aliquots of mature glochidia were
obtained as needed by inserting a Pasteur pipet into a
gravid demibranch. Larvae were gently aerated in 25
ml of artificial pond water (APW, Dietz and Alvarado
1970) at 20 °C to separate glochidia from parental
tissue and mucus. Glochidia were washed three times
in APW and then were held at 20 °C until use. A sub-
sample of each preparation of glochidia was tested for
viability as indicated by rapid valve ciosure in the
presence of 0.4 M KCl. All glochidia were used
within & h of removal from a marsupial demibranch.
Assays were conducted at 20 °C with a minimum of 30
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larvae of each species. Individual glochidia were used
only once, and all experimental treatments were
paired with a corresponding APW control,

For experimental observation, a single larva was
transferred by micropipet in 10 ul of APW to a
depression slide on a Nikon SMZ-2T dissecting
microscope equipped with a video camera. Responses
were quantified from recordings made with a IVC
Mode! BR-9000U video recorder with on-screen time
display. The parameters evaluated included the
number of rhythmic valve adductions min™ and the
duration of any resulting tonic ¢losure (> 5 s), withia
a total observation period of 60 s.

The experimental treatments to which glochidia were
subiected are summarized in Table 1. The preparation
and presentation of these stimuli were as follows. Mucus
was tested from Lepomis macrochirus (bluegill) and
Micropterus salmoides (largemouth bass) from Belews
Lake, Rockingham County, NC, and from commercially
acquired Carassius auratus (gotdfish). Epithelial mucus
(pH 6.2-6.3) was obtained by gently rubbing the lip ofa
50 ml Erlenmeyer flask along the side of a fish,
Approximately 5 pi of mucus then was placed within
about 100 um of a glochidium in APW on a depression
slide with a sterile 5 wm diameter glass micropipet
(pulled with a Narishige PN-3 Electrode Puiler}. A new
micropipet was used with each glochidium. Centrol
{arvae were presented with about 5 pl of APW,

Bluegiil mucus was fractionated by ultrafiltration
using Amicon Centriplus Microconcentrators {Amicon
Corp). A 1 ml sample of epithelial mucus was placed
in a 10 kD (kilo-Dalton) concentrator {Centricon-10)
and overlaid with 9 ml of APW before centrifugation
(Sorvall RC2-B) at 3000 x g for 2 h at 4 °C, The tube
then was inverted and was centrifuged at 2000 x g for
4 min to recover the retentate. The filtrate from the 10kD
concentrator was fractionated further with a 3 kD filter
{Centricon-3) by centrifuging (.5 ml of the filtrate with
4.5 ml of APW at 7500 x g for 2 h. This procedure
yielded three fractions: >106 kD, 3-10 kD, and <3 kD,
each of which was tested in the behavioral assay.

Larvae also were exposed to several reported
components of mucus, two fish sex pheromones, i1
amino acids and to ‘fish-conditioned water’ (Table 1).
Stock solutions of all chemicals were made up in APW
from reagents from Sigma Chemical Company. The
pH was adjusted to 6.2 - 6.5, and the pheromones were
inttially dissolved in 1 m! of methanol. All selutions
were presented as 10 i aliguots to a glochidium that
previously had been placed in 10 ul of APW. Controls
received 10 ul of APW.



Table 1. Stimuli to which individual glochidia of U.
preparation and delivery of experimental treatments.

imbecillis and M. nervosa were exposed. See text for

Chemical stimuli

Mechanical stimuli

Epithelial mucus from:
Largemouth bass
Goldfish
Bluegill sunfish
Size-fractionated mucus of bluegill {kilo-Daltons}
>10 kD
3-10 kD
<3 kD
Components of mucus
Sialic acid (107 M)
Galaectose (167 M)
Heparin (10 units ml")
Fish pheromones
170,20B-Dihydroxy-4-pregnen-3-one (10~ M)
prostaglandin F2e :

Stroking sensory hairs:
In Artificial Pond Water
In amino acids (102 M):
Glutamic acid
Histidine
Hydroxyproline
Threonine

[5Z,%a,11e,13E,158}-9,11,15-Trihydroxyprosta-5,13-dienoic acid (103 M)

Fish-conditioned water
One 12 cm bluegiil in 2 1 of APW for 24 h
Amino acids: (10 and 107 M)
Alanine
Arginine
Asparagine
Aspartic acid
Glutamic acid
Glutamine
Histidine
Hydroxyproline
Isoleucine
Serine
Threenine

The response of larvae to mechanical stimulation was
examined by gently stroking individual sensory hairs
and adjacent mantle tissue of gaping glochidia with a
5 pm micropipet held in a micromanipulator untii
tonic closure of the shells occurred. Control animals
were left undisturbed and observed for | min, Possible
additive effects of chemical and mechanical stimulation
were tested using the micromanipulator-micropipet
systemi with larvae that were in APW and were
simultaneously exposed either to an additional 10 pl of
APW or to 10 ul of each of four amino acids {Table 1).

The data were analyzed by t-tests and one-way and
two-way ANOVA, followed by Tukey’s or Dunnett’s
post hoc comparisons as appropriate. Analyses were
performed with BMDP statistical software (Dixon

1990) and Microsoft Excel, following the procedures
of Zar {1984).

Resuits

The rate of valve adduction by glochidia of both
species was significantly greater than that of controls
in response to epithelial mucus of the three species of
fish {two-way ANOVA, F , =257, P<0.001, Fig.
LA). The larvae of Utterbackia responded similarly to
the mucus of all three species (Tukey, P> 0.05)
whereas Megalonaias differed significantly from the
control only in response to mucus of bluegill and
goldfish (Tukey, Fig. 1A). Upon exposureto all three
types of mucus, 100% of the glochidia of Utterbackia
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Figure 1. Rate of rhythmic valve adduction of glochidia larvae of Megalonaias nervosa and Urrerbackia
imbecillis exposed (A) to epithelial mucus of three species of fish and (B) to whole and size-fractionated
epithelial mucus of Lepomis macrochirus (bluegill sunfish) (kD = kilo-Daiton; bars depict + SE, N =30 for each
treatment).
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subsequently underwent tonic adduction of their
valves and remained closed for the duration of the
observation period, while only 30% of Megalonaias
entered prolonged closure.

Valve adduction by Unerbackia was significantly
greater than the contrel in response to whole bluegill
mucus and to the < 3 kD and > 10 kD fractions
(ANOVA, ¥ | .=5.7, Tukey, P<0.05; Fig. 1B). The
response to the 3-10 kD fraction was not significant
{Fig. 1B). In contrast Megalonaias was highly
stimulated by the < 3 X2 fraction (Fig, 1B), exhibiting a
rate of adduction that significantly exceeded the
response to whele bluegill mucus (ANOVA, F
=25.0, P<0.001, Tukey P<0.001). The response by
Megalonaias to the two larger fractions was not
significantly different from the control (Tukey, P>
0.05). The differences between the two species were
underscored by the significant interaction (species x
mucus-fraction) in a two-way ANOVA (F =04 P<
0.001).

4,290

Neither the fish pheromones, fish-conditioned water,
nor the putative components of mucus, heparin or

galactose, elicited a significant response in either
species. However, sialic acid significantly increased
the rate of valve adduction by Megalonaias from a
control rate of 1.1 + 0.1 adductions min to 2.5 + (.7
(% + SE, N =30, P<0.05, t-test). The rate also was
significantly greater for Utterbackia relative to its
control (1.8 £ 0.2 vs [.1 -+ 0.1 adductions min™'), but
the rates were not different between the two species
(two-way ANOVA, P= (.18). None of the amino acids
at any concentration stimulated rhythmic adduction
by U. imbecillis at a rate that was different from the
APW control (data not shown). In contrast, 7 of 11
aminoe acids (Fig. 2) induced significant increases in
vaive adduction by Megalonaias (ANOVA, Fises ™
15.5, P<0.001). Megalonaias was maximally stimu-
lated by histidine, with a few glochidia exceeding 25
adductions min' {Fig. 2}, Results were similar at both
10 and10” M but only data for 10" M are presented.

Whiie no amino acid induced a significant increase in
the rate of rhythmic valve adduction by U. imbecillis,
exposure of hoth species of glochidia to isoleucine,
arginine, serine, glutamic acid, and histidine resulted
in tonic valve closure that was of longer duration than
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Figure 2. Rate of thythmic valve adduct ion (%t SE) of glochidia larvae of Megalonaias nervosa exposed to the
amino acids histidine, giutamine, glutamic acid, serine, alanine, aspartic acid, arginine, asparagine, isoleucine,
threonine and hydroxypreline at 10 M. Bars under the same line are not significantly different (ANOVA, Tukey,

P<0.05, N =30 for each treatment).
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Table 2. Response of glochidia of M. nervosa and U. imbecillis to mechanical stimulation of larval sensory

hairs. [% + SE, N = 30]

Response

Stimuli te Induce

Duration of Tonic

Species Tonic Closure Closure (seconds)
M. nervosa 8.3+ 1.50 38.5+5.0
U, imbeciilis 4.3+0.25 23.0+£5.0

in the APW controls (Dunnett’s, P<{0.05). The
duration of this prolonged closure was not signifi-

cantly different between the species (two-way
ANOVA,F,  =237,P=0.13).

The responses of glochidia to mechanical stimulation
in APW are depicted in Table 2. Urterbackia closed in
response to significantly fewer mechanical strokes
than Megalonaias but remained closed for a
significantly shorter time (Table 2, t-tests, P<0.035).
However, the effects of mechanically stimulating
glochidia in the presence of four amino acids differed
in several respects from the results of mechanical
stimulation alone, both between the two species and
among the controls and specific experimental
treatments (Fig. 3A,B). Megalonaias closed its valves
after significantly fewer mechanical strokes in all four
amino acids relative to the APW conirol (one-way
ANOVA, F = 6.3, P<0.001, Dunnett’s, P<0.05).
Although the difference was not as evident for
Urterbackia (Fig. 3A), that species was significantly
affected by each of the amino acids (F s 2.9, P<
0.002, Dunnett’s, P<0.05). The greater sensitivity of
Megalonaias was underscored by a significant
species-effect in a two-way ANOVA (F =15.7,P<
0.001).

1,290

The duration of the resulting tonic closure that
occurred in all four amino acids (Fig. 3B) was
significantly increased for both species (ANOVA and
Dunnett’s, P< 0.05). However, Megalonaias was
more markedly affected than Utterbackia, with, for
exampie, histidine causing 100% of the glochidia of
Megalonaias to remain closed for the full 60" s
observation period (Fig. 3B).  This difference
between the species also was evident from the
significant species-effect in a two-way ANOVA
(F | 0= 69.0,P<0.001).

Glochidia in all the APW controis employed in this
study exhibited an overali mean rate of rhythmic valve
closure of 1.23 + 0.4 (%+ SE) adductions min™! for U.
imbecillis and 0.28 + 0.07 for M. nervosa. These
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differences were significant (-test, P<0.05, N =1201or
each species), and indicate that larvae of Megalonaias
are more quicscent following their removal from the
marsupial chambers of parental gitis than are glochidia
of Utterbackia.

Discussion

The rate of valve adduction for undisturbed glochidia
has been reported as about (.1 adductions min”' for
Anodonta cygnea (temperature unknown) (Labos
1966}, 0.18 min™! for Margaritifera margaritifera (20
°CY {Young and Williams 1984) and 0.36 min"' for
Pyganodon grandis (20 °C) (Jacobson ef al. 1997). In
the present study spontaneous rhythmic valve closure
occurred at 0.3 adductions min™ for Megalonaias and
1.2 mint for Unterbackia (20 °C). These very low
frequencies contrast with the potential rate of shell
closuyre, For example, exposure fo exogenous
inorganic and organic substances including the
neurotransmitters serotenin and tryptamine elicits on
the order of 35 to 40 adductions min™ for glochidia of
Anodonta cygnea (Labos and Salanki 1963, Labos et
al. 1964). The rate of adduction of a few U. imbecillis
exceeded 15 min™' in response to the <3 kD fraction of
bluegill mucus, and some Megalonaias approached 40
adductions min”' in both whole bluegill mucus and the
<3 kD fraction. Since glochidia are limited to the
opening and closing of their valves by contraction and
relaxation of a single adductor muscle, the pattern and
rate of such shell movements are likely to be critical to
their successful attachment to a vertebrate host {Arey
1921, Wood 1974, Hoggarth and Gaunt 1988).

Glochidia of I/, imbecillis and M. nervosa exhibited
an increase in rhythmic valve adduction and the
duration of tonic shell closure in response to intact
fish mucus. Larvae of /. imbecillis responded equally
to mucus from all three species of fish, and 100%
subsequently underwent tonic closure. This observa-
tion is consistent with the attachment of hooked
glochidia to external surfaces of a fish where contact
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Figure 3. (A) The number of mechanical contacts of jarval sensory hairs required to induce tonic valve closure
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with epithelial mucus would occur, and the relative
lack of host specificity exhibited by this species
{Watters and O’ Dee 1998).

Lukasovics and Labos (1965} reported tonic closure
by A. cygnea larvae in response io mucus from a
variety of fish, while Wood (1974) observed
significant closure by the same species in goldfish
mucus in just ene of two experiments and only after 30
min exposure. Data from these studies perhaps are
confounded by the trauma to epithelial tissue by the
maceration techniques the authors used to prepare the
mucous solutions. While Lefevre and Curtis (1912}
demonstrated that other species of hooked glochidia
respond to epithelial mucus with increased rhythmic
and tonic adduction, this is not exclusively a response
of hooked glochidia since hookless M. margaritifera
shows similar behavior (Young and Williams 1984). All
previous studies of glochidial behavior have employed
groups of larvae (often >25 simullaneously), adding the
complication of potential interaction among glochidia to
an interpretation of the results.

Megalonaias responded maximally to the <3 kD
fraction of bluegill mucus, implying that the principal
stimulatory component(s) in the mucus is of relatively
small molecular weight. Wood (1974) found that
glochidia of 4. cygrea responded to epithelial mucus
of C. auratus that had been subjected to filtration,
variation of pH, boiling and dialyzation, and that the
active component is thermosiable, uncharged and of
small molecular weight. Her observation of the
effectiveness of small components of mucus in
eliciting rhythmic adduction is consistent with the
results for Megalonaias.

The individual components of fish epithelial mucus
have not been extensively characterized. Wessler and
Werner (1957) determined that the major constituent
of external mucus of severai species of freshwater fish
was protein that yielded most of the normal
assortment of amino acids upon hydrolysis. They also
found lesser quantities of simple sugars, nucleic acids
and glycoproteins. Sialic acid has been reported in
glycoproteins from mucus of Anguilla vulgaris
(Faillard and Schauer 1972) and Allolepsis hollandi
(Hashimoto and Yoshimura 1977}, Other prevalent

components of 4. hellandi mucus were galactose,.

mannose, glutamic acid, aspartic acid, threonine and
serine (Hashimoto and Yoshiumura 1977). The
significant but relatively moderate response of both
Utterbackia and Megalonaias 1o sialic acid is
consistent with the occurrence of this substance in
vertebrate mucus.
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Although there are few reports of the amino acid
concentration of fish fluids, McDoenald and Milligan
(1992} determined that the blood of Cyprinus carpio
{common carp) included less than 10 M total amino
acids.  Salmo gairdnerii  (rainbow trout) and C.
amratys mucus alse contains less than 10° M amino
acids (Gras er al. 1978, Saglio and Fauconneau 1985),
with slight fluctuations in concentrations prior to
spawning (Fontaine er ol 1978) and following
feeding (Saglio and Blanc 1989). In the present study
amino acids at both 10? and 107 M were highly
excitatory to M. nervosa glochidia, but failed (o elicit
any rhythmic response in Ul imbecillis. Wood {1574}
noted that 4. cygnea responded to amino acids at 107 M
but not 10 M. Four of the seven amino acids that were
stimulatory for M. rervosa have been reported from
fish mucus (Wood 1974) but at less than 10¢ M, Heard
and Hendrix (1965) subjected several species of
lampsiline glochidia to individual amino acids at 10-' M,
and reported thal tonic contraction occurred among all
the species in response to all amino acids except
arginine, histidine and lysine. However, their study is
difficuit o interpref since it is a brief report without data.

Larvae of U. imbecillis were more sensitive than A
nervosa to mechanical stimulation as indicated by
fewer stimuli being required to inifiate wvalve
adduction. Although 100% of the giochidia of both
species ultimately underwent tonic closure 1In
response to mechanical stimulation of the larval
sensory hairs, Megalonaias remained closed signifi-
cantly longer than Utterbackia. These data perhaps
indicate that hooked larvae quickly re-open the valves
if mechanical stimulation is not accompanied by
chemical stimuli. The cbservation by Weood {1974)
that fewer than 2% of the glochidia of 4. cygnea (a
hooked form) underwent fonic closure when
mechanically stimulated is in contrast to the behavior
of U. imbecillis and M. nervosa. Furthermore,
glochidia of M. margaritifera, which are hookless and
typically attach fo gill filaments, respond to
mechanical stimulation with  immediate closure
(Young and Williams 1984).

The farvae of both Utterbackia and Megalonaias
required significantly fewer mechanical contacts to
induce shell ¢losure in the presence of amino acids
than in APW. Once closed, however, glochidia of
Megalonaias stayed closed significantly longer than
Utterbackia. This heightened sensitivity to mechani-
cal stimulation in the presence of amino acids is
consistent with the greater sensitivity of Megalonaias
to the small molecular weight fraction of bluegill
mucus and fo the series of amino acids. Perhaps
hooked glochidia, such as those of Urerbackia,



require continuous exposure to both chemical and
mechanical stimulation to remain closed. Hoggarth
and Gaunt (1988) suggested that mechanical
stimuiation that causes valve adduction would
increase tactile stimulation of the sensory hairs on the
opposing larval mantle surfaces and would produce
continuous contraction of the adductor muscle.
However, the induction of prolonged shell closure
seems to be more complex than a response to either
mechanical or chemical signais operating alone.

The failure of either species 1o respond to fish
pheromones or to fish-conditioned water may have
been a concentration-dependent result, or may simply
indicate that glochidia are unresponsive to these
substances. Perhaps brooding adult mussels are
affected by these agents during release of mature
glochidia in the presence of hosi fish {Davenport and
Warmuth 1965, Jokela and Palokangas 1993).

This study is the first systematic analysis of the
behavior of individual glochidia in response to
defined stimuli.  The results reveal significant
behavioral and physiological differences between the
two species. The relatively greater chemical than
mechanical sensitivity of Megalonaias may be refated
to these hookless larvae attaching to highly
vascularized gills and being in intimate contact with
substances in fish blood. In contrast the hooked
glechidia of U. imbecillis may be adapted to rapid
closure on a chemo- and mechano-stimulatory surface
such as a moving fin or operculum. However, the
kinetics of the interaction between hookless larvae
and the gill filaments of a fish as the glochidia are
drawn through the buccal cavity clearly are unknown.
It may be instructive to examine the behavior of larvae
of other mussel species that exhibit different
combinations of host specificity and site of
attachment. Untif a more direct measure of sensory/
neuronal involvement in the control of valve
adduction is available, the role of excitatory (or
inhibitory) agents in the interactions between
glochidia and their fish hosts will remain to be more
fully elucidated.
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