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ABSTRACT

The naiad fasna of theOklahoma tributa-
ries of the BRed River is treated, with
particular reference to the L7 genera and
24 species of the Lake Texoma region. There
vare brief discussionsoffield and labora-
tory procedares, shell and soft part mox-
pholegy, subfamilies ¢f Unionidae, a sum-
mary review of U, 5. genera based on soft

Columbus, Ohto 43210
anatomy, end ashell key to the 24 species
6f the region. (Genera and species are

briefly described, distinguished from si-
milar taxa in the Red Biver, and discussed
in terms of size range, distribution, no-
menclatorial problems taxonomic problems,
and when pertinent, historical changes and
acology.
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FHTRODICTEQHR

Knowledge of the naiads, sometimes called
frashwater mussels, or freshwater clams
(although strictly speaking they are nei-
ther), 15 used in a %road spectrum of bi-
ological activities, andisespecially in-
volved ir studies of pollution, parasito-
lngy, evolution, biogeography, gecgraphic
an individual variation, limnology, and
invertebrate zoology. Hopefully, these
data will contribute something to each,
but mainly this study has been written for
the beginner. It contains the information
needed when interest starts Lo grow; per-
haps, it may whet interest. The naiad
specialist will understand that this is
only a small platform in the sea of evo-
lutionary, taxonomic, nomenclatorial, and
bioclogical uncertainties which beset the
study of these animals, anditis most im-
portant that the beginner realize this
too. We have never seen a group with as
many challenging problems. The number and
relationshipsof the families and subfami-
lies has not been settled. Most of our
genera ars involved in both taxonomic and
nomenclatorial controversies; and even the
zoological validity of many current gener-
ic and higher level taxa are now under
serutiny or have already heen guestioned.
At the species level, the multitude and
magnitude of the problems are staggering.
A voluminous old literature, vast lists
of syronyms, poor original descriptions,
incomplete data on solt parts, extensive
individual and geographic variation, dif-
ficulty indistinguishing or even suspect-
ing sibling species, andin facy, the usu-
al absence of information on hybridiza-
tion and gene flow between populations
make taxeonomy at all levels open to the
mo st divergent puints of view

Tt is often difficult to establish or
substantiate the claims of a careful and
respectad specialist, and when the speci-
alists disagree, as they often do in the
study o¢f naiads, the beginner can become
lost in the controversy. We have tried to
mention some of the controversial points.
In matters of nomenclature we have gener-
ally used names that are current and com-
mon in the literature except in those
cases where the evidence appears clearly
to separate correct from imcorrect. We
fuily realize that no specialist in the
group will approve ail ofour choices, and
some will approve of very few However,
if he works with care and concern, every
specialist faces the same problem.

The senior authorisresponsible for the
planning and execution of the fieldwork
in this study, while thejunior author has
been especially concerned with the taxon-
omiec and nomenclatorial problems raised
during the identification of the material
collected. We have discussed each of the
many problems in detail and in all cases
have presented solutions satisfactory teo
us both.
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AREA STUDIED

This study originated during the summer
of 1965 while Valentine was teaching the
jnvertebrate zoology course at the Univer-
sity of Oklahoma Eiological Station at
l,ake Texoma. Small collections were made
in the Lake Teéxoma area which revealed
that the region included the western edge
of the Ozark neiad fauna (van der Schalie
and van der Schalie, 1950}, Qur interest
increased. Tn 1967 and 1968 the inver-
tebrate zoology classes made larger col-
lections, especially in the BRed River
drainage of southern Oklahome In 1969,
Valentine received a National Science
Foundation Grant-in-Aid adwinistered by
the Biolegical Station to fill certain gaps
in thedata, and spent amonth in the area.
As over 1,000 specimens accumulated, the
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number of taxopomic and npomenclaterial
problems increased until 1t became evident
that several generawouldrequire detailed
revisions before meaningful names ceould
be applied teo Oklshoma specimens. We
therefore restricted the project to that
area which couldbe treated most complete-
Ty,

The Lake Texoma region of this paper in-
cludes the Oklahoma side of the Bed River
and especially Lake Texoma (formed by dam-
ming the Red River) and its gributaries.
Strict application ofthis definition would
exclude the Blue River which enters the Red
Hiver sast of Lake Texoma, but the Blue
is  easily accessible from the Lake, it
has elmost twice as many species of naiads,
and by including it, we are able to intro-
doce some of the problems involving the
richer fauna of southeastern OQklahoma.

The entire state of Oklahoma is drained
by the Red and Arkansas Hivers, bhoth are
tributaries of the Mississipp: River. The
Hed River drains roughly the southern
third of the state; L%xe Arkansas River
drains all the rest, including the western
tip. The Bed River has most of its major
branches on the Oklahoma side; in Texas
the first sizeable stream is well west of
lake Texama. The east to west sequence
in Oklahoma starts with the Little River
system which forms the principal drainage
of MeCurtain County, and flows scuth and
then east out of Oklaboma and joins the
Bed River in Arkansas. This system, in
sequence, consistscf (the numbers in par-
entheses coincide with Figure 1} the Roll-
ing Fork {mostly in Arkansas), Mountain
Fork River (1), Yanubbee, Yashco, Lulfata,
Boktuklo Creeks, Glover Creek (2}, and the
Little River {3). Extreme southern MeCur-
tain County has a few small creeks whaich
flow directly into the BRed Hiver; chief
among these are Harris Bayou (4), Nerwsod
Creek (5), Waterfall Creek (6}, and Water-
hole Creek (7). Progressively westward,
in Cheoctaw County, are the Kiamichi (8}
and Muddy Boggy Rivers (9). The Kiamichi
originates on Rich Mountain {on the Okla-
homa-Arkansaes border) flows in a C-shaped
eurve westward, southward, and finally
southeastward, and borders the Little BRi-
ver asystem on the nerth and west. The
Muddy Boggy River and all those to the
west flow generally to the southeast and
mere or less parallel each other. In west-
ward succession they are: Muddy Boggy Ri-

ver £8), Blue River (10}, Washita PRiver
£€13), Hickory Creek (14), Walnut Bayou
{13), Mud Creek (18), Beaver C(reek (1);),
Cache Creek (18), North Fork Hed River

{193, Salt Fork RedRiver {20), and finally
Lebos Creek (21) in the extreme southwest
corner of the state. Of these, only the
Washite River and Hickory Creek drain di-
rectly into Leke Texoma. The Washita amm
of lLake Texoma rteceives Pennington Creek
{11} just south of the town of Tishomingo.
Mapy other small cresks flowinte the Lake;
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they are mostly intermittent, The Lake
was formed by the closure of Denison Dam
on the Hed River in 1942, Itv achieved its
power pool level of 617 feet above sea
level in 19453  Water levels flucwuate
considerably; the maximum within one year
was in 1957 vwhen high and low water levels
were 53 feet apart {L. G. Hill, personal
communicalton}.

GEMERAL PROCEDURE

When feasible, all deadshells were col-
iected, brought back to the laboratory,
checked for matching valves, and counted
before any were discarded. Live material
was obtained by hand groping and by skin
diving. Species preserved with scofe parts
intact were pegged open in the field with
twigs or cork stoppers and immediately
placed in 70% ethyl alcohol plus a little
glycerine. Wien there was too much mate-
rial to process in the field, live speci-
mens were kept in open-mesh onion or po-
tate sacks, protected froem the heat, and
processed that evening Gich sacks ars
tdeal collecting containers. They are
strong, light,occupy virtually no storage
space, and in use do not fill up with wa-
ter, or tip over, or float down stream
when partly [full. They especially aklow
drainage of excess fluids; this 1s impor-
tant when keeping live material, and
1t helps when s heavy loadis carried up a
steep river bank after several hours of
back-breaking work. As in any collecting
container, swall ordelicate shells should
be nested inside larger heavier dead shells
for protection, or kept separately.

Before cataloguing shells were scrubbed
with brushes and scouring powder {for the
smaller species, Pepsodent tooth brushes
outlast all others), allowed to dry and
arranged by specles in progressive size
sequence. University of Oklzhoma Biolo-
gical Statlon catalogue numbers (UQBS) are
prefaced by the year the specimens were
catalogued, thus UOBS67-10means the f1f-
teenth item catalogued in 1967, All col-
lecting stations, and each visit to a sta-
tion, receive different numbers, and if
mere than one species is taken, each spe-
cies gets a different number. Since most
specimens are represented by two valves
{which routinely are broken apart before
scrubbing) anadditional number is used to
assoclate paired shells. Thus 67-15.3
designates the third pair ¢f valves of that
species from that locality. BSince all
specimens of one species are catalogued
in decreasing size sequence 67-15.1 dasi-
gnates the largest individual in the ser-
les and 6771.5>§is the third largest, ete.
When single vslves are catalogued this
final number 1s omitted so that a single
valve af the same species from the same
localicy would be UBHES 67-15. In all cases
the catalogue lists how many paired and
single valves have been catalogued. Ohio
State University Museum of Zoclogy (OSUM}



4 STERKTITANA NO. 42, JUNE 1371

catalogee numbers lack the year prefix,
and the suffix numbering for paired val-
ves starts with the smallest individual,

ALl of the material collected is either
in UGBS or OSUM except for the longest
series which have been used in part for
exchange with students and other museums,
Since 1965, there has beep an excellent
working arrangement whereby a representa-
tive setof specimens from each collection
site iscatalogued in the UOBS collection,
and the series, including unidentifiable
material poes to OSUM, In exchange, OUBS
has received from OS5UM a representative
collectiaon of the basic naiad fauna of

sastern United States; the collection at-

present contains 40 genera, over 100 spe-
cies, and is of course nat yet complete.

Much information has been culled from
the extensive naiad literature and from
the collecvion of the Ohio Svate Univer-
ity Moseum of Zoology; however, the data
insofar as they pertain to reecent Qklahoma
collections are original. Measurements,
height/length ratics, and descriptions of
color and structure are based on Oklahoma
material unless stated otherwise. Length
measu rements are maximum length, height
measurements are maximum height made per-
pendicular to the line of waximem length
and donot include the ligament. The height
divided by the length and multiplied by
100 gives a very convenient helght index
(Stansbery, 1961, p. 14} which expresses
the height as a percentage of length.

When using the individual discussions
of the Lake Texoma region naiads, 1tshould
he remembered that we have listed as syn-
onyms only those names actually reported
from Oklahoma; alse, we have mentioned in
the text every genus known from the state
and every species known from BRed River
drainage in the state.

COLLECTING AND PRINCIPAL COLLECTION SITES

The uncertainties of Oklahoma weather,
and the great fluctuation in volume of all
of the rivers, make naiad collecting in
the state veryunpredictable, and at times
virtually impossible. Since the more se-
dentary species survive only in the per-
manent channel, general <collecting for
live specimens in a flooded stream bed 1s
herdly worthwhile. Dead shells and occca-
sional live individuals are scattered
throughout the hed and lodged in emergent
vegetation and on bars, but the main live
population will be restricted to the areas
that continue to flow when the water level
is lowest. This simple fact is the key
to obtaining the live material necessary
for the serious study of our speeies. It
should also be pointed cut that not all
naiads are sedentary. Certain thin-shelled
species, especially of Anodonia, Potamti-
lus, Leptodea, Ligumia, Toxolasma, and
Lampsilis aremore or less famous for their
ability to follow the rise and retreat of

fluctuating water Level s when the substrate
is sofe enough to permit such movement.
These species may be found in mud, sand,
or vegetation just a few inches from the
water ¢ edge, regardless of the water lev-
el, or in Eeeper water too.

Most collecting isdone by hand, feeling
blindly along the bottom for the tapering
edge and bilateral symmetry that distin-
guishes naiads. Broken glass, tin cans,
and other sharp objects are very common
hazards in even the mosat isolated rivers,
so a gentle touch and a pgood first aid
kit are both necessary. Hand collecting
requires shallow water, 1n deeper water,
larger specimens can bhe located with the
feet, even wearing sneakers, 1f the bottom
is mud, sand, or fine gravel. By far the
most fascinating method of collecting 1s
skin diving or with SCUBA. A simple face-
mask and snorkel with or without a pair
of flippers will cper a new world to the
collector or observerin the clearer lakes
and upland rivers; not just in deeper wa-
tar, Eut also in the shalleows and riffles
where moving water makes aerial observa-
tion of the bottom distorted or impossible.

The collector shouid keep track of dams
and thunderstorms upstream, for flash
flocds can be devastating One occurred
in Glover Creek of the Little River while
DBr. Walter Soster and Valentine were col-
lecting mnaiads. The creek, about 13 te
20 feet wide and up to four feet deep,
suddenly began to rise and in fifteen min-
ntes was up at least 6 feet, flowing in.a
reiling torrent bank te bank, abeut 200
feet wide with large uprooted trees sweep-
ing down thechannel. In a narrower stream
bed, that great a volume would have ar-
rived in & smashing wall of water. They
learned later that despite clear skies
overhead, a heavy thunderstorm had dumped
several inches of rain im the hills up-
stream.

A few principal collecting sites are
referred to repeatedly in the discussions
of penera and species. These are discussed
briefly below, for they represent the large
collections which yielded the most data
about the rivers concerned. Many other
sites were visited but are not discussed.
In this section, we have simply listed
genera and species. For further taxcnomic
re finements check the discussions of in-
di vidual taxa,

Lake Texoma. We have no large collec-
tions from the lake, but Riggs andWebb
(1956) report on a collection of 898 spe-
cimens from a previously inundated peanut
field just downstream from the mouth of
Big Mineral Cresk, Grayson County, Texas.
None of these specimens arenow 1n the UQOBS
collection, presumably 2 set is ip the Mu-
seum of Zoology, University of Michigan,
since material was sent there to verify
the identifications. The faunaof the lake
is diseussed in a separate section of this
reporet,
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Washita drainage. Pennington Creek, 2
miles south of Tishomingo, Johnston Coun-
ty. ‘The Washita Biver, Pennington Creek,
and the Washita arm of Lake Texoma all
converge scuth of the town of Tishominge.
It appears that silt deposition is chang-
ing the relationships of these three bo-
dies of water so that no two maps agree,
Since the principal collection site is
south of Tishomingo, just westof the Tish-
ominge ‘airport’, some clarification 1is
necessary. The site is a small sluggish,
mud-bottomed stream flowing southparallel
to theair strip. Itismuch teo restricted
to be the main Washita River but it could
he part of a braided channel. We feel
reasonably certein that the major water
source 18 Pennington Creek, but at least
one map shows & conpection between the
Washita River and Pennington Creek a wmile
upstream from our &ite. The collection
ares bisects portions of Sections 16 and
21 of Township 435, BRange 6E. Nine spe-
ctes have been taken at this site, two
octhers cceur in the headwaters. Specimens
from the area have been catalogued under
the numbers UOBS 67-120 through 124, UOBS
67-165 throngh 166, and UOBS 67-182. The
species rvepresented are Lasmigonae compla-
nate, Anodonta grandis, 4. imbecilis, Qua-
drula quadrula, Uniomerus fetralasmus, O-
bliguaria reflexa Truncilla donaciformis,
Leptodea fragilis, and Potamilus laevis-
simns. Upstream collecting adds Toxolas-
ma perva and Lampsilis radiata luteola to
the listc.

Blue River drainage. Blue Biver, below
Murant Dam, just north of Armstrong, Bryan
County. The Blue River is the last stream
with good species diversity asone travels
westward in Red River drainapge. Streams
to the west may have abundant individuals
¢f a few species, but in the Lake Texoma
region, the Blue has the richest fauna;
csast of the Blue the rivers have even lar-
ger faunas, but thedifferences are not as
great as those between the Blue and the
Washita.

immediately below the spillway of Durant
Dam there is a large pool, heavily fre-
gquented by fishermen, below this the chan-
nel divides around a gravel bar which 1is
rein forced by many emergent plants. This
bar is at times loaded with dead shells
and the adjacent coarse gravel channels
have an abundant live fauna. Qur first
trip to this site yielded 800 naiads of
nineteen species; we have however, been
careful to restrict collecting primarily
to dead shells toconserve the faupa., Sub-
sequent Lrips have turned up two more spe-
cies, both single specimens. Of the 24
species in the Lake Texoma region, only
three (Megelonagias gigantea, Ptychobran-
chus cccidentalis, and Ligumia subrosirate
are absent below the dam.

Water levels at this site have fluctua-
ted about two feer between high and low
water, howsver we have mever visited the
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site immediately afteralarge storm. When
large velumes oz/watez' are coming over the
dam, swift current, high turbidity, and
excessive amounts of broken glass make
collecting difficult. Samples of most of
the species from thissite have been cata-
logued as UOBS 67-125 through 139, and
UOBS 68-1 through 18.

Blue River drainage. Blue River, 4 mile
north of Mitbern at Oklahoma ronte 48A
bridge, Johnsten County. The site is in
Section 35, Township 33, Bange TE. The
river has a long stretch of sandy botrom
with isolated patches of mud and gravel.
Three bundred and forty-eight specimens of
naiads, of eight species were taken. Four
species were represented by one or two
dead shells, the remzinder consisted of
244 Fyusconatae sp., 25 Quadrula pustulosa,
47 Lampsilts rodiata, and 26 Lampsilis o-
vata, Bepresentatives of all eight spe-
cies have been catalogued as LOBS 67-145
through 153. The live shells were mostly
scattered inthe desper parts of the river
bed, there wasnoma)or area of conceptra-
tipn, however numbers increased with dis-
tance downstream from the bridge. Two
years later, Valentine revisited the site
for about half an hour =and again found
eight species, however three were differ-
ent from the previeus visit, Tritogonie
verrucose, Ptychobranchus  occidentalis
and Toxolasma parve were not found, but
Leptodea fr‘a.gilpis, Villasa sp., and Lamp-
silis anodontoides were present. As be-
fore, one Ligumia subrestrate was found,
and by far the commonest form was Fusco-
naia sp.

Blue River draincge. Tributary of the
Biue Biver, about % mile east of Gklahoma
route 99 on Oklahoma rowte 7, Johnston
County. Section 25, Township 2S5, Range
GE. Although Valentine s fieldnotes state
that the site is % mile east of Oklahomea
route 99, and there is atributary at that
point, we sunspect a slip of the pen, and
that the actual collection is %, not 4%
mile east of Okiahoma route 99 on Oklahoma
route T, at esnother and smaller branch of
the Blue. The site is a small clear creek
at most four feet wide, narrowing to one
foor when the water pours between large
rocks, and with a maximum depth of two
feet. It flows through tall grass and
weeds and in part is bordered by shrubs
and small trees. The bettom veries from
rock to sand to fine gravel to mud. After
heavy rains the creek overflows into the
surrounding vegetation and covers some
small gravel bars perhaps 50 yards down-
stream from Oklahoma route 7. In a short
length of this unlikely riwulet, the in-
vertebrate zoology class took 625 naiads,
distributed ameng six species. A set is
catalogued as UOBS 67-154 through 159,
There were 41 Anodonta imbecilis, T Piy-
chobranchus oecidentalis, 3 Toxalasmae par-
va, 370 Ligumia subrostrate, & Villosa
sp., and 198 Lampsilis radiata. See the

discussion of Ligumia subrostrate for ad-

ditional informaticon about this site.
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Kigmichi dreinage. Kiamichi River, 1
mile south of bridge of Oklahoma route 93,
or 9 miles north and east of U.S. route
70, at a spot called ‘Spencerville Cross-
ing’ by loecal vyouths, Chocrtaw County.
Vhen visited firstinJuly 1967, the river
was in flood ard only a few shell frag-
ments were found. On July 14, 1968 the
river was shallow encugh ¢o wade across
without having to swim; elghteen species
and approximately 700 specimens were col-
lected, of which only 61 were..alive. Emer-
gent sand bars on the far side of the riv-
er were littered with dead shells most of
which were badly eroded. Even the best
live shells lacked beak sculpture and some
were in pitiful shape with holes into the
mantle cavity, tattered periostracum, and
other signs of extreme erosion. On July
19, 1969 the river was a foot and a half
higher than theprevious yearand the wide,
emergent bars were reduced to linear strips.
A steamshovel, a bulldozer, and a drag
line were all operating an the river just
downstream from the bars dredging materi-
al from the charnel out onto the banks.
Tt seemed an opportunity to sample the
meain chanmel, but most of the shells had
been buried underpiles ofadditional grav-
el, and many of those that were stiil un-
covered were crushed by the heavy equip-
ment. The best collecting was still the
emergent bars on the far side, and approx-
imately 450 individuals wereselected. All
dead shells of therarer species were col-
lected, but hundreds of dmbleme plicatae,
Quadrulo pustulosa Actinonaias ligamenti~
na, andPotamilus purpuratus were left be-
hind., Ouly afewlive specimens were found,
they were scattered about the sandy bot-
tom,

The nineteen species collected at this
site form a very important assemblage for
among them is Arkensia wheeleri, the only
recent record for the state; also, three
addi tional genera reach their western lim-
its here: Actinonaias, Plagiola, and Obo-
varta, as well as the rare species Lepto-
dea leptoden. The remaining forms include
Megalonaias, TritogonioQuadrulaguadrula,
Fusconaia, Ptychogranchus, Ob?iqaaria,
Truncilla trunceta Leptodea fragilis, Po-
tamilus laevissimus, Lampsilis anodontoti-
des, L. ovata, and Villosae sp., near lie-
nosea.

Kiagmicht drainaege. Gates Creek and Lake
Raymond Gary, about 2 miles south of Fort
Towson, Choctaw County. Gates Creek en-
ters theKiamich: River close to the junc-
tion of the latter with the Red Biver. It
has been dammed south of Fort Towson to
form Lake Raymond Gary. In July, 1968, we
found the lake had been drained; the dry
bed contained only Ancodonte grandis, A.
imbecilis, and oceasional specimens of
Leptodea fragilis, Potamilus laevissinus,
and Lampsilis radiata. In June, 1969 the
lake was full again; the repopulation of

the fauna would make aninteresting study.
On July 9, 1967, two collections weremade
in Gaves Creek below the dam. One was in
the main channel below the concrete spill-
way. Only eight species were found, all
common 1n eastern United States {Anodonta
grandis, A. tmbecilis, Amblema plicaia,
Quadrula quadrulae, Q. pustulosa, Potomilus
arpuratus, Lampsilis anodontoides, and
E radiata luteola). e bottom here 1is
mud with extensive patches of emergent
plants, just downstream is bedrock, then
gravel and mud; of the forty-six specimens
cund, all but 3 or 4 dead shells were in
the first muddy area below the dam. The
second collection was from a small slough
or sluggish stream east of the main con-
crete spillway, which dissues below the
eastern part of the daminto & narrow rocky
pool. The bottom is mud and boulders for
a short distance, then silt, mud and ec-
casional sand. An astonishing fifteen spe-
cies and 413 specimens were taken here.
The two dominant species, Quadrulae pustu-
losa and Trurcilla donaciformis acceounted
for 102 and 101 specimens respectively.

Most of the Quedrula were alive, most of
the Truncilla were dead with the valves
still attached. The list includes all but
one of those taken below the main spill-
way (Lampsilis anodontoides}, plus Trito-
gonta verrucosa, Fosconaia, Obligueria
reflexe, Leptodea leptodon, Potamilus lae-
vissimus, %)“oxolasma, and Lampsilis radia-
ta luteola. Ten of the species from these
two sites are catalogued as UOBS 67-168
through 178, the series are in OSUM:1967:
360 and 361

Little River drainage. Little River, at
low bridge 5.2 miles east-northeast of
Cloudy, Pushmataha County. We do not vet
have a large collection from the Little
River proper, as distinct from its majer
tributaries Glover Creek andMountain Fork
Biver. The present site is the bhest to
date; 130 shells were found on July 22,
1968 and only 16 more on June 27, 1969.
The two collections contain nineteen spe-
cies, none of which are outstanding. Am-
blema plicata far outnmumbers all others.
The river flows mostly over large rocks
and coarse gravel; almost all shelis, even
the few live specimens, were found in the
shallows er on the shore, espectally on a
sandy, bush, and tree-covered bar upstream
from the bridge, on the west bank. UOBS
68-126 through 143 provides a sample.

Litile River drainage. Glover Creek,
above Oklahoma routes 3 and 7 bridge, 9
miles west-northwestof Broken Bow, McCur-
tain County. This excellent spot was
recommended by local fishermen, and vis-
ited twice in 1969, on June 23 and July T.
The earlier date was interrupted by the
flash flood described elsewhere in this
paper, the second visit was to assess the
effects of the flood and out collecting,
and to aupgment the short series of some
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of the species. Three quarters of the
total collecting effort wasby skin diving,
Twenty-two species were taken, totalling
470 specimens. Hundreds of live naiads
were left in situ or thrown back, especi-
ally Amblema plicate, Quadrule pustulosa,
Fusconaia sp., Obovaria sp., and Actino-
natas ligementine. lLive specimens of al-
most every species were taken, including
several that are rare or interesting, es-
pecially Strophitus undulatus, Lasmigona
costata, Quadrule cylindrica, and Plecto-
merns dombeyanus.

During low water, Glover Creek occupies
a small fraction of the river bed along
the west shore, leavin a broad expanse
of coarse gravel exposeg. The channel is
mostly gravel, and the current is suffi-
ciently ewift in the narrow areas toe re-
quire constant effore 1 f a skin-diver is
to maintain his position. The majority of
natads were in the narrow part of ‘the
channel quieter water had fewer species
snd more widely scattered individuals.
When in fleod, Glover Creek iz full from
bank to bank, and the curremt over the
pemmanent channel isstrong enough to sweep
a.skin-diver downstream despite the most
strenuous efforts.

During the first visit many live naiads
were thrown back into the channel; however
a flash flood developed before they had
time to reestablish their positions in the
substrate. On the second visit, a special
attempt was made to assess the effects of
the {flood on these displaced individuals,
with inconclusive results. A number of
naiads were found not or incompletely bu-
ried and could have been either from the
first collectionor washedin fromupstrean.
Mest naiads werenomrally dug in, with on-
iy the algse- covered posterior projecting,
and it was impossible to tell if they had
dug in recently or years ago. The bottom
appeared slightly diswrbed in spots, but
nalads were stili very abundant. Obvious-
ly some sort of marking and recognition
system must be worked ocut——perhaps a small
triangular file can be used to make semi-
permanent notches which could be felt with
the fingers without digging up the speci-
mens, or markers could Ee griven into the
substrate next to sedentary species. Tho-
ma, et al. {1959} review anumber of mark-
ing techniques. ‘The whole subject of po-
pulation structure, species and individual
interaction, movement, etc. has recel ved
little receat attention.

Little River drainage. Mountain Fork
River, at concrete ford {or low water
bridge), about 6.5 miles southwest of
Smithville, McCurtain County. This lovely
spot was first visited on July 8, 19587,
The river was sweeping over the low con-
crete bridge and full from bank to bank.
No collecting was atvempted. A year later
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on July 15, 1968, the bridge surface was
dry, the water flowing through the large
pipes beneazh, and extensive gravel bars
were present below the bridge. There were
hundreds and hundreds o f fresh, dead shells
on these bars andin the adjacent shallows,
including many small fragile specimens,
and small numbers of live specimens. Va-
lentine andhisinvertebrats zoology class
picked wp 1, 541 specimens, mostly clean
paired valves, representing 15 species.
It was an unforgettable experience. De-
spite the superabundance of shells, Lasmi-
gona costeta was represented by one badly
eroded pair of valves, Lampsilis radiata
by one fresh pair, and Leptodea leptodon
and Potamilus purpuratus by two specimens
each, From 10 to 558 specimens were taken
of each of the other species. Since the
commonest species was a member of the Li-
gunia-Villosa-Lampsilis complex of uncer-
tain identity, Valentine returned to the
site on July 1, 1969 to obtain live spe-
cimens. The river wasonly slightly higher
than before, but only specimens and
nine species were found; only two speci-
mens were living, neither one was the un-
certain form. The lack of soft parts left
many unanswered questions, so he made one
final  try en route back to Ohio on July
9. Skin-diving for several hours in the
very shalleow water below the bridge re-
sulted in 129 specimens, representing
twelve species; however 60 of the speci-
mens and ten species were taken alive and
preserved on the spot; almost two dozen
were the unknown species. Included was
one specimen of [igumia subrostrate, a
genus and species not taken previously,
thus raising the number of species found
to sixteen. The live specimens wers im-
bedded in the gravel, usually on the down-
stream side L)igthe larger rocks, or in the
oseccastonal small patches of bare sand which
ware scattered over the strewm bed, these
patches were at most four or five inches
in maximum diameter and often supported
several naiads, of mixed species per patch.
Fourteen of the species from the 1968 col-
g?ction arecatalogued as UOBS 68-78 through

LAKE TEXOMA SPECIES

The naiad faura of Lake Texoma has net
heen adequatel investigated. Al though
Riggs and Wehif) (1956} sampled an area of

acres, thelake has T00 miles of shore-
line, and covers approximately 93 000
acres.

Isely (1925) collected at four river
sites that are nowcovered by Lake Texoma.
Three of these were in the Bed River abeve
the mouth of the Washita Biver, and one
was in the lower Washita River. Living
species collected at the three Red ﬁiver
sites were Truncilla donaciformis, Lepto-
dea fragilis, Poiaemilas laevissimus, and



8 STERKI AN NO. 42, JUNE 1974

Lampsilis anodontoides form faullacicsa.
Dead sheils of Quedrula guadrule, §. pus-
tulosa, Anodonta grandis florm stewartiana,

and Lampsilis ovete were also found. At
the lower Washita Biver sitehe found liv-
ing Quadrulae gquadrule, G. pustulose, Las-
migona complanata, Truncille donaciformis,
Leptodea fragilis and Potamilus laevissi-
mus. Dead sheils ol Tritogonia verrucosa,
Obliquarta reflexa, Lanpsilis anodontoides
form fallaciosa, and L. ovatg were also
found., A collection by Isely from the
Washita BRiver upstream from the present
limits ofLake Texoma added only Potamilus
purpuratus and Toxolasma parva. The only
other species recorded upstream from the
present lake site are Isely’'s records from
Cache Creek which add Uniomerus tetrales-
mus, Anodonta imbecilis, Truncilla trun-
cate, and Lampsilis anodontoides form ano-
dontotdes to the list. Thus there was an
original fauna of sixteen species above
the site ofDenison Dam. The present fauna
of Lake Texoma contains eight of these
sixteen species, Riggs and Webb (1%56)
and Sublette (1957) record seven of these:
Anodonta grandis form stewartiana {(under
the names grundis and corpulenta respect-
ively), Anodonte imbecilis, Quadrula gqua-
drule, Truncilla donaeciformis, Leptodea
fragilis, Potamnilus laevissimus, and Toxo-
lasma parva. We can add the eighth spe-
cies, Lasmigona complenaeta, based on spe-
cimens in the UOBS collection.

The survival of the remaining eight spe-
cies has not been investigated, since we
have no data from the main channels of the
Washita and Red Rivers, and Cache Creek.
One collection stop was made in the Wash-
ita River at the bridge between Ravia and
Bussett, in Johnston County, but no naiads
were found.

in Lake Texoma, Riggs and Webb (1956]
estimated therewere 15,647 naiads per acre
in the area they sampled immediately down-
stream from the mouth of Big Mineral Creek,
Grayson County, Texas. Of the 898 indiwvi-
duﬂf.\s collected, there were 536 Potanmilus
laevissinus, 220 Quadrule quadrula, 90
Fruncilla donaciformis, 31 Toxolasma par-
va, 17 Anodonte grandis form stewartiana,
and 2 each of A. imbecilis and Leptodea
fragilis. We have, incidentally taken the
libervy of changing the nomenclature of
two og these species to conform with the
present study. BRiggs and Webb, and Henry
van der Schalie who verified their deter-
minations used the names Anodonta gran-
dis form stewartiana, and Leptodea lae-
vissime rather thanPotamilus lacvissimus.
Discussion of these changes can be found
under the appropriate species.

LITERATURE

We have tried to solve the preblem of
introducing the voluminous naiadliterature
by including the principal references to

Oklahoma and adjacent states, and supple-
menting them with a few important regional,
taxenomic, and bislogical studies not di-
rectly concerned with the southwest. I¢
is important to realize that the list con-
tains only a handful of references. For
those who wish topursue this further, the
main starting point is the Zoslogiea!l Re-
cord, Section 9, on Mollusca. A number
¢f journals are conspicuously important
for the study of naiads, the most import-
ant is Nautilus. Other major sources are
the Annnel Reports of the American Mala-
cological Union, Sterkiana, Malecologia,
and Occasional Popers onMollusks fof Har-
vard Unitversity). Journals of more gen-
eral content noted for important papers
about naiads are: American Midland Natur-
elist, Occasional Papers {also theMiscel-
laneous Publications}) of the Museun of
Zoology, Universit Orf Michigan, and the
publications of the United States Bureau
of Fisheries.

A numberocfparticularly important works
could be cross-indexed under almost any
heading, they constitute the basic libra-
ry. In alphabetical order they are: Con-
rad (1834, 1835-1838), Lea (1826- 1874)
Ortmann (1011, 1912, 1919), Rafinesque
(1820, 1831), Say (1817, 1830-1834) and
Simpson {1900, 19314). Haas {1969) should
probably be includedin this list, however
we have not had time to translate any of
the German text. The first paper by Simp-
son (1990} contains a63 page World bibli-
ography covering the period before the
turn of the century. Most of the litera-
ture references in the preseni{ paper are
dated after 1900, As & rapid index, we
present a breakdown by subject., Papers
about shell and soft anatomy are cited dn
the pertinent morphology discussions.

OKLAHOMAT Baker (1909), Branson {1966a,
66b, 1967, 1969), Call (1BB5), Ferriss
06), Frierson (1027 1928) Isely (1911
4, 1925), Marshall {1895), Ortmann
é?{%, Riggs and Webb (1956}, Sublette

TEXAS: Murray and Roy (1968), Singley
(1893), Strecker (1931}, Vaughan {1893),
Walker (1915},

LOUI ST ANA:  Branson

(1966b}, Fr
{1900}, Vanatta (1910), Vaughan (18

ierson
93)
ARKANSAS: Call (1895} La Rocque {195
191
(19

2),
9y,
14

'

Meek and Clark (1912), Ortmann (
Ortmann and Walker (1912}, Wheeler
1018).

OTHER 3TATES: Baker (1922, 1927, Ill:i-
nois) (1928, Wisconsin}, Heard and Barch
(1966, Michigan), Call (1900, 1Indiana),
Clarke and Berg (1959, Central New York),
Clench and Turner {1956, Gulf Coastal Ala-
bama, Georgia, and Florida), Goodrich and
van der Schalie {1944, Indianal, Johnson
{1976, Atlantic Slope from James River
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system, Virginia to Al ldmaha fiver system,
Georgia), La Rocque (1967, Ohio}, Murray
and Lecnard () 96% Kansas), Oromann (1911
1919, Ifﬁnnsyivamk), (1918, upper Tennes-
see Ri ver), Scammon (1906, }\‘mmam), Utter-
back (1915, 1916, 1917, [\t]i..stsouriu)) van der
Schalie (1938, 1970, southeastern Michi-
san ), wvan der Schalie and van der Schalie
1950, Mississippi Hiver north of Sg,
Louis, Missonri) Starrewvt (1971, Illinois
River in Tllinois).

LARGER REGEONS: Clench (1959, U. 8. gen-
era), Frierson {1927, Nervth and Central
American classification and chechlistd,
Haas (1969, World classificavion,
and species), Heard (1968 south
U. 8. general), La ﬁcxcquo (1953, (ando‘nan
catalogoel, Lea (1828-1874 World ren e ra
and spe cies), McMichael and fisock (1958
Avstralian Region}, Parodiz and ?50;19.1‘(,0
(1963, South American), Penmnak {1953, U.5.
general, Preston (1915, Tndia and B rma ),
Simpseon{1900, World synopsm) (1914, Werld
cLa551flcamon, geners and species), Walker
{1918, U. 5. general.

LIFE HISTORY: Allen (1914 1921, food
and feeding), Arey (1927 glosur}z at, Cham-
berlain (1931, annual giowth) Churchill
and Lewis (1924, food and feeding), Clark
and Stein (1921, glochidia in plankton},
Coker et al. (1921 glochidia and propaga-
tion), Coker and SBurber (1911, metamor-
phosis of Potamilus laevlsqamu«)J Conner
(1907, 1909, gravid pF‘llOdH) Grier (1922
grnwth rate), Heard (1967 hermaphrodi tism
in Anodonta), Howard {1914a, nonparasitic
glochidia) (1914, 19292 propagation],
Isely (1911, juvmule ecology tmdpre%ence
ofaiyq%us) {1914, growth and migration),
Jones (1926, anammy andhistology of Tri.
togonia), Lefevre and Curtis (1910, 1912,
gill structure, glochidial biology and
propagation} {1911 non-parasitic glochi-
dia), Matteson (1948, Elliptio complana-

tus) (1955, temperahurg)(urreﬂi, silting,
migration), Stansberg (1961, age determi-
nation), Stein (196

Anblena piicata%,
Sterki (1898, 1903, mal‘&ui)ldj structure},
Surber (1912, 1915, glochidial identi fi-
cation) {1913, pglochidial hosts), Tepe
(1943, hemaphroditism in Toxolasme, =Ca-

runculina), Thoma et al. (1959, marking
techniques for recapture studies), Tucker
(1927, "1928, glochidia and juveniles of

Anodunta}, Utterback (1916  gravid peri-
ods), van der Schalie (1966, hermaphrodi-
tism review), van der Schalie and Locke
{1941, hermaphroditism in dnodonte gron-
dig), van der Schalie snd van der Schalie
{1963, Actinonaias ellipsiformis).

GEHERAL MORPHCLOGY GF HALADS

SHELL. Since one or beth valves ara the
most commonly aveilable parts for identi-
fication, they have traditionally played
the major role in the taxonomic literature
of the world. Although it was long recog-
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nized that shells exhibit intense geogra-
phie, environmen tal, and genetic variation,
as well as convergence, divergesce, and
parallelism, they are used anyway because
they are convenient and svailable. Tt is
therefore important to remember that many
species with similar envi ronmental requlu
cements will have similar shelle regard-
25 of the actuwel relationship of the
forms invelwved., Thin-shelled, smooth, and
inflated species tend to inhabit lakes,
socls, and sluggish water with soft, mnddy
lbottoms; thicker shelled, smooth species
that are less infleced tend to iphabit
flowing water and gravel bottoms; heavy-
shelled species with massive hinge lines
and teeth, prominent surface sculpture and
compressed bodies are often asscciated
with riffles and waterofhigh oxygen con-
vent. Needless to say, all such habitats
overlap or intergrade, but the pattern is
still evident., This means that the shell
of & widespread species collected in the
lower, deeper part of a river will be very
di fferent from the same species collected
in the headwaters. This alsp means that
two species from the same habitat may look
more alike than do the upstream and down-
stream populations of one species. The
taxonomic implications are obvious. Al-
though shell variation correlates rather
well with environmentval factors, see Ball
(1922}, Brown et al. (1938), Edﬁdr (1948,
Grier (1920b, 1920e¢, 1920d 1970e 19272},
Grier and Mueller (1926), Oromann (19203
and  van  der Schalie (1936bh, 1941), the
last author points out that in at leastk
une case river specimens reared in a loke
retained the river morpholopgy, implying
the pgenetic cousistency of the features
involved.

The basic details of the molluscan shell
can he found in any general or inverte-
brate zoclogy text or encyclopedis. A few
comments will suffice. "The hinge line
and ligament aredorsal; the wmbone {(which
bears the beak at its very tip, and is the
oldest part of the shell) is anterior]y
placed; the hinge teeth (3 f present) in-
clude the more anterior tooth-like cardi-
nals {often called pseundocardinals), and
the more posterior tongue and groove late-
rals. Hinge teeth can be variously ab-
normal, or esven reversed so that each val-
ve has the teeth which nomally oeccur in
the opposite valve, see fGeiser (1913} and
espectally van der Schalie (1936a) for ad-
ditional data. Muscle searsinciude an-
terior adductor, retractor, and protract-
or, the first two often contiguous, the
last slightly separated; theposterior ad-
ductor and retractor, the latter usually
much smaller, more anterior and attached
at the base of the lateral teeth; the pal-
ir1al  line, paralleling the shell margin
and connecting the big adductor muscle
scars; and a variable groupofsmall scars
in the cavi ty of the umbone. The internal
surface, the nacre, can be unifermly col-
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ored or variable; colored mnacres often
fade in dead shells or lose iridescence.
In seme genera (Toxolasma for example) it
is important to distinguish between iri-
descent and pigmentary ocolers, both can
appear blue (cr some other celor) but are
very different in origin. Externally the
shell is varicusly sculptured or smooth;
almost all species have a special sculp-
ture on the first portions of the shell
formed after metamorphosis, this 1s the
‘beak sculpture’, it 1s present in almost
all species evenwhen therest of the shell
is smooth., See Marshall (1890} for a dis-
cussion of beak sculpture;Marshall's platve
is reproduced in Clarke and Berg (1859].
Since the beaks are the oldest portion of
the adult shell, they are often eroded
and destroyed by chemicals in the water.
There is often a ridge extending oblique-
Iy downward and backward from the umbonal
region to the posterior end of the valve,
this is the posterior ridge, which delim-
its the posterior slope from the rest of
the valve. In some species the posterior
slope is greatly extended dorsaily above
the lateral teeth, such agrowthisa wing,
and the valve is then said to be alate.
The surface of the valve is marked with
concentric lines of growth, each indicat-
ing a period of active shell deposttion,
During winter, or cother adverse periods,
a much more pronounced line is fommed in
the shell these are called growth rests
and in many species they serve asan index
to the age of the individual. (3ee Stans-
bery {1961) and Chamberiain {1931) for a
discussion of how to age shells.

Sexual dimorphism oceurs in the shells
of about half of the spscies in the Lake
Texoma region (primarily Tritegeniae and
most of the Lampsilinae}. It is discussed
in the pertinent species accounts, and by
many authors, especially Grier (1920a).

SOFT PARTS. The main basis forthe clas-
sification of naiads, dewn to and includ-
ing genera, is the soft apatomy. By far
the best introduction o this subject is
by Ortmann (1911}, He followed this land-
mark study with along paper the next yeax
{1912) and then a remarkable series of
studies (1913-16, 1919, 1921, 1923, 1923-
24y. The above iist includes only papers
about more than onelinited States species,
many other papers, in the pages of the
journal Neutilus discuss individual spe-
cies and the faunas of other rTegions.
Some other authors who contributed to or
sunplemented Ortmann's studies are Lea
(1884570 ““Scerki . (1898, 1903) Simpson
{1900, 1914), and Beardon {1829].

Mantle modi{icatiuns. Within the sub-
family Lampsilinae there is a complex of
genera which is separated from other lamp-
silines by the presence of a specialized
area on the inner margin of the mantle an-
tertor and ventral to the bramchial {in-

current) opening. Within this complex,
the genera are distinguished by the de-
tailed morphology of this specializedarea.
The genera are Elebula, Ligamia, Mediont-
dus, Villosae, Conradilla, Toxolasme, Lamp-
silis, and Dysnomia, several of which oc-
cur in Oklahoma, The specialization takes
the form of a row of papillae, or a rib-
bon-like flap, or modified combinations
of the two, along a line parslieling the
shell margin. In some, the outgrowths occ-
cupy & esmall field close to the branchial
epening, in others, they extend hal{ way
or more towards the anterior end of the
arimal. There are still some major prob-
lems involved with the useof these struc-
tures. First, their development 1s sexu-
ally dimorphic, being better developed in
females than 1in meles. In some males,
their presence is barely indicated by a
ridge of wavy tissue, or by & streak of
dark pigment in the correct area. Second,
the existing descriptions are often drawn
from one or very few specimens, frem a
single locality. and in varying states of
preservation. Preserved material is al-
ways variously contracted and quite dif-
ferent {sometimes radically) in appearance
and color from living specimens. Third,
many species arestil] not studied, so the
limits of variation of theilr pgenera are
not understood. Fourth, it is possible to
discover species which do not fit the ex-
isting alternatives, or which are suffi-
ciently variabie to cembine features of
several taxa. Such a creature is the com-
mon Villesa-complex species in the Mount-
ain Fork and Little Rivers.

Marsupial gills. In naiads there are
four flap-like gills, two on either side
of the main visceral mass. A gill resules
from the fusion of wmany gil% filaments

which, in more primitive bivalves, lie
side by side in anterior-posterier sequen-
ce. Since each filament has two parallel

sections, an cubLeT one nearer to the shell
and an 1innexr one nearer to the visceral
mass, the union of all the ocuter sections
forms one gill surface and the union of
the inner sections forms the other. These
two surfaces are calied lamellae, and in
unionids they are held together by vertical
interlamellar septa; the resulting elon-
gate compartments within each gill are the
water tubes. [n female naiads some or all
of the water tubes are utilized as brood
chambers for holding eggs and glochidia
during early development; the tuhes 1in-
volved usually become swollen, and that
pertion of the gill is then referred to
as a marsupium. lhe marsupial area is of-
ten reccgnizable whether 1t is charged or
not forits water tubes are typically more
numerous and often there are extra septa,
thus, female gills that are or will be
marsupial usually havemore crowded septa.
In addition, marsupial gills will, in his- -
toiogical cross-section usually show sep-
ta with a characteristic greater thick-
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ness, and espeecially, a folded or wrinkled
epi l,hellum rather than smooth. Marsupial
water tabes are sometimes called ovisacs,
and within them, the eggs are often im-
bedded in_ an elongate, mucoid mass of
varying colors and ¢onsistencies called
a ‘placenta’ or ‘conglutinate.’

Gravid female unionids with eggs or
glochidia in the marsupia aid greatly in
the separation of severel confusingly

similar genera. In fact, some generic
identi fications are at best guesses until
such females are available, "This is par-

ticularly true in the subfamily Amblems-
nae where five genera sometimes defy sepa-
ration based on shell charascters alone.
In Fuscenaiae all dour gills are utilized
as marsupia, and the contained ova are
variously pigmented often red. In Pletho-
basus andLexingtonia theovaare red, hut
only the outer gills are marcsu‘nal 5
Pleurobema and Oycloneies t h & outer
gills aremarsupial, but the ove are white,
Occasionally Pleurobena has eggs in  the
inner gills too {Ortmann, 1919 p. 70, T1)

Beranse variation in shape, sculpture,
and hinge tooth strocture ccocurs in all
three subfamilies, the arrangement ol gen-
era into subfamily groups is based prima-
rily on gill structure, warsupial arrange-
ment, and glechidial type [n the sub-
family Ancdontinae, virimally the entire
outer gill 1s involved in the marsupium,
and each water tube, when charged, becomes
subdivided by su,(mdary septa into three
parallel wvertical chambers. “The largest
{central) chamber is the actual egg-con-
talﬂlng patrt of the water tohe. The ifnner
gil} is not mﬂrsupi al.

In the subfamily Ambleminae (-lUnioninae
in part of many authors) the water tubes
do not become subdivided, and either all
four gills are marsupial, or only the out-
er pair 18 marsupial. Not all specimens
of a species are consistent in this char-
acter, however, so series of gravid fe-
males arehighly desirable. Oremann (1915,
p. 106-108) clearly states that only the
median halfofthe onter gill is marsupial
in Lastena (= Hemis rena§ late Raf.; this
appears t¢ be the oneconsistent exception
in the subfamily.

In the subfamily Lampsilinae, the water
tubes are not subdivided. TIn thirveen of
the genera the marsupie arve restricted to
the posterior part of the outer gills. In
this econdition, the marsupium can occupy
up to 2/3 or more of the total gill leav-
ing just the anterior 1/3 or less unmodi-
fied, or be progressively reduced until
only a few water tubes at er close to the
posterior end are involved. 1In the re-
maining five genera, other arrangements
are found, as outlinedin the key. Through-
out this subfamily glochidia are released
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through holes which develop along the ven-
tral margin of the marsupium. In the Ano-
dontinae and Ambleminae, glochidia pass
dorsad inte the wuprabranchsal chambefs and
then out the excurrent opening.

The various features of the soft anatomy
invelved in the classification of the fa-
milies, subfemiliés, and genera are sum-
marized in the key which follows. The data
are taken mostly from the many papers by
Ortmann cited earlier; sincehe customari-
ly worked with very small series, consid-
erably more variation is to be expected.
It seems certain that exceptions and re-
finements wil}l accumulate, and result in
concomitant changes inour generic limits.
In fact, although the various statements
sound quite definite, they are to be in-
terpreted as patterns not rigid rules.
When wmore than one  genus keys out in a
couplet, the genera are normally distin-
guished by shell characters.

SUMMARY KEY TO UNITED STATES GENERA OF
UN{ONACEA, BASED ON SOFT ANATOMY

1. Inner marging of mantle fused between
branchial (inhalent) and anal (exha-
lent) openings; inner gills continu-
cus with palpi; marsupia restricted
to inmer gills .

Inner margjnq of mantie in contact but
not fused between branchial and anal
openings; inner ﬂ}.ll‘a not continuous
with palpi; marsupia involving all
four gillsoronly theonter pair. . 3

2. Gills with incowmplete septa and water
tubes; larva a glochidium, enclosed
by a bivalved shell; South America
and Australasia. Family Hyriidae

Gills with complete septa and water
tubes; larva a lasidium, the shell
univalve, not completely enclosing
the larva: Africa, Scuth America,
possibly Asia. .Family Mutelidae

. and f‘amlly Mycetopodidae

3. Branchial andanal chambers incomplete-
ly separated by the attachment of
outermost gill lamellae to lnner sur-
face of mantle; gilis without water
tubes, the lamellae with scattered,
incomplete, diagonal cennections;
marsupia involvin 11 four gz.‘tls,
glochidia very sma%l less than 0.03
mm high, semi-circular, with small
irreguldr ventral teeth; Holarctig,
possibly Asia. Family Margari-
ti feridae (=Margari Lanidaez' .4

Branchial and anal chambers almost com-
pleieiv separated by the extensive
attachment of outermost gill lamella
to innersurface of mantle; gills with
mest septa and water tubes thendlnf
the complete dorscventral height o
the gill; marsupia involvingall four
gills nroniy the outer pulr glochi~
dia larger, more than 0.05 mm high,
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variously shaped, but wusvally with- 10. Gills with septa often interrupted or
out & row of teeth an the ventral perfnrated esperlaily dorsally, .
margin, Holarctic, Africa. . . . _ GONIDEA
o Family Unionidae . 3 Giils with qepta compiete imper-
forate. . . - o1

4. Each gill with the lamellae connected
by isolated, irregularly scettered 11. Eggs whitish, ineach water tube form-
thread-like strands of tissue . ing  an elongat@ - lanceclate mass

MARGARITIFERA {‘placenta’}. . 12
Each gili with the lamellae comnected Eggs red or black respecmveiy Lh'mg~
by thread-like strands of tissue in ing te pink or blue as development
oblique series which tend diagonally proceeads, in each water tube forming
across the gill filaments from poste- a somewhat elongatecylindrical mass.
rodoraal to anteroventral. Co o ... QUINCUNCINA, FUSCONAIA
CUMBERLANDT A
12. Dorsal excurrent opening as long as

5. Gravid females {absent in non-gravid anal and branchial openings combined;
females and males) with each water egg masses brown. . . . MEGALONALAS
tibe of the outer gills divided into Dorsal excurrent opening shorter than
three vertical, parallel compart- anal and branchial opernings combined;
ments, a very smail outer {lateral) Or excurrent opening ungle egg mas-
and inner (mesal)} space and a much ses white. S . .
larger median one; eggs contained
only in the large median space which 13. Bexually dimorphic, females with anal
iz closed dorsall not opening into epening longer and more posterior
the suprabranchla{ chamber; glochidia than in males. . . . . . TRITOGONIA
subovate or subtriangalar with a pair Not sexually dimorphic. .
of ventral hooks, usually in the epi- .. AMBLEMA, PLL(‘TOW"RU% QLADR[LA
dermis of fish scales or fins. . . . NOTE: The genus Fl1 Lptomleus may key

Subfamily Anodontinae . . 6 out in the second half of cguplet 13,
Gravid females with each water tube of but theonly published feature of its
the outer gills not secondarily di- soft anatomy is the statement that
vided inte three compartments, and all four gil{s are marsupial .
cpening dorsally into the suprabran-
chial chamber; glochidie rounded, 14 Gravid females with allor much of the
with a short hinge line, without outer gill marsupial, not folded,
hooks, or ax-head shaped with two moderately swollen, and thin edged,
pairs of ventral hooks, ususally on the swelling not di%tendlng the gill
fish gills., . . . . . . . . . .. § below its normal margin. Subfamily
Ambleminae, in part.

6. Gravid Tfemales with the median egg- Gravid females with marsuplum swolien
bearing compartment of each water thick, distended beyond normal glll
tube with the egg mass subdivided in- margln and if developed anterior]
to smaller masses. . . . STROPHITUS may hdng in a series of pleat- llKe

folds. . Subfamily Lampsilinae. .19
Gravid females with the median egg-
bearing compartment of each water 15, Excurrent aperture not divided. .
tube with continuous cgg masses, not . . CYCLONAIAS
subdi vided, . . . . . Fxcurrent aperture ‘divided into two
openln s by partial fusion of mantle

7. 'Ihe two excurrent apertures (‘anal’ and P ges %resultlng in the ‘anal’ and
*supra-anal’ of naiad literature) ‘supra-anal’ openzngs of naiad lite-
each no longer than the space between rature). . . . . . P

them. LASMIGONA, ARCIDENS, ARKANSIA,
. ALASMIDONTA, ANODONTOTDES 16. Younger specimens with mantle extend-

The two excurrent aperturea widely sep- ing through holes in the shell into
arated, the space between them longer hollow spines which become solid at
than the length ofeither opening, 8 maturlty. . .. CANTHYRI A
Mantle never extendlng throug} holes
8. Marsupiom normally swollen, surface in the shell. . . . oo oo 17
with vertical lines. . . . ANODONTA
Marsupium enormously thickened surface 17. Eggs white. . . 18
wrinkled and granular. SIMPSONICONCHA Eggs cream, pink orange or red (de-
pending on species and stage of de
&, Females wusually with all four gills velopment). PLETHORASUS, L?XI'\EGF{)\iA
with marsupial structure. . . . . .
. Subfamily Ambleminae, in part 10 18. Marsupium occupying most of the ocuter
Females with enly the outer gills in- iii. . . CYRTONATAS, PLEUROBREMA,
volved in the marsupium., . . . . 14 LIIPTIG UNIOMERUS.

Marsupium occupying middle half of
outer gill. LASTENA (-HEMISTENA)



NG.

19.

24,

21

22,

23.

24,

5.

42, JUNE 1971

Gravid females with marsupium involv-
ing enly the ventral ¥ of the outer
gill, and nsually hanging in aseries
of wavy folds; more than half te al-
most allofthe gill length involved;
gill disvended only slightly beyond
165 nomal margin. AL
Gravid females with marsupicm involv-
ing water tubes which are charged for
most or all of their length, not in-
volving the anterior end of the gill,
and not folded (however, there often
are folds separating the marsupium
From the nonmarsupial gill); charged
partofgill clearly disteanded beyond
1ts normal margin., . . . . . . . 21
Gravid females with marsupium extend-
ing formost of the gill length, with
five to twenty wavy folds.

PTY CHOBRANCHUS
Gravid femal es with marsupium restricted
to the median or post-median part
of the gill, with fewer than five
wavy folds. DBROMUS (= CONCHODROMU S)

Gravid females with marsupium occcupy-
ing less than ten water tubes near
the center of the ouver gill, these
water tubes paralleling each other
and curving posterierly. . . . . 22
Gravid females with marsupium exten-
give, occupying nearly all, ov the
central and posterior, or just the
posterior part of the ocuter gill,
these water tubes varying in number,
but formmirng & spreading, fan like
pattern, P 23

Gravid females with slightly post-me-
dian marsupium, the charged water
tubes slightly curved.. OBLIQUARILA

Gravid females with marsupium median
or slightly ante-median, the charged
water tubes very elongate and spiral-
ly coiled. . CYPROGENIA

Mantle just anteroventral to branchial
opening with asubmarginal flap, lar-
ge single papilla (caruncle}, or row
of papillae, these less developed imn
males and very small in Glebula of
both sexes. . . . . . . . . . . . 2T
Mantle just anteroventral te branchial
opening wrinkled or unadorned, with-
out along submavginal flap or papii-

Glochidia ligulate (ax-head shaped),

wsually with two spines on eaca val-
ve at the ventral comers. POTAMILUS
Glochidia rounded or oval except the
hinge which is flatter, without
spines. . . . . . . . . . . . . . 25

Glochidia with valves gaping open an-
teriorly and posteriorly. PLAGIOLA
Glochidia with valves capable of clos-
ing all around the mergin. . . . 26

26.

27.

28.

3C.

3t.

32.

33,
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Glochidia less than 0.1 mm,
igh. . . TRUNCILLA, LEPTODEA
Glochidia larger, more than 0.1 mm.

high. COBOVARIA, ACTINONATAS

small,

Marsupium occupying most of the outer
gill, except for the anterior and
posterior ends, o GLEBULA

Marsupium more restricted, cccupying
the posterior part of the gill. :

Mantle with one or more submarginal
papillae immediately antercoventral
to the branchial opening. . . . .

Mantle without papillae immediately
anteroventral to the branchial open-

ing, instead with a narrow, stbmar-
ginal, ribben-like flap attached a-
Tong its long axis

and paralieling

the mantle edge. . - LAMPSTETS
Mantle with a submarginal cluster or
one very large papilla antero-ventral

to the branchial opening. TOXOLASMA

Mantle with a submarginal row of pa-
pillae antero-ventral to the branch-

ial opening. .

Mantle with submarginal row of papil-

lae intertapted in the center and
connected by a thin raised ridge. .
S e CONRADILLA
Mantle with papillae in centinuous
series not interrupted. . . . . 31

Mantle with L -3 long papillae, sepa-
rated from branchial openingby a row
of much smaller papillae, or the lat-
ter absent. . . . . . . MEDIONIDUS

Mantle with papillae of equal length,
or evenly graduated, or of mixed
tengths. . . . . . . . . . . . . 32

Mantle papiliae of mixed sizes and
lengths, or largest papillae anteri-
OT. . . . ... ... .. VILLOSA
Mantle papillae of subegual size,
shape, and separation, or largest pa-
pillse posterier. . . . .

Female mantle with row of
paralleling themantle edge. LIGUMIA
Female mantle with row of papillae
sharply diverging from theonter man-

tle edge. DYSNOMIA (= EPTOBLASMA?)

papillae

THE SUBF&MILIES OF UHIONIDAE

The three long used subfamily names (U-
nioninae,
are

Anodontinae,

and Lampsilinae)
by no means

universally accepted as

the sole components of the family Union:i-

dae.
men t

For example, a bewiiderin% arrange-
is proposed by Modell (1942, 1949}

The earlier paper has been translated in-
to English by Stanshery and Soehngen (1964),

Modell

classi fies the naiads of the World
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primarilé{ by tooth structure, beak sculp-
ture, and general shell form and wvirtually
ignores soft parts. In his 1942 paper he
partitions cur genere into three families
and ten subfamifies. The family Hnionidae
contains Quadrula {and its subgenera),

Tritogonia, Quincuncina, Cyclonaias, and
Megalonaias in the Quadrulinae; Lastena
(Modell uses this name for Anodonte imbe-
cilis and related species, and A. subor-
biculate of the American fauna, not for
Lastena GHemistena} lata Rafinesque, 18320)
in the Rectidentinae; and Anodonta in the
Anodontinae. The family Margariti feridae
contains Margaritifera and Cumberlandia
in the Margariciferinae; and Gonidea in
the Pseudodontinae. Qur remaining genera
are placed in the new family Blliptionidae;
Plevrobema, Lexingtonia, Plethobasus, and
Fusconaia are inm Pleurcbeminae; all our
anodontines except Anodonte arve in Alasmi-
dontinae; Elliptio, Elliptoideus, Unio-
merus, and Canthyria arezinElliptioninae;
Amblema and Plectomerus are in Ambleminae;
and al]l our lampsilines are in Lampsili-
nae. This arrangement assumes that the
various types of glochidia and marsupia
have evolved independently in two or more
families. This may be possible, but ap-
pears to contradict most of the available
evidence.

Morrison {1955} suggests that the old
family Unionidae contains two families and
five subfamilies: family Unionidae, with
subfamilies Unioninae, Alasmidontinae and
Anodontinae (this family includes what
has traditionally been called subfamily
Ancdontinae as well as some of the Unio-
ninae); and family Amblemidae, with sub-
families Ambleminae and Lampsilinae (the
subfamily Ambleminaehas traditionally been
treated as part of the Unioninae!. The
explanation for this reclassification is
the fact that the European genus Unio is
not most closely related to the Amblema-
Quadrula-Fusconaia-Elliptio group of gen-
era despite their long association, but
rather 1f we use glochidial form and mar-
supial gills, to the dnodonta-Alasmidonta
group. When Unio is placed with 1ts cor-
rect relatives, the name Unioninae goes
with it, leaving the Anblema-Quadrula-ete.
complex without a subfamily name. This
void was filled with the name Ambleminae,
The basis forMerrison’s two families rests
or the glochidia and gravid female gill
structure. In the European Unio-complex
and the Holarctic Anodonta-Alasmidonta-
complex the glochidia are shaped essen-
tially likea weakly inflatedtriangle with
the long hinge forming the base; the apex
has an incurved spine complex on each val-
ve. The spines are present i1n fully de-
veloped glochidia, but can bhe absent in
earlier stages. Gravid females have mar-
supial water tubes partitioned into twe
very small chambers one next to each la-
melia, and a very large chamber between.
Eggs and glochidia occur only in the me-

dian chember. The Palearctic lnio-complex
has complete hinge teeth, the Nearctie
Alasmidonte- complex has variously incom-
pleve hinge teeth {especially the later-
als}, and the Holarctic Anodonte-complex
has no hinge teeth. In the classification
used in this paper they are all called
family Unionidae, subfamilies Unianinae
and Anodontinae, the latter including both
the Alasmidonta and Anodonta-complexes.

- In the strictly Nearctic dmblema- and
Lampsilis-complexes, the glochidia are
rounded, elliptical, oval, or ax-head

shaped, with short hinge lines, and nor-
mally without spines. A few species (par-
ticularly those with ax-head pglochidia)
have two or more pairs of hooks opposite
the hinge but even when present they ap-
pear to Ee very different in structure and
position from those in the Unionidae and
Anodontinae. Gravid females have marsu-
pial water tubes variously swellenorelon-
gated, but not subdivided into three com-
partments. The Amblema-complex and the
Lampsilis-complex differ markedly in gill
structure, in the method of releasing the
glochidia, and in breeding habits. In the
classi fication used in this paper they are
family Unicnidae, subfamilies Ambleninae
and Lampsilinae,

LAKE TEXOMA REGION FAUNA
Family Unionidae
Subfamily Anodontinae
LASMEGONA BRafinesque, 1831

This is one of the genera of Anodonti-
nae with developed carginai teeth and ty-
pically anirregular shelf in place of the
interlocking lateral teeth found in other
subfamilies. Also, the interdentum of the
left valve is inrolled, serrvate, and pro-
jects into a corresponding cavity in the
right valve. In the Lake Texoma region
these features areimmediately diagnostic,
but eastern Oklszhoma has one, possibly
two, rare monotypic gemera with essential-
ly similar tooth structure; these are Ar-
kansia Ortmann and Walker, 1912, and Arci-
dens Simpson, 1900, Arkansia wheeleri
Ortmann and Walker, 1912, occurs i1n the
Ouachita Biver, Arkansas, and in the Kia-
michi River in Cklahoma. Arcidens confra-
goses (Say, 1829} has not been recorded
from Oklahoma, but sinceitoccursin Texas,
Louisiana, Arkansas, Misscuri, Kansas {and
farther east), it will probably turn up.
Strecker (1931} recoards Arecidens from Red
River drainage in Texas, but he does not
give the locality. We have searched for
1t in vain in Oklahoma. These two genera
are both much more inflated than the spe-
cies of Lasmigene and inoutline look more
like odd species of Quadrula than like a-
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nodontines. Areidens is complexly sculp-
tured with tubercles, =zig-zag wrinkles,
and oblique ridges, the tubercles tendlng
to form two divergent rows radiating frem
the umbone, while the wrinkles and ridges
vary in their state of development. Ar-
kansia has an uneven to smooth shell, the
most obvious sculpture 1s a series of
wrinkles on the posterior slope, but even
these are sometimes absent. Lasmigona in-
cludes s1x or seven compressed species,
their flatness distinguishes them from
Arkansie and Arcidens. The genus ranges
from the Atlantic €Coast to Manitoba to
Texas but isabsent from most of the scuth
Atlantic and Guif Coastal Plain.
Lasmigona complanate (Barmes, 1823},
{White Heel-splitter)

=Symphynota complonata of Tsely, 1925

Thisisone of the most distinct species
in the Oklahema fauna. The large, flat,
rounded to aval shell, the beauti ?ul white
nacre, and the pronounced wing dorsal to
the vestigial, non-interlocking lateral
‘reeth’ all combine to make identification
easy. Oklahoma specimens usually are a-
bout 110 to 160 mm lon however, Haas
{1941) mentions one 216 mm long from the
Spoon River, Illineois.

A second species, Lasmigona costata (Ra-
finesque, 1820) ocecurs in Little River
drainage (we have taken it in the Little,
Glover, and Mountain Fork Rivers), and ai-
0 inp various eastern tributaries of the
Arkansas Biver. Tt is much more elongate,
end usuvally has a series of parailel or
radiating corrugations on the posterior
slope. Occasional specimens have wrinkles
over the entire posterior halfof the val-
v, while specimens in The Ohio State Uni-
versity Museum of Zeology from the Ouachi-
ta and Caddo Bivers in Arkansas lack all
wrinkles so that even the posterior slepe
is smooth. Similer smooth specimens are
mentioned by Orwmann (1919 p. 127) from
Randolph County, West Virginia, but such
individuals are rare.

The White Heel-splitter occurswidely in
Mississippi RBiver <drainage, and ranges
north around Hudson Bay andnorthwest into
Alberta; it apparently hasnot been record-

ed in Texas. In Oklahoma, Isely ({(1825)
records thespecies from theWashita, lower
Biue, andMuddy Boggy Rivers. We have taken
it abundantly in the DBlue HBiver below

Darant Dam but not above, in lower ?E’.IA'L*
nington Creek (Washita drainage), and in
Lake Texoma itself.

The two western specles of Lasmigona ap-
pear to replace each other in Oklahoma.
Lasmigona complonata is more abundant in
muddy and511ty situations with relatively
quiet water [(below Ihrant Dam is a con-
spicuous exceptian), while Lasmigona cos-
tate is more abundant in gravely riffles
and high-gradient streams.

STEREIANA 1

]

ANODONTA Lamarck, 1799

The complete absence of eardinal and
lateral teeth, and thin, straight or gen-
tly curved hinge lineimmediately separate
this genus from all others in the Lake
Texoma region. lImmediately to the east
there i1s a confusingly similar genus,
Strophitus Rafinesque, 18Z0; the single
species in Oklahoma is 8. undulatus (’%ay,
1817} -I=8. rugosus {Swainson, 1822)1-Ise-
ly (1925) records Strophitus from the\riud«
dy Boggy and Kiamichi Rivers, and we have
taken 1t in the three major branches of
the Little River (little, Glover, and
Mountain Fork). Strophitus is abundently
distinct in marsupial structure; however,
shells are quite similar except that Siro
phitus has simple sometimes posteriorly
angulate ridges on the beaks, whale in A-
nodonta the ridges are sharply biconvex
and angulate, also Strophitus has a heavi-
er hinge with a low obtuse swelling which
forms & weak angle interrupting the even
curve of the hinge line.

The two species of Ancdonta which occur
in Oklahoma are both reported to have her-
maph rodi tic individuals orentire colonies
(Heard, 1967; Tuecker, 1928; van der Scha-
lie and Locke, ],94‘1; and others cited
therein); Oklahoma specimens have not been
investigated,

Anodontas is one of the most widespread
naiad generes in the world, ranging from
Canada toMexico, Maine to Cali fornia, and
Western Europe to Asia and north Africa.
There are two general types {or species
gronps) in the United States; subgenus A4-
nodonta in the restricted sense 1ancludes
grandis and dozens of other names, many
of which aresurely synonyms; subgenus Py-
ganodon includes imbecilis and related
species, suborbiculeta, and the species
in Pacific drainage. Anodontae grandis and
imbeeilis occur widely in Oklahoma. Ano-
donta suborbiculata probably occcurs, as
this species hasbeen collected i1n Louwisi-
ana, Arkansas, Kansas, Missouri, lowa, and
farther east. The actual number of Neare-
ticspeclies in the genusis not established,
for no two authors agree; perhaps eight
to several dozen is a reasonable range.

Inodonta gmrzdts form grandts Say, 1629,
(rloater ) 7
Adnodonta grcmdls form stewartiana Lea,
1834. (Slop Bucket)
zAncdonta corpulenta, of Isely, 1924

The nomenclature and systematic status
of these two forms has not been worked out-
They aredistinct in some areas, and vet
appear to intergrade in others. In gen-
eral, shells from rivers with appreciable
current are referred to A. grandis fomm
grandis. Tthey are uveually smaller, less
inflated, and tend to hkave bluish-white
nacre. Shells from lakes, ox-bows, and
deep or sluggish rivers tend towards 4.
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randis form stewartiana, being larger
%up to 185 mm long), more inflated, and
tend to have pink, salmon, or bronze nacre.
The differences are not constant, and in
Oklahoma (Lake Murray for example) there
are large, inflated shells with bluish
nacre, and other combinations of the above
features. Tt is possible that man-made
lakes that were originally rivers and
streams all have graondis modified by the
change to quiet water, and thus convergent
toward stewartiana, but this hasnever been
tested, and is further complicated by the
pessibility of introductions via release
of game and beit fish carrying various
glochidia.

Juveniles of form stewartiane, unfortu-
nately without data, were found among mis-
cejlaneous shells left from previous ses-
stons in The University of Oklahoma Bio-
logical Stationinvertebrate zoology labo-
ratory. They are extraordinarily inflated,
exceptionally thin, and pale honey-brown.
They contrast sharply with juveniles of
form grandis whicﬁ are relatively com-
pressed, heavier, and darker greenish-
brown. In fact, they suggest genetvically
different species, not eco-phenotypes, but
our materiai is very meager.

The distribution of this species complex
13 odd. We have taken ‘grandis’ in each
cfthemajor eastern rivers (Mountain Fork,
Glover, Little, and Kiamichi}. There is,
at present, no record from the Muddy Bog-
gy, probebly due to inadequate collecting.
In the Blue River, ‘grandis’ is found on-
ly below Durant Dam, we have never found
it amongst the many hundreds of specimens
examined from above this structure. In
the Washita River and its tributary, Pen-
nington €Creek, and the Red BRiver, from
f.ake Texoma westward, most of the speci-
mens appear closer to “stewertiana’, as do
those from theCoastal Plain in southeast-
ern Mclurtein Councy.

The absence of this complex in the Blue
River above the dam suggests that ‘stew-
artiana’ stock may have extended upstream
from the Red River as far as the dam and
has there converged towards ‘grandis.’ Al-
though this hypothesis is reasonable in
terms of existing distribution data, the
alternate possibility that the Durant Dam
population is the iso{ated remains of once
more widespread ‘grandis’ stock has not
been disproved. Careful morphemetric anma-
iysis and study of the lower portion of
the Blue Biver may some day help settle
the question.

Anodonta imbecilis Say, 1829 (Floater)

This small, and very distinct, fragile
spectes is immediately separable from the
grandis complex by the flat umbones which
normally do not protrude a2bove the hinge

line in lateral view. In the imbecilis-
group the maximum dorso-ventral measure-
ment nomally extends from the hinge line
to the ventral margin. In the grandis-
group the maximum dorso-ventral measure-
ment extends from the swollen umbone to
the ventral margin. In Anodonta suborbi-
culate Say, 1831, the umbone is flat and
not inflated, but the shell is large al-
most circular in outiine, and suggests an
excessively fragile sancer; theother east-
ern species of Anedonta are much longer
than high. Red River dncdontea imbeci?'s
adults are about 43 to 70 mm leng The
largest seen, from the Scioto River, Ohio,
is 105 by 47 mm. In the Blue River series,
the largest of 40 specimens is T8 hy 38
mo.

The Oklshoma distribution of A. imbeci-
lis is incompletely known. We have a
single specimen from the Little River, a
series from Gates Creek below the dam of
Lake Raymond Gary and from theliake itself
(the creek enters the Kiamichi River just
above the junction of the latter with the
Red River). [Isely (1925) records it from
both the upper and lower portions of the
Kiamichi itseif. There are ne records
from the Muddy Boggy River. In the Blue
River the species israre below Durant Dam,
abundant in a swall tributary about 12
miles west of Wapanucka, and apparently
absent in the main part of the Blue above
the dam. The species is recorded in Lake
Texomy by Riggs and Webb (1956) and Sub-
lette (1957). In Washite River drainage
we have seen specimens from Pennington
Creek. Fimally, Isely (1925) records it
from West Cache Creek in Cotton County.

Subfamily Ambleminae
MEGALONAIAS Utterback, 1915

This genpus includeslarge blackish shells
with crowded ridges and nodules on the
beaks and a dense pattern of W, M, or ir-
regularly zig-zag ridges on the first few
years growth, Later years lack these fine
ridges although the posterior half of the
shell often has a series of oblique, par-
allel, undulating corrugations which are
smaller and more «closely placed on the
posterior slope. Most specimens have the
same corrugations and diagonmal grooves as
Amblemg, and, in fact, the two genera ap-
pear gquite similar and are combined %y
some workers. Ambleme lacks the compli-
cated sculpture of the early years, has a
rounded to oval cutline, and very large,
massive cardinal teeth, while Megalonaras
is quadrate in outline, espectally juve-
niles, and although attaining & much lar-
ger size than Amblema, has smaller cardi-
nal teeth. In addition, gravid females
of Megalonaias have the marsupia forming
targe purplish padswith rusty brown ‘pla-
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centae. ' Gravid individuals ccecur in Mis-
sourt {Utterback, 1915) from Augustthrough
the winter to about April.

There appear to be three or more species
in the genus in the United States, one
widespread, the other two restricted to
the Escembia, Apalachicola, and Ochlocko-
nee drainages in Florida and southern
Georgia.

Megalonaras %igcmtea (Barnes, 1823).
{(Washboard
= Quadrula heros, of Isely, 1925

Large adults have the largest and heav~
iest (hut not thickest) shells in North
America, thelargest we have seen from west
of theMississippi (from Arkansas) measur-
ing 200 X 155 mm; however, Haas (1941, p.
261) records a gigantic specimen 280 mm
long and 203 mm high from the Salt River,
Kentucky; this i.ngividual is about the
size of an 8% X 11 inch sheet of note pa-
er with the corners rounded off, The few
kl ehoma adults ere about 130 to 175 mm
long. Isely (1925} records the washboard
in the Blue, Muddy Boggy, and Kiamichi
Rivers, as well as the ‘.{arger rivers in
Arkansas drainage. In southern Oklahonma
we have a series from the lower Kiamichi
River, have not investigated the Muddy
Boggy River, and havelooked for it in vain
in the Blue River. Since it is said to
be a species of deep water 1t might still
occur in the lower %lue River in areas we
have not collected. This is, in fact, the
only species recorded in the Blue River
by Isely which we have not taken. The
species pccurs widely in the Mississippi
drainage from Texas and Missouri east to
Alabama and Ohio, and in our experience
is much less abundant than Amblema.

AMBLEMA Rafipesgue, 1820

Ameng the large, heavy shelled genera
of naiads in eastern Oklahoma, this is by
far the most common. hree or more obli-
que ridges cross the shell pesterior to
the umbone on a line roughly parallel to
the line of maximum length. Tﬁese ridges
vary in their number and state of develop-
ment, and in some populations are more or
less continued as smaller «corrugations
eurving dorsally and crossing the poste-
rior slope of the valve. ‘When the latter
sre present, they are fewerinnumber than
in Megalonaias, nine or less in Oklahoma
Amblema, fifteen or more in Oklahoma Me-
galonaias, counting only those from the
umbone to the posterior end of the lateral
teeth. Occasional specimens of Amblema
lack all ridges, others mayhave low wrin-
kles or weak pustules superimposed on the
ridges, in some almost theentire valve 1s
covered with wavy ridges; in all such cases
a useful featureis the very massive hinge
and exceptionally heavy cardinal teeth of
adults.
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A number of recent authors {for example:
Clench and Turner, 1956; Clarke and Berg,
1959; Murray and Lecnard, 1962} use the
name Crenodonta Schiuter, 1838 because Am-
tlema Rafinesque, 1B20 is precccupied by
Amblema Rafinesque, 1819, Rafinesque first
proposed the name with a single species
{ovalis) which is unrecognizable. The
following year, he used the name in the
sense of the present paper. It seems log-
ical to request the International Commis-
sion of Zoological Nomenclature te sup-
press Amblema Raf., 1819, and accept LEE
familiar usage of Rafinesque, 1820; this
has been done by Clark and Clench (1965},
and 1n anticipation of this decision, and
in the interest ofstability, we are using

Amblema Baf., 1820.

A bewildering number of species group
names have been applied to populations of
Amblema (plicata, costota, peruvigna, un-
dulats, rariplicata, perplicete, guintardi,
hippopea, ete.}. W{; go not know 1f only
one or several species are involved, how-
everitis evident that Ambleme is 2 plas-
tic, variable genus. [t seems probable
that all populations in the vast Missis-
sippi system are variants of plicata {Say,
1817) (the oldest name in tﬁe genus, de-
scribed from Lake Erie}, while separate
Gul ¥ drainage systems have more or less
related but 1solated populations, some of
which may rate species recognition. In
assessing these differences, 1t should be
remembered that as in many species of na-
iads, development of =zeoulpture and shell
proportions have been correlated (Ortmann,
1920) with stream size.

Amblema cccurs widely in the Mississip-
pl system north to Manitoba, in the Great
Lakes and 5t Lawrence system, and in Gulf
rivers from Alabama to Texas.

Anblema plicata (Say, 1817). (Blue Point,
Three- ridge)
=Quadrula plicata, of Isely, 1925
=Quadrula undulata, of Ese{y, 1925
=Crenodenta peruviana, of Murray and
l.eonard, 1962

The recognition features of this species
are discussed under the genus, and under
the related genus Megalonaias. Variation
i1s coptinuous, extensive, and confusing,
and the names of the many varieties have
often been used incorrectly so that for
example A. plicate of one asthor is not
necessarily the same as A. plicate of an-
ather. The name plicata (Say, 1817} ap-
plies to all populations provided they
constitute a single species; in the re-
stricted sense, plicata applies to the
dwarfed weakly uvndulate valveswith smooth
or almost smooth posterior slopes in Lake
Erie; peruvianae {Lamarck, 1819} is essen-
tially alarger sized plicate, and like it,
is strongly inflated; with high, full, in-
curved beazs, and bread weak undulations
on the disc and poesterior slope, it is
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characteristic of the largest, deepest,

sluggish rivers; rariplicatallamarck, 1819}
is similar except the beaks are lower and
it is not so inflated, it is also a slow
water form; perplicate (Conrad, 1841} is
moderately inflated, has low beaks and
broad, weak undulations, i1t is a form of
moderate current; costato Rafinesque 1820
15 flat, compressed, with low beaks, and
strongly cormgated disc and pesterior
slope, 1t inhabits the smaller, swifter
rivers and theheadwaters; quinterdi (Cra-
gin, 1887) 1is the extreme swift water
form with profuse undulations covering
much of the disc, and those on the poste-
rior slope crowded and sometimes branch-
ing. Since most populations are variable,
1t is often impossible to assign them to
one of these names. The complex needs
careful study.

Larger individuals from Oklahoma range
from about 90 to 120 mm long. A specimen
from the Muskingum River in Chio is 155 X
102 mm, and Haas (1941) mentions an I1li-
nois specimen 171.4 mm long. See the ge-
neric discussion for the distribution of
the species. Some infecrmation about the
life) history is given by Stein (1968,
1970},

TRITOGONTA Agassiz, 1852

Although this is the only member of the
Ambleminae with sexually dimorphic shells,
not all specimens can be accurately sexed
by shell characters alone. Males tend to
be shorter and wider, with the posterior
margin of the shell obtusely angulate dor-
sally, then diagonally truncate, and acu-
tely angulate postero-ventrally. Females
are longer and more slender, the posterior
end drawn out, rounder dorsall{ and bi-an-
gulate ventrally. Some shells, however,
are intermediate. The shells of beth
sexes usually aredensely tuberculate over
almost the entire surface, and there 15 a
conspicuocus, lumpy, post-umbonal ridge
marking the edpe of the posterior slope.
The periostracum can he dark blackish
brown, pale brewn, brown with beautiful
irregular green markings, or almost solid
green; the nacre 1swhite or various shades
of pink or purple. The genus 1s distin-
guished froem almost all other pusgulate
shells by itselongate form, even in males
the height being less than 60% of the
leagth. Quadrula cylindrice is even more
slender, but 1t 1is ’cygicaliy marked with
green triangles and has the dorsal and
ventral marginsof the shell almost straight
and parallel; Tritogonia has dorsal and
ventral marginsirregular andnot parallel.

There is one confusingly similar genus
which occurs in Oklahoma only in Little
River drainage {(Little River and Glover
Creek), Plectomerus Conrad, 1853, The
single species, Plectomerus dombeyanus

{Valenciennes, 1827)-1FP, trapezoides ({(Lea,
1831), see Walker 1928 I-is quite similar
to some short stocky males of Trito-
gonia although juveniles are very di ffer-
ent. Small zndividuals of Tritogonia are
essentially miniatures of the adult, with
a broad rounded anterior half and a nar-
rower postericr, when the valves are still
attached and widely open they lock like a
pair of angel's wings with broad shoulders
and rounded wing tips; small Plectomeras
are elongate, spindie shaped, and taper
fo an acute polnt poesteriorly se that an
open pair lacks the ‘shoulders’ and has
peointed ‘wing tips.’ Adalt Plectonerus
are di fferently shaped, beinglesspointed
posteriorly, with a very pronounced post-
umbenal ridge, and there 1s often & small
scarin the nacre half way from the umbone
to theventral margin and posterior to the
anterior adducter and retractor scars,
Tritogonia lacks this scar, andof course,
the distinctive outline of the juvenile
shell isvisiblein the early growth lines.

The genus contains a single widely dis-
tributed species which ranges through much
of the Mississippi system and the other
Gulf drainages fromGeorgia and Alabama to
Texas.

Tritogonia verrucosa {(Rafinesque, 1820)
Buck-horn, Pistol grip)
=Tritogenia tuberculata of Isely, 1925

the recognition features of this species
are discussed under the genus. This is a
varliable specles but the compressed, tu-
berculate shell, broadly rounded anterior
end, tnecurved wventral margin, and nar-
rowed posterior endare guite distinctive.
White nacre appears to be found almost
throughout the range, pink and purple na-
cred individuals tend to be more common to
the south. In the Blue River below Durant
Dam, 17 0 f 64 specimens are various shades
of pirk. In Gates Creek belowlake Raymond
Gary, 10 of 48 are pink, the remainder in
these two collections have white nacre; no
purple individuals have been seen inOkla-
homa, although =a few have the pink very
intense. Other collections 1n the state
have pink specimens inabout the same pro-
portion, but the series are too small to
be meaningful.

Most Oklahoma adults range between 100
and 140 mm long; however the speciss gets
considerably larger. The longest seen are
from Chic and measure 180 X 8%’ mm, and 172
% 92 mm. Haas (1941} cites a specimen
190.5 mm long from the Spoon River, Tlli-
nols.

This appears to beone of the most wide-
spread species inOklahoma, but itils never
numerically deminant. We have records
from througheut theBlue River, and in the
Kiamichi, Little, Glover, and Mountain
Fork. In addition, Isely {19253) records
1t from Cache Creek in western Oklahoma,
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and the Washita and Muddy Boggy Rivers.
We have not seen it from Pennington Creek
nor Lake Texoma.

QUADRULA Rafinesque, 1820

The dozen or more species of this wide-
spread genus are almost always externally
pustulate or tuberculate, have white nacre,
massive and completely formed hinge teeth,
and & broad, flat interdentum. There are,
however, a number of other pustulate-
shelled genera which can be distinguished
as follows. Four geners have females ty-
pically with all four gills marsupial, as
does Quadrulfa. Tritogonia Agassiz, 1852,
is sexually dimorphic andelongate {height
60%orless than thelength) while Quadrula
is notsexunally dimorphic in shell charac-

ters and, except for @. cylindrica, is
much shorter f{height 70% or more than
length). Quincuncina Ortmann, 1922, re-

stricted toparts of Alabama, Georgia, and
Florida,usually has chevron, W or M shaped
wrinkles near theumbones {as in many Qua-
drulae), but the latter are very flat and
non-inflated. Amblema Rafinesque, 1820,
and Megalonaias Utterback, 1915 have three
or more oblique ridges on the postericor
half of the shell which are independent
of the pustule and growth patterns.

All other tuberculate genera have the
marsupium resgricted vo some part, or all
of the outer gills., Obliguaria Rafines-
que, 1820, has 2 row of knobs from the um-
bone to the ventral margin, but differs
from all of our genera in that the knobs
alternate from left te right valves se
that no two knobs are cpposite each other.
Cyclongies Pilsbry, 1922, is very Quadru-
la-like 1in shell characters, but usually
has purple naecre. Plethobasus Simpson,
190G, convains both strongly and faintly
pustulose species, but the orange soft
parts fusually) and vellow toc red ova are
distinctive. The variousanodentine genera
can be distinguished by teoth strucrure,
see especially the description of Lasmi-
gona and the relaved genus Arcidens. Tt
should bepointed out that Quadrula cylin-
drica (Say, 1817) does not fit the above
discussion as well as the other species
in the genus; 1t 1s even longer and nar-
rower than female Tritogonia, it usually
has orange and black soft parts (similar
in color vo Plethobasus, but the eggs are
white and in all four gills), and a few
populations are scarcely pustulate, The
specles is, however, easy to recognize be-
cause of the long, parallel-sided dorsal
and ventral margins of the shell, and the
ormamentation 0? small, green triangles.

The genus ranges widely in Mississippi
and other west Gul{ drainages, and three
species (). quadrula, Q. pustulosa and Q.
cylindrica) have crossed into Lake Erie
drainage. These same three species occour
in Oklahoma (the first two in the Lake
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Texoma region), while two others enter
eastern Chlahoma but do not extend so far
wes .

KEY TO THE SPECIES OF QUASRULA IN OKLAHOMA

1. Shell wusnally ornamented with few to
many green triangles, rarely almost
the entire shell green. . . | .
Shell ornamented with green r a y s,
rounded spots or unmartked. .o

2. Shell elongate-cylindrical ormuch com-
pressed, much longer than high . . .

.. fRuedrula cylindrica (Say, 1817)
Shell subguadrate or triangulate only
slightly longer than high. . . . . .

. Quadrule metanevra (Raf., 1820}

3. Umbone and early growth years densely

sculptured; shell wusually with a
smooth postmedian depression bordered
with tubercles. . ., . . . . . |
Quodrulae guadrula (Raf., 1820)
Umbone andewrly growth vears nat sculp-
tured, or at most one or two smatl
pustules; shell without a smooth post-
median depression. o 1

4. Farly vyears growth with a few small
pustules, and no green vrays; later
vears with pustules tending to form
two diverging rows; posterior end of
shell emarginate; interdentum notched
- . Quadrule nedulate {Raf. 1820}

Farly vyears growth without pustules,
and with oneormore green rays; later
years with pustules random;posterior
end of shell rounded; interdentum
complete, without a notch. . . . . .

Quadrula pustulosa (lLea, 1831)

wadrula quadmla (Bafinesque, 1820).
(Maple-leaf)

Quadrula forsheyi, of Isely, 1925
Quadrule fragosa, of Isely, 1925
%xadrai& lachrymosa, of Isely, 1925
ritogonia nobilis, of Isely, 1925

TR ]

This is a very variable species or per-
haps even a complex of sigling species.
Adjacent streams often have very differ-
ent appearing populations, and scometimes
a single locality will have a varieuvy of
shells. The densely pustulate beaks, in-
terrupted by a smooth post-median de-
pression, constitute the most reliable
recognition feature. BSince the beaks are
often eroded, the fact that the smooth
depression continues to the ventral mar-
gin of the valve and there forms a con-
cave emargination of the otherwise con-
vex edgeis useful. Some shells (for exam-
ple from Pennington Creek} become smoothaf-
ter thefirst few years growth, while oth-
ers (Gates Creek below Lake Raymond Gary)
are pustulose to their outer margins. Such
lots appear very different when placed
side by side, but most collection sites
in southern Oklahoma have material wvari-
ously intermediate, many are recognizable
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at sight. Shells vary in size, shape, de-
ﬁree of sculpturing, and also in color.
hen cleaned, some are solid pale hrown,
aothers are lightly toheavily and complex-
ly petterned with green. An attempt to
understand the geographic variation of
this species waspub%ished by Neel (1941}
however, more studies are needed. Adult
Oklahoma specimens are about 60 to 110 mm
long, the two largest specimens seen, from
Ohio, are 180 X 87 mm and 172 X 92 nm.

Quadrula quadrula has been taken in every
river system in southern Oklahoma from the
Arkansas border to Lake Texoma, and Isely
(1925) records it also from the Red River
to the west, and from Cache Creek. We
have taken only one juvenile in the entire
Little River drainage, this wss in the
Lictle River itself, 5.2 mi NE of Cloudy.
None were found in the Mountain Fork River
nor in Glover Creek. TIn the Blue River,
above Durant Dam and in Glover Creek in
Little River drainage the species is ab-
sent although Quadrule pustulose is very
abundant. In the Blue River below Durant
Dam, Q. guadrule isalittle more abundant
than . pustulosa, In the Kiamichi Biver

Q. pustulose was the more abundant. In
iower Pennington Creek . pustulose was
absent and Q. guadrule was common. The

geographic pattern in Oklahoma seems to
be one of increasing abundance of Q. gua-
drula in the lower portions of the rivers
and on  the Coastal Plain, rapid replace-
ment by Q. pustulosa above the Fall Line,
and DH{Y scattered individuals of either
species 1n the high gradient streams and
headwaters.

Quadrula pustulosa (Lea, 1831)
{Warty-back, Pimple-back}

iIf the present conservative taxonomic
status iscorrect, this is one of the most
bewilderingly variablespecies inQklahonma.
The only constant features are the absence
of pustules in the first few years, the
white nacre, the massive hinge teeth, and
at Jeast atrace of one or more green Tays
on the umbonal region. Individuals can
be densely pustuled or entirely smooth
{rarely), with the posterior slope pus-
tuled, or costate, or smooth, with the
pastules aligned in symmetrical patterns
or irregular, with round pustules or lin-
ear ones, with round symmetrical outlines
or very asymmetrical with the beaks for-
ward and the shell produced ventro-poste-
riorly to give a triangular cutline, and
apparently all combinations and interme-
diate conditions. Someone should careful -
iy study individual and gecgraphic varia-
tion in- this species, and pay particular
attention to the correlation of the vari-
ous character states with each other and
with the environment of the <collecticon
site. Perhaps then some pattern wmight
emerge that gives us a better understand-
ing of the spectes. In this state, adul ts
are about 50 to 70 mm long; a very large
specimer from Ohio iz %5 X 85 mm.

The distribution of this species isparct-
ly discussed under Quadrula guadrula. In
addition, we have not yet taken it in the
Mountain Fork Biver, and [sely {(1925) re-
cords it in the Muddy Boggy and Washita
Rivers, and in Cache Creek 1in western
Okl ahoma.

FUSCONAIA Simpsen, 1900

This is one of several rather similar
genera, distinguished primarily by soft
parts. In Fuscenaie all four gilz’s are
usually used as marsupia, the ova are va-
riously pigmented, and the body ranges
from straw colored through orange to red.
Lexingtonia Ortmann, 1904 (we are aware
that the validity of this genus has heen
questioned), has not been recorded west of
the Mississippi BRiver; it alse has red
ova, but they are carried in the outer
gills only. Plethobasus Simpson, 1900,
oceurs rarely in eastern Oklahoma, north
of the Arkansas River, it has red ova in
the outer gills only, orange body, and a
pustulose to very weskly nodulose shell.
Pleurcbema Rafinesque, 1819, has white ova
in the outer gills (rarely in the inner
gills also), and usually excepticnally a-
symmetrical, rounded or cornucopia-shaped
valves; it is recorded in northeastern
Oklahoma by TIsely (1925) but we have not
taken 1t in Red River drainage.

Fusconaia includes from one dozen to
three dozen species, and is widespread in
those rivers and streems draining into the
GulfofMexico, there is at least one spe-
cies in the Great Lakes. The two most
widespread species-complexes center around
. flava {(Rafinesque, 1820}, usuaily with
orange or red ova, and F. ebena (lLea,
1831), usually wite blue or black ova,
both occur west of the Mississippi River
in Arkansas, however F. ebena is not yet
knows from Oklahoma. The populations of
Fusconaiae in eastern Oklahoma differ from
river to river, and sometimes within riv-
ers. Since they have reddish ova, it
would be easy te say that all are variants
of F. flova, but this obscures the essen-
tial complexity of the situation. The
flave-complex needs a detailed study. For
example, Fusconaia i1s one of the dominant
genera in the Blue River above Durant Dam
and in Glover Creek in Little River drain-
age. These two popuniations are so di ffer-
ent that they suggest distinct species.
In Blue Biver specimens, the valve is re-
latively small, thin, pale, not inflated,
a little asymmetrical, tends to be longer
than high, and juvenile and adult shells
are similarly shaped. In Glover Creek
specimens the shell islarge, thick, dark,
moderately inflated, hecomes very asym-
metrical at larger sizes, tends te be
higher than long, and juvenile and adult
shells are atrikingly different in shape,
the juveniles being like Blue River shells,
but the adults becoming very produced pos-
teriorly, resembling some species of the
related gepus Pleurobema. DBetween these
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two populations, 1n the lower Kiamichi
River, Fusconaie valves are almost gro-
tesquely thick-shelled inflated, and have
a pronounced posterier ridge preceded hy
a shallow dorso-ventral depression; they
appear similar to the widespread popula-
tion recognized nomenciatorially asFusco-
nata flave form undata (Barnes, 1823).
However, assigning names to all of these
various populations would be very prema-
ture.

Fusconaia sp., apparently flave {Rafines-
) que, }.820%

= Quadrulae rubiginose, of Isely, 1925

The smooth shell, interlocking latveral
teeth, bread and flatv interdentum, deep
umbonal cavity which invades the base of
the cardinal teeth, and the broad green
ray or rays on the umbonal region, will
diztinguish this species from all except
cccasional non-pustulate specimens  of
Quadrala pustulose. The latter is usually
more symmetrical, rounded, heavier, more
inflated, and generally less angular, but
cccasional specimens will be troublesome.
The tooth character mentioned 1in the key
{couplet 127 is not perfect, but it works
in the majority of cases. Although this
species appears exclusively white-nacred
in theBlue River, salmon-nacred specimens
are known to be scattered throughout the
range. Adult specimens of this form are
about 50 to 65 mm long above Durant Dam
and about 55 to 70 mm long below the dam.
The maximum size for Fusconaie flave in
Ohio is 115 X 75 mm for an elongate indi-
vidual, and 95 X 75 wm for a2 higher one.

The Blue River apparently marks thewest-
ern terminus of the range of this genus in
Oklahoma, It has not been taken in Pen-
nington Creek to the west and occcurs in
all Oklahoma rivers to the east. Peri-
pheral localities for the F. flava complex
include southern Manitoba, Ontario, New
York, West Virginia, Tennessee and Texas.

Isely characterized this species as oc-
casional in the lower Blue River and the
dominant species at Durant and Milburn.
He gives counts for the Milburn collection
where 70 of 148 shells (47%) were Fusco-
neta, Fifty-five years Jater 1t was even
more abundant as 244 of the total 348 shells
{70%} were this species. At Durant, how-
ever, there has been a drastic reversal,
for the species was the most abundant in
Isely's collection, while in 1967, onl
19 of 800 (2. 4%) were Fusconaia. In lgﬁg
the percentage was abeut 10% but at least
ten other species were more abundant. Since
this was a selected, non-random collec-
tion, Fusconeie was actually much less
common than 1t appeared.

Either the dam at Armstrong, or other
unknown factors, have had 111 effects on
this species. Modern conditions are ap-
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parently far less suitable. The great
abundance of Fusconcia upstream has not
been able te maintain the species in its
former abundance below the dam.

Fusconaia askewn {Marsh, 18986).
~Quadrula askewi, of Strecker, 1931

Recent collections of living specimens
in the Sabine River in Texas and Louisiana
by parties from the Ohio State University
Museum of Zoology were found to have red
ova carriedin both ocuter and inner gills,
thus requiring the generic combinstion in-
dicated above. This species complex is
poorly knewn; but scems limited to Gulf
drainages.

A single, slightly weathered valve was
dizcovered among the 800 shells collected
in theBlue River belowDurane Dam in 1967,
Tt 1is likely that theshell was dropped
by one of the many fishermen or children
who visit the site, for the species is
ctherwlise unknown in Oklahoma. The Sabine
Riverin Texas (downstream from Lake Tawa-
keni} where F. askewi is known to occur,
is only two hours drive from Durant Dam,
a distance very compatible with the search-
ing instincts of even a moderately avid
fisherman. Strecker {1931} records this
speclies in the Red RBiver drainage in Tex-
as, however actual specimens or localities
are not cited. The Bed and Sabine Rivers
are, of course, parts of different drain-
age systems.

The species has no outstanding recogni-
tion features, except pale pink to salmen
colored nacre. The single right valve
(OSUM 25790) is 67 mm long and approxima-
taly 47 mm high. The point of the beask
1s 20 mm from the anterior end, measured
by dropping a perpendicular line from the
beak to the line of maximum length. The
valve is about 16 mm wide. Specimens from
the Sabine [iver show the following fea-
tures. Smaller shells almost egg-shaped
in outline and more convex than the other
Biue River Fusconaie. larger shells {around
85 mm long or more) become very drawn-out
and pointed postero-ventrally; periostra-
cum dark brown to pale tan with few to
wany faint, narrow, darker rays; ercded
portions of shell with e pale pinkish aor
brownish tint, definitely not white;, um-
bone apparentiy with about three concen-
tric loops which aresharply angulate just
anterior to posterior ridge, and weakly
sintate medially; posterior ridge varies
from well deveioped to virtually absenc,
posterior slope with two almost parallel
dark lines or grooves crossing the growth
lines; nacre pale pink to salwon colored
to white; right <cardinal tecoth directed
above to half way threugh the anterior ad-
ductor muscle scar, the divergence from
the hinge line inereasing with age; right
lateral tooth single, but with a well-de-
veloped supernumerary rldge posteriorly,
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the laterals of both valves not parallel-
ing long axis of shell but directed pos-
tero-ventrally; interdentumof right valve
impressed, narrow, often with =& minute
notch, ef left valve better developed and
entire; anterior retracter muscle scar ex-
cavating base of cardinal tooth, especially
in right valve; pallial line often becom-
ing weak to vestigial posteriorly.

UNIOMERUS Conrad, 18533

This isone of the very few thin-shellsad
genera 1in the subfamily Ambleminae. In
Oklahoma, any smooth, thin-shelled species
with most of the outer gills marsupial and
interlocking lateral teeth, belongs here.
Actually, 1f present, the beak sculpture
is distinctive, consisting of a series of
concentric arcs which are widely open an-
teriorly {not attaining the shell margin
snterior to the wumbone), and which are
strongly hooked around theumbone posteri-
orly., Oklahoma shells average twice as
long ashigh (height 45 to 55% of length),
and are usually straw-brown to dark brown
externally, with whitish nacre often with
pale pink or blue tints. Shells with pur-
ple nacre, occurring in some other parts
of the range, may or may not be this spe-
cies. There 1s very little that is out-
standing, and when all eise fails, the fact
that this genus lacks most of the recog-
niticen features of other naiads, 15 use-
ful. The habitat is quite distinctive for
this isoften the only species abundant in
such temporary situations as roadside dit-
¢ches, cattle tanks, intermittent ponds
and streams, etc. Unicmerus is able te
withstand extendedperiods ofdrought with-
out desiccation by remaining closed in the
moist mud of 1ts habitat. Unfortunately,
the genus also occurs ip streams and lakes
in company with a naiad assemblage normal
for such situations, and it lsvarticular-
ly on such occasions that identification
can be troublesome.

Uniomerus seems to be unsatisfactorily
close to the thin-shelled speciesofEllip-
tio Rafinesque, 1820, of southemn and
eastern United States, but quite distinct
from the heavy-toothed Elliptioc dilatatus
(Rafinesqgue, 1820), the un{y species of
Elliptio which extends into eastern Okla-
homa.

There are from two to five currently
recognized species of Uniomerus; of these
i gesus {LLea, 1831) 1s a coastal species
ranging from North Carolina to southern
Florida te Texas. The Ohio State Univer-
sity Museum of Zeolegy alsc has specimens
from Virginia, and anisolated population,
perthaps introduced, in central Arkansas;
there is a slight chance that it occurs
in Oklahkoma. It 1is quite possible that
this widespread distribution masks more
than one species. A second speciesisdis-
cussed helow.

Drniomerus tetralasmus (Say, 1830).
= Unio tetrelasmus, of Isely, 1925

The recognition features of this species
are thesame as for the genus. Within the
genus, U. tetralasmus %ms the posterior
end of the shell aimost evenly rounded,
while the U. obesus complex (based on the
Arkansas series) has the posterior end of
the shell abruptly narrowed and elongated.

This species ranges from Ohio and Ala-
bama west to Ieowa, Colorado, and western
Texas. Isely (1925) had specimens from
Cache Creek, and two localities on the
Texas side of the Red River. Strecker
(1931) recerds it from Harrison, Cooke,
Montague, Bowie, Wichita, and Wilbarger
Counties, Texas, all in Red River drain-
age., We found one specimen out of over
1,000 naiads in the BlueRiver below Durant
Dam, and 1t is also in the Washita River,
Pennington Creek, and PBock Creek just to
the west of Pennington. County records
with noe other data are from Jefferson and
Marshall Counties, Oklahoma.

Large adult specimens range from about
85 te 115 mm long, while the largest we
have seen, from Ohio, is 125 mm leng by
63 mm high.

Subfamily LAMPSILINAE
PTYCHOBRANCHUS Simpson, 1900

The very unusual pleated marsupial gills
of gravid females are thebest feature for
recognizing this genus, and in fact, large
femaf:es have aprominent depression in the
nacre running from the wumbone obliguely
backward and downward marking the position
of the marsupium; in some old individuals
this 1is crossed by several smaller de-
pressions marking the individeal gill
folds. The shells are distinctively com-
pressed, and usually humped so that the
dorsal outline is much more arched than
the ventral. Ball {1922, p. 111} states
‘. the more swollen forms with a more
pronounced hump are to be found in the
larger streams, and the flatter forms
with practically no hump are confined to
the smaller rivers.” The cleaned perios-
tracum is straw-yellow with radiating
greenish lines or linear rows of spots,
the nacre is white or bluish white, the
hinge line is arched and massive for the
size of the shell, the lateral teeth ecurve
ventrally, the umbonal cavities are excep-
tionally shallow, and the height is about
48 to 5?)% of the length. In Lampsilis ra-
diate luteola also yellow with greenish
lines, the height isproportionately great-
er, about 53 to 61% of the length, the
shells and umbonal cavities are much more
inflated, and the teeth and hinge line are
thinner and straighter. In Villosa sp.
(resembling iris} ineastern Oklahoma, the
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shell is as compressedasin Piychobranchus,
but more elongate, fragile, and thinner.
Both of these genera have the dorsal and
ventral outlines of the shell more alike
than in Piychobranchus. Apecther genus and
species, Alliptic dilatate (Rafinesque,
1520) {=Unio gibbasus, oaflsely, L935) bas
heen recorded by Isely from the Kiamich:
River and from Arkansas drainage He men-
tions tp. 100) vhat Arkansas drainage

cimens have theusual and distinctive pur:
ple nacre, but those from the Wiamichi
were whi tenacred. The latter individuals,
if in fact they were Flliptio, weuld be
difficult te separate from Piychobranchus
without soft parts, however Eilipito nor-
mally has the periostracum dark green o

brown to black, and the beak cavit are
even shalleower than in Ptychobranc L W
have no receant records of Ellipt Erom

the Hed River drainage of Oklahoms in
the field, many dirty specimens of Piycho
branchus look like Elliptio, and this may
be the source of Isely’'s record.

The genus contains four or five species
distributed from the Great Lakes to Geor-
gia, Alabama, Kansas, and Louis

tI1 6.

Piychobranchus occidentalis (Conrad 18551,

(Kidney-shell)

= Ptychobranchus clintonense, of lsely,
1925

= Ptychobranchus phascolus,
1925, not of ather authors

Isely {1925} records two species of Ply
chobranchus from Red River drainage in 0-
klahema, P. occidentalis -T-clintonensis
Simpson, 1900 I and P. fasciolaris{Rafi-
nesque, 1820) -1 phaseolus (Hildreth,
1828) I-, the former from the Blue River
at Durant and Milburn, the latter from the
Kiamichi River at Tuskahoma. OQur collect-
ing has yielded only one species, so the
record of P. fasciolaris may be an error.
Ptychobranchus occidentalis 1is distin-
guished by the presence of very fine ‘eca-
pillary,’ green to black lines radiating
from the umbenal region, which are conti-
nuous or rarely interrupted at & growth
rest. These lines may be distributed over
the shell or progressively restricted to
the posterior slope, they arensually equal-
ly spaced butmay be in definite groups
separated by wider gaps. In contrast, P
faseiolarts has the lines in definite
groups, and interrupted at several growth
rests, or else the lines fuse into broad
green interrupted stripes., The di fference
is primarily one of degree since in Okla-
homa most juvenile and occasional adult
P. occidentalis have intervupted lines,
while P. fasciolaris occcasionally has the
groups more dispersed. This is a problem
which needs more study.

Pitychobranchus fasciolaris ocours east
of the Mississippi River and crosses into
Missouri {specimens in OSUM} while P oe-
cidentalis 1s recorded from Louvisiana, Ac-
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kansas, Oklahoma, Missouri, and Kansas.
Some of the records for Kanzas (Murray and
Leonard, 1962; Branson, 1966a, 1967) are
under the name fasciclaris but the illus-
trations and descriptions mention the fine,
continuous lines cheracteristic of ccci-
dentalis. Call’s (1BBS) record of P. fas-
ciolaris {as Unio phaseolus) fallsin the
same category. He says {p. 43) ‘The spe-
cimens seen from Indian Territory andKan-
sas are beagtl fully ornamented with nume-
rous green capillary rays.” Isely’s record
of fasetolaris from the Kiamic%i requires
investigation. Our ecollections contain
enly one dubicusly identifiable specimen
{UOBS 68B-105) from this river; it was ca-
talogued as occidentalis. Elsewhere in
Red DRiver drainage, occidentalis occurs
widely in the Little River and its tribu-
taries, and in the Blue River only above
Durant Dam. Since well over a thousand
specimens of naiads have been collected
below Durant Dam, Ptychobrenchus is now
either extremely rare or absent, Isely
characterized 1t as ‘common at Dorant,’
meaning that 3-15 specimens could be col-
lected in thirty minutes. At Milbum,
Isely found thespecies ‘occasional’ mean-
ing that with extensive collecting, single
specimens couid be found with some regu-
larity. Qur collection from the same site
35 yvears later resulted in two specimens
out of a total of 348 naiads, about the
same degree of rarity. The species appears
to become moreabundant upstream, for at
the Oklahoma rouvte T hridge {10miles north
of Milburn), 13 of 79 specimens were Pty-
chobranchus. In this latter collection,
most adults ranged from 53 to 75 mm long.
The largest was 82 mm long by 48 mm high.
A large series from the Mountain Fork Ri-
ver, 6mi SSmithville {over 100 specimens),
appears to be somewhat dwarfed; the lar-
gest 1s 70 X 35 mm, and most of the adalts
are from 45 to 60 mm long. Height/length
ratios of Red River system specimens usu-
ally fall between 48 and 55% A specimen
from the Ouachita River, Arkansas in OSUM
is 107 X 59 mm; the species undoubtedly
gets larger.

OBLIQUARTA Rafinesque, 1820

Wnen both valves arepresent, this ts an
exceptionally easy genus to recognize, for
the single series of widely spaced knobs
running from the umbonal beaks te the ven-
tral margin are ceonstructed alternately,
first one valve, then the other; most other
pustulate orcoarsely sculptured taxa form
the swollen portions of the two valves si-
mul tanecusly. Another obviocus feature is
the great difference in thickness between
anterior and posterior portions of a val-
ve. The shell surface, excluding the lar-
ge knobs, varies from smooth to densely
pustulate to wrinkled, and the periestra-
cum can bepale yellew to dark brown, red-
dish, or green, unmarked, or with green
or brown rays of various widths or even
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radiating rows of small dark spots. Usu-
ally even the smoothest shells have some
trace of corrugations on the posterior
slope. Internally, the pallial line is
more distant from theshell margin anteri-
orly than posteriorly, the nacre is white
or occasionally pink or purple, and the
hinge teeth are massive for the small size.

This monovypic genus ranges from the
Great Lakes and Minnesota south to Alabama
and Texas. In the south, 1t is not con-
fined to the Mississippi, but enters sev-
eral Gulf drainages.

Obliquaria reflexa Rafinesque, 1820,
{Three Horned Warty Back)

Isely (1923) reports this species from
the Washita, Blue, Muddy Boggy, Kiamichi,
and Little Rivers. Our specimens dupli-
cate all but the Moddy Bogegy records. Tx
is evident that this 1s & downstresm, bhig
river species for it is very rare to ahb-
sent inpupland, high-gradient streams. For
example, in Washita drainage 1t was com-
mon 1in siuggish, muddy Pennington Creek.
In the Blue Kiver, it 15 found only below
Durant Dam. In the lower Kiamichi it is
abundant. In the Little River system all
sur stations are upland: no specimens were
found in the Little River near Cloudy,
only 1% were found in Glover Creek, and
in theMountain Fork Biver none were found
among almost 2,000 naiads collected in
northern Mclortain Councy.

Oklahoma adults range from about 40 to
65 mm long. The largest specimen seen,
from the Muskingum River, Chie, is 84 X
T2 mm.

TRBUNCILLA Rafinesque, 1820

This genus of small naiads (rarely ex-
ceeding three inches long) shares with
Leptodea the smallest glochidia in the
subfamzly lampsilinae. Two of the current-
ly recognized species have glochidia less
than 0.% mm high. The shells are not u-
nique in any one feature, but are generally
ovate or elongate, with a posterior ridgs,
and a strongly developed, pyramidal, car-
dinal tooth in the right valve which pro-
jects deeply into the left. Almost all
specimens are raysed, sometimes the lines
are entire, sometimes composed of rows of
angulate spots, sometimes mixed. The ge-
nus Plagiola Rafinesque, 1820, with a sin-
gle species [lineolate {(Rafinesque, 1820}
15 somewhat similar, butislarger, strong-
ly sexually dimorphic i(males very com-
pressed, females smaller, more massive,
and inflated), has larger glachidia which
ape at each end rather than close per-
%ectiy, a broad, flat interdentum, angd
blunt, massive, cardinal teeth. Plagicla
is not found west of the Kiamichi BRiver.

Truncillia occurs from Lake Erie teo Min-
nesota, south in the various Gulf rivers
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from Alabama to Texas. The two common spe-
cies are variable and widespread, and may
camouflage the existence of additional
taxa.

Truncilla truncata Rafinesque, 1820
{Deer toe

= Plagiola elegans, of Isely, 1925

The species islarger, relatively short-
er and higher than T. doneeiformis. “The
height/length index of an adult T. trun-
cate varies from 68 to T9%, of T. dohaei-
formis from 54 to 67%, overlap probably
occurs. The most distinct specimens are
the old adults, for most T. truncata get
progressively higher relative to their
length as they age, while T. donaciformis
usually gets progressively more elongate
with the posterior end produced and nar-
rowed. In smaller specimens, T. truncata
tends to have a sharper posterier ridge
and entire rays while donaciformis isless
ridged posteriorly, and usuaily has rays
at least in part composed of rows of che-
vron-shaped or angulate spots. Some spe-
cimens are very difficult to identify. In
Oklahoma, ccecasional specimens with pink
instead of white nacre areinvariably trun-
cate, not donaciformis. Truncille trun-
cate varies 1in slze at least to 75 X 55
mm, hewever mostOklahoma adults arein the
43 to 60 mm size range.

The distribution of this species 1s the
same as that of the genus, except that its
resence in the Alabama Biver drainage
Eas been questioned. In Oklahema, Isely
{1925) found it in Cache Creek, and from
the Blue to the Little River inclusive.In
our collections thespeciesocecursonly in
the Blue RBiver belew Durant Dam, in the
Kiamichi River at 'Spencerville Cross-
ing', and Glover Creek in Little River
drainage. It is much more common at the
first two localities than in Giever Creek,
this suggests a large river species.

Truncilla dongct formis (Lea, 1828).
(Faun's Foot}
*Plagiola donaciformis, ofIsely, 1925
This is a small species which becomes
progressively more elongate with age. Its
basic recognition features arediscussed
under T, trunceta. Tts distribution is
the same as the genus. Most adults are

from 35 to 50 mm long, the largest seen
has no locality data, 1t is 61 X 30 mm.

Within its genus, T. donaciformis sppears
to be the more widespread species. Isely
(1925) had it from Cache Creek, Red Biver
(now lake Texoma), Washitas River {onesite
now in the Lake, one more upstream), and
in the Blue, Muddy Boggy, Kiamichi, and
Little Rivers. It has been recorded from
Lake Texoma by Riggs and Webb (1936) and
Sublette {1957}, "We have «collected it
washed up on theshores of Lake Texoma, in
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Pennington Creek, Blue Piver below Durant

Dam, and Gates Creek in Kiamichi drainage.

At the last site it and Quadrule pustulo-
su were by far the most abundant species,

LEPTODEA Rafinesque, 1820

Although the very small rounded glochi-
dium {shared with Truncille) is the bast
recogni tion feature, the shells of this
genus are fairly easy to distinguish from

all others except Potamilus laevissimus.

In Leptodea theshell isvery thin and com-
pressed; the periostracum is straw yellow
to pale brown, with weak green rays occa-
sional inadults, normal 1a juveniles, and
the posterior slope iscontrastingly dark-
er; the nacre varies from white to pink,
occasionally with palepurple iridescence;
the carvdinal teeth are very weakly devel-
oped, occasionally wunrecognizable or ab-
sent, extremely thin and directed through
or asbove the anterior adductor musc%
scar; normally, the ends of the valves
%fape and areincapable of closing tightly.
hen collecting live specimens a charac-
teristic feature is the length andstrerngth
of the foor; for its size and fragile
shell, we konow of no other Oklahoma genus
which anchors ttself se firmly in the sub-
strate.

e

The genus accurs in the Great Lakes, and
is widespread in the Trinity, Sabine, Mis-
sissippl, Tombighee andAlabama River sys-
tems Irom Texas to Alabama. The two or
three specias are capable of relatively
rapid movement and are not considered se-
dentary.

Leptodea frupilis (Rafinesque, 1820).
{Paper-shell)
= Lampsilis gracilis, of Taely, 1925

The large, thin, pale brown, sexually
dimorphic shells with exceptionally weak
pseudocardinal teeth are quite distinct-
ive. In males the greatest height is near
the middle of the valve; in females it is
posterior lo the middle, and the entire
posterior end 1s expanded relative to the
male shell. Many specimens, especially
vounger individuals, have a prominent
posterier wing, but the development and
incidence of breakage of this structure
varies greatly in adults.

The genus contains a second and very rare
species which enters southeasternOklahoma,
Leptodea leptodon {Rafinesque, 1820), Isely
{1925) records it from the Kiamichi River,
and we have cuneortwo specimens each from
the Kiamichi, from its tributary Gates
Creek, from thelLittle River, and from the
Mountain Fork River; additional OSUM spe-
cimens are from Missouri, Arkansas, Ohio
and Kentucky. The two species of Leptodean
have different shapes and occasionally
di fferent nacre-color; L. leptodon 1is
small, elongate, and males are spindle-
shaped in lateral outline, the nacre is
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usuall iridescent bluish white grading
te pinkish, rarely deep pink topurple, in
the umbonal cavity; L. fragilis is large,
ovate or elliptical, or even triangular
when the posterior wing is well developed,
and the nacre 1s unifermly colored, usu-
ally pink. The largest specimen of L. lep-
todon seen, from Gates Creek, below Laﬁe
Raymond Gary 1s exceptional, being 98 mm
long, 3t has pale purple nacre; TIsely
(l?%S) menLions 40—88 mm for his specimens.
Leptodea fragilis appears to reach a maxi-
mum size of 178 mm (Elaas, 1941, Spoon Ri-
ver, Illinois); however most adult speci-
mens from Qklahoma are about 60 to 100 mm
long.

Leptodea fragilis has a very wide dis-
tribution, occurring from Texas to Alaba-
ma in the various GulfofMexico drainages,
north toManitoba and New York, and cross-
ing into Atlantic drainage in the 3t. Law-
rence system in the Great Lakes, VYermont,
Ontaric, and Quebec, and via the Erie Ca-
nal into the Hudson River in New York.

As menticened under the genus, this is
an active spevies. Ortmann {1919, p. 251)
says ‘. . . it is & lively shell, crawl-
ing around frequently, and with a speed
unusual inother shells.” Utterback (1915,
p. 354) says ‘No mussel ismore active and
as itanchors itself so fimmly it 1s often
extracted from i1ts bed with great diffi-
culty. The straw-colored and green rayed
juveniles are easily loecated, not so much
by color as by their ‘traecks’ since they
are the most active crawlers.’ The spe-
cies pccurs widely in southern Oklahoma;
Isely (19253) records it from Cache Creek
and the Red, Washita, Blue, Muddy Bo
and Kiamichi Bivers. Riggs and Webb (l9§g%
record 1t from Lake Texoma. We have seen
specimens from Lake Texoma, Pennington
Creek, Blue River below Durant Ilam, Gates
Creek, and the Kiamichi River. MNo speci-
mens have yet been reported from Little
Biver drainage.

POTAMILUS Rafinesque, 1818
(=Proptere Rafinesque, 1820)

l.arge size, pink to purple nacre, and a
tendency for the valves to gape anterior-
ly will separate this genus from all oth-
ers in the state except Leptodea. The
definitive ax-head shaped Fligulate) glo-
chidium of Potamilus i1s the main reascn
for not combining the two geners, for some
Potamilus laevissimus shells are easily
confused with Leptodea fragilis. A number
of current workers ignore the glochidia
and place laevissimus in Leptodea, a deci-
sion which disregards the one really unique
feature of Potamilus. It 1s clear that
since Potamilus and Leptodes are recog-
nized as separate genera hased on glochi-
dial <characters, the species lgevissimus
belongs inPotanilus. If the glochidia are
ignored, then all the species of Potamilus
and Leptodec must be combined in one ge-
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nus. Further details can be found in the
discussion of Leptodea.

We have recently been informed (Morris-
on, 1969 and personal communication} that
the familiar name Proptera is a synonym
of Potamilus Rafinesque, 1818, It seems
likely that future workers will either ac-
cept the name Potamilus or apply to the
International Commission of Zoological Ne-
menclature for & ruling in faver of Prop-
terg. Since we camnot anticipate which
alternative will be chosen, we call atten-
tion to the problem and use the oldest
name.

Potamilus ranges from [udson Bay drain-
age to New York, south in Gulf drainages
from Alabama to Texas. About six species
are currently recognized, fomur of which
oceur in Oklahoma, and two enter the Lake
Texoma region.

KEY TO THE SPECIES OF POTAMILIS
IN OKLAHOMA

1. Cardinal teeth oriented on a line
passing through or above the anterior
adductor scar; fresh specimens with
nacre pale purple to pinkish-white;
left valvewith posterior cardinal tooth
reduced in size or absent.

Cardinal teeth orientedon a line be-
neath or posterior to the anterior ad-
ductor scar; fresh specimens with nacre
deep purple; left valve with posterior
cardinal tooth well developed.

2. Shell greatly inflated; left valve
with onelarge one small cardinal tooth,
right valve with dorsal cardinal very
long, low, serrate or jasgged. . . . .
Lo Potamilus capax (Green, 1832)

Shell compressed; left valve with one
cardinal tooth, right valve with dor-
sal cardinal thin, pointed and smcoth.

.Potamilus laevissimus (Lea, 1829)

3. Beak cavities shallow, the majorivy
of small musecle scars visible without
tilting the valve, . . . . . . . . . .

. Potamilus alatus (Say, 1817)

Beak cavities deep, the majority of
small muscle scars npot visible unless
the valve is tilted, e
Potamilus purpuretus {Lamarck, 1819)

Potamilus laevissimus (Lea, 1829). (Paper
Shelil. _

Lampstilis leevissima, of Isely, 1523
Leptodea loewissima, of various authors
Proptere laevissima,of various anthors

[FI

This is alarge, fragile, ective species,
broadly ovel in outline, with the umbones
more posteriorly %Jlaced than the other
Oklahoma species of Potamilus and Lepto-
dea. Some individuals have a conspicuous

posterior wing plus a smaller anterior
one, but the field recognition feature is
the growth pattern and final outline. The
photographs in Murray and Leonard (1962,
p. 124} ere excellent. The greenish-brown
to smoky to blackish periostracumisoften
so thin that parts wear off in nature or
during the scrubbing operation leaving
rayish lines and patches. Adults range
?rom 100 to 150 mm long.

Al though the species has been transfer-
red back and forth between Potamilus
(« Proptera} and Leptodea, the ax-head
glochidia place it clearly in the former
genus. It occurs from Ohio west to Minne-
sota, scuth to Arkansas and northern Lou-
isiana, and has been reported from Texas.

Potomilus purpuratus {(Lamarck, 1819).
(Purple Shell)
= Lampsilis purpurata, of Isely, 1925
= Proptera purpurata, of various authors

Adults have blackish perlostracum, pale
to deep purple nacre, the heaviest cardi-
nal teeth in the genus, and pronounced
sexual dimorphism. Males are rounded and
tapering posteriorly, females are smaller,
diagona%ly truncate, and often grossly in-
flated posteriorly. Most adults fall in
the 100 to 140 mm size range. Occasional
specimens or populations are much wmore
thin-shelled than normal, and can then bhe
confused with P lgevissinus or P. alatus.
The growth pattern and especially the po-
sition of the umbones is useful in such
cases. The shell inflation of this spe-
clies is somewhat intermediate between Po-
tamtlus ealatas (Say, 1817} and P. caopax
{Green, 1832. Potanilus alatus is re-
corded from Arkansas drainage by lsely
(19258); it is much more compressed, has a
better developed posterior wing, and shal -
lower besk cavivies. Potamilus capax is
recorded from the Kiamichi River at Roby
by Tsely (1925); it is the most extremely
inflated species of naiad in the state,
fragile and thin shelled, pale brown ex-
ternally, the left valve with the large
cardinal tooth directed dorsal to the an-
terier tip of the valwve, the right valve
with a characteristically long, low and
jagged dorsal cardinal, and nacre tending
to be whitish, sometimes pink in the cen-
ter and pale bluoish outside the pallial
line. The problem is not to distinguish
P. capax from the other species of Peta-
milus but from the southwestern populations
of the Lampsilis ovate complex. The pre-
sence of ax-head glochidia in Potamilus
or of mantle fiapsin Lampsilis will sepa-
rate them, The specimen illustrated by
Murray and Leonard (1962) as P, capax from
Kansas appears to be an old, large female
of Potamilus purpuratus. We have not yet
taken Pofamilus aletus nor P. copax in

Oklahoma.

Potamilus purpuratus occurs from western
Tennessee, Missouri, and Kansas, south to
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Potamilus purpuratus osccurs from western
Tennessee, Missouri, apnd Kansas, south to
Louisiana and Texas. Isely’'s specimens
(1925) were from Cache Creek and every
river from the Washita to the Little. The
Washita site is now part of Lake Texoma.
Becent specimens are frem Blue Biver below
Durant Dam, Kiamichi River and Gates Creek,
Litele Hiver, Glover Creek, and Mounctain
Fork River. The species is much more rare
at upstream sites, for no more than twe
per trip were found in the Little River
system.

LIGUMIA Swainson, 1840

This is a member of the Lampsilis-Vil-
losa-Toxolasma group of genera with spe-
clalized structures on the mantle antero-
ventral to the branchial opening. In Li-
gumio this area bears a long rowof evenly
and narrowly spaced papillae, which c¢an
be equal-sized or progressively smaller
posteriorly, and extent to or beyond the
mid-point of the ventral mavgin. The ge-
nus contains three recognized species which
vary from black to dark yellewish green
with darker rays. As usual in this com-
plex, rays, when present are clearest pos-
teriorly, and often fade out anteriorly.

Ligumie ranges widely, occurring from
Manitoba, Hudson Bay drainage, and St.
Lawrence drainage south through Gul fdrain-
age systems from Texas ta Alabama. Its
distribution in the Atlantic Coastal Plain
is intermittent from New ¥England te South
Carolina.

Ligumia subrostratae (Say, 1831).
cLampsilis subrestrete, of Isely, 1925

Female shells of this species are dia-
gonally truncate posteriorly like those
of Lampsilis and some species of Villesa.
Males have the posterior end characteris-
tically pointed with the shell margin dor-
sal to the point almost straight, and ven-
tral to the peint more strongly curved,
giving a boat-shaped outline. {%ccasional
oid females appear misshapen when they de-
velop & produced posterior tip and a pro-
nounced post-medial ventral swelling.

This is primarily a species of shallow,
even intermittent streams and ponds, and
isinsharp contrast to lLigunia recta {La-
marck, 1816} recovrded from Arkansas drain-
age in Oklahoma by Isely (1925). The Jat-
ter is alarge dark green, brown, cr black-
ish speciesof the major rivers, recognized
by its great length, theheight/length ra-
tio varying from about 35 to 43%. See al-
so the discussion under Villosa.

Isely’'s (1923) only records of subros-
trata from RedRiver drainage were a small
creek and lake on the Texas side. We have
found the species progressively more abun-
dant upstream in the Blue River above Du-
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rant Dam; in the upper Kiamichi, 0 9 mile
south of Big Cedar, Le Flore County; in
Glover Creek ofLittle River dreinage; and
Lukfata Creek {Little River drainage) a-
bout 6 miles scuth-southwest of Broken
Bow, as well as several small streams in
Arkansas drainage.

Red River specimens are small compared
with individuals from other parts of the
range. A large collection of 370 speci-
mens was btaken, in one hour, in a tribu-
tary of the Blue Biver % mile east of the
junction of Okl ahoma routes 99 and 7; the
argest male 1s 71 X 35 mm, the largest
female 56 X 32 mm. Most males range %1‘0m
3% to 65 wmm long, while most females are
35 to 53 mm long; male height/length ra-
tios range from 47.6 to 54.5% and average
51.1%, females range from 52.5 to 57%, and
average 34.5% The range of height/length
ratios for all Oklehoma material exmmined
is from 45 to G8%. A wmale fromPalarm
Creek, Conway County, Arkansas is 90 X 43
mm, larger specimens are to be expected.
Yalentine' s field notes for the ltarge Biue
RBiver collections are instructive. ‘Heavy
rains previous week . . . many [igamia
stranded on sand bars by rapidly lowering
water level, those still in damp sand or
isolated pools mostly alive, those in di-
rect sun ordry sand recently killed, with
soft parts still within the shell. Those
in thestream were all in shallowest parts,
often only one or two inches of water,
maximum water depth forligumia -I subros-
trate [- about 1 foot! ' The species must
really be active forwe followed trails in
sand all aver the place, each terminating
in a clam. A few Lanpsilis f radiata lu-
teola I- on the sand bars, perhaps 10%,
wvhile 50% of Ligumie on land. Ancdenta
imbecilis in very shallow water, bhut not
caught on land.’

VILLOSA Frierson, 1927

The genus Villose hes not previously
been recorded From Oklahoma; 1t therefore
was apleasant surprise to find two species
in Red River drainage in the state,

Most of the species of Villosa are small,
sexually dimorphic lampsilines rarely ex-
ceeding 73 mm in length. The genus is
best defined by its soft parts, Tthe man-
tle has a submarginal rowof unequal, usu-
ally well-separated papillae anterc-ven-
Lra{ to the branchial opening (at the same
site as the mantle flap of Lampsilis). The
closely related genus Ligumie also has a
row of papillae, but in [igumtia the papil-
lae are typically equally sized or pro-
gressively shorter anteriorly, more crowd-
ed, and more numerous, and extend about
hali way or mere toward the anterior end.
The differences are slight, for some spe-
cimens have slightly 1rregular papillae
and could be assigned on this basis alone
to either genus. The shells have few dis-
tinguishing features. The beak sculpture
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of Villosa and Ligumia is said to be more
symmetrically biconvex ({double -looped)
than Lampsilis, but this distinction does
not appear to exist in most Oklahoma spe-
cimens.

Ligunio recte {Lamarck, 1819) of Arkan-
sas Biver drainage eastward, and Lampsilis
anodontoides {Lea, 1831} are more elongate
and are easily separated from Villosa.
Lampsilis cvata {Say, 1817) is more robust
and less elongate than Villose and can al-
8o be easily recognized. The confusion
lies with distinguishing elongate speci-
mens of Villesa %rnm Ligumia subrostrata
(Say, 1831} and Lempsilis radiaete luteole
(Lamarck, 1819) when beak sculpture and
pericstracum are eroded away or discolored,
and soft parts are lacking. The latter
two species have height/length ratics of
45 to 61%, while those of Oklahema Villosa
are 48 to 65%, depending on the species.
With practice, most shells can be separa-
ted by subtle differences in shape (espe-
cially Ligumia), but with some Ligumia-
Villosa-Lampsilis material, only softparts
wil}l settle the matter, and even then a
truly objective decision is sometimes im-
possible.

The dozer crmore species of Villosa are
often listed in the genus or subgenus Mi-
cromya Agassiz, 1852; however, the latter
name was first proposed twelve years ear-
lier for agenus of flies, and 1s thus not
available %or use in the Mollusca.

Villosg occurs im 3t. Lawrence drainage
and in the various Coastal Plain rivers
from Virginia to Florida to Texas. In the
Missigsippl system the previous western
record appears to be Missouri.

There are two species of Villosa in Red
Biver drainage 1in Oklahoma which we are
provisionally referring to Villosa iris
{Lea, 1829) "and Villosa {ienosa (Conrad,
i834). Neither of these species has pre-
cisely the same characters here as found
in populations to the east. Each of these
two taxa forms widespread complexes which
are in very unsatisfactory taxonomic sta-
tes. Numerous names described from di-
verse drainage systems are combined under
the names tiris and lienosa in spite of
rather striking differences. The fact that
the Oklahoma populations are on the ex-
treme geographic periphery of these two
species complexes mskes it even more dif-
ficult to assign a name with any great
confidence.

Villosa Lienosa {Conrad, 1B34)

This species ranges westward to the Blue
River whereitoccurs mixed with Lampsilis
radiata luteclq in a ratio of about 1:33.
Whereas Lampsilis, when scrubbed careful-
Ly, is yellowish with green rays, Villosa
liencsa from the Blue River is all brown
and rayless. Dirty or worn Lampsilis r.
luteola valves arevirtually impossible to

distinguish from Villosa. Males of the
two genera have identical outlines. Lamp-
silis females in the Blue River character-
istically have the posterior end diagon-
ally truncate so that the line of maximum
she{l length 1s much closer te the dorsal
than to the ventral margin of the wvalve.
The Villose [emales from this river are
rounded posteriorly, not truncate, so the
tine of maximum shell length lies almost
equidistant between dorsal and ventral
margins. Unfortunately, females from east-
ern Oklahoma are truncate, not rounded,
but appear conspecific. They arediscussed
again below.

Scattered individuvals of Villosa have
been found in the Blue River from below
Durant Dam upstream to some of the smaller
permanent tributaries. The largest single
collection was six specimens taken in the
tributary of the Blue River % mile west
of the junction of Oklahoma routes 99 and
7. Five of these individuals measure 58
X 33, 53 X 31, 48 X 27, 44 X 26, 43°X 25
mn, and have height/length ratios between
56 and 59%. A male and femzle. from ten
miles mnorth of Tishomingo, measure 47 X
28 mm and 46 X 30 wm respectively; their
height/length ratios are 59.5 and 65% re-
spectively.

Ligumia subrostrata also occurs in the
Blue BRiver; it has dark rays on a paler
ground color, females are diagonally trun-
cate, and males are more elongate.

In eastern Oklaboma, the Kiamichi and
Little River systems have populations of
Villosa lienosa which are dark brown to
almost black with very faint rays. Fe-
males are strikingly truncate posteriorly
and have a prominently swollen posterioer
ridge. Both sexes are slightly shorter
and wider than specimens Zfrom the Blue
River, the vast majority of males are from
35 to 47 wm long, the largest is 52 X 32
mm: females are from30 to 43 mm long, and
the largest is 53 X 31 mm. Height/length
ratios average 63% abont six percentage
points higher than the Blue River speci-
mens, and range from 26 to 68%. The Little
River system also has aspecies resembling
Villosa irts {Les, 1829}, which seems to
have replaced Lampsilis r. luteola 1in
swifter current. This pretty and delicate
Villosa is yellowish with green rays, and
it has sexual dimorphism much less devel-
oped than in the other species, females
being only alittle more inflated, slightly
truncate, and lesspointed posteriorly than
males. Most males are From 3% te 35 mm
iong and have height/length ratios of 53
to gﬂ%; averaging 56.5%; most females are
from 35 to 48 mm long and have height/
length ratios of 56 to 63% averaging 59%.
The largest individuals of each sex seen
{out of over 300 shells} are a male 66 X
36 mm, and a femele 51 X 32 mm.
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TOXOLASMA, Rafinesque, 1831

(=CORUNCULINA Simpson  1898; CARUNCULINA
of authors)

Included in this genus are the smallest
species of narads in Oklahoma. Most ad-
ults range from 20 to 30 mm long, are elon-
gate-oval 1in outline, and have a ‘carun-
cle’ or fleshy projection on the mesial
surface of the mantle antero-ventral to
the branchial opening. in the same area as
the flap of Lampsilis, or the more poste-
rioy papillae of Ligumie or Villosa., This
structure has been described mswart-like,
or consisting of a tight group of papil-
lae, sometimes with z common base: the few
gravid females examined from Oklahoma had
a blackish wart-like projection which con-
trasted sharply with the adjacent pale
mentle surface. Some populations {spe-
cies?) in other parts of the range have
the projection white not black, and sonme
have a yellow, orange, or red caruncle, or
lack 1t entirely, The periostracum varies
from brown or green to black, the palest
specimens often have weak rays, the nacre
1s often iridescent (especially posteri-
orly) or with a bluish tint, the lateral
teeth parallel the veptral edge of the val-
ve or diverge slightly, the beak sculpture
is unusually «coarse for the size of the
shell, consisting of strong, posterierly
rounded ridges which are open anteriorly,
and theperiostracum of some species often
has (in  fresh shells) a characteristic
satiny luster dee tominute ridges between
and paralleling the growth lines. As in
related lampsi %jnesj when sexual dimorphism
is evident, meles are slenderer and more
tepered posteriorly.

Only one other genus in Oklahoma, Obo-
varia Rafivesque, 1819, has species as
small as some Toxolasma. Obovaria casta-
nea (Lea, 1831) ocecurs in the Kiamichi
and Litetle River systems, but no farther
west. This form i1s immediately separable
from Toxolasma because of its round out-
line {not elongate, the height,"iengtb in-
dex falls in the high sixties and seven-
ties) and down-curved lateral teeth (not
paralleling the ventral margin). Adults
of this population range from sbout 28 to
38 mm long and the largest specimens, all
males, range from 40 o 43 mm.

Use of the name Carunculina is not jus-
tified according to the International Bules
of Zoological Nomenclature, for thenname
Toxolasma Rafinesque, 1831, has many years
priority {(Morriscn, 1969}, Since the de-
cision to conserve or reject Caeruncuiina
has not been made by malacologists, the
name Toxolasma should be used.

Toxolasne parve {(Barnes, 1823).

=Carunculina parvae, of many authors
~Lampsilis parva, of Isely, 1925 )
fampsilis corvanculus, ofisely, 1925
«{Inio haleianus, of Call, 1885
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=l/nio parvus, of Call, 1885
={lnto texasensis, of Call, 1885

The Oklahoma species of this genus are,
perhaps, in even less satisfactory taxo-
nomic condition than the species of Vil-
fosa. The distribution of at least three
species suggests their possible occurrence
in Oklahoma.

Toxolasma parve (Barnes, 1823} has been
reported from New York to the Dakotas and
Alabama to Texas. Iszely (19253) reports it
{from Cache Creek, from a Washita River site
now flooded by Lake Texoma, from the lower
Blue River, and from the Kiamichi River.
Riggs and Webbh (1956) report it from Lake
Texoma. Toxolasma texasensis {Lea, 1857)
oceurs in {exas, Louisiana, and Arkansas,
northeast to [llinois, Call (1885) records
it from‘Indian Territor Hed River drain-
age, 'and Strecker (1931) records it in
Red River drainage in Cocke and Bowie Coun-
ties, Texas. Toxolasma glens (Lea, 1831}
cccurs in Arkansas and Missouri as well as
to the north and east. It has not, to our
knowledge, been recorded fromOklahoma but
may occur.

We have specimens of Toxolasma from Lake
Texoma, Pennington Creek, Blue River on
both sides of Durant Dam, Gates Creek in
Kiamichi drainage, Little River, Glover
Creek, and Mountain Fork River. The only
adequate series on hand are from the Blue
and the Mountain Fork Bivers. The Blue
Biver specimens are small, adults range
from 20 to 39 mm long, they lack sexual
dimorphism, they have a finei,y ridged and
lustrous periostracum, height/length ra-
vios fallin themid fifries, and they have
iridescent nacrewith pale blue tints often
grading to straw-color in the beak cavi-
ties. The Mountain Fork specimens are
small, thelargest of over 100 individuals
is 30 X 17 mm, mest are under 25 mm long,
they aresexually dimorphic (presumed males
are more elongate, anc})not as high), they
have a finely ridged and lustrous perios-
tracum, height/length ratios vary from 53
to 64% with the mean in the high fifties,
and the pacre isiridescent pale blue with
varying traces of straw-colored beak ca-
vities; they also appear to be T. parwva
but are less inflated than Blue River
shells and sexually dimorphic.

Toxalasma parva is locally hermaphrodi-
vtic (Utterback, 1915, p. 397; Tepe, 1943;
van der Schalie, 1966} and thus usually
lacks sexual dimerphism, the periostracum
has a characteristic silky sheen, the na-
cre 18 usually iridescent pale blue; the
largest seen, from the Scioto River, Ohio,
is 43 X 24 am. Toxolasme glans 18 sexu-
ally dimorphic (females are inflated and
diagonally truncate posteriorly}, the pe-
riostracum 1is less silky, the nacre is
often blue to purple without the irides-
cence; the largest seen, from the Wabash
River, Indiana, 1s 40 X 24 mm. Toxolaesma
texasensis may be much larger than the
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preceding two species, the largest male
seen, from the Trinity River, Texas, 1is
62 X 34 wm, while thelargest female, from
Palarm Creek, Conway County, Arkensas 1is
55 X 29 mm, adults are usually from 35 to
50 mm long; also there is pronounced sex-
ual dimorphism {(as in glans), the perios-
tracum is less silky than parve, the nacre
in some Arkansas and Texas specimens is
orange or straw-yeliecw, in others it is
iridescent pale blue, and in others there
is extensive orange or yellow within the
allial line an bluisgh peripherally.
Shells of this species can easily be con-
fused with some membersofthe Villosa li-
encsa-complex; 1in the absence of soft
parts, the posteriorly rounded and ante-
riorly open beak scuipture of Toxolasma
(l:ontrasts with thebiconvex ridges of Vil-
ssa.

LAMPSILIS Rafinesque, 1820

The distinctive feature of this large
and widespread genus is the presence of a
submarginal flap paralleling the pallial
line on the mesial surface of the mantle
just antero-ventral to the branchial open-
ing. The flaps can be protruded from the
shell when theliving mantle edgeis=srolled
outward around the edge of the valves (see
Walsh 1961 or van der Schalie, 1970 for
a photograph, and Grier, 1926, fer data on
temperature responses), but in preserved
material the flaps are withdrawn inte the
shell and greatiy contracted, Flap size,
shape, and ecolor are variable within a
species, and the size 1s sexually dimor-
phic, being much larger in females. 0f our
three species, the flaps are best devel-
oped in L. ovato, moderately developed in
lo. radiatae, and usually least developed
in L. anodonioides; as a result, & male
L. anodontoides may have litule more than
a narrow black ridgeon the otherwise pale
mantle surface. In gravid females of all
three species collected in the Blue River
below Durant Dam on June 16, 1969, the
mantle flaps are speckled with small gray
dots externally, while internally they
have two black stripes separated by a pale
stripe. The black stripes show various
degrees of intensity, and the pale stripe
varies from flesh colored to vivid orange.
In addition the end of the flap nearest
the branchial opening has, on both sides,
a variously developeg eye-like spot con-
sistingofa rounded black area surrounded
by or adjacent to a fleshy to orange col-
ared region.

Shells of our species of Lampsilis show
no unique feature by which they may be
separated from related genera; however,
each species complex has shell features
which aid ip i1ts own identifiecation. On
the generic level, shells are usually yel-
low to pale brown, or dark brown to black
with the edge pale; green or brown rays
are presentor agsent; the nacre is white,

red, crange, or pink, or has faint blue
tints insmaller individuals; the cardinal
teeth are usually thin and pointed, or
thick andblunt {(depending on species, age,
and locale), and the lateral teath paral-
lel or diverge from the ventral margin.
All of these features occur in various com-
binations in Ligumio Swainson, 1840, and
Villosa Frierson, 1927, these two genera,
however, typically have a row of papillae
in place of the mantle flap.

The species of Lampsilis (and related
genera) are sexually dimorphic. Males are
more compresssd, elongate, and taper pos-
teriorly, while females are more inflated,
shorter, and the posterior end 13 diagon-
ally truncate. The genus ranges from Hud-
son Bay drainage to Florida and Texas, and
frem the Atlantic coast to the Bocky Mount-
ains. Jt includes over fifteen species.

KEY TO THE SPECIES OF LAMPSILIS
[N OKLAHOMA

1. FElongate, length two or more times the
height. ‘ Lampstilis anodontoides
Shorter, length less than twice the
heighe. . . . . . S 2

2. Umbone not or weakly inflated; shell
outline with dorsal and ventral margins
relatively straight, more or less pa-
rallel or weakly divergent. . . . . .

oo ..o . ... JLampsilis radiata

Umbone inflated; shell outiine with

dorsal and wventral margins strongly

rounded, much toe curved to even sug-
gest parallelism. Lampsilis ovata

NOTE. Lampsilis rafinesqueana Frierson,
1927 {(see alsc photograph in Frierson,
1928), described from northeastern Okla-
homa {Moodys, Cherokee County), has not
been included in this key.

Lompsilis anodontoides form anodontordes
(Lea, 1831}. (Yellow Sand Shell) ‘
Lampsilis onodontoides form JFallociosa

Smith, 1899. {(Slough Sand Shell}

The elongate pale yellow to pale brown
shetls of this complex are very distinct-
ive. The anodontoides form 1s usually
larger and unrayed, the fallaciosa form is
usually smaller and typically marked with
radiating green lines. In both, cecasional
gray or dark brown individuals are found,
these areusually weathered shells or very
old specimens. The ‘taxonomic status of
these two forms is not settled to the sa-
tisfaction of all werkers. There are re-
ports of intermediate specimens in some
parts of the range, and of constant size
and colordi fferences inother populations.
Tcisperhaps significant that Isely (1925)
records fallactiose from 16 stations in Bed
Biver drainage (the most stations for any
species}, and anodontoides fromonlyone--
Cache Creek. In our recent collections we
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have never taken aliving fallaciosa, only
occasional dubious weathered shells while
anodontoides is common. It appears that
in the past 58 to 60 years, ancdontoides
has largely replaced fallacionse in south-
ern Oklahoma. Unfortunately, we still do
not know 1if this was the result of gene
exchange and submergence of one genotype
by another, or due to replacement of a less
successful species by a more successful
one, or both. It is alse possible that
ITsely's use of these names differs from
ours.

The Sand Shells are widely distributed
in Gulf drainage rivers from Filorida to
Mexico, north te Colorado, Minnesota, and
Ohioc. Different populations vary greatly
in size and, on cccasion, astonishingly
small gravid individuals are found. Lar-
ger adults inQOklahoma are sbont 90 to 130
mm long. The largest iandividual seen,
from Ohio, is 149 X 73 mm; however, Haas
{1941} mentions & specimen (as Lampsilis
teres) from Spoon Biver, Illincis, 178 mm
long. Tsely cellected sand shells in Ca-
che Creek, the BRed River, and all the main
tributaries from the Washita River east to
the Little River., OGur recent collectiouns
are from Beaver Creek inJefferson County,
Pennington Creek, Blue River below Durant
Dam, Kiamichi -Biver, Little River, and
Glover Creek.

Lampsilis radiate luteola {Lamarveck, 1819).
{(Fat Mucket)

=Lampsilis hydiana, of Isely, 1925 not
Lea, 1838

=Lampsilis radiate siligucidea, of re-
cent authors

Lampsilis radiate 1s one of the most
widespread and geographically wvariable
species in the family. Morphologically,
it is intermediate betweenl. anodontcides
and L. owvata; in Oklahoma anodontoides has
the height less than 50% of the length,
radiata has the height from about 32 to
61% of the length, and ovata has the height
from about 63 to 76% of the length. [t
would not bhe surprising to find occasional
specimens of one specles with dimensions
cverlapping those of another. The sub-
species L. r. lateola (the name chan-
ge fromsiligquoidee Barnes, 1823 is explain-
ed by Wheeler, 1963) i susually straw-yeilow
to pale brown with green rays which vary
from absent to .a few dingy lines at the
posterior end of the valve, ta a very bsau-
tiful pattern of wide green stripes over
the entire valve. Additional variation is
discussed by Gustavson and Tuthill (1864},

There seems to be a tendency for Gulf
Coastal Plain specimens west ofy the Mis-
sissippi to be heavier, browner, darker,
and with fewer but wider rays than inland
material. ese are Lampsilis radiate hy-
diana (Lea, 1838), known definitely from
Texas, Louisiana, and Arkansas. At pres-
ent, we have not taken hydigna in Oklaho-
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ma, but scattered darker specimens from
Red River drainage may represent the gen-
etic influence of thie form. The situa-
tion is occasionally further complicated
by a very similar brown species, Villose
lienasa, which, however, 1s usually not
rayed in Oklahoma. See the discussion of
this genus.

Lampsilis radiata radiate (Gmelin, 1792)
cccupies Atlantic drainages from the Saint
Lawrence to North Carolina. Lampsilis ra-
diata lutecla intergrades with radietae in
New York (see Clarke and Berg, 1939, for
an analysis] and ranges from the Great
Lakes south through mostof the Mississip-
pi system and west to Colorade. As 1in
most naiads, the westward distrabution is
probably not continuous, but broken intoe
tsolated populations. In Oklahoma we have
not foundliuteole west of Pennington Creek.
YTsely (1925} records it freom the Blue,
Muddy Boggy, Kiamichi, and Little Rivers,
but otr recent collections are curiously
spotty. The species is widespread in the
Blue BRiver, being deminant 1in the upper
part of the River. To the west, it oceurs
in the headwaters of Pennington Creek, bus
we have found no trace of it in the por-
tion of the creek south of Tishomingo. To
the east, we have no data for the Muddy
Bogegy; in the Kiamichi it is not present

amon the hundreds of shells examined in
the lower Kiamichi at ‘Spencervillie Cross-
ing,' however three fresh single valves

were found in the upper Kiamichi, 0.9 mile
south of Big Cedar, Le Flore County. 1In
Gates Creek {(a tributary of the lower Kia-
michi) the species was present in modest
numbers (28 of 413 specimens) in the
slough below thedam of Lake Raymond Gary.
We have no specimens from thelittle BRiver
as distinct from its tributaries. In
Glover Creek 1t is one of the less common
species at oul single collection site. In
the Mountain Fork River, one fresh speci-
men ocut of almost 2,000 may be luteola.
This individual has the entire shell suf-
fused withpale redunlike anything we have
seen in the state; its ldentity remains
uncertain. In the Livtle and Mountain
Fork River sites where typical luteclo ap-
pears to be absent, there is another yel-
low shell with green rays which 1is quite
abundant. It is a member of the Villosa
iris complex, and was mentioned earlier.
Ptychobranchus occcidentalis is also pres-
ent in the same two rivers, 1t can be dis-
tinguished by the very narfow green lines
and posteriorly down-curvedlateral teeth-

Males from the Blue River average lar-
er than females, most range from 50 to
5 mm long, females from 45 te 60 mm leng.
Large individuals from theBlue are a male
Bl X 42 mm and a female 72 X 44 mm. These
are very small compared with some other
parts of the range. Ortmann {1919, p.

284) mentions a Pennsylvania specimen 142
X 78 mm,
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Lampsilis ovata form veniricosa {(Barnes,
1823) {Pockethook)

slhanpsilis ventricosa, of Isely, 1925
Lanpsili s cvata subspecies. {Pocketbook!

sLanpsilis wentricosa satura, of Isely,

1925

This 1s & big, inflated species with the
largest height/length index in the genus;
see the discussion under the previous spe-
cies. Most male and female shells are re-
markably different in outline, the males
tapered posteriorly, the females truncate
and often grotesquely swollen. It should
be understood that the degree of sexual
dimorphism is geographically variable;
seme Oklahoma specimens approach themaxi-
mum amount of dimorphism.

The shells of L. ovata are progressively
darker and smaller in eastern Oklahoma.
Specimens from the Lake Texoma area are
yellowish-brown with variable traces of
darker rays, while those from Little Riv-
er drainage are almost black with brown
margins. These dark eastern specimens, as
well as others from adjacent states have
been called L. ovata satura by Isely (1925),
however Lempsilis satura (Lea, 1852) is a
very inflated brown form with paler peri-
phery. Specimens of satsre from the Sa-
bine River on the lLenisiana-Texas border
are rayless or nearly so, the left valve
has the dorsal cardinal low, elongate, not
strongly projecting, and directed above
the anterior tip of the valve; in fact if
it were not for the mantle flap and the
semi-elliptical glechidium these indivi-
duals couid easily be misvaken for Potami-
lus capax. The bleckish ovatg with pale
edges and high projecting cardinals from
eastern Oklahoma is not satura, rather it
appears to be a heavy, dark variant of
form wentricosa. True Lampsilis satura
occurs in a few Texas and Leuisiana streams
which flow directly into theGulf of Mexi-
co. Additional data on gecgraphic varia-
tion in this species complex are presented
by Cvancara {(1963).

The problem of identifying Lampsilis o-
vata in Oklahoma is complicated by ancther
lampsiline genus Actinongias Fischer and
Crosse, 1893, One species, dctinonaias
ligamentinag {Lamarck, 1819) -1: A.carina-
ta {(Barnes, 1823)1- accurs in Arkansas -
ver drainage and in Red River drainage in
the Kiamichi and Little Bivers; one other
species Actinonaias streckeri {(¥rierson,
1927) described in the genus Lampsilis,
occurs in Arkansas River drainage, and yvet
apother form, Actinonatas pleasi {Marsh,
1891}, may occcur. Specimens of Actino-
naias usuelly havemore massive teeth than
Lampsilis, are more compressed, and have
shells with less sexual dimorphism. In-
dividuals are yellow with green rays,pale
straw with green or brown rays, or dark
brown to black and rayless. The best way
to distinguish the two genera is by the

presence ofmantle flapsin femaleLampsilis
and theirabsence in females of Actinonaias
and all other genera. The presence of flaps
becomes evenmore important when one addi-
tional species is considered. Lampsilis
orbiculate (Hildreth, 1828), or at least
members of the orbiculata-complex, oceur in
Arkansas and eastward, but are net yet re-
ported from Oklahoma. They have mantle
flaps and are sexually dimorphic but the
shell has the thick nacre and heavy teeth
reminiscent of Actinonaias. Ma}.aco‘{ogists
in Oklahoma should wateh for specimens of
the L. orbiculate complex mixed with col-
lections of Actinonaias ligamentina; all
specimens with soft parts should be checked
carefully.

The Lanpsilis cvata complexisdistribu-
ted widely in North America east of the
Rocky Mountains. Lempsilis ovata formven-
tricosa is the most widespread form, oceur-
ring from Hudson Bay and St. Lawrence
drainage, to the Mississippi and its many
tributaries, According to Qrtmann (19].9%
Lampsilis ovaeta form ovata {Say, 1817) is
the large river form confined to the major
streams of the Ohio system, primarily the
Ohio, Cumberland, and Tennessee Rivers. In
these rivers cvata is replaced by wentri-
cosqa in the smaller triiutaries. Recent
collections reveal that L. ovata formovaia
is erther extirpatedorreplaced by L. ova-
te form ventricosa in these large rivers;
however, relict populations of %oma ovata
survive i1n some medium-sized streams. In
the rest of Mississippi drainage, ventrico-
sa occurs alone. This andrelated problems
are currently being studied by several work-
ars.

in southern Oklahoma,Isely (1925)records
old weathered shellsofwventricose from two
sites now covered by Lake Texoma, one in
the Red and one in the Washita River, and
from the lower Kiamichi. He also had liv-
ing material from thelower Blue River and
from theBlue at Milburn. e records ‘ven-
tricose satura’ from the Muddy Boggy, and
the Kiamichi at Tuskahoma. Our records are
from the Blue Kiamichi, Little, Glover and
Mauntain Fork Rivers. Blue and Kiamichi
River specimens arereferable to ventrico-
sa, whilethe Little River collections are
the extra dark form mentioned above. In
the Blue River the species occurs on both
sides of Durant Dam, but apparently doesnot
extend north to Connerville. Our most up-
stream record forventricosa in theBlue 1s
at Oklahoma Route 7 bridge, Johnston Coun-
ty, and the species does not become easy
to find unti]l the vicinity of Milbum.

Ortmann (1919, p. 302) mentions a Penn-
sylvanjia male 135 X 120 mm, and a female
123 X 88 mm. Oklahoma specimens are con-
siderably smaller but increaseinsize from
east towest; Little River adults from up-
stream sites are about 65 to 95 mm long,
those below Durant Dam areabout 95 o 125
mm leng. The largest seen are a male from
Ohio 160 X 100 mm, a female from Ohio 130



NO.

X 89 am,

42, JUNE 1571

and a wider female from Missouri

125 X 95 mm.

SHELL KEY TQ THE SPECIES OF UNIONIDAE

(
th
an

4.

[¥a]

6.

IH THE LAKE TEXOMA REGION

Lateral and cardinal testh absent . 2
Lateral or ecardinal teeth present,
sometimes small. - 1

Umbone not inflated in side view not
projecting above hinge line. o

o Anodonta imbecilis

Unbone inflated in sideview project-
ing above hinge line. .

Nacre usually various shades of jri-
descent pale blue; largest individuals
range up to 120 mm long; shell inflated
but not grossly; stream form usnally in
flowing water. . . . . . . . . . .

cAnodonte grandis form grandis

Nacre usually variocus shades of bron-
ze, plok,or white; largest individuals
range up to 185 mm long, shell grossly
inflated; lake form uswally in sluggish
or still water. . . . . . ., . 0
.o Anodonta grandisform corpulenta
NOTE. The taxonomic relationship of
ese two taxa has not been clarified
d needs considerable study).

Hinge platewith areaoflateral teeth
not forming an interlocking tongue and
groove, but rather flatand shelf-like.

o Lasmigona complanata

Hinge plate with lateral teeth typic-
ally forming aninterlocking tongue and
groove, theleft valve with the groove,
the right with the tongue. . . . . . 3

Shall pustulate tuberculate, or with
raised ridges running obliquely across
growth lines and not restricted to pos-
terior slope.

Shell smooth, or 1f ridged, these pa-
ralieling growth linesorrestricted to
posterior slepe. . . . . . . . . 11

Posterior half or mere of shell with
2 to many broad parallel ridges, the
widest ones fairly straight and running
obliquely backward and downward, the
narrowest ones (il present) curving u
to the dorsal margin of valve. ‘ 9

Shell pustulate or tuberculate: at
best only oneclear cutoblique ridge . 8

Umbone and first three or four vears
growth each with short, irregular zig-
zag ridges forming V., W and M patterns
which can replaceoroverlap the larger
oklique ridges; usually 15 0rmore curv-
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ing ridges
shell alon
rior end of

of

to poste-

reach the dorsal edge
area from umbone
lLateral teeth. o
Lo . Megalonaias gigantea

Unbone and first three or four years
growth withoutirregular zig- zag ridges:
usually no more than 9 curving risges
reach dorsal edge of shell along area
from umbone to posterior edgeoflateral
teeth, . o Amblema plicata

Usnbone and first 2 or 3 years growth
with obscure beak sculpture, but without
pustules. . Quadrula pustulosa

Unbone and/or first 2o 3years growth
with tubercles or pustules. oo
Two to four large knebs in a vertical
row from umbone to ventral margin, these
formed first on one valve thenon other
so that when valves are together no two
knobs are opposite, the knobs of one
valve alternating with thoseof the oth-
er valve.. Obliguario reflexa
Knobs on shells numerous, not alter-
nating. . . . . . . . . . . . . . .16
Shell moreelongate height/length ra-
tio 60% or less.. Tritogonia verrucosa
Shell shorter, rounder, height/length
ratio T0% or more. ., Quadrula quadrula

Interdentum forming abroad flat shelf
be tween cardinal andlaceral

teeth; um-
bornal cavity deep andcavernous, invad-
ing and hollowing out the base of the
cardinal teeth. P 12

Interdentum at best forming a convex
ridge between cardinal and lateral teeth;
umbonal cavity shallow, not or weakl
invading the base of the cardinal teet

13

Longitudinal axisof antericr cardinal
tooth {leftvalve) orsocket (right val-
vel usually passing across center of
anterior adductor scar. Fusconaia flave

Longitudinal axis of anteriorcardinal
tooth {lefevalve) arsocket {right val-
ve) passing along ventral margin or be-
low anterior adductaor scar. . . . . .

Quadrula pustulose

Lateral teethparallelingordiverging

posteriorly from longitudinal axis of
shell. . . e 16

Lateral teethdirected towards ventral
edge of shell posterl.orly‘ ablique to
longitudinal axis of shell. 14

Periostracum yellow with a few fine
greenish lines, or with green rays, each
ray composed ofmany very fine parallel
green lines, thesesometimes restricted
to the posterior slepe.

Ptychobranchus oceidentalis
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15.

16.
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Periostracum not rayed, or 1f so each
ray solidly colored, or else cach ray
mottied, or witha hermngbona or che-
vron pattern. . . . . . . .. . 15

Shell more elongate height/length ra-
tio 53%or less . . Uniomerus tetralasmus

Shell shorter, he1ght,,/lengt.h ratio 54%
Or more.

Umbone strongly anterior; hxghestpart
of valve{dorsal to ventral margin) well
postericer to umbonal swelling; maximum
length about 170 mm. .

Unbone slightly anterior or median;
highest partofvalve at or barely pos-
terior to umbonal swelling;, maximum

~length about 80 mm, . . . . . . . 18

17.

18.

20.

21,

22.

23.

Nacre deep purple (can fade to pink or
white in dead shells); periostracum al-
most black, or very dark green; left
valve with two strongly projecting well
developed cardinal teeth, right velve
with one tall toothPotanilus purpuratus

Nacre pale purple topink; periostra-
cum pale to dark brown; both left and
right valves with single small thin,
barely pro;ecmng cardinal teeth.

. . Polamilus laevissimus

Shell more elongate height/length ra-
tio 67T%or less. . Truncilla donacifornis

Shell shorter, rounder, height/length
ratio 08% or more.. Truncilla trunceta

Shell usually with sposterior-dorsal
wing; highest part (dorsal te ventral
margin} well posterior toumbonal swell-
ing.

Shell without aposterior wing, high-
est part at or adjacent to the umbone.

Cardinal teeth small, very thin and
compressed, almost vestigial the edges
smooth or almost so. . . A |

Cardinal teeth well developed or if
small, with dorso-ventral depth (pyra-
midal) or with ragged edges. .22

Periostracum eilow to pale brown;
nacre usually pai/e pink. .

Lo . .’eptociea fragll,ts

Perlo%tracum greenish to dark brown;
nacre usually pale purple, .
A Potamilus laevissimus

Nacre pu rple {in fresh shells}
Potamilus purpuratus
Nacre wh;te, iridescent blue, or va-
ricus other shades, not purple. . . 23
Height/length ratio 63% or greater .
Lampsilis ventricosa form ventricosa
Height/length ratia 61% or less. .24
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24. Perioscracum straw yellow to pale
brown, with orwithout dark rays. . . 25

Periostracum uniformor almostuniform
dark brown, rays absent or barely indi-
cated. . . . . . . . . . . . . . . 28

25. Periostracum dark topale brown paler
peripherally, with numerous darker rays
espemally evident around the edges.

. R Ligumie subrostrata
?erlos‘tracum entirely strawyellow to
pale brown, rays present or absent. 26

26. Height/length ratio 53% or more. .
. . Lampsilis radiata iufﬁola
Hei gh t/len gth ratio less than 50% . 2

27. Periostracum not rayed. Lanpstlis
anodontoides form ancdonteides

Periostracum with numerous dark rays.
Lampsilis anodontoides form fallaciosa
NOTE. The taxonomic relationship of
these two forms has not been settled.

28. Beak sculpture consisting of a few
pnsterlorly angulate arcs.
. Toxolasma parua

3&ak 'sculpt:ure consistingo{ many bi-
convex arcs. Villosa lienosa
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