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ABSTRACT. Conglutinates and conglutinate-like objects of 60 species of North American

freshwater mussels were examined using scanning-electron microscopy. Thèse structures were

found to hâve a complexity and range of form previously unrealized. They may be organized into

groups having similar morphologies. Thèse groups approximate the currently recognized higher

taxa and will serve to bolster support for them as phylogenetically cohérent groups. In particular

the gênera Ptychobranchus, Dromus, Obliquaria, Lasmigona, and Strophitus hâve unique

conglutinate-like structures. Superconglutinates most closely resemble collections of amblemine

conglutinates. The results of this study may be used in conjunction with other phylogenetic

databases (genetic, adult morphology, behavior, etc.) to construct phylogenetic associations based

on a more whole-animal approach.

INTRODUCTION

Freshwater mussels of the Unioniformes hâve

complex life cycles involving a parasitic larval stage,

the glochidium. This parasite typically attaches to

vertebrate hosts, usually fishes but occasionally

amphibians (Watters, 1997; Watters & O'Dee, 1998).

Reports of mussels using crustaceans (Walker, 1981;

Panha, 1990) hâve been for non-North American taxa.

Glochidia were discovered by Leeuwenhoek in 1695

and illustrated for the first time by him in 1697. Carus

(1832) demonstrated that glochidia were larval

freshwater mussels rather than parasites infesting

freshwater mussels, an idea originally championed by

Rathke (1797). But it was not until 1862 that the

parasitic nature of glochidia was discovered. In that

year Houghton reported finding glochidia attached to

fishes and suggested that they may be parasites.

Conglutinates are packages of glochidia released

by the female mussel. The concept of conglutinates as

vehicles for glochidial infestation was much slower to

evolve. As early as 1826 Prévost had noted the

présence of an agglomération of animicules in the

female mussefs gills. Lea (1834) illustrated the

conglutinate of Strophitus undulatus without further

comment. Forel (1866) proposed that glochidial

threads attached to fish; thèse were illustrated by

Schierholz (1889). Lefevre & Curtis (1910) were the

first to apply the term "conglutinates" to thèse

structures, although other authors had referred to them

as "placenta" and "ovisacs." Few reports hâve been

published since, most anecdotal (Conner, 1907;

Ortmann, 1913; Utterback, 1931) or incorrect (Lefevre

& Curtis, 1911).

Watters (1999, 2002) found unprecedented

complexity in the "conglutinates" of Ptychobranchus

fasciolaris and Strophitus undulatus. It was clear that

thèse reproductive structures were sufficiently diverse

in form and function to harbor phylogenetic

information. Although récent phylogenetic studies

hâve focused on allozyme, genetic, gross adult

morphology, or reproductive patterns, none hâve used

conglutinate information. The purpose of this study

was to examine, using scanning électron microscopy

(SEM), a wide variety of conglutinate-like structures.

Thèse data should be combined with other information

(genetic, morphological, etc.) in further studies to

generate phylogenies using a more whole-animal

approach.

METHODS

Sixty North American taxa were used in the study

(Table 1). Spécimens were taken primarily from the

Ohio State University Muséum of Biological

Diversity, Columbus, Ohio, USA (OSUM). Additional

samples were supplied by colleagues (see

Acknowledgments and captions). Every effort was

made to use fully-developed conglutinates but in some

cases the glochidia had not completely matured.

Préparation of samples for SEM consisted of

fixation in 4% paraformaldehyde and 2%
glutaraldehyde in a 0. 1 M phosphate buffer with 0.9 %
NaCl for 1-2 hrs. Spécimens were rinsed in the same
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buffer, post-fixed in \% osmium tetroxide in buffer,

and dehydrated in graded ethanol. They were critical

point dried in ethanol-CO? in a Pelco CPD2, and

sputter-coated vvith gold-palladium. Spécimens were

viewed with a Philips XL30 scanning électron

microscope at an accelerating voltage of 20 kV.

RESULTS

Taxa were organized into groups having

morphologically similar conglutinate-like structures

(Table 2). Images of the structures are shown in

alphabetical order by taxa in figures 1-64.

DISCUSSION

Morphology

Examination of the 60 species clearly indicates

that an unexpected diversity of "conglutinates" exists.

Closer inspection revealed possible phylogenetic

associations between the taxa based on "conglutinate"

features. It also was apparent that the structures were

not of a single morphological type. This nécessitâtes

new terms to deal with this heterogeneous group.

Structural programmée/ eggs (SPE). Thèse are

unfertilized eggs that become a structural component

of the conglutinate, often giving color and shape to the

structure. Glochidia are embedded or attached to this

core or layer of SPE. The SPE are held together by the

adhésion of the egg membranes. It is possible that the

animal has the ability to "turn off ' certain egg cells so

that they are never fertilized, but become SPE instead.

Conglutinate. The term "conglutinate" is hère

restricted to those structures composed solely of

glochidia or a combination of glochidia and structural

programmed eggs (SPE) that are held together by the

adhesive properties of the egg membranes, although

glochidia may be tethered by their glochidial threads.

Those conglutinates lacking SPE are referred to as

simple conglutinates and those having SPE are

referred to as composite conglutinates. Simple

conglutinates may be elastic or inelastic. In some

cases simple conglutinates may be collectively

assembled into superconglutinates.

Composite conglutinates occur in three forms: A, B,

C.

In composite A conglutinates the glochidia are

untethered to the core of SPE and are held in place by

the adhesive egg membranes. The glochidia are

distributed throughout the SPE core. Composite A
conglutinates hâve been found in Fusconaia and

Toxolasma.

In composite B conglutinates the SPE form a central

ribbon to which the untethered glochidia are attached

along the latéral two margins. Composite B
conglutinates hâve been found only in Dromus.

Glochidia are tethered by means of their glochidial

threads to the SPE core in composite C conglutinates.

Threads are distally fused to the inner lining of the

glochidial egg membrane (Fig. 33). The SPE are

smaller than the glochidia and tightly bound together

by their egg membranes. This type of conglutinate has

only been found in Lasmigona.

Amorphous mucus conglutinate. Glochidia are

released in a loose mucus matrix which eventually

disassociates. Thèse conglutinates occur in the

Margaritiferidae and the unionid "amblemines"

Amblema, Megalonais, Quadrula, and Quincuncina.

Mesoconglutinate . Mesoconglutinates are composed

of spongy, solid mucus bodies to which glochidia are

tethered. Glochidia are originally located within

individual chambers in the mesoconglutinate while

within the marsupium of the female mussel. Upon
release into the surrounding water the glochidia are

pushed to the outside by osmotic swelling of the

mucus; the glochidia then become infective. This type

of "conglutinate" was described in détail by Watters

(2002). It is only known from Strophitus.

Metaconglutinate. Metaconglutinates are the most

complex conglutinate-like structures known and occur

only in Ptychobranchus. The glochidia are contained

in a central core surrounded by an acellular layer. This

core in covered by a second acellular outer layer, with

a fluid layer between the two. The central core extends

to the surface of the outer layer at pigmented "eye

spots." The "tail" of the metaconglutinate is adhesive.

Examination reveals a séries of spongy pads (Figs. 48,

49). Within the cavities of this material are minute

spherical objects (Fig. 50), ~ 8 p. Thèse objects may
be "glue balls" - vesicles of some viscous or adhesive

liquid. How thèse function is unknown, but perhaps

the vesicles rupture on contact or dissolve.

Metaconglutinate mimic models vary from species to

species and apparently also during ontogeny, but the

overall structure is consistent between ail of them.

Phylogeny

No phylogenetic analysis to date has used any

conglutinate information. This study indicates that

there is sufficient morphological complexity to form

conclusions concerning the phylogenetic relationships

between the species included hère. Thèse data may be

used either independently (as hère) or in conjunction

with existing morphological, behavioral, and genetic

information to create a better picture of the évolution

of this group. This study supports the récognition of

suprageneric phylogenetic groups based on genetics

by several récent workers. Thèse groups and others are

discussed below.
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Strophitus. Simpson (1900) separated Strophitus from

ail other unionids on the basis of the placement of the

marsupium (outer gills) and nature of the "ovisacs."

He placed Strophitus in his Diagenae, used by him in

the sensé of a subfamily. This study supports the

uniqueness of this genus. The mesoconglutinate is

found in no other genus. Strophitus was associated

with Pyganodon and Anodonta (Hoeh et al., 2001 ) and

with Lasmigona (Campbell et al., 2005) by DNA
évidence. That resuit is supported by this study, but

the uniqueness of the mesoconglutinate suggests that

Strophitus is a distinct lineage. Strophitus

mesoconglutinates may be functionally derived

directly from the presumably ancestral amorphous

mucus conglutinate by the "firming" of the mucus into

a solid rod.

Dromus. The monotypic Dromus was placed in his

Eschatigenae by Simpson (1900) based on marsupial

and conglutinate characteristics. Starobogatov (1970)

created the Tribe Dromini for Dromus in his

Subfamily Medionidinae. Indeed, the conglutinate

(composite B) has not been found in any other species.

The elastic ribbon, composed of SPE with latéral

glochidia, could be functionally derived from a

Fusconaia-\ike conglutinate, in which genus the SPE
form a central core. The conglutinate morphology

described hère supports the idea that Dromus is a

distinct lineage.

Lasmigona. This genus is typically placed with the

anodontines. The glochidium is typically anodontine

and the adult shell tends to hâve reduced dentition.

However, Lasmigona is unique in several respects.

The glochidia are tethered to a core of SPE. Ail other

taxa having SPE hâve untethered glochidia. This

suggests that one of two things must hâve happened in

the évolution of Lasmigona: either SPE arose

independently in Lasmigona or Lasmigona "re-

evolved" the tethered condition. In view of the

anodontine glochidia found in Lasmigona, the

improbability of regaining the tethered condition, and

its genetic similarities to other anodontines (Lydeard

et al., 1996), I suggest that SPE arose independently in

Lasmigona (SPE may hâve arose a third time as well,

see Toxolasma). Although Raley et al. (2003)

suggested that Lasmigona was paraphyletic, no

différences among the composite C conglutinates of

four species was found in this study.

Cyprogenia and Obliquaria. Simpson (1900) also

recognized the uniqueness of Cyprogenia and

Obliquaria and created his Mesogenae to contain

them; Starobogatov (1970) placed them in his

Cyprogeniinae. Both hâve conglutinates comprised of

glochidia bound by elastic egg membranes. Thèse are

elaborations of the typical EUiptio/Pleurobema

inelastic conglutinates. The morphology of the

marsupia suggests that Cyprogenia and Obliquaria are

related; the elastic properties of the conglutinates are

probably not convergent. However, Cyprogenia and

Obliquaria are not closely related in récent genetic

studies (Campbell et al., 2005). Obliquaria has been

regarded as lampsiline by some genetic studies (Graf,

2002) but as quadruline in others (Lydeard et al.,

1996; Serb et al., 2003; Graf& Cummings, 2006).

Cyprogenia glochidia hâve a core of SPE (Eckert &
Barnhart, 2003). This condition is similar to Dromus;

both hâve an elastic matrix with a central core of SPE.

This supports genetic studies that suggest a close

relationship between Dromus and Cyprogenia

(Campbell et al., 2005).

Ptychobranchus. Simpson's (1900) Ptychogenae

included only the genus Ptychobranchus and was

based on the folded condition of the gills.

Starobagatov's (1970) Ptychobranchinae also

recognized the uniqueness of the genus. The

metaconglutinate is very différent from any other

conglutinate-like object studied, both in terms of its

complexity and associated structures. It was described

in détail by Watters (1999). Ptychobranchus is

considered related to other "lampsilines" in most

studies, including genetic studies (Lydeard et al.,

1996; Campbell et al., 2005). But in terms of

conchological and conglutinate morphology the

Ptychobranchus is unlike lampsiline gênera such as

Villosa, Lampsilis, Ligumia, etc. The metaconglutinate

is similar to the conglutinates of Pleurobema or

Elliptio but hâve been encapsulated in pigmented

layers. Ptychobranchus jonesi, not examined hère, is

probably not in that genus (Roe, 2000).

Superconglutinates. Thèse structures appear to be

collections of Pleurobema- or Elliptio-\\ke

conglutinates. Species having this condition were

placed in the genus Hamiota (Roe & Hartfield, 2005).

Toxolasma. Like Lasmigona, Toxolasma has several

unique and puzzling features that set it apart from

other unioniformes. The adult size is quite small and

the mantle is modified into "caruncles." The latter fact

has caused its inclusion with the lampsilines.

However, the conglutinate is most similar to

Fusconaia in the présence of untethered glochidia in a

SPE core. Récent genetic studies place Toxolasma

near the base of the lampsiline lineage (Campbell et

al., 2005).

Margaritiferidae. Davis & Fuller (1981), using

anatomical évidence and electrophoretic data,

concluded that the Margaritiferidae was a subfamily of

the Unionidae. Smith & Wall (1984) disagreed and

reinstated the group as a family. Hoeh et al. (1998),

based on Cytochrome C Oxidase Subunit I DNA
(COI) séquences, found évidence for séparation of the

Margaritiferidae from the Ambleminae and

Anodontinae - suggesting either three families or three

subfamilies. This study examined the conglutinates of

the monotypic Cumberlandia. The conglutinates are
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composed of untethered glochidia m a mucus matrix,

similar to die presumed ancestral condition ofthe non-

anodontine unionids. The conglutinates differ m being

more formed (or less amorphous) than in most

uniomds baving amorphous conglutinates. It is thus

différent from both the anodontines and the remaining

unionids |" \mblcminac" of Hoeh cl al.. 1998) and

weakl) supports the differentiation of thèse three

groups.

Phj logenetic associations

The ancestral, pre-parasitic condition probably

involved a small number of free-living larvae liberated

bj the female. Thèse may hâve become phoretic on

passing fishes and this symbiosis eventually evolved

into a parasitic relationship (Watters, 2001). The

earliest conglutinates may hâve been amorphous

mucus packets or strands that attracted or entangled

fishes. The Unionidae diverged into two or three

groups, the Anodontinae. Ambleminae, and perhaps

the Margaritiferidae. The Anodontinae hâve glochidia

with glochidial threads, which may hâve been the

ancestral condition. Thèse tethers were lost in the

Ambleminae (and Margaritiferidae).

The Anodontinae are represented in North

America by three groups based on their conglutinates

(or lack thereof). In Strophitus the mucus became a

solid structure with embedded glochidia: the

mesoconglutinate. In Lasmigona the mucus was lost

and some eggs became structural programmed eggs

fbnning a composite C conglutinate. In the remaining

anodontines (Pyganodon, Anodonta, etc.) the mucus

was retained as bundles of threads with the glochidia

embedded in them. The Anodontinae are now
recognized as a distinct group apart from the

remaining unionids, even to the point of being

considered a separate family. As a whole, the group

has evolved to colonize soft-substrate habitats and are

host-generalists. The results of this study support this

distinction from the amblemines.

Untethered glochidia embedded in amorphous

mucus structures represent the earliest Amblemines.

Thèse amblemines are mainly big-river, sculptured

taxa, including Amblema, Megalonaias, Quadrilla,

and Quincuncina, ail confined to the Gulf and Interior

drainages. Thèse may be the among the most primitive

unioniformes (Watters, 2001 ).

In the remaining groups the mucus has lost its

function of holding the conglutinate together. This job

is now fulfilled by the egg membranes, which adhère

to each other. Thèse conglutinates are non-elastic and

lack SPE. Représentatives of this grade of complexity

include Elliptio, Cyclonaias, Pleurobema, and

Plethobasis. One group of amblemines, characterized

by Fusconaia, hâve SPE. Thèse conglutinates are

termed composite A conglutinates.

From this amblemine group several other groups

arose. The combining of conglutinates into a single

structure, the "superconglulinate," occurred only in

I /annota (Roe & Hartfield. 2005). The formation of

elastic egg membranes for greater durability occurred

m the gênera Cyprogenia and Obliquaria. The

resemblance of the thèse conglutinates to those of

Pleurobema suggest a potential phylogenetic

relationship to the Ambleminae. The surrounding of

the amblemine-like conglutinate with multiple layers

to forai a metaconglutinate occurred in

Ptychobranchus. Again, the affinities of

Ptychobranchus may lie with the amblemines.

In numerous groups the conglutinate has been lost,

resulting in a glochidium being released individually

rather than in conglutinates. In some cases glochidia

may be temporarily bound together upon expulsion

but are quickly dissociated. In other cases loose

conglutinates may be formed at the end of a brooding

season if the glochidia hâve not been released

(Watters, unpubl.). Thèse groups include Actinonaias,

Crytonaias, Ellipsaria, Epioblasma, Glebula,

Lampsilis, Leptodea, Ligwnia, Medionidus, Obovaria,

Potamilus, Truncilla, and Vil/osa. In most of thèse

groups conglutinate formation has given way to other

means of luring hosts mantle flaps, papillae,

tentacles, etc. Most of thèse gênera comprise the

"Lampsilini" of numerous authors. Their close

relationships are born out by genetic studies (Lydeard

et al., 1996; Hoeh et al., 2001; Campbell et al., 2005)

and preliminary fossil analysis (Watters, 2001).

However, other members ofthe presumed lampsiline

clade, such as Dromus, Cyprogenia, and

Ptychobranchus, ail appear to be unrelated, based on

conglutinate morphology, to those other Lampsilinae

but related to each other. This is supported by

Campbell et al. (2005) in which thèse gênera (and

others) were found to form a separate clade within

their Lampsilini apart from other lampsilne gênera.

Finally, at least two groups hâve evolved SPE:

Fusconaia and Toxolasma. The great différences

between thèse two gênera (and Lasmigona) suggest

that SPE are convergently derived. A rearranging of

the Fusconaia composite A conglutinate yields

Dromus, having a composite B conglutinate.

The conglutinate and conglutinate-like objects

described hère hâve a remarkable complexity and

range of form. Thèse structures are of phylogenetic

interest because they may be organized into groups

having similar morphologies. In gênerai thèse groups

approximate the currently recognized higher taxa and

will serve to bolster support for them as

phylogenetically cohérent groups. The Anodontinae,

Ambleminae, and Lampsilinae are recognizable in the

conglutinate groups. The Margaritiferidae are less

distinct. Support is given to the uniqueness of several

gênera: Ptychobranchus, Cyprogenia, Obliquaria, and

Dromus. Lasmigona is shown to hâve a unique set of

conglutinate characteristics and the taxonomic

position of the genus is unclear. Lampsilines hâve a

degenerate conglutinate, apparently the resuit of a
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svvitch to a différent host-luring strategy: mantle flaps

and lures.

The présence of SPE are intriguing features. SPE
hâve evolved independently in two lineages:

Lasmigona and Fusconaia. It is apparent that some

species of mussels hâve the ability to "turn off ' egg

cells such that they assume a structural rather than

reproductive rôle. This peculiar trait deserves more

study.

This study may be used in conjunction with other

phylogenetic databases (genetic. adult morphology,

behavior. etc.) to construct phylogenetic associations

based on a more whole-animal approach.
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Figures 1-6. Scale bars = 500 u unless noted otherwise

1, 2. Actinonaias ligamentina. OSUM 5980. St. Joseph River, OH. Glochidia with remnants of egg membranes.

No conglutinate apparent. 3. Alasmidonta marginata. OSUM 13743. Caddo River, AK. Longitudinal section of

marsupium with glochidia. No conglutinate apparent. 4. Alasmidonta viridis. OSUM 21560. Little Darby Creek.

OH. Longitudinal section of marsupium with glochidia. No conglutinate apparent. 5. Amblema plicata. OSUM
48918. Muskingum River, OH. Oblique section of marsupium with glochidia imbedded in amorphous

conglutinate. Two conglutinates are apparent separated by a water tube wall. 6. Anodontoides fernssacianus

.

OSUM 31265. French Creek, PA. Longitudinal section of marsupium divided into water tubes with glochidia.

No conglutinate apparent.
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Figures 7-12. Scale bars = 500 u unless noted otherwise

7. Anodonta suborbiculata. OSUM 13634. Black River, MO. Glochidia loosely bound by mucus. 8. Arcidens

confragosus. OSUM 52015. Green River, KY. Longitudinal section of marsupium with glochidia. No
conglutinate apparent. 9. Elliptio spinosa. OSUM 41069. Altamaha River, GA. Glochidia bound with egg

membranes into conglutinate. 10, 11. Cumberlandia monodonta. Ex. M. Hove. St. Croix River, MN. Glochidia

imbedded in amorphous conglutinate. Scale bars = 100 (j.. 12. Cyclonaias tuberculata. OSUM 14138. Sandusky

River, OH. Glochidia bound with egg membranes into conglutinate.
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Figures 13-18. Scale bars = 500 u unless noted otherwise

13, 14, 15. Cyprogenia stegaria. OSUM 16757. Clinch River, TN. Glochidia bound with elastic egg membranes

into conglutinate. 13. "Head." 14. "Stalk." 15. Cross section showing that the conglutinate is composed solely of

glochidia with no SPE. 16. Ciytonaias tampicoensis. OSUM 15806. Nueces River, TX. Glochidia forming very

weak conglutinate with egg membranes. 17, 18. Dromus drornas. Ex. R. Neves. Clinch River, VA. Composite

conglutinate B formed by central ribbon of unfertilized eggs having border of glochidia in thickened membranes.
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Figures 19-24. Scale bars = 500 u unless noted otherwise

19. Elliptio crassidens. OSUM 15194. Tennessee River, TN. Glochidia bound with egg membranes into

conglutinate. Scale bar = 100 ju. 20. Epioblasma triquetra. OSUM 59432. South Fork Scioto Brush Creek, OH.
Longitudinal section of marsupium with glochidia. No conglutinate apparent. 21. Fasconaiaflava. Ex. G.

Watters. St. Joseph River. OH. Glochidia bound with egg membranes into conglutinate. 22. Fusconaia

maculata. Ex. G. Zimmerman. Allegheny River, PA. Glochidia bound with egg membranes into conglutinate.

Note tight adhésion between egg membranes. 23. Fusconaia ozarkensis. OSUM 54549. War Eagle Creek, AK.
Glochidia bound with egg membranes into conglutinate. Scale bar = 50 u.. 24. Glebula rotundata. OSUM
15704. Bayou Teche, LA. Longitudinal section of marsupium with glochidia. No conglutinate apparent.
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Figures 25-30. Scale bars = 500 u unless noted otherwise.

25. Gonidea angulata. OSUM 8550. Trinity River, CA. Glochidia loosely bound by mucus within a water tube.

26. Lampsilis radiata luteola. OSUM 63569. Lake Erie, OH . Glochidia with remnants of egg membranes in

water tube. 27. Lampsilis teres. OSUM 43079. St. Francis, AK. Glochidia with remnants of egg membranes in

water tube. 28, 29, 30. Lasmigona compressa. OSUM 67876. Fish Creek, OH. Composite conglutinate C formed

by SPE. Glochidia are imbedded in and tethered to the conglutinate. Note the glochidial threads and smaller

SPE. The SPE are tightly bound to each other by egg membranes.
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Figures 31-36. Scale bars = 500 u. unless noted otherwise.

31, 32, 33. Lasmigona costata. OSUM 65201. Grand River, OH. Composite conglutinate A formed by

unfertilized eggs. Glochidia are imbedded in and tethered to the conglutinate. Note the glochidial thread fused

with interior of egg membrane in Fig. 33. Fig. 32, 33 - Scale bars = 100 u. 34. Leptodeafragilis. OSUM 63566.

Lake Erie, OH. Oblique section of marsupium with glochidia with remnants of egg membranes. Glochidia lie

against the wall of the water tube. No conglutinate apparent. 35. Leptodea ochracea. OSUM 52455. Mashpee

Pond, MA. Longitudinal section of marsupium with glochidia in water tube with remnants of egg membranes.

No conglutinate apparent. 36. Lemiox rimosus. OSUM 33955. Duck River, TN. Longitudinal section of

marsupium with glochidia bound with egg membranes into conglutinates.
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Figures. 37-42. Scale bars = 500 u unless noted otherwise.

37. Ligumia recta. Ex. P. Morrison. Ohio River, WV. Glochidia with remnants of egg membranes. No
conglutinate apparent. 38. Obliquaria reflexa. Ex. G. Watters. Muskingum River, OH. Glochidia bound with

elastic egg membranes into conglutinate. Note that conglutinate retains its shape even after glochidia hâve been

removed. 39. Obovaria subrotunda. OSUM 61880. Little Muskingum River, OH. Oblique section of marsupium

with glochidia with remnants of egg membranes. No conglutinate apparent. 40. Pegiasfabula. OSUM 41309.

Little South Fork Cumberland River, KY. Marsupial région of gill, split to show glochidia. No conglutinate

apparent. 41. Plethobasus cyphyus. OSUM 47973. Muskingum River, OH. Glochidia bound with egg

membranes into conglutinate. Note tightly bound egg membranes. 42. Pleurobema clava. OSUM 20744. Little

Darby Creek, OH. Oblique section of marsupium with glochidia very weakly bound with egg membranes into

conglutinate. Two water tubes are présent.
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Figures 43-46. Scale bars = 500 u unless noted otherwise.

43. Pleurobema cordatum. OSUM 67858. Muskingum River, OH. Glochidia bound with egg membranes into

conglutinate. 44. Pleurobema sintoxia. OSUM 19600. Lake Erie, OH. Glochidia bound with egg membranes

into conglutinate. 45. Ptychobranchus fasciolaris. Ex. G. Watters. Little Darby Creek, OH. Entire

metaconglutinate. Adhesive "tail" to left, fluid filled "head" to right. Eyespot at arrow. Scale bar = 1 mm.
46. Ptychobranchus greeni. OSUM 19025. Conasauga River, GA. Entire metaconglutinate. Adhesive "tail" to

left, fluid filled "head" to right. Eyespot at arrow.
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Figures 47-52. Scale bars = 200 p unless noted otherwise. 47. Ptychobranchus fasciolaris. Ex. G. Watters.

Little Darby Creek, OH. Cross section through metaconglutinate showing glochidia in central core.

48, 49, 50. Ptychobranchus subtentum. OSUM 24139. North Fork Holston River, VA. Close-up of adhesive

pad. Fig. 49 is the enclosed area in Fig. 48. Note spongy structure of pad and presumed "glue balls" at arrows.

Fig. 49 - Scale bar = 50 p. Fig. 50 - Scale bar = 20 p. 51. Quadrilla cylindrica. Ex. G. Watters. Tippecanoe

River, IN. Glochidia with remnants of egg membranes, weakly held together by mucus or egg membranes. FIG.

52. Quadrilla metanevra. Ex. G. Watters. Muskingum River, OH. Glochidia with remnants of egg membranes.

No conglutinate apparent.

15



G I W \ I 1 1 ks Conglutinates and conglutinate-like structures in North American freshwater mussels

Figures 53-58. Scale bars = 200 p unless noted otherwise.

53. Quadrilla pustulosa. OSUM 8367. Big Darby Creek, OH. Glochidia with remnants of egg membranes,

weakly held together by mucus or egg membranes. 54. Quincuncina kleiniana. OSUM 48537. Suwannee River,

FL. Longitudinal section through marsupium with glochidia bound in amorphous mucus conglutinate.

55. Potamilus alatus. OSUM 59992. Ohio Brush Creek, OH. Glochidia with remnants of egg membranes. No
conglutinate apparent. 56. Pyganodon grandis. OSUM 48296. Ohio & Erie Canal, OH. Longitudinal section of

marsupium with glochidia. No conglutinate apparent. Scale bar = 500 p. 57. Strophitus conasaugaensis. OSUM
57979. Oakmulgee Creek, AL. Longitudinal section of marsupium with glochidia. No conglutinate apparent.

Scale bar = 500 p. 58. Strophitus undulatus. Ex. G. Watters. Little Darby Creek, OH. Partial mesoconglutinate

with tethered glochidia.
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Figures 59-64. Scale bars = 200 u unless noted otherwise.

59. Toxolasma parvam. OSUM 12071. Olentangy River, OH. Composite conglutinate C with untethered

glochidia imbedded in unfertilized eggs. 60. Quadrilla verrucosa. OSUM 3597. Big Darby Creek, OH.
Glochidia bound in amorphous mucus conglutinate. 61. Truncilla truncata. OSUM 18018. Ohio River, OH.
Glochidia with remnants of egg membranes. No conglutinate apparent. 62. Utterbackia imbecillis. OSUM 8789.

Scioto River, OH. Longitudinal section of marsupium with glochidia. No conglutinate apparent. Scale bar = 500

u. 63. Venustaconcha ellipsiformis. OSUM 15407. Big Piney River, MO. Cross section of marsupium with

glochidia. No conglutinate apparent. 64. Villosa lienosa. OSUM 19992. Little River, MO. Glochidia. No
conglutinate apparent.
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TABLE 1. Taxa, source, and général collection locale for taxa used in study. (OSUM - Ohio State University

Muséum ofBiological Diversity).

1. Ictinonaias ligamentina (Lamarck, 1819). OSUM 5980. St. Joseph River, OH
2. Alasmidonta marginata Say, 1818. OSUM 13743. Caddo River, AK
3. Alasmidonta viridis (Rafinesque, 1820). OSUM 21560. Little Darby Creek, OH
4. Amblemaplicata (Say, 1817). OSUM 48918. Muskingum River, OH
5. Anodontoides ferussacianus (Lea, 1834). OSUM 31265. French Creek, PA
6. Anodonta suborbiculata Say, 1 83 1 . OSUM 1 3634. Black River, MO
7. Arcidens confragosus (Say, 1 829). OSUM 5201 5. Green River; KY
8. Cumberlandia monodonta (Say, 1829). Ex. M. Hove. St. Croix River, MN
9. Cyclonaias tuberculata (Rafinesque, 1820). OSUM 14138. Sandusky River, OH
10. Cyprogenia stegaria (Rafinesque, 1820). OSUM 16757. Clinch River, TN
I 1

.

Crytonaias tampicoensis (Lea, 1 838). OSUM 1 5806. Nueces River, TX
12. Dromus dromas (Lea, 1834). Ex. R. Neves. Clinch River, VA
1 3. Elliptio crassidens (Lamarck, 1819). OSUM 15194. Tennessee River, TN
14. Elliptio spinosa (Lea, 1836). OSUM 41069. Altamaha River, GA
15. Epioblasma torulosa rangiana (Lea, 1838). OSUM 40562. Allegheny River, PA.

1 6. Epioblasma triquetra (Rafinesque, 1 820). OSUM 59432. South Fork Scioto Brush Creek, OH
17. Fusconaiaflava (Rafinesque, 1820). Ex. G. Watters. St. Joseph River. OH
18. Fusconaia maculata (Rafinesque, 1820). Ex. G. Zimmerman. Allegheny River, PA
1 9. Fusconaia ozarkensis (Call, 1 887). OSUM 54549. War Eagle Creek, AK
20. Glebula rotundata (Lamarck, 1819). OSUM 1 5704. Bayou Teche, LA
2 1

.

Gonidea angulata (Lea, 1 838). OSUM 8550. Trinity River, CA
22. Lampsilis radiaîa luteola (Lamarck, 1819). OSUM 63569. Lake Erie, OH
23. Lampsilis teres (Rafinesque, 1 820). OSUM 43079. St. Francis River. AK.
24. Lasmigona complanata (Barnes, 1823). OSUM 29762. West Branch St. Joseph River, OH
25. Lasmigona compressa (Lea, 1829). OSUM 67876. Fish Creek, OH
26. Lasmigona costata (Rafinesque, 1 820). OSUM 65201 . Grand River, OH
27. Lasmigona holstonia (Lea, 1 838). OSUM 25294. Middle Fork Holston River, VA
28. Leptodeafragilis (Rafinesque, 1820). OSUM 63566. Lake Erie, OH
29. Leptodea ochracea (Say, 1817). OSUM 52455. Mashpee Pond, MA
30. Lexingtonia dolabelloides (Lea, 1 840). OSUM 3025 1 . Tennessee River, TN
3 1

.

Lemiox rimosus (Rafinesque, 1 83 1 ). OSUM 33955. Duck River, TN
32. Ligumia nasuta (Say, 1817). OSUM 20398. Lake Erie, OH
33. Ligumia recta (Lamarck, 1819). Ex. P. Morrison. Ohio River, WV
34. Medionidus acutissimus (Lea, 1 83 1 ). OSUM 42808. Conasauga River, TN
35. Obliquaria reflexa Rafinesque, 1820. Ex. G. Watters. Muskingum River, OH
36. Obovaria subrotunda (Rafinesque, 1 820). OSUM 61 880. Little Muskingum River, OH
37. Pegiasfabula (Lea, 1838). OSUM 41309. Little South Fork Cumberland River, KY
38. Plethobasus cyphyus (Rafinesque, 1 820). OSUM 47973. Muskingum River, OH
39. Pleurobema clava (Lamarck, 1819). OSUM 20744. Little Darby Creek, OH
40. Pleurobema cordatum (Rafinesque, 1 820). OSUM 67858. Muskingum River, OH
4 1

.

Pleurobema sintoxia (Rafinesque, 1 820). OSUM 1 9600. Lake Erie, OH
42. Ptychobranchusfasciolaris (Rafinesque, 1820). Ex. G. Watters. Little Darby Creek, OH
43. Ptychobranchus greeni (Conrad, 1834). OSUM 19025. Conasauga River, GA
44. Ptychobranchus subtentum (Say, 1825). OSUM 24139. North Fork Holston River, VA
45. Quadrula cylindrica (Say, 1817). Ex. G. Watters. Tippecanoe River, IN

46. Quadrula metanevra (Rafinesque, 1820). Ex. G. Watters. Muskingum River, OH
47. Quadrula pustulosa (Lea, 1831). OSUM 8367. Big Darby Creek, OH
48. Quadrula verrucosa (Rafinesque, 1820). OSUM 3597. Big Darby Creek, OH
49. Quincuncina kleiniana (Lea, 1852). OSUM 48537. Suwannee River, FL
50. Potamilus alatus (Say, 1817). OSUM 59992. Ohio Brush Creek, OH
5 1

.

Pyganodon grandis (Say, 1 829). OSUM 48296. Ohio & Erie Canal, OH
52. Simpsonaias ambigua (Say, 1825). OSUM 55995. Wisconsin River, WI
53. Strophitus conasaugaensis (Lea, 1857). OSUM 57979. Oakmulgee Creek, AL
54. Strophitus undulatus (Say, 1 8 1 7). Ex. G. Watters. Little Darby Creek, OH
55. Toxolasma parvum (Barnes, 1823). OSUM 12071. Olentangy River, OH
56. Truncilla truncata Rafinesque, 1 820. OSUM 1 801 8. Ohio River, OH
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57. Utterbackia imbecillis (Say, 1829). OSUM 8789. Scioto River, OH
58. Venustaconcha ellipsiformis (Conrad, 1836). OSUM 15407. Pig Piney River, MO
59. Villosa iris (Lea, 1829). OSUM 20013. Walhonding River, OH
60. Villosa lienosa (Conrad, 1 834). OSUM 1 9992. Little River, MO

TABLE 2. Types of conglutinate-like structures found in the examined species.

No conglutinate or temporary conglutinate weakly held together, disassociating in water

"Anodontinae"

Alasmidonta marginata

Alasmidonta viridis

Anodontoidesferussacianus
Arcidens confragosus

Pegiasfabula

Pyganodon grandis

Simpsonaias ambigua

"Lampsilinae"

Actinonaias ligamentina

Crytonaias tampicoensis

Ellipsaria lineolata

Epioblasma torulosa rangiana

Epioblasma triquetra

Glebula rotundata

Lampsilis radiata luteola

Lampsilis teres

Leptodeafragilis

Leptodea ochracea

Ligumia nasuta

Ligumia recta

Medionidus acutissimus

Obovaria subtotunda

Potamilus alatus

Truncilla truncata

Villosa iris

Villosa lienosa

Amorphous mucus conglutinate

"Ambleminae"

Amblema plicata

Gonidea angulata

Megalonaias nervosa

Quadrilla cylindrica

Quadrilla metanevra

Quadrilla pustulosa

Quadrula verrucosa

Quincuncina kleiniana

Margaritiferidae

Cumberlandia monodonta
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Simple conglutinate held together b\ egg membranes

Nonelastic

( u lonaias tuberculata

Elliptio crassidens

Elliptio spinosa

Lemiox rimosus

Plethobasus cyphyus

Pleurobema clava

Pleurobema cordatum

Pleurobema sintoxia

Elastic

Oblic/iiciriu reflexa

Composite conglutinate A - glochidia untethered, embedded in egg core

Fusconaiaflava

Fusconaia maculata

Fusconaia ozarkensis

Toxolasma parvum

Composite conglutinate B - central ribbon of eggs, latéral glochidia

Dromus dromas

? Cyprogenia stegaria (central core of eggs)

Composite conglutinate C - glochidia tethered, embedded in egg core

Lasmigona complanata

Lasmigona compressa

Lasmigona costata

Lasmigona holstonia

Mesoconglutinate - glochidia tethered in solid mucus conglutinate

Strophitus conasaugaensis

Strophitus undulatus

Metaconglutinate - multilayer conglutinate with central core of glochidia

Pt\'chobranchus fasciolaris

Ptychobranchus greeni

Ptychobranchus subtentum
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