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INTRODUCTION

The Mollusca is well represented in freshwaters by two
classes of molluscs (or mollusks, depending on your
preference): Gastropoda (meaning “stomach foot”) and
Bivalvia (referring to “two valves” or shells). The fresh-
water Gastropoda of the Nearctic is divided into two major
groups: (1) the pulmonates which evolved from terrestrial
snails and still possess a mantle cavity modified as a pul-
monary cavity or “lung;” and (2) caenogastropods (for-
merly called prosobranchs), which have a gill and evolved
directly from marine snails. The Nearctic bivalves include
the native order Unionoida (primarily the abundant pearly
mussels) and one order of both native (seed and mussel
clams) and invasive clams and mussels. The latter (Asian
clams, zebra mussels, and quagga mussels) have caused
major losses of native pearly mussels as well extensive
economic damage.

All freshwater molluscs have one or two shells composed
of a thin outer layer of proteinaceous perisostracum and a
strong inner layer of mostly crystalline calcium carbonate.

Molluscs are present in most Nearctic freshwater habi-
tats other than hypersaline lakes, which are colonized by
only a few snail species (Assiminea spp.). Their diversity
tends to be lower in extremely soft waters, higher in lotic
versus lentic habitats, and greatest in the southeastern
USA. Some bivalves can survive outside of water (e.g.,
buried in a river bank until exposed by rising waters), and
pulmonate snails regularly climb out of water on emergent
vegetation or rocks to gain better access to oxygen or to
avoid predators.

LIMITATIONS

Identification of freshwater molluscs is primarily based on
shell morphology and secondarily on color. Reliance on
shell morphology may pose a serious problem, especially for
snails, because the shape of the shell can be modified sub-
stantially by water currents (e.g., Britton & McMahon, 2004).
Moreover, dried and preserved shells lose much of their iden-
tifying colors. Consequently, most taxonomic keys to extant

Thorp and Covich’s Freshwater Invertebrates. http://dx.doi.org/10.1016/B978-0-12-385028-7.00011-1

Copyright © 2016 Elsevier Inc. All rights reserved.

189

O
2
-
-
—
®
=
=
-
—
>
e
a.




-
ac
>
-
Cc
<
<
©
r—
-
C
A
>

190

molluscs are based on shell morphology. Identification of
specimens beyond a preliminary level within each class
should be done by comparing your specimens with shells in
museums or in other places where a highly trained specialist
can provide identified conspecifics for comparison.

MATERIAL PREPARATION AND
PRESERVATION

When retrieving molluscs from any aquatic habitat, try to
collect individuals from nearby macro- and microhabitats

Thorp and Covich’s Freshwater Invertebrates

with different current velocities. We recommend col-
lecting recently dead molluscs (especially the bivalves)
if possible. This will prevent killing an individual of
one of the many threatened and endangered species.
After gently cleaning the shell, allow the labeled shell
to dry without any artificial coating. Store the soft tissue
from any live specimens collected in labeled jars with
the appropriate preservative (see recommendations later
in this chapter). The preservatives may differ depending
on whether molecular analysis will subsequently be per-
formed.

KEYS TO MOLLUSCA

Mollusca: Classes

1 Single shell present which is coiled (snails) or uncoiled (freshwater “limpets™) ..........ccccccerrviiinrininiiiiiicciieeae Gastropoda [p. 192]
r Two shells (valves) present and connected by a ligament hinge; mussels and clams ..........c.ccceveerivecrnieerenneceneeenne Bivalvia [p. 211]
REFERENCE

Britton, D.K. & R.F. McMahon. 2004. Environmentally and genetically induced shell-shape variation in the freshwater pond snail Physa (Physella)

virgata (Gould, 1855). American Malacological Bulletin 19: 93-100.

Class Gastropoda
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INTRODUCTION

Strong et al. (2008) reported 585 native and invasive spe-
cies of snails and limpets from the Nearctic, although con-
troversy surrounds the taxonomy. Depending on the author,
family, genus, and species definitions and numbers will
vary greatly. Freshwater and amphibious gastropods may
be found in any temporary or permanent aquatic habitats,
except phytotelmata. Most are found on and around aquatic
macrophytes or on rocks, but some live in soft muds. Sev-
eral species are protected by environmental laws, some spe-
cies are important vectors of wildlife disease, and others are
invasive.

LIMITATIONS

These keys are to adult freshwater gastropods. The
Nearctic taxa are, for the most part, easily identified to
family level. Much revisionary taxonomic work needs to
be done in most gastropod groups. The extreme age and
tremendous morphological plasticity of gastropods make
the definition of most taxonomic categories difficult to

quantify. Particularly vexing is the strange confusion
in the taxonomic literature, with many taxa accepted or
rejected without explanation, and good quantitative taxo-
nomic revisions ignored without explicit justifications.
Because of this issue, the keys are taxonomically con-
servative, often terminating with species groups rather
than species.

In Canada (Alberta, British Colombia, and Manitoba)
and the USA (Alabama, Georgia, Idaho, New Mexico,
Tennessee, and Utah) are several species that are protected
under environmental law. Many species are protected at the
state and province level in these countries.

TERMINOLOGY AND MORPHOLOGY

Defining characters are presented in Figs. 11.1-11.3'. Much
of gastropod identification is dependent on shell structures;
however, there is considerable overlap of shell characters,

1. Most figures in this chapter came from Brown & Lydeard (2010) or
Cummings & Graf (2010). However, some figure legends have been
changed to reflect current taxonomy.
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Protoconch
(apical whorl)

Concentric
Suture
Body whorl (E)
) Parietal wall
Columllar Pauci-spiral
fold or plait
Aperture (F)
Columellar lip
Umbilicus Multi-spiral

FIGURE 11.1 Basic anatomy of the shell, including shell architecture
(conical, A; planospiral, B; spiral C, D), major features of the shell (D), and
three types of opercula: (E)=concentric; (F) =paucispiral; and (G) =multispiral.

Albumen
Renal pore, Mantle  gland

Pseudobranch
Male

Stomach

Intestine

Mantle
edge

Tentacle Ovotestis
Digestive gland

(hepatopancreas)

Blood
vessel

Ovary

Stomach

Columellar

muscle
Operculum

FIGURE 11.2 Basic internal anatomy of a planorbid pulmonate (above,
after Burch, 1989), and a pleurocerid prosobranch (below, after Pechenik,
1985).

so they cannot be used exclusively. The basic snail shell is
a coiled tube. Each coil of the tube is called a whorl. The
last 360 degrees of the coiled shell is called the body whorl
and is the last whorl of the tube that does not have the shell
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coiled completely around it. The dorsolateral surface of the
whorl is the shoulder. The shell opening with the animal
inside is the aperture. It may contain “teeth,” which are flat-
tened lamellae, projecting from the inside surface.

In caenogastropods, this aperture can be sealed shut with a
shell “door” called an operculum, which grows on the back of
the animal’s foot. Operculae may grow spirally, concentrically,
or paucispirally, wherein the successive whorls increase in
size. If a shell is placed such that the spire is directed upward or
away from the observer and the aperture is facing the observer,
a shell with the aperture on the left and spiraling towards the
right is sinistral in orientation, whereas a shell with the aperture
on the right and spiraling to the left is dextral.

Because the shell is basically a tube, lines or grooves
(called striae) that grow in the direction of the expanding
tube are called spiral, while those that grow across the tube
are called transverse. A shell may have a carina or ridgeline
that follows the length of the tube, or one or more low lirae
that are basically the same as a carina, only much smaller. If
the ridges are transverse, they are called costae.

The entire coiled shell, other than the body whorl, is the
spire. The line demarcating where one whorl is fused to the
previous whorl is called the suture. The end of the spire is
the apex. The structural point around which the shell spi-
rals is called the columella. If this opens as a tube, it opens
ventrally, and this opening is called the umbilicus. An open
umbilicus is termed perforate, whereas a closed umbilicus
is called imperforate. An aperture lip that reflects over the
umbilicus is called a columellar lip.

Whorls may be rounded in cross section with deep
sutures, or whorls may be flattened with shallow sutures.
Flattened whorls give the shell a conical shape, while mod-
erately rounded whorls give the shell a subglobose shape,
and nearly spherical shells are globose in shape, and of
course, a continuum exists between these three shell shapes.
In the limpets, the tube is not coiled, but reduced to a coni-
cal cap, referred to as patelloid. Ramshorn snails typically
coil as a disc, which form is referred to as planospiral.

The animal within the shell is composed of the eversible
headfoot and mantle, and the non eversible visceral mass. The
primary soft anatomy characters are within the headfoot and
the mantle. The head portion contains one or more pairs of sen-
sory tentacles, and generally, the eyes are placed at the bases
of the primary pair. Anterior to the primary tentacle pair is the
mouth, which may be flanked by a secondary tentacle pair.
Inside the mouth is the radula, which is similar to a tongue. The
radula is lined with transverse rows of radular teeth, which
may each have one or more cusps for rasping periphyton from
surfaces.

Most Neartic freshwater gastropods are typically dioe-
cious, with the males having an enlarged right tentacle as a
copulatory organ or possess a penis or a specialized verge,
or have no copulatory organ at all. Pulmonates, in contrast,
are all monoecious. The basic components of the pulmonate
reproductive system are shown in Fig. 11.3.
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Oviduct (secretes

external membrane)
Vagina
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(spermatogenesis, Prostate Bursa copulatrix
oogenesis) Fertilization gland (hydrolysis of foreign sperm)
pocket

(foreign sperm)

Oviduct (secretes egg
capsule jelly and wall)

FIGURE 11.3 Anatomy of the reproductive system of the pulmonate snail Physa (from Brown & Lydeard, 2010).

Taxonomic diagnosis may require dissection of the geni-
talia. The penis or associated genitalic structures may have
one or more obvious glands, often on projections. In the
Physidae, the genitalic structures important for diagnosis
are the preputium, the preputial gland and the penal sheath.
The preputium is a tube that opens to the outside of the ani-
mal for releasing or receiving sperm. The preputium may
or may not have a dorsal preputial gland. Posterior to the
preputium is the penial sheath, which may be glandular or
muscular, or both.

MATERIAL PREPARATION AND
PRESERVATION

Empty shells can be kept dry. A bit of cotton stuffed carefully
in the aperture and daubed with glue will hold the operculum
in place. Shells that have had the animal removed should be
cleaned with alcohol inside and let air dry to reduce odors.

Specimens where the animal needs to be extracted from
the shell can be boiled in pure bleach for a few seconds or
dipped in concentrated hydrochloric acid for a few seconds.
Alternatively, the shell can be gently cracked with forceps
and the shell pieces removed. The radula can be viewed by
cutting open the top of the head and teasing the structure out
with a needle, probe, or forceps.

The genitalia sit inside the headfoot just above and
behind the eyes. Using a fine scalpel or a razor, gently cut
the head open posteriorly between the eyes. The genitalic

E Whole animals can be preserved in ethyl or isopropyl alcohol.  penal structures lie on the left side of the animal, behind and

= Formalin should never be used, as it will dissolve the shells.  at the base of the left tentacle.

F

Cc

§ KEYS TO GASTROPODA

@) Gastropoda: Superfamilies

F

- 1 Operculum Present (FIZ. LT1.1) Lottt ettt ettt s et sttt 2

5) I OPEICUIUIM ADSEIIL ....euiiiiieieitetet ettt ettt et b bt s e sttt a e e e et ekt e bt et eu e ea e s ee e eh e st et e bt b et et eb e ea et et e aesa et en e b et eneenenenee 7

@) 2(1) Shell rough, or if smooth, not globose; spire prominent or shell patelliform; columella rarely produced as a flat septum; operculum without

> TNEEITIAL PIOCESSES ..oviuvenriitinteiteie ettt st ettt et et ettt ettt st e st eb et et e st es et es e u e se et eb e bt e st eae et et ea e eae s et eh b e s e st es e s enees e eue e estes e s enteseeaeeneneenesaennen 3
2’ Shell globose, smooth, like porcelain or a marble; spire reduced, rounded; columella transverse, projecting as a septum (shelf like); oper-

3(2) Operculum oval and concentric, paucispiral, or multispiral (Fig. 11.1 E-G)

3 Operculum circular and spiral; plumose gill extends outside of shell (Fig. 11.5 A, B)

[Widespread. Genus in need of revision, 8—12 species. Not keyed further.]

4(3) Operculum concentric, COrNEOUS (FIZ. [ 1.1 E) ittt ettt et s bt st et e st b et e st e s e et et e st e s e st e st eseebe s eneeseeaenes 5

4 Operculum paucispiral, or multispiral; operculum calcareous or corneous (Fig. 1.1 F, G) ....ccoceevvvrinennnne.

5(4) Aperture broader than spire is long; shell with short spire or planospiral in form; oral tentacles present (Fig. 11.6 A, B) .ccccoeviviniinincne
....................................................................................................................................... Ampullaroidea, one family: Ampullariidae [p. 198]

5 Aperature narrower or subequal to length of spire; oral tentacles always absent (Fig. 11.6 C—G) ....cceoeriniiirininiiininceeeseee e
............................................................................................................................................... Viviparoidea, one family: Viviparidae [p. 198]
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FIGURE 11.4 Representative physids and planorbids and neritinids. (A) Promenetus exacuous (note flaired body whorl and carina); (B) Biomphalaria
glabrata;, (C) Vorticifex effusa; (D) Helisoma anceps (note strong growth lines and carina); (E) Helisoma companulata (sometimes called companulatum,
note flared lip of aperture); (F) Helisoma trivolvis (this species reaches 20mm in diameter and is extremely common); (G) Physa gyrina; (H) Physa
integra; (1) Physa sp.; (J) Physa sp.; (K) Aplexa elongata (note the bullet shape and lustrous black shell); (L) Neritina reclivata (note markings on shell
and teeth on parietal wall). The scale bars equal 1 mm. Figures A-I after Burch, 1989.
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(A) (B)

FIGURE 11.5 Representative valvatids and lymnaeids. (A) Valvata sincera (note multispiral operculum); (B) Valvata tricarinata (note carina);
(C) Radix auricularia (note expanded body whorl); (D) Lymnaea haldemani (note extremely narrow shell); (E) Lymnaea columella (note thin,
transparent shell and amphibious habit); (F) Lymnaea stagnalis (note large and fragile shell) (G) Lymnaea megasoma (note thick, large shell);
(H) Lymnaea elodes (note malleations sometimes present); (I) Lymnaea humilis (note small size). Scale bars equal 1 mm. Figures A—I after Burch, 1989.

7(1)

7

8(7)

Males if present with a penis; adult often under 10 mm, but may reach 15 mm; shell rarely with any sculpturing (Fig. 11.7 A-E)................
.......................................................................................................................................................................................... Rissooidea [p. 199]

Males if present without a verge; adults typically 15 to 75 mm; shell typically with strong sculpturing (Fig. 11.8 B-I) ....
........................................................................................................................................................................................ Cerithoidea [p. 202]

Shell not patelliform, or if patelliform, then spire sinistral (apex centered or to right of midline) and blunt, with adult patelliform shell larger
than 7mm (Fig. 11.9 A, B, D=G) ettt ettt h et b et et h e ettt h e bt st et e bt e bt e st bttt e bt e bt et et eb et et ese et e s 8

Shell patelliform with spire dextral (apex to left of midline), acute; adult shell less than 7mm in length (Fig. 11.9 C) ...cccccovniiinnccninnnee
....................................................................................... Acroloxidea, one family; Acroloxidae: Acroloxus coloradensis (Henderson, 1939)

[Canada: Alberta, British Columbia. USA: Idaho, Colorado, Montana]

Tentacles NAITOW, FIIIFOII .....co.ooiiiiiiiie ettt e e et e e et e e e et e e e etaeeeeeateeeeeaaseeeeasaeeeenteeeeessseeeeaseeeeenteseenneseeeensseeeenseseennareens 9
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FIGURE 11.6 Representative ampullarids and viviparids. (A) Marisa cornuarietis (note large, planospiral shell); (B) Pomacea paludosa (large “apple”
snail common in Florida), (C) Bellamya japonica (introduced but now widespread species in North America); (D) Tulotoma magnifica (note tubercules
which may be absent in some morphs or species, recently rediscovered in Alabama rivers); (E) Lioplax subcarinata; (F) Viviparus georgianus (note circu-
lar operculum, and bands which may disappear in adults, common throughout eastern U. S.); (G) Campeloma decisum (sometimes referred to as decisa;
note operculum is longer than it is wide and shouldered junction of aperture and body whorl, quite common in rivers and lakes in eastern states). Scale
bars equal 1 mm. Figures A—G after Burch, 1989.
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(A) (B) ©) (D)

FIGURE 11.7 Structure of the penis (verge) in various hydrobiids. (A) simple penis in Lithoglyphidae; (B) glandular crests of penis in subfamily
Nymphophilinae; (C) two-ducted penis in Amnicolidae; (D) penis with accessory lobes in Hydrobiinae; and (E) three ducted penis of hydrobiid subfamily
Fontigentinae. Figures A—E after Burch, 1989.
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FIGURE 11.8 Representative Potamiopsids, thiarids and pleurocerids. (A) Pomatiopsis lapidaria (note paucispiral operculum); (B) Melanoides
tuberculata (note costae and lirae); (C) Thiara granifera (note tubercules and flattened whorls near apex); (D) lo fluvialis (length of spines variable);
(E) Leptoxis carinata; (F) LithasialPleurocera (note thickened anterior aperture lip); (G) Lithasia/Pleurocera (note acute angle on anterior aperture);
(H) LithasialPleurocera (note there is tremendous variation in shell sculpture in this genus). (I) Bithynia tentaculata. Figures A—I after Burch, 1989.

8

9(8)

o

Tentacles, broad, flat, triangular; haemoglobin absent; coiled shell always dextral, patelliform shell with apex central or sinestral; never
planospiral (Fig. 11.5 C—I) touooiiiiiiieiieecet et Lymnaeoidea, one family: Lymnaeidae [p. 203]

Aperture with three teeth on columella only; shell elongate; haemoglobin absent from blood ............ccceiveriiiiiniiiinireeeeeee e
............................................................................................... Ellobioidea, one family: Ellobiidae: Myosotella myosotis (Draparnaud, 1801)

[Palaearctic. USA: Invasive in California, Oregon]

Aperture without teeth, or with teeth set back, inside aperture, never on columella; shell elongate, patelliform, planospiral, fusiform or
succiniform; if patelliform, then shell apex central or sinistral; coiled shell dextral or sinestral (Figs. 11.9 D-L and 11.4 A-K); haemoglobin
Present N BIOOM OF MO .....ovuiiiuiiiiiiieie ettt ettt bttt b bt et s a et e bt s bt es et et neeneeeen Planorbiodea [p. 205]
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FIGURE 11.9 Representative limpets and planorbids: (A) lymaeid limpet Lanx patelloides (note large size, west coast distribution); (B) limpet Fisherola
nutalli; (C) Acroloxus; (D) limpet Rhodacmea rhodacme (note notched depression and southeastern distribution); (E) limpet Ferrissia rivularis (note
elevated shell, may possess posterior “shelf” in shell, wide distribution); (F) limpet Hebetancylus excentricus (note depressed apex to the right of midline,
colorless tentacles, and southern distribution); (G) Laevapex fuscus (note obtuse apex near midline of shell, black pigmented tentacles, and widespread
distribution in eastern backwaters and southern, slow flowing streams); (H) Gyraulus crista (note costae); (I) Planorbula armigera (note teeth in aperture);
(J) Drepanotrema kermatoides; (K) Gyraulus deflectus; (L) Menetus dilatatus. Figures A—L after Burch, 1989.
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Gastropoda: Neritoidea: Neritidae: Neritina Species
1 Shell black with scattered white trianZUIAT SPOLS ......coveuveuiriirieietirieiee ettt sbe e Neritina clenchi Russel, 1940
[USA: Florida. Neotropics]

1 Shell olive green with thin black transverse lines Neritina usnea (R6ding, 1798)

[USA: Alabama, Florida, Louisiana, Mississippi, Texas. Mexico: Gulf coast. Neotropics]

Gastropoda: Ampullaroidea: Ampullariidae: Genera

1 Shell not planospiral (Fig. 11.6 B) ..ottt ettt b et b bt ettt eseebesae e eseebennens Pomacea [p. 198]
1 Shell planospiral (Fig. 1.6 A) wo.cucoiiiiieiririeiiniectreeee ettt ettt es Marisa cornuauarietus (Linnaeus, 1758)

[Invasive, native to Neotropics. USA: California, Colorado, Idaho, Florida, Nevada]

Gastropoda: Ampullariidae: Pomacea: Species

1 Sutures and whorls normal, NOt dEEPly IMPIESSEA .......c.eeuiruiriiiiitiitii ettt ettt b et ettt b s bt st eb bt se et eseebesaeneas 2

1 Sutures deeply impressed forming a channel around the SPIre ...........cocevveirerieieirenee e Pomacea maculata (Perry, 1810)
[Neotropical. Invasive in USA: Alabama, Arizona, California, Colorado, Idaho, Indiana, Florida, Nevada]

2(1) Shell whorl shoulders angular, flAattened ...........ccccoriiiiririiiiee et Pomacea bridgesii (Reeve, 1856)
[Neotropical. Invasive in USA: California, Florida]

2’ Shell Whorl Shoulders TOUNAE ...........c.ooiuiiiiiiiiieie ettt et e e e re e saseebeesaseeseesaseenseas Pomacea paludosa (Say, 1829)
[USA: Florida. Neotropical. Invasive in USA: California, Florida, Georgia, Louisiana, Nevada, Oklahoma]

Gastropoda: Viviparoidea: Viviparidae: Genera

[In need of revision, not keyed further. Canada: Great Lakes region. USA: east of the Mississippi to the Atlantic, Great Lakes/St. Lawrence
River, to Gulf Coast]

1 OPEICUIUI COMEENLIIC ...ttt ettt ettt ettt eb e b st st eb et e e e st ettt e et eh e ea et es e eb e b ea e es e et et es e eh e et enteb e b et e st eb e et et ebeabe st e st et et et eneebeaeaes 2
1 Operculum concentric with nucleus Spiral (Fig. 1.6 E) .o.ooiiiiiiiiiieicieieeeeeeese ettt es e Lioplax [p. 198]
o 2(1) Whorls with a distinct shoulder (Fig. 11.6 D, F, G) woucouiiiiiiiiiiiiiciecet ettt ettt et sttt ettt st eas 3
L 2’ Whorls rounded, shoulder 1acking (FiZ. 11.6 C) ..ciiuiiiiiiiiiieiieceet ettt st st Bellamya [p. 199]
I-I-< [Oriental and Palaearctic. Invasive in Nearctic. Canada: southern border. USA: Widespread. Mexico(?)]
C 3(2) Carinae absent or present, but never tuberculate (Fig. 11.0 F, G) .oo.cciiiiiiiiiiiiiiiiieceectet ettt 4
Z 3 Carinae broken up into tubercles, may be partially obliterated (Fig. 11.0 D) ..ccooiriiiiiiiiiiiie e
Z ................................................................................................................................................................. Tulotoma magnifica (Conrad, 1834)
O [USA: Alabama.]
: 4(3) Operculum circular, aperture subcircular (Fig. 11.6 F) oottt Viviparus [p. 199]
5) 4 Operculum and aperture 0val (FiZ. 11.0 G) ..ottt et sttt ettt st enenene Campeloma
Q)
>

Gastropoda: Viviparoidea: Viviparidae: Lioplax: Species

1 Shell fOrm SUDCYINATICAL ...ttt ettt b bt ettt eb bt s et b bt ettt ea b eb e b et eseeb et et esesa et eseebenaeneen 2
1 SHEll fOrM SUDZIODOSE ......euviuieiieiietetei ettt ettt et ettt a bt st et e bt eb et e s e e st et e et eh e eh e s s e st eh e b et e st e bt et en e eh e e b et es e eb e b enteseetenteneenesaaneas 3
2(1) Body whorl with shoulder rounded ..........c.cococoinieiniiiiiiccccc s Lioplax cyclostomaformis (Lea, 1841)

[USA: Alabama, Georgia]

2’ Body whorl with shoulder angUIAe ..............cciiiiiiiiiiiiiiiiic e Lioplax talquinensis Vail, 1979
[USA: Alabama, Florida]

3(1) Shoulder SUDCArINALE OF SINOOTN .......cc.iiiiiiiiiiiitiieie ettt et et e et e eteeetbeebeeeaseeeseesaseeseessseesseessseessaeesseenseessseenseessseensaesaseenseessseeseennns 4

3 Shoulder StrONGLY CATINALE .....c.c.iiiiriiieiirieiet ettt ettt ettt eb et e et ebe et esesseneeneebene Lioplax subcarinata (Say, 1816)

[USA: Atlantic drainages from New York to South Carolina]
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4(3) Shell dark green/brown to black, length to 30 MM ...c.cviuiiiiiiiiiiiiieeeec et Lioplax pilsbryi Walker, 1905
[USA: Alabama, Florida, Georgia]
4 Shell brown to fawn or dark green, length less than 25 MM .....c..ccocoviiiiiiiniinniiccceeecee Lioplax sulculosa (Menke, 1827)

[USA: Arkansas, Illinois, Indiana, Iowa, Kentucky, Minnesota, Missouri, Ohio, Wisconsin]

Gastropoda: Viviparoidea: Viviparidae: Bellamya: Species

1 Whorls malleate; whorls lacking spiral striae; SPire ObBtUSE ..........cccecveuirieiiirienieieenieieieeee e Bellamya chinensis (Reeve, 1863)
[Canada: southern border regions. USA: (invasive) widespread. Native to China]

1’ Whorls not malleate; whorls with spiral Striag; SPire aCULe ..........ccceoveerrerieirerrerieereseeeeeseeeeeeees Bellamya japonica (von Martens, 1861)

[USA: (invasive) widespread. Native to Japan]

Gastropoda: Viviparoidea: Viviparidae: Viviparus: Species

1 Whorls rounded, but not globose; broad spiral banding present or absent

1 Whorls broadly rounded; broad spiral banding abSent .............cceceveriiiiriniiiiiinenceeeeeeecee e Viviparus intertextus (Say, 1829)
[USA: Alabama, Georgia, Louisiana, Mississippi, South Carolina, Texas]

2(1) Shell yellowish to olive green; typically four color bands (if present) .........c.coceeevenueccinnreernccnennccnnn Viviparus georgianus (Lea, 1834)
[Canada: Quebec. USA: Gulf Coast to Great Lakes and New England]

2’ Shell yellowish to greenish brown; three color bands (if present) ............ccccoevceeiniciiinciniccineenes Viviparus subpurpureus (Say, 1829)

[USA: Arkansas, Illinois, Iowa, Kentucky, Louisiana, Mississippi, Missouri, Tennessee, Texas]

Gastropoda: Rissooidea: Families

Most families are very difficult to separate, and there are many undescribed taxa. Use caution in identifying these animals.
The key below follows the taxonomy of Wilke et al., 2013.

1 Operculum multispiral or paucispiral (Fig. T1.1 F, G) ..ccivioiiiiiiiieieiciet ettt sttt ettt ettt aees 2

1 Operculum concentric (Fig. 11.1 E) oo Bithyniidae, one species Bithynia tentaculata (L., 1758)
[Canada, USA: Great Lakes region, mid-Atlantic states]

2(1) Operculum without a calcareous White SIMEAr; SEPATALE SEXES .....eveurerirrerertrrerteuteuertetestetertestereesesestetestesteseesessesteseesesesesuesseseeseaseseneesesenes 3

2’ Operculum with a calcareous white smear; almost always females only, males eXtremely Fare ...........cccocceerieiriniinenenieceeee e
Tateidae, one species: Potamopyrgus antipodarum (Gray, 1853)

[Invasive exotic species. Canada: Ontario. USA: Great Lakes region and scattered localities in the western states, expanding]
3(2) Omniphoric groove absent; teNtACIES MOTIMAL ..........cc.eriiiiiriiieirteitei ettt et es e ete st e s eseese s es e ese st eneeseebe st eseeseesenteseasesseneeseasenseneesensenes 4
3 Omniphoric groove present; tentacles very short to abSent ............cceceeevvevrerierieienenneeeene Assimineidae; one genus: Assiminea [p. 200]

[Estuarine and saline spring habitats]
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4(3) Tentacles with sides gradually converging distally, with or without penal lobes or internal tubular glands (Fig. 11.7 A, C-E); operculum
VATTADIE ..ot h b h et h bbbt 5
4 Tentacles with sides parallel; penis with a single medial or basal lobe, and an internal tubular gland that extends back into the head
(Fig. 11.7 C); operculium PAUCTISPITAL .....c..euiuiruiriiiiiiitiietiete ettt ettt sttt ettt b e sttt et seeeese e Amnicolidae [p. 200]
5(4) Radula with marginal teeth bearing larger cusps on inner margin; outer marginal teeth with cusps on both sides ............ccccccceeveicinncnns 6
5 Radula with marginal teeth with cusps subequal; outer marginal teeth with cusps on inner side (Fig. 11.8 A) ....ccccccoviiiiiiiiiiiiie

............................................................................................................................................ Pomatiopsidae, one genus: Pomatiopsis [p. 200]

6(5) Penis with external glands, often on lobes or crests (Fig. 11.7 B, C) oottt 7
6’ Penis lacking external glands (Fig. 11.7 A) ..ottt ettt Lithoglyptidae [p. 201]
7(6) Penis with narrow glandular fields, sometimes ridged, or large circular glandular areas sometimes borne on crests ................ Hydrobiidae

[Widespread, numerous genera, many in need of revision, and with many undescribed taxa]
7 Penis papillate and/or with several gland types present, often with glands on Stalks ...........coceoiiiiiininiininiiiccee Cochliopidae

[Widespread, numerous genera, many in need of revision and with many undescribed taxa]
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Gastropoda: Rissooidea: Assimineidae: Assiminea: Species

1 ESTUATINEG SPECICS -..vvveuteueeuetetestetetestestetestestetesteseeseetesses e es e et enseaeeseesenees e b ensen e es et ensesees e st es e et et enses e esemses e eseeseneeseeb et en e es e et enteneese et enees e s et eneesesenes 2

.3

I Desert spring species .

2(1) Pacific estuaries ..... Assiminea californica (Tryon, 1865)
[Canada: British Columbia. USA: California, Oregon, Washington. Mexico: Baja California]

2’ ALANTIC @STUATIES ...vieuvieierietieeieeiteeeeteeiteeeteesteestbeeteessseeseessseasseessseesseeasseesseessseansaessseesseessseeseessseanseensseas Assiminea succinea (Pfieffer, 1840)

[USA: Massachusetts, south along Altantic and Gulf coasts. Mexico: Gulf coast. Neotropics]

3(1) From Death Valley, CalIfOINIA ........ccueiiiirieieiieieiietesee ettt ettt st se bt e e es et e s eneesesneneens Assiminea infima Berry, 1947
[USA]

3 From New Mexico and TEXAS .......cccocuriiuiiiiiiiiiiiiiiiiiieicc ittt Assiminea pecos Taylor, 1987
[USA]

Gastropoda: Rissooidea: Amnicolidae: Genera

1 Animal lacking eyes and pigment; SUDLEITANCAN ..........cvrieuerieerteriesietietetestetestesteseete st eseesesesseseesesseseesesseneeseesesesseseesenseseasesseneeseasenseneesensenes 2

I Animal with eyes and pigment; protoconch with weak Spiral lINES ........cc.ccooiriiiiiiriiiiiiineieteecee e 3

2(1) Protoconch transversely fImbriate ..o Dasyscias franzi Thompson & Hershler, 1991
[USA: Florida]

2 Protoconch wrinkled or pustulate, with Spiral ErOOVES .........cc.covvirieieiniinieieeeieieeneseee et Antroselates spiralis Hubricht, 1971

[USA: Indiana, Kentucky]

3(1) Shell 2.9 to 4.8 mm in length; female with one large seminal FECEPLACIES ........eiveririiriiiieiiiiieiee ettt 4

3’ Shell 1.3 to 3.3 mm in length; female with two small seminal receptacles ..........cocoeeoreueiriniecninieereneeereeeeeee e Colligyrus [p. 200]
[USA: northern Great Basin springs]

4(3) Mantle With DANAS OF PIZIMEIIL .....euiuiiiiiiiieiietirieiet ettt ettt ettt et et e et es e esesse e es e et e s esses e et enseseeseeseneeseebenseneeneesenseseasenseneasenne Amnicola
[Many undescribed species. Canada: southern regions. USA: widespread]

4 Mantle with pigment PAttErn AIffUSE ..........cerueriiiiiriiiiee ettt a et b et b ettt ettt ebe st ettt e Lyogyrus

[Many undescribed species. Canada: southern regions. USA: widespread]

Gastropoda: Rissooidea: Amnicolidae: Colligyrus: Species

1 Shell ZloDO0SE 0 AEPIESSEA COMIC ...uvruiiuiiirietirtiiei ettt ettt ettt ettt es et e s s e e es e et e s eaeese et esseseesesses e es e b e s s estese et enses e et e s eseeseasenseneesenseneanessannas 2

I SHEIT COMICAL .ttt ettt h et e b e st e b e bt e st e st e e bt e st e ebeent e b e ebeentesbesnsensenne Colligyrus greggi (Pilsbry, 1935)
[USA: Idaho, Utah]

2(1) Aperture sinuate; teleoconch sutures deeply impressed .........ocooeeeererireennnnes Colligyrus convexus Hershler, Frest, Liu & Johannes, 2003

[USA: California]
2’ Aperture simple; teleoconch Sutures NOrmal ...........coccoeiiiiiiiiiiii s Colligyrus depressus Hershler, 1999

[USA: Oregon]
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Gastropoda: Rissooidea: Pomatiopsidae: Pomatiopsis: Species
Modified from Burch (1982)

1 Distribution west of the continental divide .............ccciuiiiiiiiiiiiii 2
r Distribution east of the continental diVIAE ...........ccccoiiiiiiiiiiiiiiii e 4
2(1) TUINDITICUS OP@IN ..ttt ettt ettt ettt ettt eh e bt e st eb b et e st e e et e e e bt e4 et e st eb e s ea b eh e ed et eh e eb e e e et eb e b et e st eb et e et ebeebe et e st eb et et ene et e aeaes 3
2’ Umbilicus imperforate; adult shell 3 mm in [ength .........ccooveiiiiiiiiirieeee e Pomatiopsis binneyi Tryon, 1863

[USA: California]

3(2) Shell CheStNUL BIOWIL ......c.ocuiiiuiiiiiiiiiicc e Pomatiopsis californica Pilsbry, 1899
[USA: California]

3’ SREIL OIIVE DIOWIL ...ttt e et e ettt e e et e e e et e e e eate e e etaeeeeaaeeeeseeeeenbaseeesreeesnsaeeaan Pomatiopsis chacei Pilsbry, 1937
[USA: California]
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4(1)

5(4)
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Aperture oval; whorls flattened; Shell EIONZALE .........cc.eiiiiiiiiiii ettt sttt ettt ettt st b ettt eeeaeas 5
Aperture round; whorls rounded, shell broadly conical ...........ccoccoceiviiiiniiiinniiccccee Pomatiopsis cincinnatiensis (Lea, 1840)
[USA: Illinois, Iowa, Michigan, Tennessee, Virginia, Wisconsin]

Umbilicus broadly open; teleoconch narrow, subacute, spire up to five whorls; length at least twice body whorl width ..........c.coccoeeiiniee
................................................................................................................................................................... Pomatiopsis lapidaria (Say, 1817)

[Canada: Ontario, Quebec. USA: east of Continental Divide, except northern Great Plains]

Umbilicus narrow; spire up to four whorls, obtuse; length approximately 1.5 times the width of body Whorl ...........c..ccccooiiiiniiinnin
................................................................................................................................................................... Pomatiopsis lapidaria (Say, 1817)

Gastropoda: Rissooidea: Lithoglyphidae: Genera

1
I

2(1)

2

32)

4(3)

&

EYes and PIZIMENE PIESEIL .....c.euirieuiuiriiieuiiieeteiieteteeereetetestes st eaetes et etese e seseatseebesesteseseat et ses et et ese et esea e et ebest et eseseat et ebesesesese st e s senteseseneenesenens 2
Eyes and pigment absent; adults minute; occurring in ground Water ...........cc.ccvereieinierieinienierineneeeeeeseneeeeeeenenns Phreatodrobia [p. 201]

[USA: Texas]

Shell not neritiform, columella never produced as @ SEPLUIL ..........c.eueririeuiiririeiiirietet ettt ettt ettt ettt ettt s e b st s e s e 3
Shell neritiform; spire reduced, rounded; columella transverse, projecting as a septum (Shelf-like) ........ccccceorviniinininiininiincece
...................................................................................................................................................................... Lepyrium showalteri (Lea, 1861)
[USA: Alabamal]

UMDbIliCUS ClOSEA OF VETY MAITOW .....ueuitinieiiitertenteteetetest et etes et ete st es et besees e et et es e ebees e e es e eb et en s es e es e e es e ebees e st eseebe s es e es e et e st ebeasees e st eb e b e s eneesesenes 4
UMmDIlICUS OPEIN, DIOAA ...ttt ettt ettt et b et et s bt en et aenesennenene Clappia

[USA: Alabama, possibly extinct. Two poorly defined species]
Shell aperture MAargin thiCK .........ooiiiiii ettt bt bt ettt s bt s b et eb et et e e e st et et ebeebe st et eseebetene Fluminicola

[Large genus in need of revision, many undescribed species. Canada: British Columbia. USA: California, Idaho, Nevada, Oregon, Utah,
Washington, Wyoming]

SHEll PEITUIE Thill ...c..c.cuiiiieiiiieiei ettt ettt ettt st b et e b ees Gillia altilis (Lea, 1841)
[USA: Mid-Atlantic States]

Gastropoda: Rissooidea: Lithoglyptidae: Phreatodrobia: Species

1
I

2(

2
32)

6(5)

ProtoconCh NOIMAL .......c.oiiiiiiiiii bbbt 2
Protoconch with apex uncoiled and protruding distally .........c..ccccoevereniiinincincnenne. Phreatodrobia coronae Hershler & Longley, 1987
[USA: Texas]

Distal body whorl thickened, appearing WhitiSh and OPAGUE ..........ccoeiiiiiiiiiiiiiiiic et 3
BOdy WHOTT SIIMIPIE ...ttt bt a et e b et bbb e e bt ettt eh e bt st et e bt bt e st e bttt e bt e bt st e st eb et et ene et e aeaes 4
Shell trochoid to planospiral or low conical; aperture flared, may touch body Whorl ...........ccccociiiiiiiiiiiiiiicccce e
.................................................................................................................................... Phreatodrobia nugax nugax (Pilsbry & Ferriss, 1906)
[USA: Texas]

Shell globose; aperture fused to body whorl, and flared only at fuSion POINE ........cc.ccveiiiiiiiririeieic et
.............................................................................................................................. Phreatodrobia nugax inclinata Hershler & Longley, 1986
[USA: Texas]

SREIL PIANOSPITAL ...ttt h ettt ettt a bttt eb bt e st e h e et et eh e e bt s et eh bt e st ettt ea e e bt e b et e st eb e b et es e ea et et bt nae s 5
SREIL COMICAL ...ttt ettt ettt et s b b e e st es et es e eh e e s e s s es e eb et ea e es e eeen s es e es e e s e s e eh e b e s e st es et enses e e s et en e eb e benteneese s eneenesneneas 7
Operculum without striae; aperture not emarginate in dOrSal VIEW .........cc.cciiiiiiiiiiriiiiiiiieiet ettt aees 6
Operculum with short, deep striae across the growth lines; aperture in dorsal view broadly emarginate..............coeeevereeeeenenieeneneeonnenenes
.......................................................................................................................................... Phreatodrobia rotunda Hershler & Longley, 1986
[USA: Texas]

Aperture simple, circular; operculum circular; body whorl with weak axial growth liNeS .........ccccoverieiiinenieiieieereeeeee e
................................................................................................................................................ Phreatodrobia micra (Pilsbry & Ferriss, 1906)
[USA: Texas]

Aperture flared apically, transverse to narrowly oval; operculum broader than wide; body whorl with thick, wrinkled colabrial lines .........
.............................................................................................................................................. Phreatodrobia plana Hershler & Longley, 1986

[USA: Texas]
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OPEICUIUM FIATEA ...ttt b bt a ettt a bbbt eb et et e bt et et eh e bt et et eb e b et e st eb e et et e bt e bt et et eb e b e e et eteaeaes 8
Operculum simple; teleoconch with numerous short ridges ...........ccocoeivecinincccnncnne. Phreatodrobia conica Hershler & Longley, 1986
[USA: Texas]
Operculum as long as wide; teleoconch with collabral costae and spiral lines ................ Phreatodrobia imitata Hershler & Longley, 1986
[USA: Texas]
Operculum broader than wide; teloconch punctate ...........cccceeeveverveiinenenineecieennene Phreatodrobia punctata Hershler & Longley, 1986

[USA: Texas]

Gastropoda: Cerithoidea: Families

Mantle margin smooth; separate sexes, males common; females deposit eggs; female foot with right side bearing an egg-laying sinus ... 2

Mantle margin papillate; parthenogenic, with males extremely rare or absent; females brood eggs and hatchlings in a brood pouch dorso-
POSLETIONLY t0 the NEA ...ttt bbbttt b et Thiaridae [p. 202]

Female with egg laying sinus a deep, “H”’-shaped lumen, seminal receptacle absent; alimentary system SMOOth ..........cccccevvevieirinieonncnenn.

[Canada: Ontario, Quebec. USA: east of Continental Divide]

Female with egg-laying sinus a shallow, simple, flattened lumen, seminal receptacle present; alimentary system bearing dorsally with deep
FOLAS AN CIBTLS ...vvieieeee ettt st Semisulcospiridae, one genus: Juga [p. 202]

[Genus in need of revision. Canada: British Columbia. USA: west of Continental Divide]

Gastropoda: Cerithoidea: Thiaridae: Genera

Shell whorls flattened; whorl spiral sculpture of transverse tubercle rows (Fig. 11.8 C) ......cccccceeveunee Tarebia granifera (Lamarck, 1816)
[Oriental and Pacific islands. Invasive in USA: California (?), Florida, Idaho, Texas]

Shell whorls rounded; whorls bearing spiral groves and fine ridges, and bearing transverse lines that may develop into costae in older ani-
mals; groove/ridge intersections with transverse costae may give a tuberculate appearance (Fig. 11.8 B) .....cccocooiiiniineiiinineiiiiciicnee
............................................................................................................................................................ Melanoides tuberculata (Miiller, 1774)

[Afrotropical, Palaearctic, Oriental. Invasive in Nearctic. USA: southern US and California, Colorado, Idaho, Montana, Nevada, North
Carolina, spreading. Mexico: widespread, spreading]

Gastropoda: Cerithoidea: Pleuroceridae: Genera

The key is partially based on Burch (1982), and no attempt was made to resolve the species. Taxonomy in part follows
Dillon (2011) and is conservative. The family needs revision, and the genera and many species are difficult to distinguish
(Hoznagel & Lydeard, 2000; Lydeard et al., 2002; O Foighil et al., 2009; Dillon, 2011, 2014).

Aperture with an anterior canal present or absent, if present, never produced anteriorly; aperture rounded or quadrate ...........c.cccceceveeneee. 2

Aperature with an anterior canal present and produced anteriorly; aperture fusiform; whorls generally with a single row of large projecting
SPINES (FIZ. 1 1.8 D) ettt ettt ettt b et h bt et b et et e st e bt e st eb e e b et e st et et et es e et eeneane Io fluviatilis (Say, 1825)

[USA: Alabama (extinct), Tennessee, West Virginia]

Body whorl posterior suture margin WithOut @ T0NE SIE .......ccoeoiiiiiiiiiiiiiic ettt sttt eas 3
Body whorl posterior suture margin with @ 1ong SIE ..........cccciiiiiiiiiiiiii e Gyrotoma
[Probably extinct due to impoundments. USA: Alabama]

Radula lateral teeth with median cusps narrow, pointed, triangular or cordate/hastate; shell elongate or narrowly conic to broadly conic,
ovate or cylindrical (Fig. 11.8 FoH) c.cciviiiiiiiiiiciietceec ettt ettt PleuroceralLithasia

Radula lateral teeth with median cusps broadly rounded, blunt; shell globose to subglobose, ovate, or broadly conic (Fig. 1.8 E) .............

[USA: Atlantic, Gulf, and lower Mississippi River Drainages]

Gastropoda: Cerithoidea: Semisulcospiridae: Juga: Species

This genus needs revision (Strong & Kohler, 2009). There are possible undescribed species. Juga acutifilosa and J. occata
are in the subgenus Calibasis, which may represent a separate genus (Strong & Frest, 2007).
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1 AULE SHEIL SOOI ... bbbt 2
1 Adult shell with sculpture, sometimes fine, sometimes limited to early WhOTIS ..........ccooiiiiiiiiiniiiieee s 4
2(1) Shell whorls with shoulder rounded; shell greenish-brown to brown to bIack ..........cccceciiiiiiiiiiiniiiiiiecee e 3
2’ Shell whorls with shoulder flattened; shell black; montane headwater streams and FiVErs ...........ccccecevveevuveeeennen. Juga nigrina (Lea, 1856)

[USA: California, Oregon]

3(2) Shell color uniformly brown to black; Great Basin Desert Springs ..........cccceceveeveinenieinenierneeneneeeecneneneen Juga laurae (Goodrich, 1944)
[USA: California, Nevada]

3 Shell light to dark greenish-brown, sometimes with yellow, and often with darker bands of color ................... Juga bulbosa (Gould, 1847)
[USA: California, Oregon, Washington]

4(1) Shell with spiral ridges on all Whorls, COStAE PIESENE OF MO .......erueureuiruiieiiitirtet ettt ettt ettt ettt eb s e et eb et e s esesa et et ebesaenees 5

4 Shell with costae, and bearing spiral ridges on early Whorls only ...........c.cccocoiciiiiiniiiiiinicicccne Juga hemphilli (Henderson, 1935)
[USA: Oregon, Washington]

5(4) Shell with costae transverse to the SPIral TIAZES .....o.eouiiiiririiiiee ettt b et ettt et b e bt eb et esese et et ebesaeneas 6

5 SREIL WItROUL COSEAC ...tttk b ettt a bbbt e bt b et ettt a e et s et st n s ee 8

6(5) Shell With COStae 0N Al WROTIS .......oiiiiiiiiiciieiece ettt e e et e st e et e e e taeebeesaseesseessseesseessseessaessseesseessseensaessseenseessseenseessseenseensns 7

6’ Shell with costae limited to €arly WHOTTS .......cc.ccoririiiiiiiiie et Juga silicula (Gould, 1847)
[USA: Oregon, Washington]

7(6) Shell with spire low and rounded, usually not more than three whorls; spiral ridges large, lamellar, generally projecting beyond and par-
A1y ODSCUTIIZ COSTAR ......vuieiiiiiiiciiieiet ettt ettt et ea et s e Juga occata (Hinds, 1844)

[USA: California]

7 Shell with spire long, usually composed of four or more whorls; spiral ridges small, flat, never projecting beyond costae; costae never
ODSCUIRA ..ttt ettt ettt e b et e bt e bt e st e s bt eb e st e eb e e st e s b e bt e st e b e eh e en b et e es s en b e bt e st ebesbeestenbeeneensenbeeneenne Juga plicifera (Lea, 1838)

[USA: Oregon, Washington]

8(5) Shell with spiral ridges fine, discontinuous and unevenly spaced on body whorl, and only apparent under low magnification; Great Basin
DIESEIT SPITNES nvuteuttinteiiete sttt ettt sttt e b ettt a et bt s et bbbt ettt et e bttt et et eb et et et e e e st ebe st es Juga interioris (Goodrich, 1944)
[USA: Nevada]

8 Shell with spiral ridges large, obvious without magnification; mountain springs and rivers ............c......... Juga acutifilosa (Stearns, 1890)

[USA: California]

Gastropoda: Lymnaeoidea: Lymnaeidae: Genera
Taxonomy follows Hubendick (1951) and Correa et al. (2010).
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1 Shell patelliform (IIMPets) (FIZ. 11.9 A, B) ittt ettt st h bt ettt b e bt et eb et et seea et et ebesaenees 2

1 Shell SPIral (FIg. 115 CoL) ittt ettt a et e bttt ettt a ettt ee 3

2(1) Shell apex eccentric (FiZ. 11.9 B) .ot Fisherola nuttalli (Haldeman, 1841)
[USA: Idaho, Oregon, Washington]

2’ Shell apex subcentral (Fig. 11.9 A) ..ottt Lanx [p. 203]

[USA: California, Oregon]

3(1) Adult shell lacking spiral striae; body whorl globose; spire very short (Fig. 11.5 C) ..ocoveneviiincncnne Radix auricularia (Linnaeus, 1758)
[Holarctic, widespread]

3 Adult shell lacking spiral striae; body whorl globose or not (Fig. 11.5 D=I) ...cccceoimiiiinneininiiiiniectrnecereecteeece Lymnaea [p. 204]

[Taxonomy confused, genus needs revision]

Gastropoda: Lymnaeoidea: Lymnaeidae: Lanx: Species

1 Shell not depressed, margin not flared, shell height in lateral view one-third or more shell height ...........cccocooioiiininiinininiccnee 2

1’ Shell depressed, flattened, margin flared, shell height in lateral view one-third or less shell Width ...........cccccoiiiiiniininiiicee

[USA: Oregon, California (?)]
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AQULE SHEILTODUSE ... bbb bbb bbbt b bbb 3
Adult shell thin, fTagile ..ot Lanx subrotundata (Tryon, 1865)
[USA: California, Oregon]

SREILTEA £0 DIOWIL ..ottt bbb bbb bbb bbbt 4
Shell mostly black, often with margin reddish to brown, sometimes with scattered, small green dots ............ Lanx patelloides (Lea, 1856)

[USA: California]

KIamath RIVET SYSEIM ......eeuiiiuieiirtinietirtest ettt ettt ettt ettt ettt b e st b bt e et et es e bt e bt et et e bt ese et eeneane Lanx alta (Tryon, 1865)
[USA: California, Oregon]

SNAKE RIVET SYSTEIM ..ueiiitiiteiieitet ettt sttt et ettt b bt ea st a e e s s st bt e st ea e es et e bt e bese et es b e e st esenenee Lanx sp.

[Typically undescribed species are not considered in this series. However, this undescribed species, the “Banbury Lanx,” is federally listed
under the U.S. Endangered Species Act.]

Gastropoda: Lymnaeoidea: Lymnaeidae: Lymnaea: Species

This genus was revised by Hubendick (1951). Although most recent authors have ignored that work, a recent molecular
assessment by Correa et al. (2010) supported Hubendick (1951), at least as far as genus level treatments are concerned, and
their work is followed here.

4(3)
&

7(6)
7
8(7)
g

Shell strongly attenuated, extremely narrow, aperture width one-third or less length; body whorl shoulders flattened; spire long
(FLZ. T1.5 D) ettt ettt ettt et b ettt b e bt s b et bt b et et s bt et e bt s b et eneebenee Lymnaea haldemani Binney, 1867

[Canada, USA: Great Lakes region]

Shell not translucent, not thin and fragile; shell periostracum not sculptured with microscopic spiral threads ............ccceccvevreininccincnenne 3
Shell translucent or nearly transparent, thin and fragile; shell periostracum sculptured with microscopic spiral threads (Fig. 11.5 E) .........
........................................................................................................................................................................... Lymnaea columella Say, 1817
[Widespread]

Columella not projecting

Columella with a large projecting fold, nearly a tooth; penis and penal sheath very short and pyriform ..........c..ccccoeveneoeincnennincnnenene
............................................................................................................................................................................... Lymnaea arctica Lea, 1864
[Canada, USA: arctic and subarctic]

Adult shell of variable length, but if greater than 35 mm, the spire longer than aperture ..............coeoveererieinenerieeeeeere e 5
Adult shell length greater than 35 mm, with spire shorter than aperture length; umbilicus imperforate (Fig. 11.5 G) ...cccooovvvviiiiiiiiiiiinnne.
......................................................................................................................................................................... Lymnaea megasoma Say, 1824
[Canada: Manitoba, Northwest Territories, Nova Scotia, Ontario, Quebec. USA: Great Lakes Region]

SPIFE NOT AUEIIUALEA .....cetitiateiieit ettt ettt ettt b et et e st be s et eh et et e st e et ee et eb e b s e st eh e bt e st ea et ea e eb e et et eseeb et enteseeaeaseneebesaennes 6
Spire narrow, attenuate; aperture flared; umbilicus generally imperforate (Fig. 11.5 F) ..cccccvvniincnnne Lymnaea stagnalis Linnaeus, 1758
[Canada: widespread except Arctic. USA: northern states]

Body whorl usually lacking distinct transverse ridges, but if present then umbilicus barely open; spiral striae present or absent .................
......................................................................................................................................................................................................................... 7
Body whorl with distinct transverse ridges and spiral striae; umbilicus imperforate ...........c.ccccccveerennne. Lymnaea palustris (Miiller, 1774)
[Canada: widespread except arctic. USA: northern and western states]

Umbilicus imperforate to DATELY 0PI ........c.cucirieiiiiiiiiiiiiectee ettt ettt etttk ettt ettt b et e bt ea et eaebenea 8
UIMDIIICUS OPI vttt ettt sttt b et et ettt bt b ettt ettt ea et st ebenaennes Lymnaea bulimoides Lea, 1841
Columella with an obvious twist or plait; spiral sculpture very fine to microscopic, but present (Fig. 11.5 1) ..o 9
Columella generally without a twist or plait; spiral sculpture weak, obscured, or absent (Fig. 11.5 H) ..cccoveininiiciinnciinecncccece
............................................................................................................................................... Lymnaea catascopium Say, 1817 species group

[This group contains L. eleodes, L. emarginata, L. gabbi, and L. utahensis, which cannot be reliably and consistently separated. Canada:
widespread. USA: northern and western states]
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9(8) Radula with lateral teeth with three 1arge and ODVIOUS CUSPS ....c..c.iruiriirieiiriiieiiite ettt ettt ettt ettt ettt se et be bt et eae et eaesaenees

[Canada: southern provinces. USA: widespread. Mexico: Chihuahua, Coahuila, Nuevo Leon, Tamaulipas]
9’ Radula with lateral teeth with two large and 0bVIOUS CUSPS .......oocucuiririeiiiiiiiiiiiriciceeieceeeeece e Lymnaea cubensis Pfieffer, 1839

[USA: Florida, Louisiana, Texas. Mexico: widespread. Neotropics]

Gastropoda: Planorbiodea: Families

1 Pseudobranch absent; shell obviously sinistral (coiling to the left), with an acute, posteriorly directed spire; mantle margin generally with
digitate or serrate lobes; blood clear, lacking haemoglobin (Fig. 11.4 G—K) ...cccccceviminiiinmiiinicirreceecceeeeeeeaene Physidae [p. 205]
1 Pseudobranch present as a cup-like lobe projecting from under the mantle posteriolaterally on the left side; shell patelliform (limpets),
discoidal (ram’s horn snails), or if with a projecting spire, then appearing dextral (spiraling to the right); blood red with haemoglobin
(Figs. T1.4 A—F and 11.9 D—Ll) .ottt st b ettt sttt b bt sa e st e b saeneen Planorbidae [p. 206]

Gastropoda: Planorbiodea: Physidae: Genera

1 Shell elongated, glossy, shiny, and smooth; spire conical; aperture no more than half the total shell length; mantle never with lobes
(FIE. T4 KD ettt ettt et sttt b et a et et s bt st et b b et aesa et e st b s ae st st eb e b et eueneen Aplexa elongata (Say, 1821)

[Canada: Alberta, British Columbia, Manitoba, Ontario, Saskatchewan. USA: Alaska, Idaho, Montana, North Dakota, South Dakota, Utah,
Washington, Wyoming, Great Lakes region, and New England states]

r Shell variable; aperture length more than half the total shell length; mantle usually with digitate or serrate lobes (Fig. 11.4 G-J) ......cc.....
................................................................................................................................................................................................... Physa [p. 205]

Gastropoda: Planorbiodea: Physidae: Physa: Species

Follows Wethington & Lydeard (2007) and Wethington et al. (2009). Shell morphology is highly variable (reviewed in
Rogers & Wethington, 2007).

1 Aperture length at most 75% of total shell length, aperture not as wide as widest shell width; animal not adapted as below
(FIZ. T1.4 G, HL J) bbb bbb bbb bbb bbb bbbttt bbbt ens 2

1 Aperture length nearly as long as total shell length, aperture width equal to widest shell width; foot very broad, adapted for living on verti-
cal cliffs under a thing water film; animal very black (Fig. 11.4 1) ...cccooiiiiiiiiiiiiiicieeeeeeceeeeeeee Physa zionis Pilsbry, 1926
[USA: Utah]

2(1) Penis preputium with a large and obvious preputial gland; mantle variable ..............cccoiiiiiiiiiiiiiiicc e 3

2 Penis preputium without a large and obvious preputial gland; mantle extending around much of body whorl ............ccccooiiniinininnn

..................................................................................................................................................................... Physa marmorata Guilding, 1828
[USA: Texas. Mexico: Gulf Coast and tropics. Neotropical]

3(2) Penal sheath entirely SLANAUIAT ..........ccooioiiiiiiii ettt b et b bttt b bt es et a et b e bt et eb et et et eeeaeas 4

3 Penal sheath either partially glandular distally, or not glandular at all ..............ccccioiiiiiiiiiiicc e 6

4(2) Mantle not extending externally around most 0f body WHOTT .......c..ccoiiiiiiiiiiiii e 5

4 Mantle extending externally around most of body whorl .... . Physa megalochlamys Taylor, 1988
[Canada: Saskatchewan. USA: Colorado, Idaho, Oregon, Utah, Wyoming]

5(4) AATCHIC ettt ettt et b ettt bbbt a e st b bt e Rt he bt e Rt bt e h s et e bt Rt e b bt e n e bt eh e et b e h e et e nbeen b et e eneentn Physa jennessi Dall, 1919

[Canada: Arctic. USA: Alaska. Palaearctic]

5’ Not found in arctic habitats..............c..ccoeeeveennen. Physa vernalis Taylor & Jokinen, 1984

[Canada: Great Lakes Region, Newfoundland. USA: Great Lakes region, New England]

6(3) Penal sheath or not glandular at all; spire acute

6’ Penal sheath glandular in distal one half to one fourth; spire subacute to TOUNAEd ...........c.ccooieuiiiiriiiiiiniiciic e 8
7(6) Surface Waters (FiZ. 11.4 H) ..oioiiiiiiecee ettt ettt s Physa acuta Draparnaud, 1805

[Cosmopolitan]
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SUDLEITANCAN ...ttt ettt b et ea e eb st b e s et b bt et et st ebe b Physa spelunca Turner & Clench, 1974
[USA: Wyoming]
Penal sheath glandular in distal fOUrth ............c.coeoiiiiiiiiiniiieeee e Physa pomilia Conrad, 1834 species group

[USA: eastern states and California]
Penal sheath glandular in distal half (Fig. 11.4 G, J) wooiriiiiiiieieeeeeeeee e Physa gyrina Say, 1821 species group

[Nearctic]

Gastropoda: Planorbiodea: Planorbidae: Genera
Taxonomy follows Walther et al. (20006), Albrecht et al. (2006), and Dillon & Herman (2009).

3
4(3)

&

8(5)
g’
9(8)
9
10(9)

10°

11(10)
e
12(11)

12

13(12)
13

Shell patelliform (limpets) (Fig. 11.9 D-G)
Shell spiral (Figs. 11.4 A—F and 11.9 H-L)

Three or more adductor muscles, or adductor Muscle SCArs N SNEIL ........c..ooiuiiiiiiiiiie ettt e e e eeaeeeeeeereeenaeans 3
One crescent shaped adductor muscle scar nearly circling the inside of the shell (Fig. 11.9 D) ...cccovvvineniincncninne. Rhodacmea [p. 207]

Three primary adductor muscle scars (two anterior, one posterior) with a smaller secondary adductor muscle scar between the anterior two,
and one between the right anterior and the POSErior PIIMATY SCALS .....c..coveiruirtiuiririerteiietertet ettt ettete et ettt et ettt eae bt s st et bees et eneseeeaenes 4

Three primary adductor muscle scars (two anterior, one posterior) with no smaller secondary scars (Fig. 11.9 E) .......... Ferrissia [p. 207]

Shell apex at or just to right of shell midline, and just posterior of center; tentacles with prominent pigment cores (Fig. 11.9 G) ................
....................................................................................................................................................................... Laevapex fuscus (Adams, 1841)

[Canada, USA: east of the Great Plains]

Shell apex far to right of midline, and in posterior fourth of shell; tentacles without a pigmented core (Fig. 11.9 F) ...cccooviiiiiiiininiincnnns
....................................................................................................................................................... Hebetancylus excentricus (Morelet, 1851)

[USA: Florida, Georgia, Texas. Mexico: Gulf states. Neotropics]
Shell with body whorl and aperture greatly and abruptly larger than preceding whorl; aperture length greater than one-half the shell width

(FIZ. 114 C) ettt ettt bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb b bbbttt ene 6
Shell with whorls gradually and uniformly increasing in size (Figs. 11.9 H-L and 11.4 A, B, D=F) ..ecceoiiiriiiiiinireeeeeeeeeeeesee 8
Aperture length more than one-half, but less than two-thirds body Whorl Width ..........coccccoiiiiiiiiiiicec e 7
Aperture length greater than two-thirds body whorl width; adult shell 2mm in diameter ................. Amphigyra alabamensis Pilsbry, 1906
[USA: Alabama (possibly extinct)]

Adult Shell 2 MM IN AIAMELET ........ooviiieiiieiectee ettt ettt et e e e e et e e e eeteeeaeeeeteeeseeesaeeesseaeseeesseesseeenseenseeeneeenseesnseanes Neoplanorbis [p. 207]
[USA: Alabamal]

Adult shell more than 8 MM I AIAMELET .........eiueiiiitiieieie ettt ettt ettt eb e sb e s e st et sbe e esesbeneneane Vorticifex [p. 207]

[USA: California, Nevada, Oregon]

APEITUIE WITROUEL EEETN ...eiiiiiiititcici ettt ettt e b e et bbbt e b e et et h e st et b bttt et et e bt e b e se st eb et et et eeea s 9
Aperture with teeth set back from aperture (aperture may need to be broken to view this character) (Fig. [1.91) ....... Planorbula [p. 208]
Shell aperture width less than one-half Shell dIAMELET .......c.ccvuciiiiiiiiiriiii ettt 10
Shell aperture width greater than one-half shell dIAMELET ........c..coviiiiiiiiiiiiii ettt nene 13
Adult shell greater than 8 mm in diameter; adult shell with four or five whorls, never with numerous low spiral striae (Fig. 11.4 B, D-F) ..
....................................................................................................................................................................................................................... 11
Adult shell less than 8 mm in diameter; adult shell with five or six whorls, if only four or five, then bearing numerous low spiral striae
(FIE. 119 ) ettt sttt b et ettt st b et et eae sttt et be s e et bbbt bt et b naeneen Drepanotrema [p. 208]
Shell thick, NOt €aSILY CTUSREA ....c..cuiiuiiiiitiete ettt ettt e a et et a bt s e et eb bt e st es et e st e bt sa et e st eb e s e st es et e st ebeabeneeneebenne 12
Shell thin, fragile (Fig. 11.4 B) ..ottt ettt ettt ettt sttt enene Biomphalaria [p. 208]
Shell shoulder with a carina; SPire aAlWays PIESEIIL ......c..cceruerteuirtirterieitrtetettete et ettt ettt sttt ste sttt et st et eaeseebesae e eseebe et eneeaeeees Carinifex

[In need of revision. USA: California, Nevada, Oregon, Utah, Wyoming]

Shell shoulder lacking a carina; spire rarely present, shell generally discoidal (Fig. 11.4 D=F) ......ccccccccoiiinninniniiiiine, Helisoma
[Nearctic: widespread. Large genus in great need of revision. Many “species” cannot be reliably separated from each other]

Shell Whorls Without 1arge tranSVEISE TIAZES ....e.vruirueieuirtiieiietertet ettt ettt ettt et es et et eae bt st et eb et e s e st es et es e ebesa et es e et ensenees e et entebeabenseneesenne 14

Shell costate, i.e., whorls with large transverse ridges (Fig. 11.9 H) ccocooceoiniieiinncinnieineciccireceeeeene Gyraulus (in part) [p. 208]
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14(13) Shell with umbilicus deep and narrow, body whorl on opposite side of shell from aperture slightly wider than umbilicus; shoulder carinate
100 o 110 OO OO 15
14 Shell with umbilicus shallow and wide, body whorl on opposite side of shell from aperture slightly narrower than umbilicus; shoulder not
€arinate (FIZ. 11.9 K) Lottt sttt ettt ettt b et benea Gyraulus (in part) [p. 208]
15(14) Mantle with a large, well defined lobe anterior of the anal pore and pseudobranch; shell with shoulder angular, and bearing a carina between
midpoint and ShOUIAET (FIZ. 11.9 1) ..eiiiiiiiiieieiee ettt ettt ettt et ea et e e s Menetus

[Genus in need of revision. Canada: widespread, except Arctic. USA: widespread]

15’ Mantle without a well defined lobe anterior of the anal pore and pseudobranch; shell with body whorl rounded or carinate medially (Fig.
Promenetus [p. 208]

Gastropoda: Planorbiodea: Planorbidae: Rhodacmea: Species

Genus needs revision. Modified from Burch (1982).

1 Shell SMOOTN .....oeiiiiiii e Rhodacmea elatior (Anthony, 1855)/Rhodacmea hinkleyi (Walker, 1908)
[USA: Alabama, Tennessee]
1 SREILTIDDEA ...ttt e et e et e et e e e tbeeebeesabeeteesaseebeessbeebeeeabeebeesaseereennnen Rhodacmea filosa (Conrad, 1834)

[USA: Alabama, Tennessee (?)]

Gastropoda: Planorbiodea: Planorbidae: Ferrissia: Species
Follows Walther et al. (2010).

1 Shell apex 0N MIAINE .....coouiuiiiiiiiiiici ettt ettt Ferrissia rivularis (Say, 1817)
[Widespread except in Arctic and subarctic]

1 Shell apex to right Of MIAINE ......cc.oiiiiiiiiiii ettt Ferrissia fragilis (Tryon, 1863)
[USA: southern Atlantic drainages]

Gastropoda: Planorbiodea: Planorbidae: Neoplanorbis: Species §
Modified from Burch (1982). This genus needs to be revised (it may only represent one or two variable species). It is only 3
known from the Coosa River in Alabama and is probably extinct. 5
1 Umbilicus closed; cOlumMEIla WItROUL LEELN ..........ccviitieieiiitieieieee ettt e e et e te e e e s aesaeess e seeseessesbeeseesesssessesseeseesseabeeseessesseessensenns 2 E
1’ Umbilicus open; columella With BB .......c.ociiiiiiiiii ettt sttt et sttt aeas 3 E
2(1) Shell with spiral striae; shoulder With @ CariNa .........cocovririeiiiininii e Neoplanorbis tantillus Pilsbry, 1906 D]
[USA: Alabama] ;
2’ Shell without spiral striae; shoulder rounded .............c.coooiviriiiiiininiiiiiiceeee e Neoplanorbis smithi Walker, 1908 I
[USA: Alabamal] =
3(1) Shoulder With @ CATINA .....ccuerieieiiiiiieiirete ettt ettt sttt ettt et eseeseseeneenis Neoplanorbis carinatus Walker, 1908
[USA: Alabama]
2’ SROULAET TOUNAEA ..ot e et e e e e e et e e e et e e s eaaeeeeenateesennaeeeannns Neoplanorbis umbilicatus Walker, 1908
[USA: Alabamal]

Gastropoda: Planorbiodea: Planorbidae: Vorticifex: Species
Modified from Burch (1982). This genus needs to be revised.

1 Body whorl with a ventral carina or angle around the umbilicus ..........c.ccooeiniiiiiiniiiiiniiccccecee Vorticifex solida (Dall, 1870)
[USA: California, Nevada]

1 Body Whorl 1aCKing CAIINAC .......c.coueuiiiiriiiiiiiitiiteieteete ettt sttt ettt eneee Vorticifex effusa (Lea, 1856)
[USA: California, Oregon]
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Gastropoda: Planorbiodea: Planorbidae: Planorbula: Species

1

r

Shell thin, fragile, up to 20 mm in diameter; low teeth present inside aperture on outer whorl wall .............ccccoiiiinniininiiinecccceee

[Canada: Alberta, British Columbia, Manitoba, Saskatchewan. USA: western states]
Shell solid, up to 8 mm in diameter; aperture teeth on all SIAES ..........ccueveverieirinenieiniierececeee Planorbula armigera (Say, 1821)

[Canada: widespread, except southwest. USA: east of Great Plains]

Gastropoda: Planorbiodea: Planorbidae: Drepanotrema: Species
Modified from Burch (1982).

I

2(1)

Adult shell extremely flattened, bearing four or five whorls, lacking Spiral Striae ..........cccoeoieiririeiiiineniiee s 2

Adult shell not extremely flattened, bearing five or six whorls, bearing deep, obvious Spiral Striae .........c..ccceceeereiinirerieieneneeneceeseen
................................................................................................................................................... Drepanotrema aeruginosum (Morelet, 1851)

[USA: Arizona, Texas. Mexico: widespread. Neotropics]
Adult shell shoulder with an obvious and strong Keel ............ccoooeveriiienenniiceesee Drepanotrema kermatoides (d’Orbigny, 1835)
[USA: Florida, Texas. Mexico: widespread. Neotropics]
Adult shell shoulder rounded or ANGUIAT ...........ccciiiiiiiiiiiiiicccc s Drepanotrema cimex (Moricand, 1839)

[USA: Texas. Mexico: widespread. Neotropical]

Gastropoda: Planorbiodea: Planorbidae: Biomphalaria: Species
Modified from Burch (1982).

Adult shell (five or more whorls) 15mm in diameter or 1arger .........c..coccevevirereiinienenieieenecerceee Biomphalaria glabrata (Say, 1818)
[Invasive. USA: Florida. Neotropics]
Adult shell (five or more whorls) 10 mm in diameter or smaller ..........c.cccceevvvievieeciienieeieeeeees Biomphalaria havanensis (Pfieffer, 1839)

[USA: Arizona, Florida, Louisiana, Texas. Mexico: widespread. Neotropics]

Gastropoda: Planorbiodea: Planorbidae: Gyraulus: Species

Shell with umbilicus deep and narrow, body whorl on opposite side of shell from aperture slightly wider than umbilicus; shoulder carinate
R0 o 110 OO OO 2

Shell with umbilicus shallow and wide, body whorl on opposite side of shell from aperture slightly narrower than umbilicus; shoulder not

CATIMALE ...viuvieuieteetieste it eteesteete et eseeteeseesseeseess et e eseesseseesse s esssessesseessesseseessesseessessesseessensesseessensesseensenseensenss Gyraulus crista (Linnaeus, 1758)
[Holarctic]

Periostracum glabrous; shoulder rounded t0 SUDANGUIAT .........c.oiuiiiiiiiiiiiiiieietc ettt ettt sttt 3
Periostracum hirsute on at least the youngest whorls; shoulder flattened obliquely ..........cccocevvrirevininenns Gyraulus deflectus (Say, 1824)
Shell in lateral view, with aperture one-third or more Shell Width ..........cccoiiiiiiiiiiiiii et 4

Shell in lateral view, with aperture one-fourth or less shell width; shell with spire and umbilicus nearly identical in general appearance ....
Gyraulus circumstriatus (Tryon, 1866)

[Canada: widespread, except Arctic. USA: northern states, and Rocky Mountains to New Mexico]
Aperture width and 1ength SUDEQUAL ..........coiieiiiiirieieeeee et eneese e Gyraulus hornensis Baker, 1934
[Canada: Manitoba, Northwest Territories, Ontario, Saskatchewan. USA: North Dakota, Wisconsin]

Aperture width subequal to half its IENGH ......ccoeiiiiiiiiii e Gyraulus parvus (Say, 1817)

Gastropoda: Planorbiodea: Planorbidae: Promenetus: Species

1

Shell body whorl peripherally CariNate ..........c..coeciriirieiiireiiieieiet ettt Promentus exacuous (Say, 1821)
[Canada: widespread, except Arctic. USA: Alaska, and east of the Continental Divide]
Shell body whorl with shoulder rounded, N0 CAriNA ........ccceeevirierieiiiieceeeee e Promenetus umbilicatellus (Cockerell, 1877)

[Canada: Alberta, British Columbia, Manitoba, Saskatchewan. USA: Alaska, Oregon, Utah, Washington, northern central states]
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INTRODUCTION?

The Nearctic bivalve molluscs (or mollusks) consist of
five families in two orders: Unionoida (Margartiferidae

2. The prekey material in this section is based on various sources, especially
Cummings & Graf (2010).

and Unionidae) and Veneroida (Sphaeriidae, Corbiculidae,
and Dreissenidae) (Turgeon et al., 1998; Strayer, 1999;
Grigorovich et al., 2000).

The vast majority of species in these families are in the
Unionidae with its nearly 300 Nearctic species, compared
to about 837 species worldwide (Graf & Cummings, 2002).
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The distribution of Nearctic unionids is shown in Fig. 19.38
of Volume I of this edition. Most occur in rivers of the south-
eastern USA. These are known as pearly mussels, naiads, or
unionids. Another major center of unionid diversity is China.

The Margaritiferidae bear a close resemblance to some
unionids, but they lack a posterior mantle fusion. These
“pearl mussels” are represented by one genus and five
Nearctic species.

The small bivalves of Sphaeriidae (fingernail, pea, pill,
or seed clams) are divided into four genera and about 40
species in the Nearctic: Eupera, Pisidium, Sphaerium, and
Musculium, with about 200 species worldwide in 4-5 gen-
era. The sphaeriids are most abundant in the Nearctic within
the Rocky Mountains (where unionoid mussel diversity is
low) and in the formerly glaciated regions of the continent.

The Dreissenidae contains only a few freshwater forms.
In the Nearctic, there is one species native to the Nearctic
and two invasive species from the Palaearctic.

LIMITATIONS

Freshwater bivalve molluscs are generally identified
by shell characteristics. Unfortunately, shell shape can
be variable within a taxon depending on environmental
conditions (e.g., see Fig. 19.6 in Vol. I), and the external
sculpture can be eroded or otherwise obscured, especially
for animals living in turbulent streams or poorly buffered
waters of low alkalinity (i.e., with little calcium carbonate
for shell formation). Color patterns can also be an element
of identification of mussels, but these may not survive
drying or preservation. Therefore, the best way to iden-
tify bivalves is to consult a specialist and view a variety of
shells of the likely taxa and similar ones known from the
same locality.

TERMINOLOGY AND MORPHOLOGY

The bivalve shell is composed of two separate halves called
valves. The oldest portion of the valve (the juvenile shell)
is the umbo or beak, which lies on the dorsal surface of the
shell. A diagram defining the anterior, posterior, and right
and left sides of the animal is presented in Fig. 11.10. If the
soft tissues are still present and attached to the shell, then
the incurrent and excurrent apertures exit posteriorly, that
is to the right side of the right valve (or left side of the left
valve).

Shells in which the umbo is in the middle of each valve
are called “equilateral” (equal size right and left valves are
termed “equivalve”). The overall outline of a valve is often
important. A valve may be rhomboidal, triangular (or trigo-
nal), round, quadrate, oval (or ovoid) or elliptical.

The two valves are connected by a hinge that extends
from the beak towards the posterior end of the animal.
The hinge is connected by a ligament, which is a flexible

Thorp and Covich’s Freshwater Invertebrates

structure joining the two valves. This ligament may be
internal (inside the hinge) or external (outside the hinge).

Inside the hinge line, on the interior surface of the valve,
one or more longitudinal ridges or grooves may be pres-
ent. These are the lateral teeth. One or more transverse,
rounded projections, termed pseudocardinal teeth, may be
present just below and sometimes slightly anterior of the
umbo. These teeth and the ligament lie on a surface called
the umbo cavity.

On the interior surface of each valve are muscle scars. At
the anterior end, there may be a large anterior adductor scar
and a smaller protractor scar. At the posterior end are the
large posterior adductor scar and smaller posterior retrac-
tor scar. These scars appear as round to oblong polygons.
A long pallial line runs in an arc inside the valve, from the
anterior to the posterior muscle scars. The substance mak-
ing up the inside of the shell is called nacre.

The external shell surface sculpture is important for
diagnosis. The external surface of the valves is covered in a
thin layer called the periostracum. Most shells have a series
of growth lines, which run parallel to and generally mirror
the valve margins. The shell may bear transverse or radial
ridges, a secondary ridge that runs from the umbo to the
posterior margin called a posterior ridge, rounded bumps
called pustules, or a flattened flange extending dorsally
from the hinge line, called a wing.

Sometimes confusion arises between small juvenile
mussels, sphaeriid clams, and small Corbicula, but the pres-
ence of both posterior and anterior lateral teeth easily iden-
tifies all clams. Asian clams (Corbicula) grow much larger
and thicker than sphaeriids. The external surface of sphaeri-
ids is always smooth or with finely striated ridges, whereas
Corbicula has evenly spaced, thicker, elevated ridges on the
shell surface.

MATERIAL PREPARATION AND
PRESERVATION

Detailed methods for collecting, curation, and rearing
bivalve molluscs are discussed in Cummings & Graf (2014)
in Chapter 19 of Volume I. Sturm et al. (2006) published a
guide to collecting and preserving mussels. The following
section is a summary of Cummings & Graf (2014).

Focus wherever possible on collecting the shells from
recently dead animals to avoid collecting live molluscs, many
of which are threatened or endangered in nature. Clean the
shell of all specimens with a toothbrush, vegetable brush, or
a nylon scrub pad (but not wire brushes or harsh scrub pads)
to reveal characters used in identification. Avoid all harsh
cleaning agents that may damage the shell, and do not coat the
shell with any substances, including paraffin, oil (baby, lin-
seed, etc.), or petroleum jelly. Keep dry shells in cabinets out
of direct light in a temperature and humidity controlled envi-
ronment wherever possible. Catalog number should be written
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FIGURE 11.10 Gross anatomy of the exterior and interior of a valve (shell) of the freshwater unionid mussel Theliderma intermedia. From Cummings

& Graf, 2010.

on the inside shell surface with India ink or other permanent
marker, such that the internal characters are not obscured; this
eliminates the problem of losing tags over the years.

For anatomical studies of live collected specimens, nar-
cotize and relax the specimens before fixing them by using
agents such as MS-222, chloroform, menthol crystals, and
phenobarbital. Preserve soft tissue (with or without the
shells) in 10% buffered formalin (except when planning

KEYS TO BIVALVIA

As described in Cummings & Graf (2010), many
state or regional monographs are available, but many
are dated, unavailable, or in need of revision. Wil-
liams et al. (1993) provides a listing by U.S. states
of nearly 200 references on freshwater mussels.
Regional monographs on mussels published after 1993
include: Florida (in part) (Williams & Butler, 1994), Ver-
mont (Fichtel & Smith, 1995), Texas (Howells et al., 1996),

genetic analyses). If the whole animals are to be preserved,
first freeze live animals with the shell slightly open (wedged
open slightly with a wooden peg) and then transfer the
specimens afterward into formalin. After a few days in for-
malin, soak the specimens in freshwater with several rinses
over a few days, and then transfer the whole animal or soft
parts into 70% ethanol for long term storage. For molecular
genetic studies, fix and store the animal in 95% ethanol.

Maine (Martin, 1997; Nedeau et al., 2000), Minnesota
(Graf, 1997), New York (Strayer & Jirka, 1997), Tennessee
(Parmalee & Bogan, 1998), Kansas (Bleam et al., 1999),
the Apalachicola River and Rio Grande drainages (Johnson,
1999; Brim Box & Williams, 2000), and others (Ohio and
Alabama) are in preparation or press. The essential refer-
ences for tracking freshwater mussel nomenclature through
the ages are Simpson (1900, 1914), Frierson (1927), Haas
(1969a,b), and Burch (1975) (Cummings & Graf, 2010).
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Bivalvia: Orders

1 Anterior and posterior lateral teeth present on inside Of VAIVES .........cceiiriiiiiiiiiiiiecnec s Veneroida [p. 212]

r Anterior pseudocardinal tooth and posterior lateral tooth present on Valves ...........cocccceeeieirinieerinieecennieeeneeeeneenens Unionoida [p. 213]

Bivalvia: Veneroida: Families

1 Shell hinge external; hinge teeth present or absent; shell not triangular in CroSS SECHON ......c.c.eovrueueirieueueririereireeietnteeeeereereseesee e

1 Shell hinge internal; hinge teeth absent; shell triangular to somewhat oval in cross section; stripes often present on exterior of shell
....................................................................................................................................................................................... Dreissenidae [p. 212]

2(1) Lateral teeth serrate; external surface with raised concentric ridges; thick shell yellow to brown, often with a purple stripe on umbo; adults
generally >2.50m (Fig. 11.11 D) oottt ettt Corbiculidae, one genus: Corbicula
[Nearctic: invasive. Palaearctic, Oriental]

2’ Lateral teeth smooth; external shell smooth or with fine, concentric striae; thin shell; adults generally <2.5¢m .....ccooeeveenineiineniciicnene
........................................................................................................................................................................................ Sphaeriidae [p. 212]

Bivalvia: Veneroida: Dreissenidae: Genera

1 Myopore plate (internal plate at the base of the umbo) lacking a tooth projecting ventrally into the internal shell cavity; umbo pointed .....

............................................................................................................................................................................................ Dreissena [p. 212]

1 Myopore plate (internal plate at the base of the umbo) bearing a triangular tooth projecting ventrally into the internal shell cavity; shell
UMDO TOUNAEA ..ttt ettt bt et ettt b e et bt eb b et eae e st e beebeensenaes Mytilopsis leucophaeata (Conrad, 1831)

[USA, Mexico: Gulf Coast rivers and estuaries; Invasive in Canada and USA along the Atlantic coast, in the Great Lakes, and in the
Mississippi drainage]

Bivalvia: Veneroida: Dreissenidae: Dreissena: Species

1 Shell ventral margin flat to concave and flattened; ventrolateral shoulder with a ridge; shell triangular in cross section; variable colors but
often with prominent stripes; Zebra MUSSE .........c.ccouvueiiirieiiiiriieireecect et Dreissena polymorpha (Pallas, 1771)
1 Shell ventral margin rounded, convex, never flattened; ventrolateral shoulder without a ridge; color pale (especially near hinge) but
may have dark concentric rings; qUagga MUSSE ...........cccoerirueueririercininecniereeeneeeeeeenen Dreissena rostriformis bugensis (Andrusov, 1897)

Bivalvia: Veneroida: Sphaeriidae: Genera

1 L8010 T o a1 o o) OO OO OO 2

1 Umbo distinctly posterior; generally small (0.5-10mm) (Fig. T1.11 C) woiriiiiiiiiiiieeeeeeee et Pisidium
[Nearctic]

2(1) Two cardinal teeth in one valve and one in opposing valve; shell not mottled (Fig. 11.11 B) to.ccuioiiiiiiininiiiinieineeecceeeeeecee e
...................................................................................................................................................................................... Sphaerium/Musculium
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[Recent studies show extreme overlap in genus and species level characters. Nearctic: widespread]

2 One cardinal tooth per valve; shell interior usually mottled and sometimes visible to exterior (Fig. 11.11 A) ..occoioiiineiiininicircrceeree
Eupera cubensis (Prime, 1865)

FIGURE 11.11  External view of shells of: (A) Eupera, (B) Sphaerium, (C) Pisidium; and (D) Corbicula. After Burch, 1975.
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Bivalvia: Unionoida: Families
Modified from Burch (1975).

1 Midinterior scars present; mantle not dorsally united to form a separate opening; posteriomedial mantle margins not forming distinct
siphons; pseudocardinal and lateral teeth present, at least in juveniles; shell typically thick, dark, and shell elliptical (elongate) with brown
or black and relatively thick; umbo displaced anteriorly ...........coccoceeevveverererernenenns Margaritiferidae, one genus: Margaritifera [p. 213]
I Midinterior scars absent; mantle united posteriorly to form incurrent and excurrent siphons; pseudocardinal and lateral teeth present or not;
shells various; umbo central or displaced anteriorly (Fig. 11.13) wooiiiiiiiiiiiieieeeeeeee et Unionidae [p. 213]

Bivalvia: Unionoida: Margaritiferidae: Margaritifera: Species

1 Lateral teeth reduced or absent in adults; shell SCUIPIUIING ADSENT ........cooveuiiriiiiiiiirieiiirieici ettt 2
I Lateral teeth always present in the adult; shell posteriodorsal surface at least faintly sculptured and plicate ............ccccoevvevervnencneincnnne. 4
2(1) Pseudocardinal teeth Broad; SHEIL thICK ........coiiiiiieiieieie ettt ettt et e aesaeesaesbeeseenteeseeseensesseessenseeseensenbeeseensesseessensenns 3
2’ Pseudocardinal teeth reduced, pseudocardinal tooth in right valve subacute; shell thin .................. Margaritifera monodonta (Say, 1829)

[USA: Upper Mississippi River system]

3(2) East of Continental DIVIAE ........cccoviiiiiiiiiiiiiie e Margaritifera margaritifera (Linnaeus, 1758)
[Canada: New Brunswick, Newfoundland and Labrador, Nova Scotia, Prince Edward Island, Quebec. USA: New England]
3 West of Continental DIVIAE ........c.coueiririiiiiriieietecet ettt sttt Margaritifera falcata (Gould, 1850)

[Canada: British Columbia. USA: Alaska, California, Idaho, Montana, Nevada, Oregon, Utah, Washington, Wyoming]

4(1) Ventral MArgin AICUALE ........cc.eueirieueuiririeteeetetettteteuete ettt ettt st esteaesesea st eses e s eseseseesesensssesensenesenens Margaritifera hembeli (Conrad, 1838)
[USA: Arkansas, Louisiana]

4 Ventral margin straight or slightly curved .............cccooiiiiiiiiiiiicccc e Margaritifera marrianae Johnson, 1983

[USA: Alabama]

Bivalvia: Unionoida: Unionidae: Genera3

Kevin S. Cummings
Illinois Natural History Survey, Center for Biodiversity, Champaign, IL, USA

Daniel L. Graf

Biology Department, University of Wisconsin-Stevens Point, Stevens Point, WI, USA

The following keys are divided by subregions within the Nearctic. A map of these subregions is shown in Fig. 11.12.

Pacific Subregion
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1 Shell angular, with a strongly developed posterior ridge, reduced lateral teeth ...........c.cccoovevivinievininenenne. Gonidea angulate (Lea, 1838)
[Canada: British Columbia. USA: California, Idaho, Nevada, Oregon, Washington]

r Shell not angular, without well-developed posterior ridge, lateral teeth completely absent ............cccoccoceieirciviriciciinncrinieecene Anodonta

[Canada: British Columbia. USA: Alaska, California, Idaho, Nevada, Oregon, Washington]

Atlantic Subregion

1 Shell with pseudocardinal and lateral teeth absent or greatly TedUCEA ..........cooeoiiiiiriiiiiiniiiierce ettt 2
1 Shell with pseudocardinal teeth present, lateral teeth may be absent or greatly r1educed ..........ocoveoiriririiiiiniiieeeeee e 5
2(1) Umbo projecting above the NINZE LINE ..........ccoiriiiiiiiiiiiiiieciec ettt sttt ettt s et st se e aenenea 3

3. This section was edited by Thorp & Rogers from the original text appearing in the third edition (2010).
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North America
1 Interior

2 Atlantic

3 Gulf

4 Florida

5 Pacific

FIGURE 11.12 Map of geographic areas covered in the key (original elements of the map rendered by Jerry Graf).

(A)

X

(B)

FIGURE 11.13 Beak sculpture of freshwater bivalves: (A) single-looped concentric ridges; (B) double-looped concentric ridges; (C) fine concentric
ridges; and (D) coarse concentric ridges. From Burch, 1975.

2
32)
3

4(3)

Umbo not projecting above the hinge HINe ..o Utterbackia
Umbo sculpture consists of concentric bars (FiZ. 11.13) c.o.cioiiiiiiiiiiieiiieetet ettt ettt s et 5
Umbo sculpture double looped (Fig. 11.13 B), Shell thinl .....cc.ccooiiiiiiiniiiiiiiiinecccee ettt Pyganodon
Nacre usually orange or salmon colored; pseudocardinal and lateral teeth reduced to a thickened ridge; umbo sculpture prominent or
PIOMOUINCEA ...ttt ettt ettt ettt e e e a et e et eb et et es e ea et et b e s et eh et et et ea e e et eb e et e e st et e s enteat et e neaeebesaennebeesennenn Strophitus
Nacre bluish or white; pseudocardinal and lateral teeth completely absent; umbo sculpture fine ..........ccccoceeveverionenerenens Anodontoides
Shell truncated, with well-developed lateral teeth in 1eft VAIVE ........ccccouiiiiiiiiiiiiiiiiicce et 6
Right valve with two lateral teeth or lateral teeth absent or reduced and not interlocking ............cceceveriinincnninencrncnenne. Alasmidonta
SREIT WILI SPINES ..ttt ettt ettt b et s ettt ea e bt s e et eh e eb e b et e st et et eh e eh e e e e st eh e b et e st e bt et en e eh e e s et es e eb et et es e et et e st ebenaeneas 7
SREll WItROUL SPINES .....eeuiiiiiiieiciiitet ettt ettt bbbttt a et s et e bt b et ettt a ettt e bt s s seae e 8
Shell thick and OtEN TATZE .....c.oeuieiiiiiiiiicietc ettt ettt ettt e et et a bt se et eb bt eb et estebesae st ene et et et enesaennenene Elliptio
Shell and SPINES SINALL ......couiiiiiiiiiiieiite ettt ettt b ettt ea e bt be e ebenne Pleurobema collina Conrad, 1837
Left valve without extra interdental tOOth ............ccoiiiiiiiiiiiiiiii i 9

Left valve hinge line with an additional small interdental or accessory tooth, giving the appearance of three pseudocardinal teeth, shell more
or less compressed, rhomboid, periostracum dark green with numerous green rays, umbo sculpture with heavy bars ..........cccccoeecevnccnnne.
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9(8) Shell shape broadly trANGUIAT ..........ccoiiiiiiii ettt ettt ettt a e bt s et eb b et e st eb et es e bt sa et e st eb et et ebe st et ebesbeneeneebenne 10
9 Shell shape oval, round, OF TROMDOIA .......c.oiuiriiiiiieie ettt b sttt b et e st s et e s e s e s b et eseeb e s et es e et et eseesenaeneesenne 11
10(9) From the JAMES RIVET .....ccciiiiiiiiiiii ettt ettt e et e st e e bt e s taeesbeessseessaessseesseessseessaessseassaessseenseessseesseessseenseeasseans Lexingtonia
10° From an area extending from the Roanoke River south to the headwaters of the Savannah River Basin ..........ccccoccovviniiiincniincncicnee

.................................................................................................................................................................... Fusconaia masoni (Conrad, 1834)
11(10) Shell shape thombOid OF TECLANZUIAT ........c.eeuiriiiititiieirt ettt ettt b e s st b bt a e e et es e bt sa et e st eb et et ebe et et ebesbeseeneebenne 12
11’ Shell Shape OVAL OF TOUIM ......c.ooviuiuiiiiiiiiieiei ittt ettt h et a bt sea et bbbt ettt ee b neneaas 15
12(11) Shell usually more than twice as Iong @S DIOAG ........cc.cciviiiiiiiiiiiiiiee ettt sttt et ss e eeneane 13
12 Shell usually less than twice as long as broad; periostracum light in color with numerous green rays; shell relatively small and thin, oval to

elongate oval; blade-like pseudocardinal tEELH ..........cc.ccovuiiiiiiiiiiiiiiiiice ettt sttt ettt Villosa
13(12) Nacre color White, SHEIl INTLALEA .........c.ooooviiiiiiiii ettt et e et eeete e et e e teeetaeeeteeeaseebeeeaseeseeeaseeseesaseeseessseeseesaseeseeannen 14
13’ Nacre color typically some shade or purple, but ranges from salmon to PUrple ...........ccccoeceirireinncininieireceeeeeeeenes Elliptio (in part)
14(13) Periostracum not rayed and mat or dull, shell moderately thick and slightly rectangular, posterior end angled with two grooves running

AlONG the POSLETION SIOPE .....euiiiiiiiiiie ettt b et a et et b et b et et s st ea e e s s Uniomerus
14 Periostracum not mat and often rayed, particularly in juveniles, posterior end tapered to a sharp point ............ccceceeeeevvvererveeeennns Ligumia
15(13) Adult shell typically >40 mm in length, with a SMOOth PETIOSIIACUINN ......iiiiuiiiiiiiieiitiric ettt 16
15’ Adult shell typically <40 mm in length, with a dark cloth-like or mat PerioStraCum ..........c.cceceeerueueirinieuirinieiceeeeceeeeeeeenene Toxolasma
16(15) Shell relatively large, oval to elongate oval in shape, periostracum very shiny to mat With 1ays .........ccccececeeevevnieneneincneieenee Lampsilis
16’ Shell thin and oval in shape, periostracum dull yellow, rayless or with very fine rays all over the shell found in or near the tidewater, nacre

OFteN SAIMON COLOTEA ....oouviiiiiiiiieeeteee e et e et e e e et e e e eate e e eeaaeeeseaseeeeeateeeeeaareeeeaseeesenseeeennes Leptodea ochracea Say, 1817

Interior Subregion

1 Shell without lateral teeth or all pseudocardinal tEEth .............ccccioiiiiiiiiiiiiiii ettt 3
2’ Shell with both pseudocardinal and lateral tEEth PIESEIL ........c..cueruiriiiriiriiiiirtet ettt ettt ettt sttt ettt ea e 9
3(2) Shell with pseudocardinal teeth, but 1acking 1ateral tEETH ..........coiuiiiiiiiiiiiiir ettt ettt sae s 4
3 Shell with greatly reduced or completely lacking both pseudocardinal and lateral teeth ...........coceoirieueirinciininecinceecec e 5
4(3) Shell <25 mm, periostracum often eroded, umbo sculpture consists of heavy bars ..........cccccvevevievenenecincncennne Pegias fabula (Lea, 1838)

[Upper Cumberland and Tennessee River basins.]

4 Shell relatively large >25 mm, umbo sculpture consists of heavy bars

[Widespread in Mississippi River basin; also found in the Tennessee River drainage.]
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5(3) Hinge teeth COMPIELELY ADSEIL .....c..iuiiuiitiiiiiiteete ettt ettt et e bt st et s bt e e e st e e et es £ eb e s e et eb e b et e st e bt et e st eb e e b et e st ebe b et eneebeaenes 6
5 Shell with pseudocardinal tooth consisting of a swelling or knob, lateral teeth reduced to a thickened ridge, umbo sculpture heavy “v”-
SHAPEA TIAZES ...t Strophitus undulates Say, 1817
6(5) Umbo projects above the NINEZE LN .......c.ccoouiuiiriiiiiiiiciec ettt ettt ettt ettt et et b sttt sa st eaebenea 7
6’ Umbo even with or below the hinge lINE ........cc.ccoiiiiiiiiniiiiiiiiccce e
7(6) Umbo projecting only slightly above the hinge line
7 Umbo projects well above the hinge LNE ........c.coecivirieiiiniiiiiecicceeec e Pyganodon grandis (Say, 1829)
8(7) Umbo projecting only slightly above the hinge line, shell elongate, umbo sculpture consists of faint “v’-shaped ridges ..........cccecceveenenee
......................................................................................................................................................... Anodontioides ferussacianus (Lea, 1834)
8 Umbo barely above the hinge line, shell rounded in shape, umbo sculpture with double looped ridges .........ccocevevirererieincnieiriricieeneee
............................................................................................................................................................... Utterbackia suborbiculata Say, 1831
9(2) Shell with external surface sculpture (plications, PUSTUIES, TIAZES) .....ccverruirieirtiriiieirieiee ettt eerene 10
9’ Shell WithoUt SUITACE SCUIPLULE ........couiuiiiiiiiiiiiici ettt 27
1009) Shell with prominent external surface pustules, knobs or bumps and/or plications O FIdZES ..........ccceueueueririeueirinieinireeereeeereeeeeeeeneees 11
10° SREILTACKING PLICAS ....vititiiieiietiteee sttt ettt ae ettt et ea et e et b e s et bt bt e st ea et es e bt sa et es et et et en et et ebesuenneneebenne 19
11(10) Shell with prominent plications or ridges but lacking pustules, Knobs, OF BUMPS .......cccoueiiiriiiiirienieinieeieesieei et 12

11 Shell with prominent plications or ridges and pustules, knobs or bumps on the anterior part of the shell ...............cccccooiiiiiiiinnnnn. 17
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12(11)
12
13(12)

13

14(12)
14’

15(14)
15°

16(15)

16’

17(11)
17
18(17)

18

19(10)
19
20(19)
20°

21(20)
21

22(21)

22’

23(19)
23
24(23)

24’

25(23)
25°

26(25)

26°

2709)
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Shell with prominent plications or ridges confined to the POStEIior SIOPE ........ccoeiriiriiiiiriiiirei ettt 13
Shell with prominent plications or ridges not confined to the POStEIiOr SIOPE ..........ccccurucuiriiiiiiiririiiieieei ettt 14
Shell elongate, inflated, with bluegreen Nacre COIOT .........coeoieiriirieiiiiriiiiineeeeeeee e Medionidus conradicus (Lea, 1834)

[Restricted to the Cumberland and Tennessee River basins.]

Shell elongate, inflated, nacre not as above, posterior slope and ridge rounded ............cccccccvvueueunncne Ptychobranchus subtentum Say, 1825
[Restricted to the Cumberland and Tennessee River basins.]

Shell without a distinct poSterior ridZe; NACTE WHILE ........coviiiiriiiiiriiierere ettt sttt et sa ettt st b et eae st et besbeseeseebenne 15
Shell shape rectangular with a distinct posterior ridge; nacre purplish ............... Plectomerus dombeyanus (Humboldt & Bonpland, 1827)
[Lower Ohio and Mississippi River basins]

SHEIL MOt @S DEIOW ..ttt ittt ettt ettt e st e tesh e e st et e e st essen s e eseentesaeestenbeeseeaeen s e b e eseensesheen b e s e eseens e beeseensesbeeneenbeeseeneenbenseens 16

Lemiox rimosus (Rafinesque, 1831)

Shell laterally compressed to inflated, round to quadrate in shape; heavy pseudocardinal teeth, well-developed lateral teeth; deep umbo
cavity, shell surface typically with three prominent, well-developed ridges ..........coeeverieireniiinieneneenene Amblema plicata (Say, 1817)

[Widespread in the Mississippi River basin.]

Shell inflated and somewhat thin, rounded, approaching oval, pseudocardinal teeth curved, surface with indistinct undulations or ridges ..

................................................................................................................................................. Arcidens wheeleri (Ortmann & Walker, 1912)
[Confined to the Red and Ouachita River basins.]

Shell not elongate, quadrate or rounded in shape and the pustules less numerous or confined to the anterior part of the shell ................. 18
Shell elongate with numerous small pustules OVer Surface ..............ccccceeeeinecinniccninceceneenenn Tritogonia verrucosa (Rafinesque, 1820)

Shell large and quadrate in shape with the pustules confined to the anterior part of the shell ............cccooiiiiiiiiiniiiiicee
Megalonaias nervosa (Rafinesque, 1820)

Shell more or less rounded in shape with indistinct undulations on the surface; lateral teeth poorly developed ...........cccccoeeeveiivincniiincnnns
.................................................................................................................................................................... Arcidens confragosus (Say, 1829)
Shell surface with generally disStribUted PUSTULIES ......c..coouiiiiiiiiiiiiiiiiiee ettt sttt s 20
Shell with pustules restricted to a SINZIE OF AOUDIE TOW ......iiiiiiiiiiiiiiiiie ettt ettt sttt eae st eebeee 23
Shell rounded, compressed to slightly inflated; pustules covering most of the shell; nacre white; umbo cavity deep ..........ccccccecuecvnuneee. 21
Shell rounded, compressed to slightly inflated, pustules covering most of the shell, nacre purple, umbo cavity deep ..........cccceevererieeeenene
...................................................................................................................................................... Cyclonaias tuberculata (Rafinesque, 1820)
Shell rounded; pustules generally variable in SHAPE .........cc.ccviiiiiiiiiiiiiiiieci ettt 22
Shell rounded, pustules small and covering most of the shell; elevated ridges at the growth lines; nacre white; umbo cavity deep ...............

........................................................................................................................................................................................................ Cyprogenia

Shell rounded, compressed to slightly inflated; pustules covering most of the shell; nacre white; umbo cavity deep; a conspicuous green
stripe always present On the UMDO .........ccoeiiiriiiiiiiiiiince ettt Amphinaias pustulosa (Lea, 1831)

Shell rounded; pustules covering most of shell; nacre white, pink or salmon; umbo cavity deep; green stripe absent; periostracum reddish

CRESINUL TN COLOT .nuviiiiiiiiiietie ettt ettt e ettt e et e et e et e e et e esbeestbe e seessseesseessseesseassseenseessseenseesssennsennns Plethobasus cooperianus (Lea, 1834)
Pustules fOrming tWOo ISHIICE TOWS ......ecueuiiuiriiieiiitit ettt ettt ettt et h et e et eb et et es e ea et ea e bt se et eb e b et e st eb e et es b et e et et ebe et et et ese et e e ebeaaens 24
Pustules fOrming @ SINZLE TOW .......c.cuiiiiiiiiiiiiiiiiiet ettt ettt ettt a et s s sttt b et ee b s et et b et s st e b seenenne 25

Shell rounded to quadrate; two rows of pustules, with one row on the posterior ridge, a sulcus or shallow depression may be present
between the rows of pustule Quadrula (in part)

Shell rounded to quadrate in shape; two rows of paired pustules, with one row on the posterior ridge, sulcus absent
......................................................................................................................................................... Amphinaias nodulata (Rafinesque, 1820)

Valve with a single median row Of 1are PUSLULES .........c.iouiiiiiiiriiiiitieiet ettt sttt et ee ettt b et ene e 26

Shell quadrate to elongate and rectangular in shape, often with chevron markings; posterior ridge with a single row of pustules or small
pustules SPread ACTOSS SUITACE .....c.oiiuiiiiiiiiiieiet ettt ettt ettt ettt eaesa e s sneneeneane Theliderma

A single row of three large pustules running down the center of the valve which alternate on each valve ...........cccccovvciiininiincnciicnee
................................................................................................................................................................ Obliquaria reflexa Rafinesque, 1820

A single row of numerous large pustules running down the center of the valve which do not alternate between the valves ..........c.cccceceveeeee
......................................................................................................................................................................................... Dromus/Plethobasus

Shell with a well-developed dorsal wing projecting above the hinge line, usually found posterior to the umbo but a small wing may also be
present Anterior 10 the UMD ........coiiiiiiiiiiii ettt et sttt et ea ettt a ettt s et st en e eneeae s 28
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27 Shell without a prominent dOTSAl WINE ..........cccciiiiiiiiiiiiiiii bbb 29
28(27) Shell and hinge teeth thin, pseudocardinal teeth compressed; periostracum dull and typically yellow; nacre white with suffusions of pink
............................................................................................................................................................................................................ Leptodea
28’ Shell and hinge teeth thin, pseudocardinal teeth compressed; periostracum shiny and typically olive, brown, or black; nacre evenly colored
TIGNE OF AATK PUIPLE ..vieeeet ettt b et ettt b s bbbt et a e et et eb e e bt e st eb e b et e st eb et e bt e besae st ebeebennenn Potamilus
29(27) SREIL SRAPE TOUINM ...ttt ettt ettt et s bt e st es et e st e st es a2 e st et e b enses e et et es e es e e s enees e b et en e es et es s eseese s eseebensentes e et enseseesenneneesenne 30
29’ SHheEll SHAPE NOL TOUNM ....viiiiiiiiiiieiieeeet ettt ettt ettt sttt et et es et b e s s e bt bt e st es et e s e st sae e es e b e s et eueen et eseeuesaeneesenne
30(29) Shell inflated or various shaped
30 Shell compressed and thick, usually triangular in shape with a sharp posterior ridge; yellow in color with “v”’-shaped rays ..........c..c.......
............................................................................................................................................................ Ellipsaria lineolata (Rafinesque, 1820)
31(30) UMDO NEATTY CEMIIAL ...ttt ettt ettt s et et e st e st et e s s es e e se s s es e es e s eases e es e s es e es e esen e es e e b en s en e es e et ensesees et eseeb e s e st ese et enneneaneas 32
31 UmDbOS 10CALEA ANLEITOTTY .....vetitiiieiieiit ettt ettt ettt et e a et s et b ettt ea e et ettt st e st s et eseeae e eneeueas 34
32(31) Shell without raiSed TIAZE OF UMD ....oiuiiiiiiiiii ittt ettt b e st h bttt et st e bt sa et b e bt et ettt et ebesbeneeneebeane 33
32 Shell with a raised ridge or hump located near the middle running parallel with the growth lines ................... Dromus dromas (Lea, 1834)

[Restricted to the Cumberland and Tennessee River basins.]

33(32) Shell surface smooth, round, WItROUL @ SULCUS ..........ooiiuiiiiiiiiiiiiei ettt e et e e e eta e e eat e e e saaeeseaeeeeeateeeenseeeeseeesensaeesannns Obovaria
33 Shell with a broad shallow sulcus; fine green rays; shallow umbo cavity; females with a swollen, broadly expanded posterioventral margin
....................................................................................................................................................................................................... Epioblasma
34(33) Umbo cavity relatiVely SHAILOW .......c.ccoouiiiiiiiiiiici ettt ettt ettt 35
34’ Umbo cavity deep and compressed; a shallow sulcus present in some species, Nacre White ............ccoecveiverieininiciinieneneenennns Fusconaia
35(34) Shell yellowish with green rays near the umbo; thick, well-developed lateral teeth ...........cccccee.. Lexingtonia dolabelloides (Lea, 1840)
[Restricted to the Tennessee River basin.]
35 Shell rounded or quadrate; umbo cavity relatively shallow, without a sulcus; nacre white to pink or salmon ..........c.ccccceeeueee Pleurobema
36(29) SHEIl SRAPE MO OVAL ...ttt ettt ettt h bt b bt eh ettt a e e bt s e et eh bt e st eb et es e eb e sa et e st eb e b e st eb e et et ebeebeneeneebeane 37
36° Shell Shape OVAL £0 ODLONZ .....cvcuiuiiiiiiiiieiciiet ettt et h et e bt sea ettt e bt e et et es et n e eneneaas 51
37(36) Shell shape rectangular, triangular, or quadrate With SUICUS ........c..ccooiiiiiiiiiiiiiici ettt 38
37 Shell shape elongate, two to four times as 10NZ a8 NIZN ..c..o.iiuiiiiiiiii ettt ebe e 41 <
38(37) UIMDO CAVILY QEEP ...viniiiiiietcieete ettt ettt b et e s et a bt eb st b et ee bt et s sttt be et es et e b seanenene 39 8
38 UMDO CAVILY SRAITOW ..ottt et st b et et e a et ekttt et eh e ettt et ekttt eaeen e 40 3
39(38) Shell shape rectangular or slightly rounded; umbo With Zreen rays ............cccocoiiiiiiiiiiiiiiic s Fusconaia e~
39 Shell Shape trIANZULAT .......cc.oviiiiiiii ettt ettt ettt sttt ea s Pleurobema g
40(38) Posterior slope angled; periostracum highly variable in color and may be green, brown, or yellow with chevron markings; nacre variable
FTOM WHIEE £O PINK ...ttt ettt ettt ettt s et et es e bt st et es e b et en e es et en s es e e s et es e ebe s en e ene et enteseenenseneeseebeseneas Truncilla E
40’ Shell rectangular, thick; nacre white With PUIPIE ......cc.ccoeirieiiiriiiiiiiicieereceeeee e Elliptio crassidens (Lamarck, 1819) 3
41(37) SREIT RN .ttt ettt 42 >
41 SREILTRICK ettt bbb a b st h e h et h ettt sttt ettt a s 45 E
42(41) SREITINTIAIEA ..ottt 43
42’ Shell compressed, thin; periostracum yellow with green rays; nacre white with suffusions of pink ........c..cccccvireiiininiininicecece
................................................................................................................................................................... Hemistena lata (Rafinesque, 1820)
43(42) Adult shell >50 mm; periostracum USUALLY WIth TAYS ....c.eoueiiiririeiietirtei ettt ettt sttt et ettt ettt eb sttt ebenae e 44
43 Adult shell small <50 mm; hinge teeth thin; periostracum light brown and rayless ...........c.ccccccoecieunnne Simpsonaias ambigua (Say, 1825)
44(43) Adult shell relatively small <70 mm; hinge teeth typically thin; periostracum rayed ...........ccoccoceeveimerieieinenieenenieeeeneeee e Villosa
44’ Adult shell relatively small <70 mm; hinge teeth thin; periostracum yellow and rayed or rayless .......c..ccceoeeeverirenerieienencrenenne Lampsilis
45(41) SREIL COMPIESSEA ...ttt ettt ettt ettt et s bt e st es et e s e e st es a2 e st es e s enses e et en s e st es e e s emees e b et en e es e b es s esess et eseeb e s entes e et enseseasenneneesenne 46
45 SREITINFIAIEA ..ot 48
46(45) Adult SHEll SMAIL SAO I ...ooouiiiiiiiiiieieeeie ettt e et e et e e ete e vt e eteeeteeeaseeseeesseeseeasseeseeasseerseeasseeaseeesssenseessseenseessssenseessseeseesaseenseensnen 47
46’ Adult shell small <40 mm; PerioStractm TAYEA ..........cceoirieueiririeiiinieicteeieeete ettt Villosa fabalis (Lea, 1831)

47(46) Shell thick; hinge teeth stout and curved; nacre white, periostracum yellow with Sreen rays ..........cocceeeevevevenvererieencnnens Ptychobranchus



1
ac
>
F
Cc
<
<
©
F
F
C
w
Q
>

218

47

48(45)
48’
49(48)

49’
50(48)
50°

51(36)
51
53(52)

53
53(51)
53
54(53)

55°

Thorp and Covich’s Freshwater Invertebrates

Shell thick; hinge teeth large, straight or slightly curved; nacre white or purple; periostracum dark brown or black and rayless; umbo sculp-

ture consists Of NEAVY DATS ......c.ocuiiiiiiiiiiiiiiirccce st Elliptio dilatata (Rafinesque, 1820)
Adult shell 1ength KOSIMIM ...ttt 49
Adult shell IenGth >S5S MMM ....ouiiiiiiii ettt et ettt b ettt b et e s et ea et s et e b 50
Periostracum olive green with NUMETOUS dark SrEEN TAYS .......ccoviiiiieiiriiieiiitiieirert ettt ettt sttt et ee et e s Villosa

[Restricted to the Tennessee River basin.]
Periostracum ranges from greenish to dark brown and rayless, nacre white to purple ..........c.cocoeeveeerireneeneneeeeeeeee e Toxolasma

Shell inflated, periostracum rayless, umbo sculpture consists of heavy “v’-shaped ridges ................... Uniomerus tetralasmus (Say, 1831)

Shell inflated, periostracum dark green with faint rays in juveniles and rayless in adults, umbo sculpture consists of numerous wavy

w-shaped ridges, nacre white or pink to lIGht PUIPIE ......cc.ooviiiiiiiiiiiie ettt s Ligumia
SREIL SRAPE OVAL ...ttt ettt ettt b bttt b bt e st ettt a bt e et bbb h e eh et h e e bt ea et bt e bt ettt et et b b et et 52
SREll SHAPE ODIONG ...ttt ettt b et h et e a bttt h bbbt e bt et s et ettt 53
Shell thin to thick; posterior ridge rounded to angular; periostracum usually yellow with green rays, nacre varies from white to pink ........

SHEll BIONZALE OVAL .....viiiiiiiiciiet ettt ettt ettt ettt eb e h e sa et eb bt e st et e s e bt saeseene et bt eneeneenennne Villosa
Shell 0blong, NOt INFIALEM, LNICK .....c.eiuiriiiiiietit ettt b e st b bt h ettt s e bt sa et e bt e bt e st ettt et ebesbeneeneebenne 54
Shell oblong, inflated, thin, rayless; hinge line SINUALE ............ccccciviiuiiriiiiiiiniiiiieecce e Potamilus capax (Green, 1832)

Adult shell length <70 mm; shell elliptical, thick; nacre white; hinge teeth stout; periostracum dark yellow to greenish with wavy rays on
TNE POSTEIION ©IA ...ttt ettt ettt ettt a et et e st b et e e e st et e s e s e eh e e s et es b en s en e es et en s eseea et en e et e b enseneese st eneeneseeneenen Venustaconcha

Adult shell length >70 mm; shell oval, thick; nacre white; hinge teeth stout; periostracum dark yellow without wavy rays on the posterior
(<131 OO OO OO Actinonaias

Gulf Coast and Florida Subregion

10(8)
10°
11(10)

Shell with pseudocardinal and lateral teeth TedUCEd OF ADSENL .......c.eiiuiriiiiirieiei ettt b et es e e s enesaeneas 2
Shell with both pseudocardinal and lateral tEEth PIESEIL ........c..c.eruiriiiiiiiiiiiiriee ettt ettt et sttt ee e s 5
Shell with pseudocardinal and lateral teeth present but greatly reduCed ...........cociiiiiiiiiiiiiiee e 3
Shell completely lacking both pseudocardinal and lateral tEELh ............coceoiiiriiiieieieie ettt ee e saeneas 4
Shell with pseudocardinal tooth consisting of a swelling or knob, lateral teeth reduced to a thickened ridge; umbo sculpture heavy “v’-
SNAPEA TIAZES - .vevveveeteiteiet ettt ettt ettt s et et s et e st e st ettt e e e st es et es e es e es e s s es e e b e s e aees et e st es e e s e s en e eb e b en s en e et et en e eb e s et ene et e s eneene et enen Strophitus
Shell with pseudocardinal tooth thin, reduced and compressed; umbo projecting only slightly above the hinge line; shell elongate, umbo
sculpture very fine “v’-Shaped FIAZES .......coveiririeiiiieeree et Anodontioides radiata (Conrad, 1834)
Umbo projects well above the hinge line; shell thin, large, “w”-shaped umbo SCUIPLUTE ...........cceovririiiiiinieiiiicicreeeeee Pyganodon
Umbo even with or below the NINEE TINE ........cooeiiiiiiiiiie ettt ettt sttt ebe e Utterbackia
Shell surface with sculpture (plications, PUSTUIES, FIAZES) ..e.veuieuiruiriiieeiteietert ettt sttt et ettt e st e s et e st es e be s eneeseseneenesaeneas 6
Shell surface WithOUL SCUIPLUIE ......c..cuiviiiiiiitiiiiitiet ettt ettt et b e sttt b et et ea et st sa et b e b st eue et et ebesuenaeneenenne 18
Shell surface with prominent pustules, knobs or bumps and/or plications O FIAZES .........cc.erueiririeririnirieieeeee e 7
Shell with only prominent pustules, KNobS, OF DUIMPS ......c.ciiiriiiiiiiieireseet ettt es et e st s et b et es et et eseesenaeneesenne 14
Shell with prominent plications or ridges but not pustules, Knobs OF BUMPS .......c.cceiiiiiiiriiiiiiinieieicct ettt 8
Shell anteriorly with prominent plications or ridges and pustules, Knobs O BUMPS ......c..ccoiiriiiiniiniiiniicieseeeeeee e 12
Shell with prominent plications or ridges confined to the POStETIOr SIOPE .......c.eveuiriirieiieirieieie ettt 9
Shell with prominent plications or ridges not confined to the POSErior SIOPE .......c..ccoivieriririiieininieieeet et 10
Shell round or oval, compressed; periostracum dark brown or black; posterior wing may be present .........c.ocoeeeererveerinierernenineerreeseeeen
................................................................................................................................................................ Lasmigona complanata (Barnes, 1823)
Shell small, elongate, slightly inflated: NACTE DIUEZIEEN .....c..c.ertiriiuiriiriiiiiirieie ettt Medionidus
Shell round to rectangular without a distinct posterior ridge; NACIE WHILE ..........eceriririirieiiirieieteetest ettt eeneee 11
Shell thick, rectangular with a distinct posterior ridge; nacre purplish ..........cccccceceneeinnnee Plectomerus dombeyanus (Valenciennes, 1827)
Shell thick, elongate rectangular; posterior slope with placations or wrinkles; nacre white with purple around the distal half ......................

.................................................................................................................................................................. Elliptoideus sloatianus (Lea, 1840)
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11 Shell laterally compressed to inflated; round to quadrate in shape; heavy pseudocardinal teeth, well-developed lateral teeth; deep umbo

cavity; shell surface typically with three prominent well-developed FdEes ..........cccoevieiririiiiiiniiiiececee e Amblema
12(7) Shell not elongate, quadrate or rounded in shape; pustules less numerous or confined to the shell anterior ............c.cceeeveiverecincncrencns 13
12 Shell elongate with numerous small pustules all over the surface of the shell ..............cccccceeeeee. Tritogonia verrucosa (Rafinesque, 1820)
13(12) Shell large and quadrate in shape; pustules confined to the anterior part of the shell ..o Megalonaias
13’ Shell surface more or less rounded in shape with indistinct corrugations; lateral teeth poorly developed ...........ccceoiiviiiininciinincninncne

14(6) Shell SUITACE WIth PUSTULES ......ivieiiiiitirieieieet ettt ettt a et a bt s et bt bt e a e eb et e st e bt sa et e bt e b et et ettt et ebesbeneeneebenne 15
14’ Shell with pustules restricted to a Single 0r dOUDLE TOW ........c.o.ciiiiiiiiiiiiiii et 16
15(14) Shell <60 mm; rounded, compressed to slightly inflated; chevron-shaped pustules covering most of the shell; nacre purple; umbo cavity

QP ettt ettt ettt a bt a ettt e Rt h et en £ eh e s et R ek s e Rt oAt et e a e eA e ehe et eR e eE e b en s e Rt e et en e eh e e s et e Rt e b e b et en e et enteneebeneeneenen Quincuncina
15’ Shell >60 mm; rounded, slightly inflated; pustules covering most of the shell; nacre white to slightly pink; umbo cavity deep ....................

....................................................................................................................................................................................................... Amphinaias
16(14) Pustules forming two distinct rows, especially near the UMDO ..........cccoiiiiiiiiiiiiii et 17
16’ Pustules large, usually three in number, forming a single row down the center of the shell which alternate on each valve ............ccccceceneeeee

............................................................................................................................................................. Obliquaria reflexa (Rafinesque, 1820)

17(16) Shell rounded to quadrate in shape; two rows of pustules, with one row on the posterior ridge Quadrula (in part)
17 Shell rounded to quadrate in shape; two rows of pustules, with one row on the posterior ridge, a sulcus or shallow depression may be present
between the rows of PUStUIES; NACTE PUIPIE ....ceeuiiuiruiriiiiiiriiiieseeet et Amphinaias refulgens (Lea, 1868)
18(5) Shell without a prominent dOTSAL WINLE ........c.ccueuiuiiiiiiiiiiieiciiet ettt b ettt a ettt b ettt s e e b neas 19
18 Shell with a well-developed dorsal wing projecting above the hinge line (occasionally absent) usually found posterior to the umbo, but a
small wing may also be present anterior to the UmbO ...........ccocciriiiininiiiiiniicececeece Leptodea fragilis (Rafinesque, 1820)
19(18) SHEIl SRAPE TOUNM ...ttt et ettt sttt et et et s et h e s s eh b et et es s e st e st sa et es e eb et et ene et e e eseeuesaeneenenne 20
19 Shell Shape MOt TOUNM .......ouiiiiiiiiiiiici bbb bbb 25
20(19) Shell inflated, N0t COMPIESSE TOUNA £0 OVAL ....cuiviiiiiiiiitiiei ettt ettt ettt et et s b et e st es et e s e e st ss et eseeb e s enees e et enteseasenseneesenne 21
200 Shell thick, compressed, round to triangular in shape; sharp posterior ridge; yellow in color with “v’-shaped rays ...........ccccccevenereincnnne
............................................................................................................................................................ Ellipsaria lineolata (Rafinesque, 1820)
21(20) UMDO NEATLY CENMEIAL ..viveveieieieeisci ettt s e sae st sae s s s s s s s s st ss s s s s s s s s s s s s s s s s s s s s s se b s b s s s s bbb s s s b s s s s s s s s ssnses 22 <
21 UIDOS AIEETION ...ttt bbb bbb e a bbb bbb bbbt 24 8
22 (21) No broad green ray 0N the UIMIDO ............cciiiiiuiiiiiiii ettt b et b et e et ea e et es e e b senenene 23 =
22’ Shell with a broad green ray on the umbo; without PUStUIES ..........cccceevrirerieiinineieieiceeeeeeeeee Amphinaias asperata (Lea, 1861) j
23(22) Shell surface smooth, round, WItROUL @ SULCUS ..........ooiiiiiiiiiiiiiiiei ettt e ettt e et e e eetae e e eat e e e sateeeeteeeeeateessnsseeseaeeesensaeesannns Obovaria o
23’ Shell with a broad shallow sulcus and fine green rays; umbo cavity shallow; females with a swollen, broadly expanded posterioventral E
Epioblasma E
24(21)  Umbo cavity deep and compressed; a shallow sulcus present in some Species; Nacre White ............ccoevvevvevieieeienieneeieneeeeienens Fusconaia -
24’ Umbo cavity relatively shallow; shell wedge-shaped to triangular or quadrate, without a Sulcus; nacre white to pink or salmon ................. ;I-
......................................................................................................................................................................................... Pleurobema (in part) T
25(19) SHEll SNAPE NOL OVAL ...ttt et ettt st b et ea et h e s st eb bt es et et e bt sa et es e b et et eneea et ebeeuesaeneeneane 26 o
25’ Shell Shape OVAL L0 ODIONE .......iiiiiiiiitiitetetiet ettt b bt a ettt a e bt s e et e bt b et e st ettt es e e bt sb et eb e eb et e st ettt et ebeebeneeneebenne 38
26(25) Shell shape rectangular, triangular, or quadrate With SULCUS ........c..cccciiiiiiiiiiiiiiiiicc et 27
26° Shell shape elongate, two to four times as long as high
27(26) UINDO CAVILY GEEP .uveniiieteieet ettt ettt ettt b et et s bt s e et eh e bt e e st e bt et eh e e e et ee e eh e s e et eh e b et e st eb et ea e bt eb et e st et et et ese et eneebenaens 28
27 Umbo cavity shallow or broad and OPEI .........c.cceiiiiiiiiiiicie ettt ettt 29
28(27) Shell shape rectangular, with green rays on the Umbo ...........ccccccoieiiiiiiininiincccceeeeee Fusconaia cerina (Conrad, 1838)
28’ Shell ShaPE tIIANZULAL .....c.eitiitiiiiii ittt ettt b et h bt e st ettt b e bt se et b et s et eae st et ebeeaene Pleurobema (in part)
29(27) Posterior ridge very sharp, POSLETIOr SIOPE SLEED ........c.euiuiriruiuiiiiieiiiiieiceri ettt ettt sttt ea et 30
29° Posterior slope angled; periostracum highly variable in color and may be green, brown, or yellow with chevron markings; nacre also vari-

able from white to pink Truncilla

30(29) Shell thin, inflated, abruptly truncate POSIEIIOTTY ........cceeiriiiiiiririiieiiete ettt sttt Alasmidonta

30 Shell rectangular, thin to thick, inflated posterior end; nacre ranges from salmon to purple ................ Elliptio crassidens (Lamarck, 1819)
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31(26) SREITTHIN L.t h bbb bbb 32
r SREILTRICK .ottt b e bt a bt s bbbttt s ettt b et 34
32(31) Shell SHEhtly INFIALEA ......c.coiiiiiiiiii et 33
32’ Shell compressed, thin, elongate to rectangular; periostracum yellowish with green rays; nacre white to light purple ..........cccceceveveiencnnns
............................................................................................................................................................................ Popenaias popei (Lea, 1857)
33(32) Adult shell relatively small <70 mm; hinge teeth thin; periostracum rayed ..........ccoeoeeererieiririiirere et Villosa
33 Adult shell relatively large >70 mm; rounded to oval in shape; hinge teeth not thin; periostracum yellow, rayed or rayless .............c.coccce....
.................................................................................................................................................................................... Lampsilis/Hamiota spp.
3431) SREIL COMPIESSEA ...ttt ettt ettt ettt s bt e st es et e s e e st et e s e st es e b enses e et enses e es e e s enees e b e s en e es e b es s eseese s es e ebensenten e et enseneasenseneesenne 35
34 Shell SIGNLY INFTALEA .....c.oiiiiiiiiiiiciee ettt ettt sttt b e et es s s et s a et s b st ene et et eaeeuesaeneeneane 36
35(31) Shell thick; hinge teeth stout and curved; nacre white: periostracum yellow or brown, with or without green rays ............ Ptychobranchus
35 Shell thick; hinge teeth large, straight or slightly curved; nacre white or purple; periostracum dark brown or black and rayless; umbo sculp-
TUFE CONSISES OF NEAVY DATS ...ttt ettt et e b ettt ettt a bt bt e bttt e st eb et et eb e be s e et ebeebeneene s Elliptio
36(34) SREILTAYLESS ...ttt ettt ettt ettt a et et es et b en e es e et ea s es e es e e s en e et et enses e eb et e st eh e e s e e eh e b et e Rt eR et e st e Rt eh et en e ek e b et en et et eneesenteneerenne 37
36’ Shell elongate, inflated; periostracum dark green with faint rays in juveniles and rayless in adults; umbo sculpture consists of numerous
wavy “w”-shaped ridges; nacre white or pink to Light purple ............ccccccoiiiiiiiiiiniiicceecee Ligumia recta (Lamarck, 1819)
37(36) Shell inflated; posterior end pointed; umbo sculpture consists of heavy “v’-shaped ridges .........ccceceeerieieiniiniiiincneieeneee Uniomerus
37 Adult shell relatively small <50 mm; periostracum ranges from greenish to dark brown ..........c.ccccccvviniiiiinininnncneneneee Toxolasma
38(25) SREIL SRAPE OVAL ...ttt ettt s ettt st ettt e st e bt s e e st et b ea s es e et et ea e e bt e s et eh b et e Rt eh et e s e Rt eh et en e ke b et en et et ene et e s e e erenne 39
38 SHEll SNAPE ODIONG ...ttt ettt et h et et st h e e st eb bt ea s et e bt sa et es e b et eueea ettt e aenaeneeneane 41
39(38) Pseudocardinal tooth not divided as below
39 Posterior half of the pseudocardinal tooth divided into several parallel vertical ridges; shell thick, inflated; periostracum cloth-like and light
0 dark Brown and TAYIESS ....c..c.evuiriiiiiriiiiieere ettt ettt Glebula rodundata (Lamarck, 1819)
40(39) Shell thin to thick; posterior ridge rounded to angular; periostracum usually yellow with green rays; nacre varies from white to pink ........
........................................................................................................................................................................................................... Lampsilis
40° Shell Shape ELONGALE OVAL ......c.oouiuiuiiiiiiiiiicii ettt ettt et ee bt bbbt eb et s b es et ea b senenan Villosa
41(38) Shell shape oblong, not INflAted OF ZIODOSE ......c..c.iviiiiiriiiiieiie ettt sttt ea et eeneane 42
41’ Shell shape oblong, inflated to ZlODOSE; UNTAYEA ........ccoruiiiiiiiiiiiiieice ettt st Potamilus
42(41) Shell shape elongate oval; relatively thin, compressed; pseudocardinal teeth compressed; periostracum tan to brown, with dark green rays
......................................................................................................................................................................................................... Disconaias
42’ Shell shape oval; relatively thick, moderately inflated; periostracum brown with very faint green rays in juveniles .................. Cyrtonaias

1
ac
>
F
Cc
<
<
©
F
F
C
w
Q
>

REFERENCES

Bleam, D.E., K.J. Couch & D.A. Distler. 1999. Key to the unionid mus-
sels of Kansas. Transactions of the Kansas Academy of Science 102:
83-91.

Brim Box, J. & J.D. Williams. 2000. Unionid mollusks of the Apalachic-
ola Basin in Alabama, Florida, and Georgia. Bulletin of the Alabama
Museum of Natural History 21: 1-143.

Burch, J.B. 1975. Freshwater Unionacean Clams (Mollusca: Pelecypoda)
of North America, revised ed. Malacological Publications, Hamburg,
ML

Cummings, K.S. & D.L. Graf. 2010. Mollusca: Bivalvia. Chapter 11.
Pages 309-384 in: J.H. Thorp & A.P. Covich (eds.), Ecology and Clas-
sification of North American Freshwater Invertebrates, Third Edition,
Academic Press, Boston, MA.

Fichtel, C. & D.G Smith. 1995. The freshwater mussels of Vermont. Non-
game & Natural Heritage Program, Vermont Fish and Wildlife Depart-
ment Technical Report 185:1-54.

Graf, D.L. 1997. Distribution of unionoid (Bivalvia) faunas in Minnesota,
USA. Nautilus 110: 45-54.

Grigorovich, I.A., A.V. Korniushin & H.J. Maclsaac. 2000. Moitessier’s
pea clam Pisidium moitessierianum (Bivalvia, Sphaeriidae): a cryptp-
genic mollusc in the Great Lakes. Hydrobiologia 435: 153-165.

Haas, F. 1969a. Superfamilia Unionacea. Das Tierreich, Lief. 88. Walter de
Gruyter and Co., Berlin.

Haas, F. 1969b. Superfamily Unionacea Fleming, 1828. Pages 411-467 in:
Moore, R.C. (ed.), The Geological Society of America, Inc. and the
University of Kansas Treatise on Invertebrate Paleontology, Vol. I, Part
N, Mollusca 6: Bivalvia. Lawrence, KS.

Howells, R.G., R.W. Neck & H.D. Murray. 1996. Freshwater Mussels of
Texas. Texas Parks and Wildlife Press, Austin, TX.

Johnson, R.I. 1999. Unionidae of the Rio Grande (Rio Bravo del Norte)
system of Texas and Mexico. Occasional Papers on Mollusks Museum
Comparative Zoology Harvard University 6:1-65.

Martin S.M. 1997. Freshwater mussels (Bivalvia: Unionoida) of Maine.
Northeastern Naturalist 4: 1-34.



Chapter | 11 Phylum Mollusca

Nedeau, E.J., M.A. McCullough & B.I. Swartz. 2000. The Freshwater
Mussels of Maine. Maine Department of Inland Fisheries and Wild-
life, Augusta, ME. 118 p.

Nichols, S.J. & M.G. Black. 1994. Identification of larvae: the zebra mus-
sel (Dreissena polymorpha), quagga mussel (Dreissena rosteriformis
bugensis), and Asian clam (Corbicula fluminea). Canadian Journal of
Zoology 72: 406-417.

Parmalee, PW. & A.E. Bogan. 1998. The Freshwater Mussels of Tennes-
see. University of Tennessee Press, Knoxville, TN, 328 p.

Simpson, C.T. 1900. Synopsis of the Naiades, or pearly fresh-water mus-
sels. Proceedings of the US Natural Museum 22: 501-1044.

Strayer, D.L. 1999. Effects of alien species on freshwater mollusks in
North America. Journal of the North American Benthological Society
18: 74-98.

Strayer, D.L. & K.J. Jirka. 1997. The Pearly Mussels of New York State.
New York State Museum Memoir, Albany, NY. 140 p.

221

Sturm, C.F., T.A. Pearce & A. Valdes. 2006. The Mollusks: A Guide to
Their Study, Collection, and Preservation. American Malacological
Society, Universal Publishers, Boca Raton, FL.

Turgeon, D.D., J.E. Quinn Jr, A.E. Bogan, E.V. Coan, F.G. Hochberg, W.G.
Lyons, PM. Mikkelsen, R.J. Neves, C.EE. Roper, G. Rosenberg, B. Roth,
A. Scheltema, FE.G. Thompson, M. Vecchione & J.D. Williams. 1998.
Common and Scientific Names of Aquatic Invertebrates from the United
States and Canada: Mollusks, second edition. American Fisheries Society
Species Publication 26. American Fisheries Society, Bethesda, MD.

Williams, J.D. & R.S. Butler. 1994. Class Bivalvia, Order Unionoida,
Freshwater Bivalves. Pages 53-128, 740-742 in: M. Deyrup & R.
Franz (eds.), Rare and Endangered Biota of Florida. I'V. Invertebrates.
University Press of Florida, Gainesville, FL.

Williams, J.D., M.L. Warren Jr, K.S. Cummings, J.L. Harris & R.J. Neves.
1993. Conservation status of the freshwater mussels of the United
States and Canada. Fisheries 18: 6-22.

O
2
-
-
—
®
>=
b=
-
—
>
=
a.




	11 - Phylum Mollusca
	Introduction
	Limitations
	Material Preparation and Preservation
	Keys to Mollusca
	Reference
	Introduction
	Limitations
	Terminology and Morphology
	Material Preparation and Preservation
	Keys to Gastropoda
	References
	Introduction2
	Limitations
	Terminology and Morphology
	Material Preparation and Preservation
	Keys to Bivalvia
	References


