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ANNOUNCEMENT 

STERKIANA is named after Dr. Victor Sterki ( 1846-1933) of New Philadelphia, Ohio, famed 
for his work on the Sphaeriidae, Pupillidae, and Valloniidae. It is fitting that this serial should . 
bear his name both because of his association with the Midwest and his lifelong interest in non­
marine Mollusca. 

The purpose of STERKIANA is to serve malacologists and paleontologists interested in the 
living and fossil non-marine Mollusca of North and South America by disseminating informa­
tion in that special field. Since its resources are modest, STERKIANA is not JXinted by con­
ventional means. Costs are kept at a minimum by utilizing various talents and services avail ­
able to the Editor. Subscription and reprint prices are based on cost of paper and mailing 
charges. 

STERKIANA accepts articles dealing with non-marine Mollusca of the Americas in 
English, French, or Spanish, the three official languages of North America. Contributors are 
requested to avoid descriptions of new species or higher taxa in this serial as t,he limited dis­
tribution of STERKIANA would probably prevent recognition of such taxa as validly published. 
Papers on distribution, ecology, and revised checklists for particular areas or formations ate 
especially welcome but those on any aspect of non-marine Mollusca will be considered. 

STElU<IANA will appear twice a year or oftener, as material is available. All correspo!l­
dence should be addressed to the Editor. 

SUBSCRIPTIONS: sot per number; subscriptions may be entered for not more than 4 num­
bers in advance; please make checks and money orders payable to the Editor. 

STERKIANA est une collection de travaux sur les Mollusques extra-marins des deux Amc!­
riques, distribuc!e par un groupe de malacologues du centre des Etats-Unis. STERKIANA pu­
blie des travaux en anglais, en fran~ais et en espagnol acceptc!s par le conseil de rc!daction. 
Pri~re d'adresser toute ·correspondance au Rc!dacteur. 

ABONNEMENT: sot le numl!ro, par ch~que ou mandat payable au RE!dacteur. 

STERKIANA es una coleccion de trabajos sobre los Molu$COS extra-marinos viventes y fo­
siles de las dos Americas, editada por un grupo de malac6logos de los Estados Unidos centrales. 
Contenira en el porvenir trabajos en ingll!s, francl!s, y espal'lol que seran acceptados por la 

·mesa directiva . . La correspondencia debera ser dirigida al Edltor. 
PRECIO: SOt el mimero. 
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FOSSIL GASTROPODS FROM A PALEO-INDIAN ARCHAEOLOGICAL SITE IN 

CALGARY, ALBERTA, CANADA: LOCAL AND REGIONAL SIGNIFICANCE 

Michael Wilson* and Aur~le La Rocque** 

INTRODUCTION 

In No vembe r , 1968 salvage archaeological 
e xcavations "' e r e conducted at the Mona l.isa 
site (EgPm - 3 in the Canadian s ite number ­
ing system) in Calgary, Al be r ta, Canada 
Excavations for the basemen t of an art gal ­
lery encountered an extensiv e bison ' bone 
bed underlying the Mazama volcanic ash , 
and as so ciljted crude art1 f a ct s indicated 
that man was the predatory agent involved 
( Wilson , 1969b). 

Bison bones constitute nearly theentire 
faunal sample from the site; these have 
been tentatively iden ti fi ed as a small form 
of Bison bison occidentalis (Wilson, 1969a, 
discussion : 208; Wilson , 1972; Wilson , n . 
d . ) . However , a small sample of gastro­
pods was recovered during the preparation 
of the bone material . The semi-frozen na­
ture of the soil andtheneces s arily brief 
nature of the salvage excavati ons limited 
sampling possibilities . 

Gastropods were submitted to the jun i or 
au thor in 1972 , and the results of de­
tailed comparison are reported below . The 

•••••• ••••• •• •••••••••••••••••••••••••••• 

Department of Anthrop~logy , l ;niv<'rsity 
of Wyoming, Laramie, Wyoming 8 2070 

•• Department of Geology and Miner a logy . 
Ohio State University, Columbus , Ohio 43210 

TOPOGRAPHY 

The Mona Lis a ;; i te 1 s s i tu a ted in sou th ­
we s t C. a l g a ry ( 5 1 o 0 2 ' N. 1 a t . , 11 40 0 5 ' W 
long . ) . near the southern margin of the 
bro ad prehi~toric floodpla i n of tht> Bow 
River . The a I ti tude o f tbe site is ap ­
proximately 3445 fe t> t abo ve sea level ­
The p resent controlled river level at a 
po int one mile north of the site is about 
25 fet>t lower than theplain surface . Two­
t e nth s of a mil e south of the site an ab­
rupt topographic rise to Mount Royal \ 3550 
feet above sea lev e l) delineates the pre­
h is to r i c flood p 1 a in. 

STRATIGRAPHY 

Deposits in the site area are floodplain 
alluvium, ranging from co bble - sizt> gravels 
to fine ove r bank silts and clays . To the 
south, Mount Royal is capped with strati­
fied drift or outwash (Meyboom, 1961, Rut­
ter and Wyder , 1969) . The s e ction at the 
site (measured by N. W. Rutter and B. 0 . K. 
Reeves) is summarized in Figure 2. A 
fourfold divi si on of the section is made, 
ba se d upon unconformities and change s in 
parent material . 

During deposition of the cobbly to peb­
bly gravels of Unit A, the Bow Rive r eVi­
dentl y flowed near the site , perhaps with 
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a meander or braid channel against the base 
of Mount Royal . This gravel isclear!"y de ­
rived from the west, and may include re­
worked materials from thP high-terrac e 
Morley Gravelsoflate Wisconsin age (Tha­
rin, 1960; Meyboom, 1961), as well as 
outwash directly derived from latest Wi s­
consin valley glaciers to the west , re ­
ceding from theEisenhower readvance. Thi s 
advance occurred more than 9300 radio ca r ­
bon years ago (Rutter, 1966a; 19fi6b). Unit 
A terminates in a well-developed black 
paleosol. A thickness of 3 to 5 em . for 
its surface component falls far short of 
the requirements of the Mollie epipedon 
(Soil Survey Staff, 1960) , although its 
darkness suggests the incipience of such 
development. The surface component may be 
referred to an Och ric epipedon, with a thin 
(5 to 7 em .) gray Cambic subsurface hori ­
zon . A detailed study of thi s paleosol 
has yet to be performed . 

Unit B marks renewed deposi tiona! acti­
vity; this time , however , in the form of 
overbank silts and clays with occasional 
pebbles of quartzite. Faint carbonaceous 
streaks suggest in termi tten t pedi genesis 
on the floodplain during this period. The 
bone bed is situated in the middle of Unit 
B and is not accompanied by any changes 
in parent material or grain size of se di­
ments . A large sample of bone material 
including ribs and tibiae was submitted to 
the Geological Survey of Canada laborato ­
ries by Dr. N. W. Rutter for C-14 analysi s, 
and a date of8080 ± 150 radiocarbon years 
B. P . (G. S.C. 1209) was obtained (Lowdon, 
Robertson and Blake, 1971) . A 2 cr range 
of 8080 t 300 C-14 years almost cer tainly 
brackets the correct age , in view of age 
estimates for the underlying gravels and 
the overlying Mazama ash . lln it B thus 
falls within Late Pinedale time s ( =Valder­
an substage) , or before the Hypsithermal 
interval (Richmond, 1965). 

Unit Cis a thin deposit of a grain size 
di s tribution comparable with that of Unit 
B. However , Unit C differ s in origin, as 
it i s made up of a large component of vol­
canic ash in addition to the silt loam . 
Samples from thi " unit were submitted to 
Mr ;;. Ro se Okazaki and Dr . li en ry W. Smith 
of the Department o f Agronomy ( Soil s), 
Washington State Un i ve r si Ly , for a11alysi .< . 

Th e s am p 1 e s we r e a l 1 ide n t i f i e d a ~ M a z am a 

.. ... .. , · 
. . . . . ~ . . . . 
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Fig. 2. The stratigr~phic column 

at EgPm-3, Mona Lisa Site. 
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ash, derived from a widespread ash fall 
dating within the period 6600 to 6000 years 
B.P. (fryxell, 1965; Westgate and Dreima­
nis , 1967; David, 1970). 

Unit D includes all of the post-Mazama 
d ep o s i t s a t th e s i t e . S i m i 1 a r i n n a tu r e 
to Unit B, this final deposit is composed 
of fairly homogeneous silts andclays with 
intermittent carbonaceous horizons a few 
millimeters thick. The duration of time 
represented by this unit is not known. 

GASTROPODS FROH UNIT 8 

A small gastropod sample was recovered 
from Unit B. All gastropods came from the 
bone bed and thus the date of 808• ; ± ISO 
C-14 years B. P. (G.S.C. 1209) is ap(Jlied 
to them. In all , twelve specimens were 
submitted and two additional fragments were 
noted. They are identified as follows: 

Family PLANORBIDAE H. and A. Adams 
Subfamily PLANORBINAE H.A. Pj.lsbry 

Genus Gyraulus Agassiz 
Subgenus Torquis Dall 

Gyraulus parvus (Say) 1817 

Family ENDODONTIDAE Pilsbry 
Subfamily ENDODONTINAE Pilsbry 

Genus Discus Fitzinger 
Discus cronkhitei (Newcomb) 

Family VALLONIIDAE Pilsbry 
Genus VALLONIA Risso 

Vallonia pulchella (Muller) 
Vallonia sp., cf. V. excentrica 

Sterk i 

Family ?LYMNAEIDAE 
Genus and species indeterminate 

?Lymnaeid body fragments (not saved) 

INTERPRETATIONS 

N 

1 

5 

5 

2 

Although limitedindiversity, this gas­
tropod fauna allows preliminary assessment 
of environmental implications, in addition 
to considerations of gastropod paleogeogr­
aphy. The fragility of the forms involved 
precludes transport or redeposition with 
the possible exception of the ?Lymnaeid 
fragments; thus the fauna is considered 
autochthonous . 

Gyraulus parvus (Say) has an extensive 
modern distribution across 'eastern North 
America east of the Rocky Mo1,1ntains from 
florida to Alaska and northel'n Caf)ada' (La 
Rocque, 1968: 491). Modern G. parvus has 
been collected in Alberta, Saskatchewan, 
and Manitoba (Ibid.: 492; Tuthill , 1967: 
301; Taylor, 1895: 176; Anonymous, 1896). 
The species appearsinlllinoian, Sangamon 
and Wisconsin deposits of Kansas (Taylor 
and Hibhard, 1955:7, 10) but early north­
ern plains records seem to be lacking. 
The earliest record from our area is from 
Woodfordian andother late Wisconsin depo­
sits of North Dakota (Clayton , 1961; Tut­
hill, 1961) . Upper Lake Agassiz deposits 
(Upper -Norcross , Campbell, and ' Gladstone 
beaches) contain abundant G. parvus (Tu t­
hill, 1963; Tuthill , Laird and Kresl, 
1964; Upham, 1895; Tuthill , 1967). The 
Gladstone record is slightly older than 
the Mona Lisa site material. G. parvus 
from post -Campbell beach deposits at Laven­
ham, Manitoba (Mozley, 1934) may also be 
of tois age (approximately 9,000 years B. 
P.) but the evidence is far from conclu­
sive. Zoltai ( 1969) recovered the species 
at several post-Upper Campbell, p.re-McCau­
leyville deposits (approximately 10,000 
years B. P.) in the Rainy River district 
of western Ontario . G. parvus occurs quite 
regularly in post-Lak e Agassiz deposits 
( Mo zl ey , 19 3 4; Tu th i 11 , 1 96 7 ) . 

The wide North American distribution of 
G. parvus, a pulmonate snail, implies c.on­
siderable ecological amplitude. La Rocque 
(1968: 491) notes that the species is 

Generally found in quiet bodies of 
water, mainly those of small size, on 
mud, sandy mud, sand, gravel,or boul­
der bottom; also on logs ~pd vege ta ­
tion, in shall ow water a foot or more, 
up to 4 feet deep . Its ideal h'bitat 
seems to be vegetation, in protected 
situations. 
In North Dakota, the species evidently 

occurred in close proximity to a reced ing 
glacial front (Tuthill, 1961; Clayton, 
1961). Tuthill (1966) found G. parvus in 
Alaskan waters with surface temperatures 
ranging from 12.8° C to 18.20 C. 

O'Donoghue ( 1921) collected the species 
in storm deposits on asand spit on Berens 
Island in Lake Winnipeg , Manitoba. O'Don­
oghue noted that the area has a long and 
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severe winter, the temperature dropping to 
-40o F on occasion. The lake freez es for 
approximately five months each year. 

Batchelder ( 1970) used the appearance 
of G. parvus in a California site section 
to indicate 'a change to water surface of 
small size, and the development of marsh­
like conditions.' Clifford (1969) col ­
lected living G. parvus in a slowly moving 
muskeg or brown-water stream (the Bigoray 
River) in west -central Alberta. 

The st ream 11/as Coll'pletely ice - co v­
ered for 5 months of the year and wa-
ter temperatures were near 0° C for 
about 6 months of the year . Air 
temperatures frequently drop to -30 or 
-40 C in winter, but the complete and 
rapid freeze-over in late autumn fur ­
nishes insulation from the se tempera­
tures .... Water temperatures .... rose 
rapidly in late spring and approached 
20 C during the summer; but daily fluc-
tuations were small the pH of the 
water was above 7.0 ( Ibid . : 580) 

Clifford notes that' the stream bed con­
sists mainly of mud, s ilt and small gravel 
particles . large growths of filament-
ous algae . . occur during late summer' 
(Ibid.: 579-580) . 

Tuthill (1963:99) contends that G. par ­
vus' can suceed in adverse conditions of 
high turbidity , highdissolved so lids, and 
seasonal drying' ifneces s ary . It is clea 
from this di scussion that G. parvus could 
have existed with equal succe ss both in 
quiet areas of the Bow River and in seas­
onal overbank ponds. 0' Donoghue's (1921) 
record fromLake Winnipeg may not indicate 
success in a 1 arge open lake , since the 
sample contained elem'ents derived lo ca lly 
from a nearby closed and protected embay­
ment . 

A final note concerning iden ti fica t.ion 
1s 1n order. La Rocque (1968 : 491) obser-
ves , 

The temptation to identify al l 
small unangulated forms of Gyraulus , 
wh e th e r 1 i vi n g o r foss i 1. as th i s s p e ­
cies should be re sisted until the spe -
cimens have 
species of 

been compared with o th e r 
t.he genus . Hec au se of 

the tend ency to lump everything under 
G. parvu s , the distribution re cords 
are not as reliable asmi gh t be desired 
and careful comparisons are in o rder 
eve n when dealing with identified ma­
teria l . 

It is interesting to note that all of 
the North Dakota material (and some from 
related areas) identified by S . .J. Tuthill 
in the r eports conside red (Clayton, 1961; 
Tu th i I 1, 196 1; Tu th i 11 , l 96 3; Tu th i 11 , 
Clayton and Laird, 1964; Sherrod, 19 6 3) 
is eith e r G. par vus or, less commonly , 
Gyraulu s sp . Clayto n states, 'Because 
original descriptions or type s pecimen s 
of most of the species were not examined, 
someofthe identifications are tentative' 
( 19 6 1 : 12). In striki n g contrast, most of 
the western Canadian studies include spe­
cies other than G. parvus: G. deflectus 
(Stalker, 1969 and Kahn , 1970; identified 
by C . H. D. Clarke); G. cyclostomus (Rus­
sell, 1934 , identified by F .C . Baker and 
L. S. Ru ssell; Westgate , 1968, identified 
by R. Green ) ;G . alti ss imus (fussell , 1934 , 
identified by fussell ; Westgate, 1968, 
identified by R. Green) ; and G. hornensis 
(Trylich and Bayro ck , l9o6 , identif i e d by 
R. Green). We do not imply inconsistency, 
but it is interes ting that certain species 
have specific identifiers . Thi s is , at 
least 1n the North Dakota cas e , in part 
due to a p aucity of comparative material 

(Clayton , 1961); therefore, the fossil 
distribution of 'G. part•u s' and perhap s 
s ome of the other species should be con­
sidered somewhat tentative. The distinct­
ive characters enumerated by Baker (1934a; 
1934b) for G. eye los tomus, G. ar c t t cus 
and G. h o rnenn s are ex tremely difficult 
to work with unl ess good comparativ e s pe ­
c imens are availabl e . G. altissimus is 
apparently a composite "PP.cies (Baker, 
1934b) . Monographic revision h e rei s need­
ed. 

Disc u s c ronkhitei (Newcomb), a terrestri­
al species,is also widely distributed : it 
is of almo st ubiquitous occurrence in North 
Ameri ca (La Rocque, 1970 : 67 8, fig. 534). 
Modern D. cronkht tei are f ou nd through out 
the north ern plains area. The species i s 
kn o wn from Kan sa n , Ill inoian and Wi sconsi n 
d e po s itso f thE' south e rn ll igh Plains ( llib ­
bard and THy] or , 19h0 : 143) . ThP. pr<•:;t> n t. 
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record from the Mona Lisa site appears to 
be the earliest record from the northern 
plains, since other published records are 
from late stages of Lake Agassiz drainage 
(Mozley, 1934) and post-Hypsi thermal depo­
sits (Mozley, 1934; Tuthill, 1967). 

La Rocque (1970 :677) notes D. cronkhitei 
to be 'a species of'wooded areas that lives 
in leaf litter or under logs and bark in 
wooded spots.' tlowever, it has also been 
found under litter in more open, usually 
damp situations (Ibid.) . Taylor (1895 : 
175) reported the occurrence of t.he spe­
cies ('Patula striatella') inacolleclion 
from 30 to 35 miles east of Red Deer , Al­
berta . A. O. Wheeler made this collection, 
of which Taylor says ' .... theland shells 
.. .. were mostly collected in dried-up 
sloughs.' Our only suggestion regarding 
the occurrence of this species at the ~ona 
Lisa site is that some tall vegetative 
cover, possibly quite dense, was present 
at places on the floodplain . 

Vallonia pulchella (Miiller) , a terres­
trial species, is quite widely distributed 
over North America east of thE' Rocky Moun­
tains. It occurs south at least to Colo­
rado and perhaps farther, but the possi ­
bility of introduction southward is strong . 
The species has been recorded for Manitoba 
and adjacent areas to the south (La Roc­
que, 1970 : 758, fig . 614). Taylor (1895 : 
177) recorded 'Vallonia pulche lla Mueller 
sp. form gracilicosta, Reinh .' in his 
table; hoeever, he elsewhere referred to 
it (Ibid .: 17 5) as 'Vallonia costata form 
gracilicosta)'. The latter reference ap­
pears to be the correct one . 

As a fossil V. pulchella 1s known from 
Yarmouth to Recent times in the Midwest 
and central plains (La Rocque, 1970:758). 
In our area, the present occurrence appeai:s 
to be the only fossil record thus far . 

We take the opportunity here of correct­
ing an error in the stated range of this 
species by one of us . La Rocque (1970 : 
757) states that the species occurs from 
' .... west to Manitoba and Alaska .... ' 
in Canada. This is an error which came 
about from listing Dall' s records of the 
species as though it occurred in Alaska. 
A search of available records and the lite-

ra tu re shows that it doe s not in fact oc­
cur in Alaska unless it has been listed 
under some other name. Since it is found 
in Siberia only east to theAmur it is pos­
s i bl e th at i t s d i s t r i bu t ion has a 1 a r g e 
gap in the Holarctic region. The map show­
ing the di stri bu tion of the species in La 
Rocque (1970: 758) shows no record of the 
species forAlaska , Yukon Territory , Brit­
ish Columbia, and Alberta, The nearest 
record to Alberta is that of Hanham for 
Manitoba (1899: 1-6) in which he gives 
three localities: Holland , about 980 52'W 
and 49° 35' "' which i s the only one we 
have been able to locate on the map; and 
the Pembina Mt s. of earlier records which 
are farther to the east. The possibility 
remains that V. pulche lla may yet be found 
in Alberta but that province can not at 
present be included in its range except as 
a fossil as recorded above for the Mona 
Lisa site . 

V. pulchella 'is found occasi onally in 
drier more open woods and field s but 
also occurs in wetter lo cations' ( La Roc­
que, ibid . : 757; after Oughton , 1948) . The 
species can tolerate dry forest. litter and 
can be quite abundant 1n leaf mold (La 
Rocque , ibid.) . 

Several specimens from the \lona Lisa site 
closely resemble Vallonia excentrica, a 
th i r d te r res tria 1 spec i e s . I f th i s i s th e 
cas e , th i s wo u 1 d be the f i r s t f o s s i 1 r e co r d 
of the species in North America . 

Modern North American occurrences of V. 
excentrica range through the north eastern 
United States as well asadjacent Ontario , 
Quebec, Nova Scotia , and Newfoundland . 
Other occurrences are in C'iorado. and on 
the west coast; thesehave been interpreted 
as introductions (La Rocque, 1970 : 759-760 , 
fig . 616) . If the present specimens are 
indeed V. excentrica, the possibility re ­
maJns that the Colorado population is re ­
I i ct . 

V. excentrica ranges in habitat from 
'damptodry : damp protected places or re­
latively dry exposed habitats. This spe­
cies is mor e tolerant of drouth than oth­
ers and requires little cover' (La Rocque , 
ibid .: 759) . 
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SYIITHESI S 

'lbe pl'esent ranges of the three de fin i­
tely ident i fied species from the Mona l.i sa 
site are mapped in Fig. · 3 . Of interest 
ia the apparent southward restriction of 
Valloni a pulchella (and poss i bly V. excen­
tri c a) since 8080 C-14 years B. P., this 
may indicate that condition s at the site 
were rather comparable to those 200 to 300 
mtles to the south today . 

I n terestingly enough. the only dated oc­
currenceofBi s on an ti quus in Alberta, al­
so from Cal ga r y , is chronological l y close: 
8145 ± 120 C-14 years B. P. (bon e dat t ) 
(Gx-2104 ; B .O.K. Reeves, personal communi-

cation . 1972; Hills . Wilson, Chambers and 
Wishart, n . d . ) . B . ant t quus has be •·n Jn­
terpreted as a warm-climate gra s sland fo rm 
(Guthrie, 1966 ; 1970 Wils nn, l9h9al and 
its movement northward into Alberta may 
have been in re,;ponse to climatic fluctu ­
ations . B'~on bison occ t den t al t s is well 
documented in Albert a during the pe riod 
12,000 to 10 . 000 years B. P . (Trylit;h and 
Bay rock , 1966 ; Churcher, 1968 ; and other ~ ) . 
Bison from the Mona Li !<a si Le have been 
referred to B . bison occtden t al t < bu t the 
two 'species' are extrem 10 ly dtff J cult to 
distinguish in the absence of adult male 
horn cores . Very likely th e two are mere · 
ly ecological variants o r t.he ><arne species , 
significant onl y at the subspecie" le vel. 
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About the actual ecology of the Mona Li­
sa site we can thus say relatively little , 
except that quiet water was available , and 
that there was tall vegetative cover, like­
ly with abundant dry leaf litter . The 
Spruce Cliff area of Calgary, only 3 miles 
west of the Mona Lisa site, supports an 
extensive topo-edaphic coniferous forest 
on slopes in an area where the Bow River 
cuts cliffs in the Porcupine Hills andPas­
kapoo formations on the southwest side of 
the valley . The valley floor in that area 
supports stands of aspen (Populus tremu­
loides}, cottonwood (P . dPltoide s ) andwil­
low (Salix spp.) . Similar stands would 
have satisfied the cover and leaf litter 
requi rem en t s of the gastropods considered . 

Tu th i ll (l 9 6 6 ) des c r i be s l e a f 1 i t t e r 
characteristics in a proglacial situation 
in Alaska : 

On outwash the leaf litter was ob­
served to be completely dry under 15 -
25 - year-old alder in as little a s 2 
days of clear weather , whereas leaf 
1 i t t e r u n de r a 1 de r s o f the same age on 
tillorbedrock remained moist. be neath 
a surface layeroffour o r five leaves 
depth during clear period s of as long 
as 8 days . Thus terrestrial Mollusca 
are dependent upon a combination of 
successful occupancy hy alders and 
poor drainage conditions. 
Tu thi 11 found no mollu s cs in dry litter 

on outwash . It is possible that gastro­
pod populations in . litter on river gra ­
vels and sands near the Mona Lisa site 
were low; however , drainage through silts 
and clays would have been poor enough to 
maintain moisture in much of the litter . 
The dry litter tolerance of Vallonia pul ­
chella is an extremely important point 
here . 

In summary, there is very slender evi­
dence from gastropod distributions that 
temperaturesmayhave been slightly warmer 
or conditions slightly drier 8000 years 
ago than at present, at the Mona Lisa si­
te . However , the complex i ty of the prob­
lem involved restricts our speculation in 
this regard . There is no clear evidence 
for m aj or cl i mat i c f 1 u c tu a t ion s . 

ACKNOWLEDGEMENTS 

Many s cientists gave freel y o f their 
time in aid of the Mona Li s a site s tudy . 
Dr . Brian 0 . K. Reeves , Department of · Ar­
chaeology, University of Calgary , Calgary ; 
and Dr. Leslie B. Davis , now of th e Depar t­
ment of Sociology , Montana State Univer ­
sity , Bozeman , devoted long hours through ­
out the field period to excavation and on ­
site interpretations . ·Dr . N. W. Rutter o f 
the Institute of Sedimentary and Petrole ­
um Geology , Geological Survey of Canada , 
Calgary . gave detailed advice concerning 
stratigraphic interpretations and sent ma ­
terial to the G. S . C. laboratories f o r C-
14 datinR . Dr . L. V. Hills , Departmen t o f 
Geology . University of Calgary . g a ve ad ­
vice relating to stratigraphy and di s cussed 
the regional stratigraphy of the are a wi th 
the s enior author . Mr s. Ro s E' Okazaki and 
Dr . Henry W. Smith of th e Department o f 
Agronomy (Soils) . Wa shington State Univer ­
sity , Pullman, generou s ly identified th e 
volcani c a s h samples . 

Above all , our deep gratitud e goes t o 
Mr . John Beeger , .Jr .. wh o quickl y recog­
nized the significance of the find s on h is 
property , and who graciou s l y h e lrl up c on ­
struction of the n e w bui !d i n g whi I e we con ­
ducted our excavation s. 

Work at the site in 1970 was supported 
by NDEA Grant 14N - 2482 - 0040, to the s enior 
author through the Departm ent of Anthro­
pology , Washington Stat~ Uni versity (Wil­
son , 1971) . 

REFERENCES 

ANONYMOUS (1896) Notes on Recent Cana­
dian Mollusca. -- Ottawa Nat. 10(1) : 14-16. 

BAKER, F . C. (1934a) Description of a 
new species of Gyraulus. - - Canad . Field­
Nat ., 48: 37 . 

---- (1934b) A ne:.V species of Gyraulus 
from Canada.-- Caned . Field-Nat . 48 : 135 . 

BATCHELDER, George L. (1970) Post-gla­
cial fluctuations of lake level in Adobe 
Valley, Mono County, California. -- Amer . 
Quaternary Assn ., Abstracts, First Meet­
ing, Aug . 28 - Sept . 1 . 1970 : 7 . 



NO . 49 , MARCH 1973 S T E R K I A N A 9 

CliUR<liER, C. S. (1968) Pleistocene ungu­
lates from the Bow River Gravels at Coch­
rane, Alberta . - - Can a d . Jour . Earth Sci . 
5 ( 6 ) : 146 7 - 148 8 . 

CLAYTON , Lee (1961) Late Wisconsin Mol 
lusca from ice-con tact deposits in Logan 
County, North Dakota . N. Oak . Acad . 
Sci . , Proc . 15: 11-18, 2 figs . 

U.IFFORD, Hugh F, ( 1969) Limnological 
featurea of anorthe rn brown - water stream, 
with special r e ference to the life histo­
ries of the fl qull.ti c ins~cts. -- Arner . Midl . 
Nat. 82( 2) : 578-597, 8 figs . 

DAVID, Pe t. er P. ( 1970) Discovery of Ma ­
zama ash in Saskatchewan, Can a da. -- Ca ­
nad . Jour . Earth Sci . 7 : 1579-1583 . 

FRYXELL, Roald (1965) Mazama and Gla­
cier Peak volcanic ash layer s : relative 
ages. --Sc i ence 147(3663) : 12 8-1290 . 

Q.JlHRIE, R. D. (1966) Pelage of fossil 
Bison-a new osteological index . -- Jour . 
Mammal 47 ( 4) : 725-727 . 

---- ( 1970) Bison evolution and zoogeo ­
graphy in North America during the Pleis · 
tocene . --Quart. Rev . Biol. 45(1): 1- 15 . 

HANHAM, A. W. (1899) A list o f land and 
fresh - water shells of Manitoba . -- Nauti ­
lus 13(1) : 1-6 . 

HIBBARD , C. W. & TAYLOR, D. W. (1960) Two 
late Pleistocene faunas from southwestern 
Kansas . -- Univ . Mich . Contrib Mus. Pal­
eont. 16(1) : 1-223 , 16 pls., 18 figs . 

HILLS , LV. , WILSON , Michael , CHAMBERS, 
M. J . & WISHART, Bill (n. d.) Bison anti­
quus from gravels at Calgary, Alberta. -­
Manuscript in progress . 

KHAN , E. ( 1970) Biostratigraphy and pa­
leontology of a Sangamon deposit at Fort 
Qu' Appelle, Saskatchewan . --Na t I . Mus . 
Canada, Publ.inPaleont . 5: viii+ 82p . , 
28 pla., 17 tables. 

LA ROCQUE, Aurele (1968) Pleistocene 
Mollusca of Ohio, Pt. 3. --Ohio l1i v . of 
Geol. Survey , Bu l l. 62(3) : xv-xxiv + 157-
553, pl s . 9-14. 

---- (1970) Ibid., Pt . 4 . --Ohio Di" 
of Geol. Survey, Bull . 62(4) : i-xxx1 ' + 
555-800 , pls . 15-18 

LOWDON , J . A. , ROBERTSON. I . M . . and BLAKE 
W. , Jr . (1971) Geol ogical Survey of Cana­
da Radiocarbon dates XI . -- Geol . Survey 
Canada , Pape r 71-7 : 255-324 . (Reprinted 
from Radiocarbon, 13(2) : 255-324) . 

MEYBJOM, P . (1961) Groundwater resour­
ces of the city of Calgary and vi cinity . 
- - Res . Council Alberta, &Ill. 8 : 1-72 . 

MOZLEY , A. (1934) Post - glacial fossil 
Mollusc a in We s tern Canada . -- Geol. Mag . 
71: 370 - 382 . 

o· DONOGiUE , Otarles H. ( 1921) A preli­
minary survey of the b i ota o f a sand spit 
in Lake Winnipeg . - - Can ad . Field-Nat . 35 
(7) : 1 21-131. 

OUGHTON , John (1948) A zoogeographi cal 
study of the land snai l s of On t ario . 
Un iv . Toronto Studi es , Biol . Ser . , 57: 1-
128 . 

RICHMOOD, G.M . (1965) Gla c ia t ion of the 
Rocky Mountains . - - IN: Wright , H. E. , J r . 
and FREY, D. G. ( Eds . ) , The Quaternary of 
the United Stat es : 217 -230 . Princeton . 

fUSSELL , Lori s S. ( 1934) Pleistocene 
and post-Plei s tocene mollu scan faunas of 
s outhern Saskatchewan . - -Canad . Field - Nat 
48 : 34-37 , 14 f i gs . 

RUTTER , N. W. \ 1966a) Glacial h i story of 
the Bow River Valley, Banff area, Alber t a 
-- Canad . Alpin e Jour . , 1966: 157-173 . 

---- (1966b) Multiple glaciation in the 
Banff area, Alberta . --Bull . Canad . p , tr 
Geol . 14(4) : 620-626 . 

----and WYDER . J . E (1969) Application 
of borehole s t ratigraphic techniques in 
areas of mountai n glac i al dri f t in Alber 
ta Canada -- Geol Survey Canada, Paper 
69-35 : iv + !6 p . 

SiEROOD , ~ElL R. (1963) Late Pleisto · 
cen e fish from lake sediments i n Sheridan 
County , North Da k0 ta - - Proc . N. D. Acad . 
Sci . 17 : 32-36 . 

SOIL SURVEY STAFF ( 1960) So i l classi -
fication , a comprehensive system : 7th ap ­
proximation . -- I ' S Dept . Agric . , Soil 
Conserv. Serv .: v• + ~ IJS p. 

STALKER, A. Ma c ::, (1969) Quaternary 
stratigraphy in southern Albe rt a, Report 
II : sections near Medicine Hat Geol. 
Survey Canada, Paper 69 - 26: v1 + ' 8 p . , 1 
fig . , 2 tables. 

TAYLOR, D. W & HIBBARD C. W. (1955)A 
new Pleistocene f . una from Harper County, · 
Oklahoma. --Okla . Geol Survey, Ci rcular 
37 : 23 p .• 1 fig . 

TAYLOR , Rev George W (1895) The land 
·and freshwater she l ls of Albe r t ~ -- Ot­
Lawa Nat . 9(9) : 17 :1 - 78 . 

TiiARIN , J . C. (]960) Glacial geology of 
the Calgary area . - - Ph D. Thesi ;. . Univ . 
Illlno u-., l ' rbana . I l l 127 p 

TRYLICH , C & BAYROCK , LA ( ·91i 6) Bison 
oc ci den t alis Lucas found at Taber , Alber­
ta , Canada . -- Can ad . Jour . Earth Sci . 3 : 
987-995, 2 f i gs . . 1 tabl e 



10 S T E R K I A N A NO . 49, MARCH 1973 

1UlliiLL , SAMUEL J . ( 1961) A molluscan 
fauna and Ia te PI ei stoC'enf' cl ima t.e in south­
eastern North Dakota . N. ll . Acad . Sci . , 
Pro c . 1 5 : 19-26 , 3 f i g s. 

---- (l9n3) Molluscan fossils from up ­
per Glacial Lak e Agassiz sediments in Red 
Lake County . Minnesota . --Proc . :11 . 0 . Acad . 
Sci . 17 : %-101 , J pl . 

---- ( 1966) Paleoecologic impli c ations 
or :' sic ' Recent superglacial andproglaci­
al molluscan habitats . - -Geol . Soc. Amer . 
Abstracts for l96h , Spec. Paper 101 : · 223-
225 . 

---- ( 1967) Paleo- zoology and mollu~can 
paleontology of the Glarial Lake Agassiz 
Region. --IN: W.J. Mayer-OakE- s (Ed.) , LifE'. 
Land, and Water Uni v . Manitoba , Dept of 
Anthropology, Occ . Papers , I : 299- 'll~ . 

----, CLAY10N, Lee , and LAIRD, Wi !son M. 
(1964) A comparison of a fossil Plci>'to ­
cene molluscan fauna from ~ort.h Dakota 
with a Recent molluscan fauna from Minne­
sota. --Am . . Mid1 . Nal . 71(2) 144-3f,2 . 2 
p 1 s. 

---- LAIRD, Wi I son M. . and KRESL , R .I . 
(1964) Fossiliferous marl bent•ath Lo.,.er 
Campbell (Glacial Lake Agassiz) beach s ec:!i­
ments . -- Proc . N. D. Acad . Sci . 18 l 'l S-
140 . 

l!PifAM, Warren ( 1895 ) The Glacial LakE' 
Aga, ·· t --U.S. Geol. Survey , Monogr . 25 · 
XXI + .i8 pp . 

WESTGATE J . A (1968) Surficial geolo -
gy of the Foremost - Cypres~ Hills area , Al ­
l· · ·• Res . Counci I AI ta ., Bull . 22 · 
' + ~ 2 p ., 31) figs . . 14 pls . 

-and DRF:IMANlS , A. (1967) Volcani c 
a:;;h layers of Recent age 
Park , Alberta, Canadn 
F. a r th Sc i . 4 1 55 -16 1 . 

WILSON , M1r.hael (l%9a) 

at Ban ff Nat i on a I 
- - Can ad , Jour . 

Problems in the 
spe c iation of American fossil Bison . --IN 
R. G. Forbiset al . (Eds . l . Post .. Pleisto­
r.Pne Man a ndhi s en vironment o n the No r th­
ern Plains li7 -- 199 and di;.cussion . 200 -
221 . --Univ . Cal!l,'ary , [)ept of Archa e olo­

gy ' 
( 1969b) Pre! imina ry Report: The 

Mona Lisa Site (EGPm-3) . 1970. 26 p . 
Report on file, Dept .. of Anthropology, 
1\'ashington State Univ . , Pullman. 

- -- (}472) :-;,,h . fossil Bison and I.Htf' 

Plelslocene - ltolocene chronology iu \\estern 
Canada (Abs t ra c t) . - - Canad . ArchaP.ol. As-

--- - \n . O . / tOSSll biSOn ana arL1tacts 
from the Mona Lisa Site (EgPm-3),Calgary, 
Alb e rta . - - Manuscript in preparation . 

ZOLTAI. S . (1969) Sampling fossil mol · 
!us e s from Glacial Lake Agassiz sE-diments. 
- -Jour . Paleont. 43(2) . 534-537. 

IIANUSCRIPT ACCEPTED FOR PUBLICATION 
•JCTOBER 18, 1972 



NO . 49, MARCH 1973 STERKIANA 11 

THE LAND SNAILS OF TENNESSEE 

Leslie Hubricht 

4026 - 3S ·th Street , Meridian , Miss . 39301 

This paper lists theland sna i l s of Ten­
nessee aa represented by specimen s in the 
collection of tlie author . Mo s t of the 
recorda are from the eastern half of the 
State, with only scattered records from 
the western part . As in previous papers 
of thia series . . only the counties are 
listed . for the records . 

Polygyra pustuloides (Bland) . Coffee , 
DeKalb, Hamil ton, Monroe , Sequatchie , War ­
ren. 

Po£:r_fyra plicata Sa.J . Anderson , Bled -
soe B ount, Bradley, Campbell , Claiborne , 
Cumberland , Fentress , Franklin , Grut}dy , 
Huilton , Hardin , Knox , Loudon , Manon , · 
Monroe Mont~om,.rv Overton , Polk , Putnam , 
lt.ea ' Roan!! Sequatchie , Sevier , Union, 
Van Buren , warr.,n . White . 

Polygyra fatigiata Say . Montgomery . 

·Pol:r_gyrq · troostiana Lea . Bedford, Can­
non , D6vidaon . DeKalb , Hickman, Jackson, 
Maury, Pickett, l\ltherford, Smith , Sumner , 
Trouadele, Williamson, Wilson . 

Stenotreaa . spinosua (L·e·a) . . Claiborne, 
Frenklinz.Grunger, Grundy , Hamll ton , Knox, 
Marion , Monroe, Perry. 

Stenotreaa edgarianua (Lea) · Cumber­
land, · Merion, Sequatchie . 

Stenotreaa barbigerua (Redfie l d) . McMinn , 
Polk . 

Stenotreaa edvardsi (Bland) . Claiborne, 
Carter, Fentress , Johnson ; Morgan , Scott , 
Sullivan. 

Stenotrea a •aldense Archer . Campbell, 
Cl ai bdrn e . 

Stenotreaa altispira (Pilabry) . Carter, 
Sevier . 

Stenotreaa depilatua (Pilabry) . Monroe, 
Sevier . 

Stenotreaa calvescens Hub rich t . Bled­
soe , Bradley, Franklin, Grundy . Hamilton, 
Mari on, Sequatchie . 

Stenotreaa barbatua (Clapp) . Cumber­
land , Hamilton , White . 

Stenotreaa angellua Hubricht . Clay, Fen­
tress, Jackson . 

Stenotreaa s tenot reaa s tenotreaa (pfei f. · 
fer) . Anderson, Bedford, Bledsoe, Blount, 
Bradley, Campbell , Carter, Cheatham, Clai­
borne , Clay , Cocke, Cumberland, Davidson, 
DeKalb, Fentress, Franklin, Grainger , 
Greene , Grundy, Hamblin,Huilton, Hancock, 
Hardin Hawkins , Hickman, Jac;:kson , John­
son , Kno~1 Loudon, Macon, Marion, Meigs , 
Monroe Montgomery, Moore , Morgan, Over­
ton Pickett , Polk, Putnam, Rhea, Roene, 
1\ltherford, Scott, SeYier, Sequetchie, 
Smith , Sullivan, Sumner, Troua~ale, Unicoi, 
Van Buren, Warren , Weahin~rton, "hite, Wil­
son . 

Stenotreaa stenotreaa voluainosua (Clench & 
Banks) . Polk , SeYier . 

Stenotreaa stenotreaa nudua (Pilabry) . 
Wi laon . 

Stenotreaa aagnifuaosua (Pilabry) . Mon­
roe , Polk , Sevier, Van Buren . 

Stenotreaa pi lula (.Pilsbry) · Bledsoe, 
B1 oun t, Cumber land, Sequatchie, Sevier , 
Van Buren , White . 

Stenotreaa hirsutua (Say) . Bledsoe, Cum­
berland, Fentreas, Humphreys, Jackson , Ma ­
di son, Marion , McMinn , ~rgan , Overton , 
Pickett , Scott, Wayne , Wh1te . 
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Stenotrema turbinella (Clench & Archerl. 
Franklin, Marion. 

Stenotrema deceptum (Clapp) . franklin , 
Marion . 

Stenotrema cohutten .se (Clapp). Polk. 

~tenotrema leai aliciae (Pilsbryl . Bed-
ford, Coffee , f'ranklin, Hardin , Shelby . 
Wi I son . 

Stenotrema fr·aternum fraternum (Say). 
Cumberland, Grainger, Greene , McMinn , Ruth ­
erford, Sullivan. 

Mesodon thyroidus (Say). Anderson , Bled­
soe, Blount. Bradley. Campbell. Cannon, Car­
ter, Claiborne, Cocke. Cumberland , David­
son, DeKalb, Fentress. Grain~er , Greene, 
Grundy,Hardeman. llamhlin . llamdtnn, Hawk­
ins,Hlckman. Jackson , Knox , Lawrence , Ma-
rion, McMinn , Munroe . ~1orl(~:t . Overton. 
Polk, Putnam, Roane. Ruth• · · · 1 Scott , 
Sevier , Shelby , Smith , St · ':"art. nicoi. , 
Warren , Washington, White . \\, , • ·• · 

Mesodon clausus clausus (Say) Blount. 
Camp·bell, Ca'rter, Claihorne. Coffee , Cocke, 
Cumberland. Hamilton, Hancock , llic:kman, 
Johnson, McMinn, Monroe . Sevier, 'Smith , 
Sullivan. Warren, Washington . 

Mesodon sanus (Clench & Archer ) . Frank­
lin, Marion. 

Mesodon downianus (Bland). Grundy , Ma-
rlon . 

Mesodon kal111ianus Hubricht . Morgan , 0-
vPrtnn . Scott . 

M~sodon 1ndrewsa'e W. G. Binney . Carter. 
. 't • I'! 

Mesodon normalis (Pilsbryl . Blount, 
Carter, Greene, Johnson ·. Monroe , Polk , Se­
v i e r lJ n i co i . Tit e r e co r d f o r th i s s p e c i e s 
from'near Pikeville, Bledsoe Co. (Pilsbry, 
LMNA 1 : 720) is based on a slightly immat­
ure specimen of Mesodon zaletus (Binney) . 

Mesodon zaletus (Binney) . Blount, Camp­
bell, Carter , Oteatham, Cocke.Cumberland, 
Davidson, DeKalb, Fentress, Franklin , Grun­
dy , Hamilton, Hickman, Jackson, Knox , Ma­
con , Marion, Maury, Monroe, ,~ontgomery , 
Morgan Pickett, Putnam, Roane, Robertson, 
Rutherford, Scott. Sequatchie, Sevier, 
Smith, Sullivan, Van Buren, ·· Warren, White, 
Wilson . 

Mesodon elevatus (Say) . Claiborne,Clay , 
Cocke, Davidson, Franklin, Grainger, Jack-
son , Knox , Macon , Marion, Maury , Mo':'roe, 
Man tgome ry, (\)the rfo rd, Smith, Sumner, Wh 1 te, 
Wilson . 

Mesodon clarki clarki (Leal. Blount, Mon­
roe, Sevier . 

Mesodon christyi (Bland) Blount, Monroe , 
Sevier . 

Mesodon wheatleyi (Bland). Carter, Mon­
roe , Sevier . 

Mesodon ferrissi (Pilsbry). Sevier . 

Mesodon laevior Hubricht. OteathaiJI, Da­
vidson, Franklin, Hamilton. llickman, Jack­
son, Macon, Marion , Maury, Montgomery, O­
verton, Pickett, Roane, Robertson, Smith, 
Warren. 

Mesodon appressus (Say). Anderson,Camp­
bell , Carter, Claiborne, Cocke. Grainger, 
Greene,llamblin, Knox, Macon, Morgan, Put­
nam, Rhea , Roane , Scott, W!lshingto!l, White. 

Mesodon .perigraptus (Pilsbry) . Blount, 
Bradley, Cocke, Davidson, DeKalb. Fr,.nk­
lin . Grundy , Hamilton, Marion. Monroe, 0-
vtorton, Polk. Putnam, lloane, Sevier, Smith, 
Trousdale . Unicoi, Van Buren. White . 

Mesodon we therbyi (Bland). Anderson. 
Campbell , Cumberland, Fentress , Morgan. 

Mesodon jonesianus (Archer) . Sevier. 

Mesodon subpalliatus (Pilsbry) . Carter . 

Mesodon sayanus (Pilsbry) . Washington . 

Mesodon chi lhoweens is (Lewis). Blount , 
Campbell, Cumberland, Morgan, Sevier. 

Mesodon rugeli (Shuttleworth). Anderson. 
Bledsoe, Blount, Bradley . Campbell. Clai­
borne, Clay, Cocke, Cumberland. f'entress, 
Franklin, Grainger , GrPenP, Grundy. Hamb­
lin, Hamilton , Hawkins . Jackson, Johnson, 
Knox, Marion, McMinn , Monroe, Morgan, O­
verton. Pickett, Polk, Putnam. Rhea . Roane. 
Scott, Sequatchie , Sevier, Smit.h, Sullivan, 
Unicoi. Van Buren, Washington, Yihite . 

Mesodon smithi (Clapp) . Franklir . 

Mesodon inflectus (Say). Anderson, Bed­
ford , Bledsoe. Blount. Bradley . Cannon, 
Campbell, Carter, Cheatham, Chester , Clai­
borne, Coffee, Crockett, Davidson , DeKalb, 
Franklin, Gibson , Grainger , Greene, Grun­
dy. Hamilton, Hardeman, Hardin, llickman, 
Humphreys , Jackson , Jefferson, Knox, Law­
rence , Loudon, Macon, Marion, McMinn, Mc­
Nairy, Monroe, Montgomery . Moore, Polk . 
Putnam, Rhea, Roane, Rutherford, Sevier, 
Shelby. Smith , Sumner , Trousdale, Unicoi, 
lin ion, Warren, Washington , Wayne, Whi t.e, 
Wilson. · 

Triodops is rugosa Pi lsbry . Carter. 

Triodopsis tridentata (Say). Anderson. 
Bledsoe, Blount, Bradley, Campbell. Cann!)n, 
Carter, Cheatham, Chester, Claiborne, Cof­
fee , Crockett, Davidson, DeKalb, Franklin , 
Gibson , Grainger, Greene, Grundy, Hamilton, 
Hardeman, Hardin , Hickman.Humphreys,Jack-
son, Jefferson , Knox. Lawrence, Loudon . 
Macon , Marion , McMinn, McNairy, Monroe. 
Montgomery. Moore, Polk , Putnam, Rhea, Roane , 
Rutherford, Sevier.Shelby, Smith, Sumner, 
Trousdale , llnicoi, Union, Warren. Washing­
ton , Wayne, White , Wilson . 

' · 
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Triodopsis rugosa Pilsbry . Carter . 

Triodopsis tridentata (Say). Anderson, 
Bledsoe, Blount, Bradley_ , Campbell , Can­
non, Carter , Cheatham, Claiborne, Cocke, 
Cumberland , DeKalb, Dickson, Fentress, Frank­
lin, Grainger, Greene, Grurtdy , Hamilton, 
Hamblin, Hancock, Hawkins, Jackson, John­
son, Knox, Lawrence, Lincoln, Macon, Ma­
rion, McMinn , Morgan, Overton, Pickett, 
Polk , Putnam, Roane , Robertson, Scott , Se­
quatchie, Sevier , Unicoi, Union, Van Buren, 
Warren, Washington, White . 

Triodop s is tennesseensis (Walker). Camp­
bell, Cocke , Fentress, Grainger, Hamilton, 
Roane, Scott , Smith , Sullivan. 

Triodop si s complanata. (Pilsbry) . Jack-
son . 

Triodop si s vulgata Pilsbry. Anderson, 
Bedford, Bradley, Carter, Claiborne, Cum­
berland , Franklin , Fentress , Grainger, 
Grundy, Hamilton , Jackson, Johnson, Knox , 
Linea n , Marion , Monroe, Putnam, Roane, 
Rutherford , Scott , Stewart , Unicoi , Van 
Buren, Wilson . -

Triodop s is claibornensis Lutz. Campbell, 
Claiborne . 

Triodopsis fallax fallax ' (Say) . Blount . 

Triodop s is alabamensis (Pilsbry). Grun­
dy , McM i nn . 

Triodop s is hopetonensis (Shuttleworth). 
Anderson , Campbell, Hamilton , Marion , Mc­
Minn , Rh e a. 

Triodopsis obstricta (Say) . Cheatham, 
Davidson , Dyer, Fentress, F' ranklin, Ham­
ilton , Hickman, Macon, Marion, Smith, Van 
Buren, Warren . 

Triodopsis denotata 
son , Greene . Grundy . 
Knox, Polk, Sullivan, 

( Fi· ru ... ... a r l 

H ami 1 ton , 
l n t 1r 1 

Triodopsis caroliniensis (Lea) . 
lin , Polk . 

Ander­
Hardin, 

Frank-

Tr i od opsis fosteri fosteri (F. C. Baker) . 
Shelby . 

Triodop s i s albolabris (Say) . Anderson, 
Blount, Campbell, Carter, Cumberland , Grain­
ger , Greene , Marion , Pickett , Roane, Ruth­
erford, Scott , Sevier , Unicoi , Union, Wash­
ington , White. 

Triodopsis alleni (Wetherby) . Franklin , 

. Triodopsi s major (Binney) . Blount, Brad­
ley , DeKalb , Franklin, Hamilton, Marion, 
McMinn , Monroe, Polk . 

All o gon a profunda (Say) . Carte r, Clay, 
Smith . 

Rabdo tu s dea l batu s dealbatu s (Say) . Da­
vid s on , Ruth e rford . Sumner , Wilson . 

Opeas pyl'gula Schmack~r & Boettger. Ham­
il ton , 

/laplotrt"!<l, concavum {Say) . Anderson, 
Blount, Bradley, Camp be 11 1 Carter, OJ eat­
ham, Claiborne, Cocke, C11mberland, David­
son, F!!ntress, Franklin, Grainger, Greene, 
Grundy, Hamblin , Hamilton, Hickman, Jack­
son, Johnson, Knox, Lawrence, Macon , Ma­
rion, Maurr· Meigs, Monroe, Montgomery , O­
verton, Po k, P11tnam , ftlea, ROane, Scott, 
Sevier, Smit~. Sulliv~n. Unicoi: Union, 
Van Buren, tarren, Wash1ngton, White. 

flaplotrema kendeighi Webb. Blount, Se-
vier . 

Euconulu .< rftl'rsinus c#!ers~nus {Say). An­
derson, Bl··.f . , . , Bloul)t,Campbell, Cannon, 
Claiborne Cocke, Coffee, Fentress, Frank­
lin, Gr11i11~· · • Greene, Grqndy, Hamilton, 
Hawkins, Knox, Loudon, M11ury, Monroe . O­
verton, Roan~. Rutherford, Sequatchie, Se­
vier, Shelpy, Warren, \\hite, Wilson. 

Euconulus dentafiJ$ (Sterki). Ma,:on. 

G1,1ppya sterkii Wall) . 
Franklin!.. Grainger , Knox, 
Unicoi, "hite , Wilson . 

Blount, Cocke, 
Monroe, Roane , 

Glyphy1diria ~urring_.toni (Pllsbry) . 
Blount, CarteL Cocke, DeKalb , Hawkins , 
Sevier . 

Glyphyalinia cumberlandiana (Clapp) . 
Franklin, Lincoln, Marion, Monroe, Polk . 

Glyphyalinia roanen~is {H . B. Baker). 
Anderson, Carter, Grundy, Mariqn, Monroe, 
Unicoi. 

Gly{lhyalinia wheatleyi (Bland). Ander -
l!On, B\oun'i, Cannon, Clai-borne, Cumberland, 
Knox, M!ICOII,Moore. Mprgan, Overton, Pick­
ett, Roane, R11therford,. Scott, Sevier; 
Whit e. 

Glyphyqlinia lewisiana (Clapp). 
1 in, Wilson . 

Frank-

Glyphyalinia specus Hubricht. ~edford, 
Cannon, Gr11ndy, JacksoJl, Sulliv11n. Van Bu­

. ren . 

Glyphyal~nia eentadelphia {Pilsbryl. 
Blount, Mo11roe, Polk , Sevier . 

Glyphyalinia rhoadsi (Pilsbry) . Blount , 
Sevier. 

9lyphyalinia indentpta ($ay) . Anderson, 
Bedford , Bledsoe, Blount, Bradley, Camp­
bell, Cannon, Cart;er, OJeatham, Claiborne, 
Clay, (:oc;ke, Cofflle, Crockett, Cumberland, 
David~on, OeKal b, Dic!<son, Fentress, Fran'k­
liq, ~rundy. Hamblin, Hamil);on, Hawkins, 
Johnson, j..1ncoln, Ma,:on, Marion, Maury, 
Monroe,Montgomery, Moore, Morgan,Overton, 
Perry, Pickett, Polk, Hhea, Roane, Robert­
son , ~th~rfor~, Scott, Sequat~t)ie, Sevier, 
Shelby, Su.mner, Van Hllren, ·warren , White , 
Wilson . 
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Glyphyalinia carnlinirnsis (Cocker~})) . 
Campbell , Carter , Claib o rne , Cocke . Greene. 
Polk, Sevier . 

Glyphyalinia cryptomphala (Clapp) . An· 
derson, Claiborne Cumberland . Davidson , 
DeKal b, Frankl in , Hardin , Knox , Marli son . 
Marion , Roane , Sevi e r , Smith. Van Buren , 
Warren. 

Gly£1hyalinia salida (H. B. Baker) . Ble4-
soe, Claiborne , DeKalb. Humphreys , Macon, 
Marion, Maury, Monroe, Mont~omery, Over­
ton , Sequatchie , Smith , Sumner, Van Huren. 

Glyphval inia praecox (II . B. Aaker). An -
der s on ,- Blount, Carter , Coc.k". Fentre,.;>< . 
Grainger , Hamilton . Hawkins, Marion, Mon­
roe , Morgan , Perry . Rhea , Roane . 

Glyphyal in 1 a rima la llubri C'h t . Cannon, 
Clay, Jackson , Overton , Sco t t . 

Glyphyalinia sculyt i li s (Bland). Hlount, 
l.ocke, Cumberland, Fentress , Hardeman, Ma­
rion , Monroe, Moore, Polk . 

Mesomphtx inornatus (Say). C!aiuorne. 
Fentress, Graingex·, White. 

.'tfesomphix andrewsae (Pil><bry) . Blount , 
Monroe, Sevier. 

Mesomphix subplanus (Binn e y ) . Sevier. 

Mesomphtx rugeli (W . G. Binney) . Carter, 
Sullivan , Unicoi . 

Mesomp_hix vulgatus li. B. Baker . Clay. 
Macon , Pickett , Robertson . Sumner. 

Mesomphix anurus Hubricht . Campbell . 
Cannon, Cheatham, Davidson, DeKalb, Dick­
son , Fentress , Franklin, Grundy, Hamilton , 
llickman. Jackson, Macon, Marion, Maury , 
Mon tgomf' ry, Smith, Sumner, Warren . 

Mesomphix perlaevis (Pilsbry) . Ander· 
son , Bedford, Blount , Bradley , Campbell , 
Cannon , Carter, Claiborne, Cocke, Cumber· 
land , Grundy, Hamilton, Lincoln, Marion, 
McMinn , Mo·nroe , Morgan . Polk, Putnam, Rhea, 
Roane. Scott , Sevier , Unicoi , Union, Van 
Buren , Warren, White . 

Me s omphix latior (Pilsbry) . Bledsoe, 
Blount, Bradley , Monroe , ' Polk , Sevier, 
Washington . 

Mesomph1x f$lobosus (MacMillan). Obion, 
Shelby, Willumson . 

M('somphix ruidus llubricht . Montgomery . 
Ru the r £ o rd . 

:11e s omphix cuprrus (Rafinesque) . Blo11nt , 
Carter , Claiborn e. Cocke , DeKal b, Fen tress. 
Grainger . Greene , Grundy, Hawkins , Knox. 
Mt> nroe , Roane, Scott, Sevier, Sullivan . 
Union, Van Bu-ren , Washington , White . 

Mesomphix capnodes (W . G. Binney) . An-
derson , Bleds oe , Campbell.Ch e atham, Clai· 

borne , DeKalb , ~·rankl.in , Greene , Grundy, 
Hamilton , Johnson, Macon , Marion, Sequat­
chie , Van Buren , Warren, White , Wilson. 

Vi trinizoni tes lat issi111us (Lewis) . Car· 
ter . Monroe . Sevier , Unicoi . 

Paravitrea multidentata (Binney). Camp­
bell , Carter , Claiborne, Fentress, Gr~in· 
ger. Hawkins, Macon , Monroe, Mor~an, Polk, 
Robertson, Scott, Sevier, llnico1. 

Parat•itrea walkeri (Pilsbry) . Blount, 
Monroe . 

Paravitrea variabili .~ II.B . IJaker. Bled· 
soe , Sequatchie . 

· Para v itrea andrewsae (W. G. Binney) . Car­
ter . 

Paravitrea rersei Morrison . Johnson . 

Paravitrea triden s Pilsbry . 
C:orke. Unicoi . 

Carter, 

Paravitrea prtrophila (Aland) . Cocke. 
Knox, Marion. 

Paravitrea placentula (Shuttleworth). 
B~adley . . Co~ke, Franklin, Knox , Polk, Se­
¥ter, Un1co1 . 

Paravit~ea metallacta llubricht . Cannon, 
0f:'Kal b. Smith , Yiarren, White . 

Para v itrea blarina Hubricht . 
Claiborne , Grainger, Hawkin~<. 
Knox . 

Anderson, 
Jack!'on . 

Paravitrea tantilla llubricht .. F'entre""· 
Grainger. Grundy , Hawkins. Lincoln, Ove1·· 
ton, Van Buren. Warren, \\1\ite. 

Paravitrea lapill.a llubricht . Oaviqson. 

Paravitrea capsella (Gould). Anderson, 
Blount, Camp bel I , Cannon , Clay. Cocke. C:um­
berland,DeKalb . Fentress, Franklin, Hamb · 
lin , Hamilton . Hancock. Hardin . J;~r:k ,o; on. 
Macon . Marion , Monroe, Montgomery, Over · 
ton , Polk, Roane,Robertson, Scott,Sevier. 
Smith , Sullivan, Sumner, Wilson . 

Paravitr·ea calcicola tl.B. Baker. Blount. , 
Marion , Polk . 

Paravitrea smithi (Walker) . Marion . 

Pilsbryna castanea H. B. Baker . Marion. 

Pilsbryna aurea ll. B. Baker. Unicoi . 

Hawaiia minuscula minuscula (Binney) . 
Clay,Greene, Marion , Moore . Morgan, Mont· 
~ornery, Roane, Sequatchie, Shelby , Smith. 
'•rousdale . Wilson. 

Gastrodonta interna inter·na (Say). AI ed­
soe, Bradley, Cannon , Clay , Coffee . Cocke, 
Cumberland, DeKalb, Fentress, Franklin, 
Grundy, Hami !ton, Hardin, .Jackson , Jefft'r­
son, .Lawrence , Lincoln. Macon , Marion, 
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Marshall McMinn, Mei gs, Monroe, Mol'gan , 
Overton, Perry , Pick e tt , Polk, Putnam, Rhea, 
Roane, Scott , Sequatchie, Sevier, Smith, 
Stewart , Sumner , Trou s dal e , Unicoi , Van Bu ­
ren , · Warren , Wayn e, White . 

Ventridens gulari s (Say) . Anderson , Blount, 
Bradley, Campbel l, Co cke , Grainger, Grun­
dy, Hamilton, Joh n son , Knox , Marion , Mor­
gan, Polk, Rhea , Roane , Scott,Sequatchie, 
Sevier, Union , Warren . 

Ventridens coll is el l a (Pilsbry) . Ander ­
son , Blount , Campbe ll , Claiborne, Cumber­
land, Grainger , Hami l ton , Hawkins, Jeffer­
son , Knox , Mar ion , McMinn, Rhea , Roane, 
Sevier , Sullivan , Unio n , Washington . 

Ventridens decu ss at u s (Walker& Pilsbry) . 
Carter. Monroe, Unicoi. 

Vent r idens pil sbryi Hubricht . Bledsoe , 
Blount , Brad l ey , Campbell, Carter , Cla i ­
borne , Cocke , Cumberland , Fentress, Frank­
lin, Greene , Grundy , Hamilton, Hawkins , 
Marion , McMinn , Meig s, Monroe , Polk , Rhea , 
Roane, Scott , Sequa t chie , Sevier , Unicoi, 
Van Buren, Washington . 

Ventridens the lo i des (Walker & Pi lsbry ). 
Bledsoe, Camp bell , Cumber 1 and, DeKa 1 b, Fen­
tress, Grainger , Gr e ene, Grundy, H~wkins , 
Macon , Meigs, Morgan , Overton, P1ckett, 
Polk, Rhea, Roane , Scott , Sequatchie, Van 
Buren, Warren , White . 

Ventridens lawa e ( W. G. Binney) . Ander­
son, Bradley , Campbe l l , Cannon, Claiborne , 
Clay, Cocke , Cu mbe rland , DeKalb, Fentre ss , 
Grainger, Grundy , Ham blin , Hamilton , Knox , 
Loudon, Macon , Mar i on , Monroe , Morgan, O­
verton, Polk , Rh ea , Roane , Scott, Sevier , 
Union, Van Buren , Warren . 

Vent ridens coe l ax is (Pilsbry) . Carter, 
Johnson . 

Ventridens la s modon (Phillips) . Clai ­
borne, Greene , Hawkins , Knox,Monroe , Roane 
Sevier, Union . 

Ventridens dea i ssu s ( Binney). Anderson, 
Bedford , Campbell, Cannon, Carter, Cheat­
ham, Claiborne , Coffee , Cumberland , Fen­
tress,Grundy,Hawkins, Hickman, Humphreys , 
Lincoln, Macon , Monroe , Montgomery, Moore , 
Morgan , Overton , Rhea , Roane, Rutherford, 
Scott, Smith Trou s da l e , Union, Warren , 
Wilson . 

Ventriden s perc al l osus (Pilsbry). Ander­
son, Campbell , Da v id son , Rutherford . 

Ventridens ace rr a ( Lewis). Blount , Car ­
ter , Claiborne, Cumberland, Franklin , Hawk ­
ins , Marion , Monro e, Sevier . 

Ventridens ligera ( Say) . Anderson , Clay , 
DeKalb, Hamil t on , Lauderdale , Macon , Marion , 
Meigs, Perry , Ro a n e, Shelby. 

Ventridens intertextus (Binney) . Blount , 
Bradley , Claiborne , Coffee, DeKalb, Fentress, 
Hamilton , Marion , Monroe, Polk , Rhea , Roane , 
Sequatchie , Sevier . 

Ventridens eutropus Pilsbry . Oleatham, 
DeKalb , Macon, Putnam . 

Ventr i dens elliott i (Redfield) . Blount , 
Cocke, Cumberland , Polk , Sevier. 

Zonitoides arboreus (Say) . Anderson , 
Bedford , Bledsoe , Blount, Bradley, Clai­
borne , Cocke, Coffee , Cumberland , David­
s on, DeKalb,Franklin , Greene, Grundy, Ham­
ilton , Jackson , Knox,Loudon,Marion , McMinn, 
Monroe , Morgan,Montgomery,Overton,Pickett , 
Polk , Rhea , Roane, Scott, Sequatchie, Se­
vier, Shelby, Sumner , Van BUren, Warren , 
White, Wilson . 

Zonitoides lateumbilicatus (Pilsbry) . 
Marion . 

Str i atura me r idionalis (Pilsbry & Fer­
ri s s ). Anderson, Bledsoe , Blount, Coffee , 

Fentress, Frankl in, Grainger , Greene, Hawk ­
ins, Knox, Marion,Monroeh Montgomery , Mor­
gan , Overton , Putnam , .noane , Sequatchie , 
Sm i th , Sumner , Unicoi , White , Wilson . 

Str i atura ferrea Morse . Monroe, Sevier . 

Anguisp i ra alternata alternata ( Say ) . 
Bedford, Coffee , Cumberland, DeKalb , Fen ­
tress, Franklin , Hamilton , Hardin, Jack ­
s on , Knox , Macon , Montgomery , Pi eke t t , 
Polk , Roane , Shelby, Smith , Sullivan , Sum ­
ner , Trousdale, Uni c oi , Washington . 

Anguispir~ alternata jessica Kutchka . 
Carte r, Monroe . 

Anguisp i ra knoxensis (Pilsbry ). Kn ox . 

Angu i sp i ra st rongylodes (Pfeiffer) . 
Bradley , Cumberland , DeKalb, faye t -te , 
Franklin , Greene , Grundy, Marion , Po lk , 
1\Jtherford, Shelby , Smith , Sumner , Wilso n . 

Anguispira mordaxmordax (Shuttleworth). 
Campbell , Dnidson , Dltlhlb, fen tress, Frank­
lin , Grundy , Hickman , Knox , Marion , Sev ie r , 
Smith , Warren . 

Anguispira mordax mordax andA . stron­
gy lodes hybridize where their ranges ov e r ­
lap . Hybrid populations have been named 
smithi , columbo , and lawae . Anguisp i ra 
mordax pauc i costata Kutchka is a high a l­
titude form . 

Ang uis pira cumb e rlandiana (Le a). 
lin , White . 

Fr an k -

Disc us patulus patulus (Deshayes ) . An-
der s on , Bledsoe, Blount, Bradley , Camp be ll , 
Carter , Cheatham, Claiborne, Clay , Cocke , 
Cumberland , Davi"dson , DeKalb , Fentress , 
Franklin , Grundy , Hamilton, Hickman , Jack­
son , Jef fe r son , Knox, Lauderdale, Maco n, 
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Marion, Meigs, Monroe, Montgomery, Moore , 
Morgan, Obion , Overton,Perry, Polk, lllea, 
Roane, Rutherford, Scott, Sequatchie, Se­
vier, Shelby . Stewart, Sullivan. Sumner , 
Tipton. Unicoi, Union, Vim Buren, Warren , 
Washington , White, Wilson . 

Discus nigrimontanus (Pilshry). 
son, Claiborne , Fentress, Franklin, 
Overton , Putnam , Sevier, Van Buren , 
White . 

Ander­
Laudon, 
Warren, 

Discus bryanti (Harper) . Carter . Unicoi . 

Discus clappi (Pilsbry) . Franklin. 

Hel icodiscus enneodon Hubricht . Ander-
s on , Cocke , Unicoi. 

ffelicodiscus multidens Hubricht . Ander­
son, Claiborne, DeKalb, Putnam. Smith. 

ffelicodiscus fimbriatus (Wetherby) . Blount , 
Monroe, Polk . 

Helicodiscus hexodon Hubricht . Bledsoe . 

ffelicodiscus aldrichianus (Clapp) . Frank­
lin, Overton . 

Helicodiscus notius notius llubricht . 
Anderson, Bled,;oP . Campbell , Clay, Cocke, 
Coffee, DeKa\ 1 r .. ,. , , , .. s. Franklin, Grain­
ger,Hamilton Jackson , Knox, Lawrence , Ma­
rion , Montguutt· J~ . \~,,ore , Overton, Rhea , 
Rutherford, Scott, Sevier, Smith , Sumner , 
Trousdale , Union , Warren , White , Wilson . 

Helicodis c us notius specus Hubricht . 
Sullivan . 

He l icodiscus paralle lus (Say) . Coffee , 
Franklin, Harni lton, Hawkins, Jackson , Ma­
rion , McMinn, Overton, Roane, Shelby. 

lfelicodiscus barri Hubricht. . Anderson, 
Davidson , Dickson. 

Helicodiscus hadenoecus Hubricht . De­
Kalb , Jackson, Van Buren, White . 

1/elicodiscus inermis H. B. Baker . Frank­
lin , Grundy , Marion , Van Buren. 

Punctum minutissimum (Lea). Rutherford, 
Sevier , Shelby . 

Punctum blandianum Pilsbry . Anderson, 
Blount , Franklin, Grainger, Hawkins, Knox, 
Marion, Monroe, Rutherford, Sevier, Unicoi. 

Punctum vitreum H. B. Baker. Carter . 

Punctum smithi Morrison . 
con , Sequatchie, White . 

Fentress , Ma-

Ar i on fasciatus (Nilsson) . Carter,John-
so n . 

Ph i lomycus carolinianus (Bose) . AnJer -
:; on, Bledsoe , Blount , Campbell, r.offee, 
Coc ke, Cumberland, Davidson , DeKalh , i''en-

tress,Hardeman , Haywood , Knox, Lauderdale , 
Macon, Marion, Monroe, Perry, Polk, Rhea, 
Roane, Rutherford, Scott. Sequatchie, Se­
vier, Shelby , Sumner, White . Wi111on . 

Phi Lomycus toga tus ( <i9ul d) . Johrison , 
Morgan . 

Philomycus sellatus Hubricht . Franklin . 
Grundy . Marion . 

Phi lomycus [Lexuolaris (Rafinesque) . Car­
ter, Monroe, Polk, Sevier . 

Philomyrus venustus Hubricht . Carter , 
Sevier, Su 11 i van . 

Pallifera mutabilis Hubrir.ht . Anderson . 
Campbell, Carter, Davidsol), Franklin , Ma­
con , Marion, Rhea , E\oane , Sevier , Shelby . 

Pallifera wetherbyi W. G. Binney . 
tress , Marion, Putnam, White. 

Fen-

Pallifera hemphilli (W . G. Binney) . Se­
v 1 er . 

Pallifera marmorea (Pilsbry) . Sumner . 

Pall if era secreta (Cockerell). Ander-
son, Campbell, Claiborne , Cocke, Fentress, 
Hawkins , Johnson, Roane, Sevier, Unicoi, 
Union , Washington . 

Pallifera fosteri F . C. Baker . Anderson , 
Bledsoe , Blount , Bradley . Carter, Cumber­
land, Greene, Jefferson, Monroe. Polk , Rhea, 
Sevier, Sullivan . 

Succinea oval is Say . Oyer, Johnson, Shel­
by, Sevier . 

Succinea greeri Tryon. White . 

Catinella vermeta (Say) . Campbell. De-
Kalb , Hamilton , tlickman, Jackson. Johnson, 
McMinn, Montgomery . 

Catinella texana Hubricht. Shelby . 

Cat ine lla ok lahomaru111 (Webb) . Cannon, 
Claiborne, Cocke, Cumberland, Greene, Ma­
con, Marion , Sequatchie . 

Strobilops labyrinthica (Say) . Ander-
son, Bradley, i''rankl in, Grainger, Hamil ton, 
Hawkins, Lawrence, Marion, Montgomery, Moo­
re , Rutherford, Scott, Sequatchie, Sumner, 
Wilson . 

Strobilops texasiana Pilsbry . Marion , 
Rutherford, Trousdale, Wilson . 

Strobilops aenea Pilsbry. Bledsoe,Brad-
1 ey, Coffee , Cocke, DeKal b, Frankl in , Grundy, 
Marion , Maury , Monroe , Moore, Putnam, Roane, 
Rutherford , Sevier, Shelby, Van Buren . 

Gastrocopta armifera (Say) . Bedford , 
Campbell , Coffee, Davidson, DeKalb , Frank ­
lin , Green!!, llami lton, Hawkins, John :son , 
Marion, Maury , McMinn , Moore, Roane , Huth­
erford , Sumner , Williamson, Wilson . 

·. 
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Gastrocopta clappi (Sterki). Anderson, 
Moore, Rutherford, Trousdale, Wilson . 

Gastrocopta contracta (Say). Bledsoe, 
Cocke, Coffee, Franklin, Greene, Grundy, 
Hawkins, Johnson, Macon, Moore, Putnam, 
Rutherford, Sevier,Shelby, Smith, Sumner, 
Washington, Wilson. 

Gastroco[Jta pentodon (Say). Bledsoe, 
Grainger , Hamilton, Hawkins, Rutherford, 
Sequatchie , Sevier, Sumner , Wilson . 

Gastrocopta tappaniana (C . B. Adams). 
Carter,Grundy , Hamilton, Rutherford, Wil­
son. 

Gastrocollta corticaria (Say). Blount, 
Franklin , Knox. 

Gastroc opta procera (Gould). Franklin, 
Hamilton , Marion , 1\ttherford, Shelby, Wil­
son. 

Vertigo milium (Gould). Knox. 

Vertigo oscariana Sterki . Hawkins, Ruth­
er ford , Sevier . 

Vertigo rugosula Sterki. Rutherford. 

Vertigo tridentata Wolf. Carter, Hawk­
ins. 

Vertigo gouldi gouldi (Binney). Greene. 

Vallonia excentrica Sterki. Campbell. 

Cionella mor sP ann 1\nhPrty. Blount, Camp-
bell, Carter. Cheatham Claiborne , Cocke, 
Cumberland , Fentr"s~ . franklin, Grainger, 
Hancock, Johnson, Knox, Marion, Monroe, 
Morgan , Overton , Roane, Sevier , Uni on, 
White . 

ACCEPTED FOR PUBLICATION JANUARY 15 , 1973 

Carychium exile H. C. Lea. Anderson, 
Blount, Ca rter, Cocke , Coffee, DeKalb, 
Franklin, Fentress,Grainger, Grundy, Ham ­
ilton , Jackson, Johnson, Knox, Marion, Mor­
gan, Overton, Perry , Putnam , Roane, Ruth­
erford, Sequatchie, Union , Warren , White. 

Carychium floridanum Clapp . Blount. 

Carychium stygium Call. Sumner . 

Carychium clappi Hubrich t . Anderson, 
Blount, Carter, Coffee , Franklin, Grainger, 
Grundy,Hawkins, Knox, Macon , Marion , Mon­
roe, Montgomery, Overton , Roane , Sevier, 
Sumner, Trousdale, Unicoi, Wilson . 

Carychium nannodes Clapp. Anderson, 
Claiborne, Cocke, Cumberland , Franklin, 
Grainger, Gru ndy , Knox, Macon , Marion, O­
verton, Pickett,Polk, Roane , Sevier, Uni­
coi . 

Hendersonia occulta (Say). Claiborne, 
Sullivan, Unic oi . 

Helicina orbiculata orbiculata (Sar). 
Bl edsoe, Cannon, Cheatham, Davidson, DeKa b, 
Franklin , Grundy, Hamilton, Hardin, Jack­
son, Macon, Marion, Montgomery , Overton, 
Pickett, Putnam, Rutherford, Smith, Sumner, 
Van Buren, Warren, White , Wilson . 

Pomatiopsis cincinnatiensis (Lea).Clay, 
Warren . 

Pom at iopsis lap idaria (Say). Blount, 
Bradley, Campbell, Cheatham , Claiborne, 
Clay, Cumberland, DeKalb, Fentress, Frank ­
lin , Grainger, Grundy , Hamil ton, Hawkins, 
Knox , Macon, Marion, Maury, Monroe ~nnt 
gomery , Overton, Polk, Roane, Sevier Smith, 
Sulli van, Unicoi , Union . 
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CRITIQUE 
'PROCEEDINGS 

ENDANGERED 
OF A SYMPOSIUM ON RARE 

MOLLUSKS (NAIADS) OF THE 
COLUMBUS, OHIO 1971, 

AN'D 
u. s. 

Billy G. lsoml 

There is no disagreement with the pur­
pose of the symposium on rare and endan­
gered freshwater mollu sks, but there is 
disagreement with the content of the pro­
ceedings and the fact that available ex­
pertise was not brought to bear on the 
problem. Correspondence with several emi­
nent malacologists, including flr. Henry 
van der Schalie. University of Michigan , 
revealed that none was invited to con tri­
bute to the symposium . 

The title of the proceedings indi cates 
that the symposium was dedicated to dis­
cussions of rare and endangered naiads or 
mussels . However , the principal paper by 
Stansbery dealt with both mussel s and 
snails and was primarily a r eca pitulation 
of Stansbery (1970) except that numerous 
resurrected names were introduced . 

Stansbery's pap e r s ( 1970; 1971) need fur ­
ther discussion; for example, neither van 
der Schalie (1939) nor lsom (1968), Isom 
and Yokley (1968) , and Isom and Yokley 
( 1968a) were referred to in the discussion 
on the mussel fauna of Muscle Shoals, Ala­
bama . The latter papers deal with the hi s­
torical and present status of Cumberland ­
ian and other endemic species o f some tri­
butaries of the lower Tennessee River. Two 

..................•...................... 

Environmental Biology Bran ch. Division 
of Environmental Research and Develop­
ment, Tenness ee Valley Authority , Mus ­
e! e Shoals, Ala bam a. 

of the papers have speci fic references to 
fauna of the Muscle Shoals area. Another 
significant omission was the paper by I­
som ( 19 69) which was an attempt to c lass ­
ify objectively the causes of the decline 
in mussel populations of the Tennessee Ri­
ver and which includes records of species 
not only for Ke ntucky Reservoir, which 
Sta nsbery discussed, but also information 
on Muscle Shoals. 

The continued reference to Muscle Shoals, 
Alabama , as 'Mussel Shoals' is contrary to 
historical documentation (Dexte r , 1961 and 
1967 ; Isom , 1971). 

Captions for figures 22 through 50 li s ted 
by Stans·bery ( 1971) are totally inadequate 
since they are based on 1 imi ted records. 
Many people are looking to these annota­
tions and records for support in evalua­
ting possible impact of proposed projects 
on mollusks. The material compiled, while 
a beginning, is based on such 1 imi ted in­
formation that it should be co n side r ed 
only provisionally authoritative. 

Stansbery (1971, p. 7) discu ssed Pletho­
basus coope rianu s but does not include the 
information of Isom and Yokley (1968). 
While the new record of P. cooperianus from 
Duck River probably means little to the 
s urvival of this species, it s hould be 
noted. 

Stansbery (1971) incorrectly states that 
unionids do not successfully reprodu ce in 
Lhe ~ew Johnsonville area, Kentucky Reser ­
voir, Tennessee River . Isom (1969) re-
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ported that Fusconaia ebena was success­
fully reproducing in the main channel o( 
Kentucky Reservoir. Numerous other sper 
cies of Unioninae have adapted to the en• 
vironment of Kentucky Reservoir. 

Stansbery's evaluation of the Gastropoqa 
is extremely unsatisfactory. He indicatea 
that there are insufficient data for eva­
luating species status of Physidae, Lym­
naeidae, and Planorbidae which is a per. 
sonal opinion since there are authoritative 
sources of information on these families . . 
Further, the names applied to the Pleurq­
ceridae are extremely con fusing since, as 
Rosewater (1960) noted, 'It does matter 
which genus is called Pleurocera, because 
what has been called by that name has Qe~n 

recognized for so long and is still bein1 
used in this sense by most workers in No'i'th 
America . To call verrucosa and its alliea 
Pleurocera would change a nomenclatorially­
linked generic concept of long standing .. ' 
Practical evidence for retention of Ple!J• 
rocera acuta Rafinesque, 1831, as the type 
species of Pleurocera Rafinesque, 1818, 
rather than Pleurocera verrucosa Rafines­
que, 1820, as Stansbery has done, is over­
whelming. 

Another contributor, Stein (1971), does 
not give full credit for resource material 
used in her presentation which appears, ill 
part , to be a review of the literature . 

Clark (1971) gives an interesting acr 

count of the historical and current man: 
agement of naiad populations in Ohio that 
will be of interest for generations. His 
question or conjecture about the value of 
dams to management of mussels on the Mus, 
kin gum River in Ohio is indeed interest­
ing. 

Fikes and Tubb (1971) best summariz.e 
with the statement that, 

the tests is quite large 
testis probably meaniag-

their article 
'Variability in 
and a statistical 
1 ess . ' 

Imlay (1971) incorrectly states that, 
'The commercial mussel harvest from Green 
River in Kentucky has been ruined · for many 
years because of petroleum brine waste.' 
There was some active mussel harvesting 
on the lower Green River in 1965, about 5 
years after the problem of brine waste was 

reportedly terminated . It is known from 
personal work in 1971 and work by Stans­
bery (1965) and Williams(l969)that there 
is a substantial and diverse mussel fauna 
in the lower Green River. Reduction in 
the number of mussels is more likely due 
to overharvesting than to 'brine waste . ' . 

Vander Schalie (personal communication) 
noted, with reference to Iml·ay' s ( 1971) 
statements that Lampsilis higginsi was 
.... once widely distributed .. .. ' and 

'It was a valuaQle commercial species in 
Lake Pepin .. .. ' that 'L . higginsi and L . 
orbiculata may be conspecific but surely 
neither of them is common and widely dis­
tributed .... ' 

In conclusion, itis ~y opinion and that 
of others, S\lbstitution of resurrected 
generic or specific trivial names for those 
long in general use is a disservice to the 
pim of better informing our colleagues, 
administrators, other non-malacologists, 
and the public. I think one can say that 
vacillation of mollusk taxonomists is a 
challenge to the credibility of all mala­
cologists. In fact, because of the vacil­
lation ofour taxonomists , the information 
presented is of limited value to laymen 
who need sucl! information for making de­
,::isions. This statement applies to taxo­
nomists in general and is not specific to 
malacology. Very recent experience showed 
that some resurrected generic names in 
Stansbery (1971) have hindered synthesis 
o~ lists of endangered species . For ad­
ditional arguments for conservatism in 
taxonomy, Cole (1941 11nd 194la) and van 
~er Schalie (1952) should be consulted. 

A meeting of national stature should be 
held to bring together all available ex­
pertise to determine endangered mollusk 
species and attempt to stabilize nomencla­
ture . A really authoritative compilation 
eould result from such a meeting . 
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EDITOR'S NOTE 

With permission of the author of this 
paper, it has been shown to Or. David H. 
Stansbery in case he should wish to pre­
pare a reply for publication in this num­
ber of Sterk·iQ.na. Pressure of other duties 
has prevented Dr . Stansbery from doing so 
in time but his reply will be published 
in Sterki ana as soon as it 1 s ready and 
space is available . 

Publ~cation of this paper 1n Sterkiana 
is not to be con s trueda s approval or dis­
approval by the editor of the ideas ex­
pressed; sole responsi bi1i ty for the lat­
ter rest s with th e au thor of the paper. 



NO . 49, MARCH 1973 S T E R K I A N A 21 

A CHECKLIST OF THE LAND AND FRES~WATER 

MOLLUSKS OF VIRGINIA 

Porothy ~. Beet 1 e 

' Peninsula Nature & Science Center" 

Topographically, Virginia is divided in­
to three re1iona; the Appalachian mountains 
which fol'lll 4ta w,atern apine, the central 
Piedmont plateau of rollins hills cut by 
narrow atreaa valleys, and the sandy coast­
al plain with ita drowned valleys. 

Almost a!\ of the riveu rise on the 
eastern slopes of the 1110U11taina · and flow 
in a southeasterly direction into the At­
lantic Ocean. Only in the extreme south­
west corner of the state is the drainage 
pattern altered. Rivera th,re are part of 
the vast Miaaiaaippi River ~Jystem. They 
include the Holaton, Clinch, and Powell 
which drain into the Tennessee River, and 
the Russell, Pound, an" New which drain 
into the Ohio River. Heavy pollution of 
these rivera renders the continued exist­
ence of some previously reported species 
doubtful. 

Previo~a •olluacan chec:kHat.a of Virginia 
material have been limited to certain coun­
ties and have been baaed qn •aterial in 
private collectiona. The following check­
liat atte•pts to brin. t.o1ether all pub­
lished county recorda andlocality .recorda 
from the collections of the United States 
National Muaeum, theMuaeum of C0111parat.ive 
Zoology at Harv~fd. the American Museum qf 
Natural History, the Museum of Zoology of 
the Ohio State University, and material in 
private collections. 

---------~----------------~--------------
Present address: Norwood City Schools 

Planetari11m. Norwood, Ohio 45212 

Some locality records must be altered to 
reflect boundary changes . Cities in Vir­
ginia may be independent political enti­
ties. Hampton, Richmond, and Alexandria 
are examples , Old Norfolk Cou!'tY records 
are now found under the Cl t.ies of Norfolk 
and Chesapeake . Princess Anne County has 
become part of the huge area incorporated 
into the city of Virginia Beach . Warwick 
County is included in the city of Newport 
News . For the location of counties, St;le 
Figure 1. 

A total of 373 species and varietal forms 
is herein recorded for Virginia . They are 
divided as follows : 

Pelecypod a 
Margari ti ferid 
Union ids 
Sphaeriids 
Mactrid 

Gastropoda 
Freshwater Qperculates 
Freshwater Pulmonates 
Land Gas trppods 

86 
1 

70 
14 

I 

287 
35 
29 

223 

The aut.hor would appreciate having omis­
sions and errors in this list brought tq 
her attention. A question mark preceding 
th, scientific name indicates doubt abqut 
the validity of an occurr!!nce in Virginia . 
I am particularly indebted to Dr . William 
J . Clench, Dr. David H. Stansbery, and Dr . 
Joseph P . E. Morrison for their help in 
the preparation of this checklist . F. 
Wayne Grimm andLeslie Hubricht have gene­
rously permitted me to use all their Vir-



FIGURF 1: 

PHYSIC GRAPHIC PROVINCES 
OF 

VIRGINIA 
~--E3:-=:E:::3WILES 

$CAL( 

INDEX MAP 

CUMBERLAND PLATEAU 

Reprinted with permission of Dr . R. V. Dietrich , 
author of Minerals o{ Virginia (Virginia Poly­
technic Institute, B acksburg, Va ., Bull, 47) 
and of Virginia Polytechnic Institute . 
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ginia records andhave advi sed me concern­
ing relationship s with in the genus Trio­
dopsis . 

PELECYPODA 

Family Margaritiferidae 

Cumberlandia monodonta Say. Lee , Scott. 

Family Unionida e 

Ano~onta cataracta Say . Augusta . Fair-
fax , Fluvanna , Goochland, Halifax, Hamp­
to~ , Mecklenburg , Newport News, Orange, 
Pnnce William , Rockbridge, York. 

Anodonta imbecillis Say. Not toway. 

Strophitu s undulatus Say . Au~s ta 
Brunswick , Cu !pepper, Cu mb e rland , Fa1. rfax' 
Fauquier, Fluvanna , Goochland, Lee, Orange: 
Powhattan, Prince William, Roanoke, Rock­
bridge, Rockingham , Shenandoah. 

Strophitu s undulatus s ha efferianus Le a . 
Smyth . 

Alasmidonta heterodon Lea. Culpepper , 
Fluvanna , Lee , Orange. 

Alasmidonta margin ata Say. Rockb ridge , 
Smyth. 

Alasmidonta undulata Say . Augusta , 
Brunswick , Fairfax , Fauqui er, Fluvanna, 
Goochland , Orange, Prin c e William, Rock­
bridge, Rockingham . 

A lasmidonta var icosa Lamarck. Fairfax, 
Lee , Prince William , Scott , She nandoah, 
Warren , Wise. 

Alasmidonta viri d is Rafin esque. Lee, 
Smyth . 

Pegias fabuLa Lea. Scott , Smyth, Taze-
well . 

Lasm i gona 
Scott . 

costata Raf ines que . Lee, 

Lasr.~ igona hol s tonia Lea . Taz e well, Wash­
ington. 

Lasmigona subviridis Conrad. Cumberland 
Culpepper, Dinwiddie , Fairfax, Fauquier' 
Fluvanna, Goochland , Loudoun,Orange, Pow~ 
hattan , Rockbridge , Shenandoah, Spotsyl ­
vanla. 

Tritogonia verrucosa Rafinesque. Lee . 

Quadrul a cylindrica strigillata Wright. 
Lee, Russell , Scott, Twzewell , Wise. 

Quadrul a sparsa Lea. Wise , Scott. 

Quadrula intermedia Conrad . Lee, Wise. 

Quadrula pustulosa Lea. 

Amblema plicata Say . 

Scott , Wise . 

Russell , Scott, 
Wise. 

Fuscona ia subro tunda lesueur iana Lea . 
Russell , Scott, Ta ·zewell, Wise . 

Fuscona.ia cuneol us Lea . Scott . 

Fusconaia edgariana Lea. Russell , Scott , 
Washington , Wise . 

Fuscona ia barnes ian a Lea . Lee (as Ple~-
robema bigbyen s is Lea), Russell , Scott, 
Tazewell , W1 se. 

Cyclonaia s tuberculata Rafine sque Giles 
Lee, Mont gome ry , Russell, Scott , Wise . ' 

Lexingtonia dolabdloides Lea. Russell, 
Scot!;, Tazewell , Washington, Wis e. 

Lexingt onia subplana Conrad . Bucking-
ham , Cumberland (as PJ.eurobema masoni Con­
rad , which does not occur north into Vir­
ginia), Brunswick , Cumberland, Fluvanna, 
Goochland, Hennco, Po whattan , Rockbridge . 

Plethobasus cyphyus Rafine sque . Scott. 

Pleurobe ma ovifo rme Conrad. Scott , Wise. 

Pleurobema coccinetim Conrad . Sc ,) tt .. 

Pleurob ema pyramidat um Lea . Scott. 

. Canthyria col-lina Conrad. Botetourt, 
Fluvanna , Goochland,Powhattan, Rockbridge. 

Ellipti o crassidens Lamarck . Lee,Sco tt . 

Elliptio congaraea Lea . Frankl in . 

Ellipt io compZanataLightfoot. All nver 
systems of Atlantic Slope drainage . 

Ellipt ic dilatata Rafinesque . Le e,Mont­
gomery , fussell , Scott, Taze)llell , Wa shi ng­
ton . 

Ellipt io lanceolata Lea . Buch anan.,Camp­
bell , Culpepper, Cumberland, Fairfax Fau­
quier, Fluvanna, Goochland, Halifa x' Han­
o~er ! Louisa , Orange , Powhattan , Prince 
Wllham , Rockbridge. 

Lastena lata Rafinesque . Russ e ll Scott 
Wise . ' ' 

Uniomerus obesus Lea. Shenandoah . 

Uniomerus tetralasmus Say . Nottoway Ri ­
ver . 

Ptychobranchus fasciolare Rafin esque. 
Russell , Scott, Smyth, Wise . 

Ptychobranchus su bt en tum Say . Le e, 1\Js-
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sell, Scott , Smyth , Tazewell, Washington, 
Wise . 

Cyprogenia stegaria Rafinesque . Scott . 

Dromus dromas Lea . Scott. 

Actinonaias ligamentina Lamarck . 
Scott, Wise . 

Actinonaias pectorosa Conrad. · Lee , 
sell, Smyth, Washington, Wise . 

Potamilus alatus Say . Lee , Scott . 

Lee , 

Ru s-

Toxolasma lividum Rafinesque . Lee, Scott, 
Smyth, Washington (as Carunculina glans, 
a species of the interior basin only) . 

Medionidus conradicu s Lea . Russell, 
Scott , Smyth, Tazewell , Washington , Wise. 

Ligumia nasuta Say. James River. 

Ligumia recta Lamarck. Lee, Scott , Wise . 

Conradilla caelata Conrad . fussell, 
Scott , Washington , Wise . 

Villosa (abalis Lea . Lee, Russell, Scott, 
Smyth, Washington , Wise . 

Villosa perpurea Lea . . 
Scott, Tazewell , Wise . 

Lee , Russell, 

Vi llos ,,. ris 
Russell, Scott , 
female Lampsilis 
Wise . 

nebulosa (Conrad). Lee, 
Smyth , Tazewell (as old 
picta Lea) , Washington, 

Villosa vanuxemi Lea . Lee,Scott, Smyth, 
Washington , Wise . 

Villosa constricta Conrad . Alleghany, 
Amherst, Arlington (as V. vibex amygdala 
Lea), Botetourt, Brunswick , Campbell, Cum­
berland , Fluvanna , Goochland, Henrico, 
Nottoway, Powhattan , Roanoke , Rockbrid~ . 

Lampsilis cariosa Say . Brunswick , Fair-
fax , Hanover . · 

Lampsilis ventricosa Barnes . Clarke , 
Giles, Lee , Loudoun , Russell , Scott , She­
nandoah, Smyth , Tazewell, Wise . 

Lampsilis cohongoronta Ortmann (cf . L . 
ventricosa Barnes) . Shenandoah River. 

Lampsilis ovata Say . Jefferson (intro-
duced) . 

Laapsilis fasciola Rafinesque. Lee, 
fussell, Scott , Smyth, TazewelL Washing­
ton, Wise . 

Lampsilis ochracea Say . Dinwiddie, Fair­
fax, Goochland, King and Queen, Kiilg Wil­
liam , Prince George, York River . 

Laapsilis radiata Gmelin . Fairfax . 

Epioblasma triquetra Rafinesque . Scott . 

Epioblasma brevidens Lea . Scott . 

Epioblasma haysiana Lea . Tazewell . 

Epioblasma lenior Lea . Scott (extinct) . 

Russell , Epioblasma capsaeformis Lea . 
Scott, Tazewell , Wise. 

Epioblasma torulosa gubernaculum Reeve . 
Scott . 

Epioblasma walk e ri Wilson & Clark . Scott . 

Family Sphaeriidae 

Pisidium adamsi Prime. Dinwiddie . 

Pisidium aequilaterale Prime. Shenan-
doah . 

Pisidium casertanum Poli . Goochland , 
Newport News, Virginia Beach, York . 

Pisidium compressum Prime . Goochland, 
Virginia Beach . 

Pisidium dubium Say . Goochland . 

Pisidium nitidum 
Vi rgi ni a Beach . 

Jenyns . Chesapeake, 

Pisidium punctiferum Guppy . Albemarle . 

Pis i dium walkeri Sterki . Virginia (H . 
B. Herrington . 

Sphaerium fabale Prime . Nelson . 

Sphaer i um lacustre Muller . Accomack . 

Sphaerium occidentale Prime. Hampton, 
Newport News, Virginia Beach . 

Sphaerium partume ium Say . Culpepper , 
Hampton , Newport News . 

Sphaerium securis Prime . Northampton . 

Sphaerium simile Say . 
Herrington) . 

Virginia (H. B. 

Family Mactri<!ae 

Rangia cuneata Gray in Sowerby . Charles 
City, Isle of Wight, James City , Newport 
News, Stafford, Surrey, Virginia Beach. 

GASTROPODA: FRESHWATER OPERCULATES 

Family Viviparidae 

Viviparu s georg i anus Lea . Fairfax. 
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Campe loma dec isum Sar. Cumberland. Fair-
fax, Fluvanna, Gooch and , Hanover, Lee, 
Louisa, Newport News, Powhattan , York . 

Lioplax subcartnata Say Chesterfield, 
Cumberland, Fairfax , Fluvanna , Powhattan. 

Family Valvatidae 

Valvata tri cari nata Say. fairfax. 

Valvata tri c arinata perconfusa Walker. 
Fairfax. 

Family Hydrobiidae 

Hydrobia jacksoni Bart sch . Norfolk . 

Hydrobia truncata Vanatta. Northum ber-
land . 

Hydrobia sp. Westmoreland. 

Fontigens nickliniana Lea . Bath . 

Fontigens attenuata Haldeman. Montgo-
mery. 

Fontigens orolibas Hubricht. Albemarle, 
Augusta, Greene , Madi so n , Page, Rappahan­
nock, Rockingham, Warren. 

Fontigens sp . Alleghany , Augusta· ; Bath, 
Craig, frederick , Gil es, Madison, Mont-
gomery , Page, Pitt sy l vania, Rockbri dge , 
Rockingham, Russell , Shenandoah , Smyth , 
Wythe . 

Lartetia sp. Warren , possibly extinc t . 
(Morrison , personal communication) . 

Littoridinops cf. L. tenuipes Co oper. 
Hampton, King George , Newport News, Nor­
folk, Northampton . 

Lyogyrus granum Say . Fairfax, Hanover, 
Henrico , New Kent, Norfolk. 

Amnicola limosa Say. Clarke , fairfax, 
Goochland, Hampton , Henrico , Newport News, 
Norfolk, Page , Sussex. 

Cochliopa decisa Haldeman. Gooc hl a nd . 

Cochliopa virginica Walker. 
Fauquier, Fluvanna, Goochland , 
Prince William, Wythe. 

Fairfa x, 
Orange, 

Gillia altilis Lea. Alexandria, Campbell, 
Cumberland, Dinwiddie , Fairfax , Fluvanna, 
Frederick, Goochland, Lee, Powhattan. 

Pomatiopsis cincinnatiensis Lea. Lee, 
Scott . 

Pomatiopsis lapidar ia Say . Arlington, 
Buchanan, Fairfax , Giles, Grayson, Lee, 
Mecklenburg, Montgomery , Newport News, New 
Kent , Patrick, Prince Willi am, Scott, Smyth, 
Washington, Wythe . 

Bithynia tentacu lata Linnj . Fairfax , 
Rock bridge . 

family Pleu roceri dae 

Pleurocera canalicu latum Say. Lee, 
Scott, Smyth, Washington, Wi se. 

Goniobasis uncialis Haldeman.. Scott. 

Goniobasis arachnoidea Anthony . L~e. 

Go ni obasis cari n ife ra Lamarck. Taze-
well. 

Go n iobasis cla v aeformis Lea . Lee . Scott., 
Wasl, i ngton. 

Gonioba sis simplex Say . Lee , Smyth, 
Wi se. 

Goniobasis spinel la Lea. Lee , Scott. 

Go n i o bas i s v i r g in i c a Gm e l i n . Bo t e to u r t , 
Cumberland, Fairfax, Fauquier , Fluvanna, 
Goochland , Loudoun, Powhattan . Roanoke, 
Rockb ridge , Stafford . 

lo fluvialis Say . 
ton , Wi se. 

Lee, Scott, Wa s hing-

Spirodon carinata Bruguiere. Botetourt, 
Brun s wi c k , Buchanan, Cumberland, Fairfax, 
Fluvanna, Frederick, Goochland . Madison, 
Mont~om ery, Nelson,Orange, Powhattan, Pu­
la sk i , Roanoke , Rockbridge, Rockingham, 
Shenandoah, Wythe. 

Spirodon dilatata Conrad. Alleghany. 
Amherst, Carroll , Grayson, Rockbridge . 

Anculosa praerosa Say. Lee. 

Anculosa subglobosa Say. 
Smyth, Tazewell, Wa s hington. 

Lee, Seat t, 
Wise . 

GASTROPODA: FRESHWATER PULMONATES 

Family Physidae 

Aplexa hypnorum Linn~. Greene. 

Physa ancillaria Say. Fairfax . 

Physa acuta Draparnaud. tlampton , New-
port News, Fatrfax, Virginia Beach . York 
(introduced. W. J. Clench, personal com. 
muni cation). 

Physa aurea Lea. Augusta, Bath, Bote-
tourt , Cumberland, Fluvanna, Goochland, 
Lee , Loudoun, Rockbridge, Shenandoah, Smyth, 
Tazewell, Washington. 

Physa goodrich i Clench. Smyth, Tazewell, 
Wise. 

Physa heterostropha Say . Albemarle , Cul­
flepper, Fairfax , Hampton , Loudoun, Newport 
News, Page , Prince William. 
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Fossaria dalli Baker . Frederick. 

Fossaria humilis Say . Hampton , Newport . 
News,Prince William, Virginia Beach, York . 

Fossaria modicella Say . Arlington , 
Clarke, Northumberland, Rockbridge, Shen ­
andoah . 

Fossaria obrussa Say . Scott, Warren, 
Wise , Wy the . 

Fossaria obrussa exigua Lea . Newport 
News, York . 

Fos s aria parva Lea. Augusta , Frederick , 
New Kent . 

Stagnicola caperata Say . Fair fax , Page, 
Shenandoah . 

Pseudosuccinea columella Say . Albemarle , 
CulpeJ>per , Fairfax , Hampton , New Kent , New­
port News , Surrey , Virginia Beach. 

Radix auricularia Linne . Giles (Intro-
duced) . 

Family Planorbidae 

He l isoma anceps Menke . Alleghany, Ar-
lington, Fairfax , Fluvanna, Giles,Gooch­
land1 Hanov·er , Newport News , Spotsylvania, 
Smytn, York . 

Helisoma trivolvis Say . Fairfax , New-
port News , Smyth . 

Planorbula armigera Say. Fairfax , HamP.­
ton , Newport News (Fairfax asP. jenksii H. 
F, Carpenter} . 

Planorbula wheatleyi Lea . Virginia 
Beach . 

Gyraulus deflectus Say. Fairfax . 

Gyraulus par vus Say . Augusta, Frederick , 
Giles, Newport News, Rockbridge , Shenan­
do ah , Wy th e , Yo rk . 

Menetus brongniartianus Lea. Newport 
News, Surrey . 

Menetus dilatatus Gould . Culpepper , 
Fairfax~ Hampton, New Kent, Newport News, 
Prince "illiam . 

Menetus dilatatus buchanensis Lea. New­
port News, Page. 

Promenetus exacuous Say . Dinwiddie, 
Prince George. 

Family Ancylidae 

Ferrissia fragilis Tryon. Rockbridge. 

Ferrissia parallela Haldeman . Fairfax . 

Ferrissia rivularis Say. Fairfax , Wash-
ington, Wise . 

Laevapex fuscus C. B. Adams . Hampton , 
Newport News, Norfolk , Virginia Beach . 

GASTROPODA: LAND 

Family Helicinidae 

Helicina orbiculata Say . Norfolk (In-
troduced. W. E. Old , Jr . ! ) . 

Hendersonia occulta Say . Augusta, Giles, 
Mont go me ry, Patrick, Pula ski, Rockbridge, 
Smyth , Warren, Washington, Wythe. 

Family Carychiidae 

Carychium exiguum Say . Fairfax, Giles, 
Rockbridge . 

Carychium nannodes Clapp . Alleghany, 
Bath , Bland , Botetourt, Buchanan, Giles , 
Halifax, Patrick , Pittsylvania , Pulaski , 
Scott, Smyth. 

Carychium clappi Hubricht . Bath, Bland, 
Botetourt, Buchanan , Giles , Patrick, Pitt­
s ylvania, Pulaski, Rockbridge , Scott, Smyth , 
Washington. 

Carychium exile H. C. Lea . Alleghany , 
Augusta, Bath , Bedford, Botetourt, Craig, 
Franklin, Giles, Halifax, Henrico , High-
1 and, Madison , Page , Pi ttsy 1 vania , Prince 
William, Pulaski, Rockbridge , Rockingham , 
Smyth, Washington. 

Caryc hium costat •m Hubricht . Patrick , 
Pittsylvania, Pulaski , Washington . 

Family Cionellidae 

Cionella lubrica Miiller. Alleghany, Au­
gusta , Bath , Clark , Fauquier, Frederick , 
Highland, Loudoun, Norfolk, Page, Prince 
William, Pulaski, RapP..ahannock, ROckingham, 
Shenandoah, Warren, Wythe . 

Cion ella morseana Doherty. Alleghany, 
August a , Bath , Bedford, Bland, Botetourt , 
Craig,Giles, Grayson, Madison, Page, Pat­
rick, Pittsylvania , Pulaski, Rappahannock , 
Rockbridge, Rock in gh wm , Sh en an do ah , Srny th , 
Tazewell, Warren, Washington, Wythe . 

Ci onella lubricella Porro. Alleghany , 
Bath, Bland, King George, Tazewell . 

Family Valloniidae 

Va ll on i a_pulchella Muller . Accomack , 
Alleghany, Chesapeake, Franklin, Frederick , 
Lancaster, Newport News, Norfolk, North­
hampton , Northumberland, Roanoke , Rock­
bridge, Tazewell , York . 

Vallonia excentrica Sterki . Accomack, 
Alleghany, Olesapeake, Highland, King Geor­
ge, Lancaster, Newport News, Norfolk , North­
Hampton, Orange,Pittsylvania, Rockbridge, 
Russell, Smyth, Washington, Wythe . 
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Vallonia costata Miiller. Alleghany, Au­
gusta, Bland, Bath, Campbell, Craig, Fair­
fax, Frederick,Henrico, llighland, Newport 
News, Norfolk, Roanoke, Rockbridge, f\Jssell , 
Shenandoah, Tazewell, Wythe, York . 

Vallonia perspectiva Sterki. Clarke . 
Frederick, Loudoun Montgomery, Newport 
News, Page, Patrick, Southampton, Warren . 

Family Pupillidae 

Pupilla muscorum Linne. Carroll, Fred-
erick. 

Pupoides albilabris C. B. Adams . State 
wide. 

Gas t roc o p t a c r i s tat a Pi 1 s b ry & Van a t t a . 
Accomack, Alleghany, Dlarles City. Chesa­
peake, Fairfax, Franklin, f'reden ck, Lee, 
Loudoun, New Kent . Newport News, ~orthamp­
ton, Orange, Page, Pittsylva.,ia, Pulaskl, 
Rockbridge, Russell, Scott, Smyth, Sussex, 
York. 

Gastrocopta pellucida hordeacella Pils-
b ry . No rf o 1 k . 

Gastrocopta procera Gould. 
Dla rles City. 

Alleghany, 

Gastrocopta armifera Say. State wide. 

Gastrocopta armi{era cl!lppi Sterki. Lee, 
Washington, Russel . 

Gastrocopta contracta Say. State wide . 

?Gastrocopta holzingeri Sterki. Giles. 

Gastrocopta pentodon Say . State wide . 

GastrocoEta tappanniana C. B. Adams. 
Accomack, Franklin, Frederick, King Geor­
,e, Orange, Pi ttsy 1 vani a, Rockbridge, Rock­
lngham , York . 

Gastrocopta corticaria Say . Arlington, 
Montgomery, New Kent, Orange, Page, Roan­
oke. 

?Yerti·go elatior Sterki. 
Montgomery . 

Frederick, 

Vertigo ovata Say . Accomack, Olesapeake. 
Clarke, Franklin, King George, New ~ent, 
Norfolk, Orange, Pittsylvania, Rockbridge, 
Virginia Beach . 

Vertigo oralis Sterki . Cllesapeake, Nor­
folk. 

Vertigo teskeyae Hubricht. Dlesapeake, 
Norfolk. 

Vertigo ventricosa Morse . Pulaski, Rock­
bridge. 

Vertigo pygmaea Draparnaud. Bland, North­
hampton,Rockbridge. 

Vertigo parvula Sterki. Augusta , Pulas­
ki, Rappahannock, Rockbridge, Warren. 

. Vertigo tridentata Wolf. Alleghany, Bath, 
Glles, Pulaskl, Rus sell, Tazewell .. 

Vertigo bollesiana Morse. Chesapeake. 

Vertigo gouldi Binney. Augusta , Clarke, 
Loudoun, Middlesex , New Kent, Pulaski, 
Rockbridge, Shenandoah , Warren. 

Vertigo milium Gould. Accomack, Chesa" 
peake, Fairfax . Frederick, Loudon, New 
Kent , Norfolk, Pittsylvania, Prince Wil-
liam , Rockbridge , Tazewell, Virginia Beach . 

Vertigo oscariana Sterki. Bedford, New­
port News, Pittsylvania . 

Columella edentula Draparnaud. Augusta, 
Giles, Henri co, Loudoun. ~ew Kent . Page, 
Patrick . Pittsylvania, Pulaski, ·Happahan­
nock , Rockbridge , Warren , Washing·ton. 

Fami 1 y St.robi 1 opsi dae 

Strebilops aenea Pilsbry . Accomack, Au­
g11sta, Charles City, Fairfax, Gloucester, 
Henrico. Louisa , Loudoun, Middlesex, Mont­
gomery , Nor.thampton, Page, Pittsylvania. 
Prin ce Edward, Pulaski, Rappahannock, Hock­
b ri d ge , Yo rk . 

Strobilops labyrinthi ca Say. State wide . 

St robi lop s texasiana Pi lsbry & Ferriss 
Virginia (J. B. Burch) . 

Family Succineidae 

Succinea aurea Lea. Accomack , Henrico. 

Succinea oval. is Say. Alleghany, Craig, 
Essex, Gile s, Rockbridge, Scott, Smyth, 
Tazewell, Washington . 

Succinea wilsoni Lea . Accomack, King, 
George, Mathews, Nansemond, Northampton. 

Succinea avara Say. Augusta, Clarke, 
Culpepper, Page , Shenandoah. 

Succinea pyrites Hubricht. Accoma ck. 

Catinella vermeta Sav . Accoroack, Bed-
ford , Bland,Essex, Fred~rick, James f:ity. 
King George , Lee,Norfolk, Scott, Smyth. 

Catinella oklahomarum Webb. Accomack, 
Bedford, Chesapeake, King William, Middle­
sex, Northampton , Pittsylvania, Virginia 
Beach , Westmorel and. 

Catinella hubrichti Grimm. Accomack, 
J arne s City . 

Oxy lama decamp i gou ldi Pi lsbry. Camp­
bell . 
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Oxyloaa effusa subeffusa Pilsbry . Char­
lea City, Nansemond . 

Family Philomycidae 

Philo~cus carolinianus Bose . Accomack , 
Essex, Fairfax, Gloucester, Halifax , Han ­
over, James City, Kins William, Lancaster, 
Mathews, Mecklenburg, Middlesex, Nan semon d , 
New Kent, Newport News, Northampton, Pat­
rick, Pittsylvania, Prince Edward, Prince . 
George, Sussex, Vi rgi ni a Beach, Wes tmo re­
land . 

Philoaycus caroliniwnus flexuolaris Ra ­
finesque. . Alleghany, Bedford, Campbell , 
Fairfax, Giles, James City, Newport News, 
Patrick, Pi ttsyl venia, Rownoke, Smyth , 
Washington, Wythe, York . 

Philo•lcus tofatus Gould. Bedford , Bu ­
chanan, Campbel , Fluvanna, Franklin , Ha­
lifax, Hennco, Henry, Lee, Patrick , Pitt ­
sylvania, Pulaski, Rappahannock , Washing­
ton, Wise. 

Philoaycus bisdosus Branson. Buchanan. 

Philoaycus virginicus Hubricht . Alleg­
hany, Bedford, Madison, Patrick , Pittsyl­
vanla, Scott . 

Philoaycus venustus Hubricht . Grayson , 
Roanoke, Smyth, Washington, Wise, Wythe . 

Pallifera dorsal~s Binney. Amherst , Au­
g~uta, Campbell, Charlotte, Craig, Frank­
lin, .Gilu,Grayson, Greene , Patrick, Pitt­
sylvania, Roanoke, Rockbridge, Washington, 
Wiae, Wythe. 

Pallifer4 fosteri Baker . Clark, Nan­
aemond, Newport News Sussex, Virginia 
~ach. 

Pallifera heaphilli W.G . Binney . Giles, 
Grayson, S.y th. 

Pallifera heaphilli secreta Cockerell . 
Bath, Essex, Grayson, Patrick, Pittsylvania , 
Pulaski, Warren, Washington . 

Pall i(era autabi lis Hub rich t . Alleghany, 
Campbel , Giles, Halifax, Hanover, Meck­
lenburg, Montgomerv, Nansemond, Northamp­
ton, Pittaylvania, Rockbridge, Wise, Wythe. 

Pall if era aegaphall ica Grimm . Accomack, 
Bedford, C8111J?bell, Olarles City, Charlotte , 
Craig, Frankl1n, Halifax, James City, King 
George, Louisa, Mecklenburg, Middlesex, 
Nanae11ond . Newport News, Norfolk, North­
hampton, Pittaylva11ia , Richmond, Virginia 
Beach, Washington, York. 

PaZli/era varia Hubricht . Amherst , Au­
gusta, Bedford, Madison, Page , Rappahan­
nock, Rockbridge. 

Family Arionidae 

Ario" hortensis Ferussac . Tazewell , 
Wythe. 

Family En do don tidae 

Anguispira alternata Say . Alleghany, 
Bedford,Giles,Halifax, Lee, Madison, Mid­
dlesex, Montgomery, :'lorthampton, Page, Pat­
rick , Pittsylvania, Roanoke, Rockingham, 
Tazewell, Warren . Washington, Wythe. 

AnguisEira alternata angulata Pilsbry . 
Augusta , Bath, Clarke , Fairfax, Frederick, 
Henrico , Lee, Loudoun, Mecklenburg, North­
hampton , Rockbridge . 

Anguispira alternata fergusoni Bland . 
Charles Citr,Charlotte, Chesapeake , Clarke, 
Fairfax, Ha ifax, Isle of Wight, Mecklen­
burg, Middlesex , Nansemond, Norfolk , North­
hampton . 

?Anguispira alternatastrongylodes Pfeif­
fer . Halifax . 

Anguispira alternata jessica Kutchka . 
Gray s on . 

Anguispira alternata crassaWalker. Bath. 

Anguispira alternata mordaxShuttleworth . 
Alleghany , Fairfax, Giles, Lee, Montgomery, 
Pulaski, Wise . 

Anguispira alternata knoxensis Pilsbry. 
Mecklenburg. 

Discus cronkhitei Newcomb. Alleldiany, 
Highland , Norfolk, Page, Rappahannock, Scott, 
Smyth , Washington . 

Discus patulus Deshaies . Amherst, Bland, 
Dickenson , Fairfax, Gi es, Grayson, Mont­
gomery , Patrick , Pittsylvania, Pulaski, 
Roanoke , Rockbridge, Ru sse 11, Scott, She~ 
nandoah , Smyth, Washington, Wise, Wythe. 

Helicodiscus notius Hubricht . Accomack, 
Augusta , Charlotte, Giles, Newport News, 
Pula ski , Scott . 

Helicodiscus parallelus Say. State wide. 

Helicodiscus diadema Grimm . Alleghany, 
Rockbridge . 

Helicodiscus hadenoecus Hubricht. Pu-
1 a ski . 

Helicodiscus singleyanus Pilsbry . Bote­
tau rt , Rockbridge. 

Helicodiscus singleyanus inermis H.B. 
Baker. Alleghanr, Augusta, Newport News, 
Pitt.sylvania , Pu aski, Rockbridge . 

Helicodiscus jacksoni Hubricht . Alleg­
hany , Clarke, Highland, Loudoun, Newport 
News, Page, Pulaski, Russell, Warren. 

He l icodiscus enneodon Hub rich t . Scott . 

He l i codi s cus t r iodus tlu bri ch t . Botetourt . 

Punctum blandianum Pilsbry . Bedford, 
Botetourt , Giles , Patr i ck, Pittsylvania, 
Smyth . 
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Punctum mi nutissimum Lea. Buchanan, 
Charles City , Franklin , Highlwnd, James 
City , Madison , Paj!e. Pittsylvania , Prince 
William , Smyth , Y1rginia Beach. 

Punctum vitreum H. B. Baker . Alleghany, 
Fairfax , Pittsylvania , Pulaski , Rockbridge. 

Pun c tum smithi Morrison . Bedford , Char­
les City , Middlesex, Pittsylvania . 

Punctum lamellatum Hubricht . Bedford, 
Pi ttsyl vania . 

Fami 1 y Limac i dae 

Limax flavus Linn, . Henrico, Northamp-
ton . 

Limax maximus Linne . Accomack , Lee, 
Newport News, Norfolk , Pittsylvania , Scott, 
Wythe . 

Lehmannia poirieri Mabille. Accomack , 
Henrico, Newport News , Norfolk , Northamp­
ton . 

Deroceras laeve Maller . State wide . 

Der·oceras reticulatum Maller . Russell, 
Wy th e , Yo rk . 

Milax gagates Draparnaud , Accomack, 
Hampton, Newport News , Norfolk , Northamp­
ton, Northumberland , Orange. 

Family Zonitidae 

Nesovitre• electrina Gould . Bland , 
Fairfax , Frederick, Norfolk, Scott . 

Glyphyalinia burringtoni Pilsbry . State 
wide . 

Glyphyalinia cumberlandiana Clapp . High-
1 and . 

Glyphyalinia cumberlandiana 
H. B. Baker . Pula ski, Scott . 

roanensis 

GlyRhyalinia virginica Morrison . Charles 
City, Clarke , Loudoun, Madison, Page, Prince 
William , Rockbridge , Rockingham . 

Glyphyalinia wheatleyi Bland. Bedford, 
Campbell, Pittsylvania, Roanoke, Smyth, 
Rockingham . 

Glyphyalinia lewisiana Clapp . Alleghany, 
Pi ttsyl vani a, Pula ski . 

Glyphyalinia raderi 
Craig , Page , Pula ski . 

Dall . Alleghany, 

ulyphyalinia rhoadsi Pilsbry . Augusta, 
Bedford, Charlotte, Clarke, Craig. Cul­
pepper, Fairfax, Fauquier, Frederick, Greene, 
Loudoun , Montgomery, Orange , Page , Pitt­
sylvan i a , Pulaski , Rappahannock , Roan<;lke , 
Rockingham , Scott , Smyth , Warren ; Washing­
ton . 

Glyphyalinia rhoadsi austrina H. B. Baker . 
Amherst, Rockbridge. 

Glyphyalinia carolinensis Cockerell. Al­
leghany, Giles ; Grayson, Patrick, Pulaski, 
Rockbndge, Washington, Wythe . 

Glyphyalinia cryptoaphala solida H. B. 
Baker. Charles C1ty, Essex, Henry, Lee, 
Newport Ne.ws, Northampton, Patrick, Pitt­
sylvania, Prince Wilham, Pulaski , Rappa­
hannock , Smyth, Warren, York. 

Glyphyalinia luticola Hubricht . Acco-
mack, James City, Northampton, Tazewell, 
Wythe . 

Glyphyalinia indentata Say . State wide . 

Glyphyalinia indentata paucilirata 
relet . James City, Newport News . 

Glyphyal inia praeeox H. B. Baker . 
erock. 

Mo-

Fred-

Glyphyalinia sculptilis Bland . Highland, 
Washington. 

Mesomphix perlaevis Pilsbry . Buchanan, 
Giles, Halifax, Lee , Mecklenburg, Pitt­
sylvania. 

Mesomphix perlaevis vu!gatus H. B. Baker . 
Augusta. 

Mesomphix inornatus Say . Alleghany, Au­
gusta , Bath, Bedford, Bland, Botetourt, 
Craig, Giles, Highland, Lee , Pulaski , Ro-
anoke, Rockbridge, Rockingham, Ru sse 11, 
Scott, Smyth , Tazewell Washington , Wise, 
Wythe. 

Mesomphix rugeli W. G. Binney. James 
City, Montgomery , Patrick , ' Washington, 
Wy th e , Yo rk , 

Mesom_phix ruge l i oxycoc'cus Vanatta. Gi­
les , Grayson, Halifax, Mecklenburg, Pat­
rick , Pittsylvania, Pulaski, Smyth , Wythe . 

Meso111phix subplanus Binney . Grayson, 
Patrick, Smythe, Washington . 

Mesoaphix capn9des W. G. Binney. ·Bed-
ford, Halifax, Mecklenburg, Pittsylvania, 
Pulaski, Roanoke, Rockbridge . 

Meso111phix cupreus Rafinesque. Allegha -
ny, Augusta , Bath, Buchanan, Campbell, 
G1les, Grayson, Lee, Montgomery , Pulas~i. · 
Rockbridge, Russell, Scott, Smyth, Wash­
ington , Wise , Wythe . 

Vitrinizonites latissimus Lewis . 
son, Smyth, Washington, Wythe . 

Gray-

Paravitrea andrewsae W. G. Binney. Buch­
anan, Washington . 

Para v itrea bidens Hubricht . Lee . 

Par a v i t rea caps e ll a Go u J d . Augusta, 
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Bedford, Bland , Buchanan, Giles, Lee, Mon .t­
gomery, Patrick, Pi ttsylvania, Pulaski, 
Smytl;l, Tazewell , Wythe. · 

Paravitrea reesei Morrison . Giles, Gray-
son, Montgomery , Pi ttsyl vania, Pulaski , 
Smyth. 

Parav itrea blarina Hubricht . Lee . 

Paravitrea seradens Hubricht. Giles. 

Paravitrea pontis H. B. Baker . 
bridge. · 

Rock-

Paravitrea grimmi Hubricht. Alleghany, 
Bath , Botetourt, Highland, Rockbridge. 

Paravitrea mult identata Binney . Alleg-
hany, Augusta, Bedford, Bland , .Botetourt, 
Highland, Loudoun , Madison , Page , Patrick, 
Pittsylvania, Pulaski, Rappahannock, Rock­
bridge, Smyth, Warren . 

ilawaiia minuscula Binney. State wide . 

O:xychilus cellarius Muller . Montgomery, 
Pittsylvania, Roanoke, Rockbridge , Wythe . 

O:xych i lus draparnaldi 
Frederick, Norfolk . 

Beck. Augusta, 

Euconulus chersinus Say. Giles, Pat-
rick, Pi ttsyl vani a, Sussex . 

Euconulus chersinus dentatus Sterki . Am­
herst, Bedford, Charles City, Page , Pitt­
sylvania, Rockbridge , Virginia Beach , Wy­
the. 

Euconulus chersinus po lygyratus Pi lsbry. 
All e gh any , Pu 1 a ski . 

Euconulus fulvus Miiller . Augusta , Bath, 
Patrick , Pittsylvania, Rappahannock, Rock­
ingham, Warren, Washington . 

Guppya sterkii Dall. Bath,Halifax, Pat-
rick, Pittsylvania, Pulaski , Rockbridge, 
Smyth . 

Gastrodonta interna fonticula Wurtz. 
Scott . 

Ventridens cerinoideus Anthony. All 
coastal plain counties. 

. Ventridens pilsbryi Hubricht . Roanoke , 
Smyth, Wythe. 

• Ventridens coela:xis Pilsbry . Grayson, 
Washington. 

Ventridens collisella Pilsbry. Allegha­
ny, Bedford , Botetourt, CamJ:!bell, Giles, 
Halifax, Lee, Montgomerl, Pittsylvania, 
Pulaski, Rockbridge, Russel , Scott, Smyth, 
Washington. 

Ventridens gularis Say . · Alleghany, Bo­
tetourt , Charlotte, Fluvanna, Hanover, 
Halifax~ Mecklenburg, Nottoway, Pittsyl­
vania, t'rince Edward, Pula ski. 

Ventridens gularis theloides Walker & 
Pilsbry. Patrick, Pittsylvania . 

Ventridens lasmodon Phillips . Lee, Pat­
rick, Tazewell . 

Ventridens lawae W: G. Binney . Washing-
ton . 

Ventridens suppressus Say. Alleghany, 
Arlington , Augusta , Bath, Bedford, Bote­
lou rt, Campbell, Craig, Culpep~er , Frank­
lin , F' rederick, Highland, Mad1son , Page, 
Pittsylvania, Pulaski, Roanoke, Rockbridge, 
Rockingham, Warren, York. 

Ventridf!nS suppressus magnidens Pilsbry . 
Henri co. 

Ventridens suppressus virginicus Vanat­
ta . Amherst, Augusta, Charles City, Clarke, 
Frederick, Page , Rappahannock, Rockbridge, 
Rockingham , Slienandoah , Warren. 

Ventridens acerra Lewis. Alleghany, 
Bedford, Botetourt , Giles , Grayson, Lee, 
Pulaski, Roanoke, Rockingham, Russell, 
Scott, Smyth, Washington , Wythe . 

Ventridens demissus Binney. Grayson, 
Lee, Newport News, Pulaski, Rockbridge, 
Smyth , Twzewell , Washington , Wise, Wythe. 

Ventridens interte:xtus Binney. Amherst , 
Campbell, Charles City, Halifax, Pittsyl­
vania, Washington. 

Ventridens ligerus Say . State wide. 

Ventridens elliotti Redfield . Patrick, 
Wythe . 

Zonitoides arboreus Say. State wide . 

Striatura milium Morse . Arlington, l-Ien­
rico , Loudoun , Prince William . 

Striatura e:xigua Simpson . Augusta, Ma-
dison , Page , Rappahannock, Rockbridge . 

Striatura meridionalis Pilsbry & Fer-
rlSS . State wide . 

Striatura ferrea Morse . Patrick, Prince 
Wi 11 i am, Rappahannock. 

Family Haplotrematidae 

Haplotrema concavum Say. State wide . 

Family Subulinidae 

Subulina octona Bruguiere . 
(introduced). 

Arlington 

Rumina decollata Linn~ . Norfolk (intro­
duced). 

Lamella:xis gracilis Hutton . Norfolk, 
Pi ttsyl vani a. 

Opeas pyrgula Schmacker ~Boettger . Clar­
ke , Norfolk . 



NO. 49, MARGff 1973 S T E R K I A N A 31 

Cecilioides ap_erta Swainson . Introduced 
into Virginia (J . B. &rch) . 

Family Polygyridae 

_Polygrra pust~loides 
C1ty, P1ttsylvan1a . 

Bland . 

Polyg1ra texasiana Moricand. 
(W. E. Old, Jr . ) . 

Polygyra postelliana Bland . 
News. 

Polygyra plicata Say. Lee . 

Char·les 

Norfolk 

Newport 

Stenotre111a hirsutum Say . State wide . 

Stenotrema barbatum Clapp. Campbell , 
Caroline, Charlotte, Fairfax , Halifax, 
Mecklenburg, Newport News , Pittsylvania , 
Prince George, Pulaski, York. 

Stenotrema altispira Pilsbry. Grayson . 

Stenotre111a stenotrema Pfeiffer . Dicken­
son, Giles, Grayson, Lee, Montgomery , Pat ­
rick,Pittsylvania, Pulaski, Roanoke, Rock ­
bridse, fussell, Smyth, Tazewell , Warren, 
Wash1ngton, Wise, Wythe. 

Stenotrema edvardsi Bland . Grayson, 
Lee , Smyth, Washington, Wise, Wythe. 

Stenotre111a spinosum Lea . Lee , Scott , 
Wythe. 

Stenotrema fraternum Say . Alleghany , 
Amherst, Arlington, Bedford, Campbell , Craig, 
Fairfax, Henry , Lee, Page, Patrick, Pitt­
sylvania, Rappahannock, Pockbridge, Rock­
ingham, fussell, Warren, Washington, Wythe . 

Stenotrema fraternum montanum Archer . 
Tazewell. 

Stenotreaa burringtoni Grimm . Highland . 

Stenotrema leai Binney . Virginia (J . B. 
Burch). 

Stenotrellla leai aliciae Pilsbry. Craig . 

Mesodon andrews•e Binney. Grayson, Smyth. 

Mesodon andrewsae normalis Pilsbry.Bed-
ford, Giles, Grayson, Patrick , Roanoke, 
Wise, Wythe . 

Mesodon clausus Say . Lee, fussell. 

Mesodon downieanus Bland . Pittsylvania . 

Mesodon thyroidus Say . State wide . 

Mesodon zaletus Binney. Buchanan , High-
land , Pulaski , Scott , Tazewell, Washing­
ton , Wi s e, Wy the . 

Mesodon elevatus Say . Lee, Scott. 

Mesodon wheatleyi Bland . Grayson, Smyth . 

Mesodon burringtoni Hubricht. Bland, 
Camp bell, Lee , Mon tBome ry, Pit tsy 1 van i a, 
Russell, Scott , Smyth, Washington . 

Me so don C!PP res sus Say . Bland, Buchan an , 
Camp bell , Charles City, Cllesapeake, Dick­
enson, Giles , Grayson, Halifax, Henrico, 
Lee , Mecklenburg, Montgomery, New Kent, 
Oran~e, Pittsylvania, Prince George, Pu­
laski, Roanoke, Rockbridge , Russell , Scott, 
Smyth, Tazewell, Washington , Wise, Wythe. 

Mesodon laevior Pilsbry . Pittsylvania. 

Mesodon perig rap tus Pilsbry . New Kent . 

Meso don say anus Pi 1 sbry. · Buchanan, Gray-
son, Patrick , Scott, Smyth, Tazewell, Wash­
ington, Wise . 

Mesodon rugeli Shuttleworth. Buchanan, 
Dickenson, Giles, Lee , Montgomerr, Pulaski, 
Russell, Scott, Smyth , Tazewel, Washing­
ton, Wythe. 

Mesodon inflectus Say . 
Montgomery, Pulaski, Smyth , 

Grayson , Lee, 
Washington. 

Polygyriscus vi rginianus &rch . Mont­
gomery , Pulaski . 

Triodopsis fallax Say. Albemarle , ~-
EOmatox, Brunswick , Buckingham , Campbell, 
Charles City , Essex, Fairfax , Franklin , 
Greensvill e , Gloucester, Halifax, Henry , 
King & Queen, King George , King William , 
Lancaster, Louisa, Mathews , Mecklenburg, 
Middlesex, Nansemond , New Kent , Newport 
News, Northumberland , Nottaway , Orange, 
Page, Pittsylvania, Prince George , Prince 
William, Richmond, Rockbridge, Shenandoah , 
Southampton, Sussex, Westmoreland , York . 

Tr.iodopsis fallax alabamensis Pilsbry . 
Pi ttsy 1 vani a . 

Triodopsis fallax fallax X t . f . alaba­
m ens i s . Pi t t s y l van i a . 

Triodoesis fallax hopetonensis Shuttle­
worth. Campbell (introduced), Henrico, 
Newport News , Norfolk, Virginia Beach , 
York. 

Triodop_sis fallax obsoleta Pilsbry . Ac­
comack , King William, Newpor t News, North­
h amp ton , Nor fo 1 k, Yo rk . 

Tr iodopsis fallax fallax X t. f . obso­
leta. Accomack , Cllesapeake , Mathews, Nor­
folk, Northampton , York . 

Triodopsis fall ax affinis Hubr ich t . Pitt­
syl vani a . 

Triodopsis messana Pilsbry. Nansemond. 

Triodopsis fraudulenta Pilsbry . Alle-
ghany, Augusta, Bath, Bland , Botetourt , 
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Craig, Giles, Greene , Madi s on, Page . Ri!p ­
P!lhannock, Rockbridge , Rockingham , Warren . 

Triodopsis vulgata Pilsbry . Gile s. Ha -
Ji fax, Lee, Loudoun, Meek] enbu rg, Page , 
Pulaski, Roanoke, Pussell , Scott , Shenan ­
doah, Washington, Wythe . 

Triodopsis rugosa Brooks & MacMillan . 
Wise . 

Triodopsis rugosa 
Pulaski, Rockbridge . 

anteridon Pi 1 sbry . 

Tnodopsis tridentata Say . Alleghany. 
Amherst, Augustll, Bedford, Bland , Botetourt, 
Buchanan, Craig, Giles , Grwyson , Henry , 
High 1 and, Lee, Monroe, Montgomery , Nelson . 
Northampton, Page, Patrick, Pi ttsylvania , 
Pulaski, Roanoke, Rockbridge . Smyth , Taze­
we 11 , Wash in g ton , Wy th e . 

Triopopsis tennesseensis Walker . Pitt-
sylvania, Russell , Scott, Washington . 

Triodopsis ju:JCtidens Pilsbry . S tate 
wide, but with spotty distribut i on in south­
west corner of the state . 

Triodopsis burchi Hubricht . Bedford, 
Franklin, lien ry, Montgomery , Patrick , Pitt­
syl vani a , Roanoke . 

Triodopsis denotata Feru s sac . Fairfax , 
Montgomery, Pi ttsy1 vani a , Pulll s ki , Scott , 
Smyth, Washington, Wythe . 

Triodops~s albolabri s Say . State wide . 

Triodopsis dentifera Binney . Alleghany , 
Bedford, Botetourt, Giles , Grayson , Wise . 

Triodopsis pendula Hubricht . Grayson . 

Allogona profunda Say. Alleghany , Gqly ­
son, Halifax, Lee, Mecklenburg, Patrick, 
Pi ttsyl vani a, Pulaski , Rockbridge, Russell, 
Scott, Wise. 

Family Helicellidae 

Helicella caperata Montagu . Accomack, 
No rf o l k , Yo rk . 

Helicella striata Muller . Norfolk. 

family Helicidae 

Heli" aspersa Muller. Chesapeake. 

Cepaea neaoralis Linne. Amherst, Au-
gusta, Bath, Bedford , Campbell, Chesapeake , 
Pittsyl venia, Rockbridge, Shenandoah . 

Otala lactea Muller. Virginia Beach (f. 
W. Grimm! - dead). 

SYNO NYMY 

The followin~ names ha ve appeared in va· 
rious publicat1o n s a s occ urring in Virsi· 
nia. These are syno nrm s of other spec1es 
in cluded in t he chec k ist. 

Alasmtdonta calceola Le a , e q. Alasmidonta 
virtdts Rafinesq u e. 

Actinonata s carinata Bar n es, eq . Ac tin(lna· 
ias ligamentina La mar c k . 

Actinonaias gibba Si mpso n , e q . Actinonai · 
as ligament ina La mar c k . 

Amnicola porata Say, e q. Amnicola limosa 
Say. 

An odon papyracea Ant hony, eq. Strophitus 
undulatus Say. 

An cylu s haldemani Bo u rgui gnat , eq. Ferris ­
sia rivularis Say. 

Campeloma integra Say, e q . Campeloma deci­
sum Say. 

Campeloma ima Anthony, e q. Campeloma de-
cisum Say. 

Camp eloma ruja Haldeman, eq . Campeloma de­
cisum Say. 

Catinella pinicola Sa y, e q. Cat i nella okla ­
homarum Webb. 

Columella simple" Go u l d , e q . Columellae­
dentula Drapar naud . 

El liptio ftsherianus Le a,eq.Elliptio Zan· 
ceolata Lea. 

El liptio insulsus Lea,e q. Ellipt-io compla· 
nata Lightfoot. 

E lliptio productus Co n ra d , eq . Elliptio 
lanceolata Lea. 

Go n tobasis ementa An tho ny , e q . Goniobasis 
virgintca Gme l in. 

Gyraulus deflectus obl iq uu s DeKa y, eq . Gy­
raulus deflectus Say . 

Gu n dlachta meekian a St impson, eq . Ferris­
sia fragilis Tryo n . 

fl e l icodiscus intermedi us Morrison, eq . He -
li cod iscus sing l eyanus inermis H. B. 
Baker. 

He l isoma anceps bartsc h i Bak e r , eq. Heli ­
soma anceps Men ke. 

He l isoma trivolvis mar sha lli Baker, eq. 
Helisoma trtvolvis Say. 

He l isoma trivolvis h o l s t on e ns e Baker, eq· 
Helisoma trivolvis Say . 

I o brevis Anthony, e q . Io f lu v ialis ~ay . 
l o clinchensis C. C. Adams, eq . Io fluvi­

a lis Say. 
l o lyttonen sis C. C. Adams , eq. Io flu v i­

alis Say. 
I o p aulensis C.C. Adams, eq . Io fluvialis 

Say. 
l o powellensis C. C. Ad ams , eq . Io fluvi­

alis Say. 
I o spinosa Lea, e q . Io fluvialis Say . 
La evape" fuscus e u gr agta Pilsbry, eq. Lae· 

vapex fuscus C. B. Adams . 
L asmigona badium Rafines que , eq . Lasmigona 

hol sto nia Le a . 
L igumia latissima Rafi nes que , eq . Ligu111ia 

recta Lamarck. 
L i max marginatus Mul ler, e q. Lehmannia 

poirieri Mabille. 
Lymn aea virginica Say, e q . Gon i obasis vir­

ginica Gmelin. 
Mar gari tana monodonta Say, e q . Cumberland­

ia monodonta Say. 
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Mespdon appressus sculptior Pilsbry, eq. 
· Meso.don appressus Say. 

Mudalia dentata Couthouy, eq. Anculosa ca­
rinata Bruguiere . 

Musculium rosaceum Prime, eq. Sphaerium 
lacustre Muller. 

Musculium truncatum Linsley, eq.Sphaerium 
partumeium Say. 

Philomycus carolinianus collinusHubricht, 
eq. Philomycus togatus Gould. 

Physa crocata Lea, eq . Physa aurea Lea. 
Physa inflata Lea, eq . PhJsa aurea Lea. 
Physa microstoma Lea, eq.Physa aurea Lea. 
Pisidium neglectum Sterki, eq.Pisidium ca-

sertanum Poli. 
Pisidium splendidulum Sterki, eq. Pisidium 

nitidum Jenyns. 
Planorbis bicarinatus Say, eq. Helisoma 

anceps Menke. 
Pupoides marginatus Say, eq . Pupoides al­

bi labris C. B. Adams. 
Quadrula tuberculata Rafinesgue, eq. Cy­

clonaias tuberculata Raf1nesque. 
Quadrula verrucosa Rafinesque, eq. Trito­

gonia verrucosa Rafinesque. 
Sphaerium flavum Prime, eq.Sphaerium stri­

atinum Lamarck. 
Sphaerium sulcatum Lamarck, eq. Sphaerium 

simile Say . 
Stenotrema monodon Hackett, eq . Stenotrema 

leai Binney. 
Strobilops labyrinthica parietalis Pils­

bry, eq. Strobi lops labyrinthica Say. 
Strophitus edentulus Say, eq. Strophttus 

undulatus Say. 
Strophitus undulatus tennesseensis Frier­

son, eq. Strophitus undulatus shaef­
ferianus Lea. 

Succinea pronophobus Pilsbry, eq. Succinea 
111i lsoni Lea. 

Triodopsis albolabris traversensis Leach, 
eq. Triodopsis albolabris Say. 

Triodopsis hopetonensis chincoteagensis, 
Pilsbry, eq. Triodopsis fallax obso­
le ta Pdsbry. 

Triodopsis notata Deshayes, eq . Triodopsis 
denotata Ferussac. 

Unio planilaterus Conrad, eq . Elliptio con­
garaea Lea. 

Valvata tricarinata bicarinata Lea, eq. 
Valvata tricarinata perconfusa Walk­
er . 

SPECIES REPORTED IN ERROR 

Carunculina glans Lea. ·An interior ba­
sin species reported from Lee County; spe­
cimens identified as Toxolasma liviaum 
Rafinesque. 

Quadrula cylindrica Say. An interior 
basin species reported from Louisa County. 

Quadrula quadrula Rafinesque. An inte­
nor basin species reported from Lee Coun­
ty. 
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FLUORESCENCE CAUSED BY PSEUDOMONAS IN THE 

MUCUS OF HELIX ASPERSA MULLER 

Hugh C. Rawls, Patrick J. Bernardi and Joan F. White* 

Department of Zoology, Eastern Illinois University, Charleston, Illinois 61920 

The yellow fluorescence observed when 
mucus from Helix aspersa is exposed to ul­
traviolet light was first reported by Tur­
chini ( 1926) and later mentioned by Fischer 
and Saddy (1949); Turchini mentioned in a 
footnote that Oerrien had communicated o­
rally with him regarding the phenomenon . 
Although the cause of such fluorescence in 
land snails has been undetermined until re­
cently, Derrien and Turchini (1925) earlier 
had suggested a bacterial origin. Subse­
quently, papers by Rawls and Yates 0971) 
and Rawls and Baum (1971) indicated a re­
lationship between pseudomonad bacteria 
and fluorescence in the mucus of certain 
endodontid and polygyrid snails. Most re­
cently, Baum and Rawls (1972) established 
the role ofpseudomonads in the production 
of fluorescent pigments in the mucus · of 
Anguispira kochi (Pfeiffer), and Rawls , 
Baum and Yates (1972) described fluores­
cence caused by pseudomonads in the mucus 
of Bulimulus inscendens Binney. We now 
wish to report that the distinctive fluo­
rescence which is characteristic of the 

••••••••••••••••••••••••••••••••••••••••• 
Presently at the School of Dentistry, 

Southern Illinois University , Alton,Il­
linois 62002 

mucus of Helix aspersa likewise is caused 
by the occurrence of speci fie pigments pro­
duced by pseudomonad bacteria. 

Through the kindness of a colleague, Bar­
ry Roth, a number of specimens of Heli:r. as­
persa came to us from California foruse 
in our study. Using the techniqlle and pro­
cedure devised earlier (Baum and Rawls, 
1972), 15 Petri plates containing Pseudo­
monas-B Medium were strewked with mucus 
taken from 15 specimens of Helix aspersa 
and stored in the dark at room temperature . 
Forty eight hours later , 12 of the plates 
showed bacterial growth , 11 exhibiting a 
greenish-yellow fluorescence under ultra­
violet light. The latter colonies were 
then isolated in pure culture by re-streak­
ing successively three times on Medium B. 
With each re-streaking, the color of the 
fluorescence exhibited ranged from green­
ish-yellow through blue-green to blue. A 
final re-streaking, as a check, was made 
on separate plates of Medium B and Plate 
Count Agar. The color range on Medium B 
was essentially the same as before , but 
the PCA plates showed only a blue fluores­
cence . A Gram stain of each pure culture 
was made as a primary test of purity and 
for gross identification , and Bacto-Dif-
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ferentiation Discs, Oxidase (Difco Labs, 
1966) , were used to identify the bacteria 
as pseudomonads. 

Spectrophotometric examination of mucus 
samples from H. aspersa reveals absorption 
peaks at about 282 nm, 330 nm, and 410 nm . 
Similar examination ofpigment from bacte­
rial isolates reveals prominent absorption 
only at about 278 nm , with slight peaks at 
about 320 nm and 390 nm . An emission va ­
lue of 435 nm was obtained at an excita­
tion wavelength of 165 nm . These values 
are quite comparable in range with those 
obtained from mucus samples and bacterial 
isolates taken from other fluorescent 
snails , and they lead us to the conclusion 
that fluorescence in H. aspersa is caused 
by the production of specific pigments by 
pseudomonad bacteria present in the mucus 
of these snails. 

The variations in fluorescent colors ob­
served during re-streaking on Pseudomonas­
a Medium suggest that perhaps several pig­
ments of bacterial origin are present in 
the mucus of living specimens of Helix as ­
persa. At least one of the pigments i s 
golden-yellow pigment which characterizes 
the fluorescence observed in the mucus of 
the snail. That some sort of nutritional 
factor is involved , either on the part of 
the snail or on the part of the bacteria 
present , seems indicated by the shift from 
golden-yellow through blue-green to blue 
in successive isolates grown on Medium B. 
This seems substantiated by the production 
of blue fluorescence in isolates grown on 
ordinary Plate Count Agar, which lacks the 
nutritional ingredients present in Pseu­
domonas-8 Medium. Hypothetically, then, 
something about the physiology ofHelix as­
persa permits pseudomonads present in the 
mucus to produce several pigments which 
fluoresce when excited by ultraviolet 
light . The dominant pigment fluoresces 
golden-yellow , but blue a d green pigments 
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obviously are present as evidenced by the 
colors observed in successive bact erial 
isolates . We are pursuing the idea of a 
'physiological factor , ' and we hope to be 
able to report some degree of success in 
a future paper. 
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NOfES AND NEWS 

Editorial Pol lcies 
· There is an old French proverb 'Mon verre 
ttt •· petit mais je bois dans mon verre . ' 
It has become customarr in many fields to 
drink in other people s glass and to pay 
hands omely for it . STERKIANA from the 
start was an experiment in old- fashioned 
independence, based on all-volunteer work . 
In a world that believes in bigness , in 
constant growth and increased profits based 
on increasing prices, some have found it 
difficult to understand why STERKIANA's 
prices have remained the same from the be­
ginning, more than ten years ago , until 
the present . It is a pleasure to announce 
that these reactionari policies will con­
tinue as long as inf ation does not make 
it impossible to do so. 

In order to maintain these policies , it 
has been necessary to reduce the J?aper 
work for STERUANA to the barest min1mum : 
no complexi.nvoicing (xeroxmachines should 
hav~ endedumptuplicate COJ?ies of invoices 
long ago),no delayed bilhng for institu­
tions whose rules demand credit andmonths 
to payland no p articipation in sales cam­
paigns of any kind . It is gratifying t;o 
find that STERKIANA, like the Hershey bar 
sllme ' years ago , or the man with the better 
mouse trap, has found malacolo~ists and 
paleontologists interested in 1ts field 
and that the majority of active workers in 
the field know about STERKIANA and readit 
tegularly . STERKIANA hopes to be able to 
continue for a long time on the same basis . 

The original intention was to restrict 
articles in STER<.IANA to non - marine Mol­
lusca of both Americas. It now aJ?pears 
that ~his rule, which has been senously 
bent1 liefore , can now be discarded and that 
ia future articles on marine Mollusca will 
also be considered . The ban on descrip­
tions of new taxa will still be maintained 
as these are more appropriately published 
in such journals as the NAUTILU~ and MA­
LACOLOGIA. 

' 
. The following clarifications of policy 
are ho- in order for reprint rates and in­
voicing . 

Reprint rates 

Authors' reprints for STER<.IANA articles 
are pricecf on the basis of cost of paper 
and cost of postage or shipping charges. 
At this time, cost of paper is $1.00 per 
hundred sheets whether two pa gea are re­
printed on the sheets or only one. For 
example, a paper of two pages is printed 
on both sides of the sheet and coat is 
therefore $1.00 per hundred copies; a pa­
perofthree pages isprinted on both sides 
of one sheet plus one page on another sheet 
hence the cost is $2 . 00 per hundred copies . 
Add~tional pages are priced on the same 
basis. 

Postage · rates vary from t i me to time 
(mainly upward) but at this moment r a t e s 
wi thin the U. S. are 14¢ for the fi r s t 8 
ounces and 7¢ for each additional p oun d . 
Rates to other countries are som ewhat h i gh­
er but there is so much variation t ha t d e ­
tails can not be given here . 

Au thors ofmanuscripts submi tt ed for pu­
bl i c ation in STER<.IANA are urged to indi­
cat e the number of reprints desir ed on a 
not e accompanying the manuscrip t in order 
to a void the necessity of further corres­
p ond ence. 

Invo i c i ng po 1 icy 

I nvoices will be sui>Plied fo r pu rcha s e 
of back numbers only . This publ i cat ion is 
av ai lable otherwise by subscript i on or on 
e xchange only . Subscriptions ar e l? aya ble 
i n advance, on notification of e xp1 ration 
o f previous subscription . Henceforth , no ­
ti c e wi ll be given on the lastpage o f t he 
la s t number paid for . Failur e t o r em i t 
parment before issue of the nex t number 
wi 1 be construed as a terminat i on of sub­
scription . Because of lack of fa ciliti e s 
and an effort to maintain dues at th e lo w­
est possible price , this is the only no ­
t i fication or invoice that will be given . 
Subs cribers are urged to check th e l a s t 
page of STERKIANA on receipt of each num­
ber in order to check the s ta t e of thei r 
subscription . · 

A c~l for ecological data 
Some years ago in this periodical , t he 

wri t er reprinted valuable observati on s on 
non-marine Mollusca which had be en uncov­
ered durin~ thepre11_aration of Ple i sto c ene 
Mollusca of Ohio . The literature of mala ­
cology contains many short observation s on 
the habits, wssociatlons , abundance , food , 
enemi es , parasites , symbiotes, commensals, 
of non-marine Mollusca which apparentl y h ave 
never been brought together . 

STER<.IANA now invites notes on t he se to ­
p i cs, both short and lon~, and will pu bli sh 
as many of them as poss1ble . As soon as a 
suffic1ent number have appeared , an e col­
ogical indexwill beprepared and pub lished 
in STER<.IANA . 

-------IN MEMORIAM-------

All those who knew Louise Clark e, wife 
of Arthur H. Clarke , Jr ., pres i dent o f th e 
Aaerican Malacological Union in 1968 , we re 
shocked and grieved to hear of her unex ­
pected death recently . Mrs . Clarke wa s 51 
and is survived by her husband and one son . 

Those who attended the AMU mee ti n gs i n 
Otta111a , Ontario, vi ll re111embe r Louis e 
Clarke as the unassuaing organizer o f many 
funttions which made that meeting an out­
standing one. . .. , join a host o f f r ie nds 
in extending de~rest sympathy to our good 
friend Arthur and his fa•ily. 
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distended into rather conspicuous bulb-like expansions which greatly diminish the 
openings of the tubes into the suprabranchial chamber, although their edges do not 
fuse. 

As the histological details of the structure of the marsupia in several genera belong­
ing to the Lampsilin~ have been studied by Mr. Carter and will be described in his 
forthcoming paper, a further account may be. omitted here. 

PHYLOGENY OF THE MARSUPIUM. 

It is not without justification that a phylogenetic significance should have been 
attached to the several types of the marsupium which occur in the Unionid~. for it would 
seem clear th~t those forms in which the structure characteristic of the respiratory 
gill is least modified, as in Quadrula, are more primitive than those in which the special­
ization of the marsupium has gone much farther, as in Anodonta, Lampsilis, and many 
other genera. 

Simpson (1900) has considered these facts in some detail and concludes that the 
oldest type of marsupium phylogenetically is that occurring in the Endobranchire in 
which the inner gills alone are used as brood chambers. It is a slight transition from 
this condition to that presented by the Tetragen~ with all four gills functioning for this 
purpose. Basing his supposition largely upon shell characters and geographical distri­
bution, he further concludes that the Homogen~ marked the next step in marsupial 
differentiation, while the Heteroge~ and all other groups in which a portion only of the 
outer gills is modified for receiving the eggs are the latest product of the evolution of 
the Unionid~. 

That this series correctly represents the phylogenetic sequence in the appearance of 
the marsupial modifications would seem to be borne out by the structural conditions 
existing in the several types so far as we have examined them, provided that we assume, 
with respect to the Homogeme, that genera like Pleurobema and Unio, in which the mar­
supium is less specialized, are more primitive and therefore stand nearer the Tetragena 
than such genera as A nodonta, Symphynota, and others, which, as Ortmann has shown, 
exhibit certain modifications evidently in advance over the marsupium of the former. 

Ortmann (191 1), although he does not consider the Endobranchire, has arrived at con-. 
elusions essentially similar to the above. He points out, however, that the absence of 
complete interlamellar junctions in the gills of Margaritana would indicate that the new 
family which he has created for this genus, Margaritanid~, is the most primitive group 
of the Naiades, and this inference, as was indicated above, is further strengthened by the 
fact that the simple gill structure of M argarilana is apparently similar to that of Mytilus, 
which belongs to a lower group of lamellibranchs than the fresh-water mussels. 

·His conclusions concerning the sequence of his three subfamilies of the Unionid~ may 
be quoted (p. 328): 

Of the Unionid<e, the Unionina! are certainly more primitive than the other two subfamilies, as is 
evidenced by the simple character of the structure of the marsupial gills. The A nodontina! and Lamp-

r87I30-I2-3 



136 BULLETIN OF THE BUREAU OF FISHERIES. 

Mff4 are more actvanced, but they have advanced in different directions, and each has developed special 
feaiuresofthesexual apparatus. Generally speaking, the Lampsilin<B contain the most highly advanced 
types, as is shown by the restriction of the marsupium to a part of the outer gill, and by the strong 
expre&on of the sexual differentiation in the outer shell. Yet there are forms among the A nodonti n<£ 
which show extremely complex structures (Strophitus) :unparalleled in any other genus, and the peculiar 
glochidia of the A nodontin<£ surely mark a high stage of development. 

It is not necessary for our purpose to enter into a further discussion of the subject in 
this place. 

CONGLUTINATION OF THE EMBRYOS. 

After extrusion of the eggs from the genital apertures, they are received into the supra­
branchial chambers, and thence pass, as has alrea~y been described, into the water tubes 
of the gills, eventually filling up those portions which function as the marsupium. In 
a short time after entering the latter the eggs usually become conglutinated into masses 
which are molded into the exact shape of the cavity of each marsupial water tube (Lefevre 
and Curtis, 19 ~ob). The masses are of course separated from each other by the inter­
vening interlamellar junctions of the gills. 

Since it is a matter of convenience to have a word to apply to these compact masses 
in which the eggs or embryos are held together, whether they be plate-like, club-shaped, 
cylindrical, or of some other form, we shall employ the term conglutinate in referring 
to thenl.. Ortmann (1911) has proposed the word placenta, which was introduced by 
Sterki (1898) for t he peculiar cords of Strophitus, but this is obviously misleading, as 
there is no connection whatever between the masses and the maternal tissues. The 
conglutinates vary greatly in different species in size and shape, and, since each is a cast 
of the cavity of its water tube, they conform to the special conditions existing in the 
several types of marsupium. The commonest form is that of a flat plate, either elliptical 
or lanceolate, being usually slightly blunter and thicker above and more pointed and 
thinner below. Since we have already seen that the antero-posterior diameter of the 
marsupial water tubes varies very much in different species, the thickness of the con­
glutinates must vary to the same extent. In. Quadrula and Unio, for example, in which 
the interlamellar junctions are set close together, the conglutinates are very thin, being 
not more than twice the diameter of an egg in thickness; whereas in Lampsilis, with its 
much more capacious tubes, they may be three or four times as thick. In other words, 
just as many eggs will lie abreast in a horizontal section of the marsupium as the antero­
posterior diameter of the water tube will allow. 

This commoner lanceolate form of the conglutinate, differing, however, in size and 
thickness, may be seen in the species of Quadrula, Pleurobema, Unio, and Lampsilis. In 
figure 41, plate XI, two conglutinates of Lampsilis ligamentina are represented, one from 
the flat side, the other on edge. An unusual form of conglutinate has been observed by us 
in Q'IMJdr'lllo metane-vra,· it is bifurcated and consists of two flat lanceolate masses which 
are umted for the upper third of their length, but free below. In those genera, however, 
in wllich the form of the water tubes of the marsupium departs more widely from the 
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usual condition, the conglutinates are similarly modified . . In Obliquaria reflexa, for 
example, in which the marsupium consists of several elongated and distended water tubes 
of tubular form, the conglutinates are large, slightly curved cylin~rical masses of nearly 
uniform diameter and generally blunt at each end. Three of ttJem are shown in figure 
42, plate XI; the one on the right was taken from the most posterior water tube of the 
marsupium, which is not as long as the rest, and its conglutinate is correspondingly 
shorter. The relation will be understood by reference to the figure of the marsupium 
ofthis species (fig. 7, pl. vu). 

There seem to be two methods by which the embryos are bound together to form 
conglutinates-they may either be attached more or less firmly to each other by their egg 
membr&.nes, which are in this case of an adhesive nature, or they may he embedded in a 
mucilaginous matrix of varying consistency. The former is by far the commoner condi­
tion and is seen in figure 17, plate VIII, which is a detail drawn from one of the congluti­
nates of Obliquaria reflexa shown in figure 42, plate XI; the immature glochidia with their 
valves open are still contained within the membranes, which are closely adhering and by 
mutual pressure are squeezed into a polyhedral form. In cases like this it is difficult to 
determine whether there is a glutinous matrix between the embryos or not, but if any is 

. present, it must be in very small amount, since the embryos seem to be held together 
solely by the adhesive surfaces of their membranes. In those cases, however, in which a 
matrix is evident (Lampsilis), the embryos are not so closelyappressed and are embedded, 
more or less loosely, in a glutinous binding substance. This condition is illustrated in 
figure 16, plate VIII, which is a portion of a conglutin~te of La•Psilis ligamentina seen 
under higher magnification; as the matrix is transparent, it can not be shown in the 
figure. 

The conglutinates differ markedly in tenacity, for, whereas in some cases the mutual 
adhesion is not strong and the masses consequently break up readily (Quadrula, Pleu­
robema, Unio, Lampsilis), in others (notably in Obliquaria) the embryos adhere so firmly 
that they may be separated only with difficulty by teasing. 

In still . other species the embryos can not be said to form conglutinates at all, as 
they are merely suspended in a slimy mucus which is not of such a consistency as to 
enable the mass to maintain a definite form when removed from the gill. We have 
observed this condition in Alasmidonta, Anodonta, and Symphynota, and Ortmann (191 1) 
states that it also occurs in A nodontoides. 

In most species (Quadrula, Unio, Lampsili.s, DrOMtu) in which the conglutinates 
are found, the adhesion exists only during the embryonic development and by the 
time the glochidia are fully formed they are found to be free but for the mucus which 
holds them more or less loosely together. In Obliquaria reflexa, however, the congluti­
nation persists, and the fully developed glochidia, still tenaciously adhering, are dis­
charged from the marsupium in the cylindrical masses already deScribed (fig. 42, pl. xr); 
even after lying in the water for some time they do not separate, and it has perplexed 
us to understand how the glochidia of this species ultimately become attached to fish, 
if they pass through a subsequent parasitic stage. Can it be that parasitism has been 
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lost in ObUquaria as it has b4:en in Strophitus, and that the metamorphosis takes place 
ww.le the glocbidia are in the conglutinates? We have not yet had the material by 
whith to answer this. question. 

The relatioft of the embryos and glochidia of Strophitus to each other is so unusual 
that its description is reserved for a special section (see below). 

STRA TiflCA TION OF UNFERTILIZED EGGS. 

It has alreae&y been pointed out that not infrequently eggs pass into the marsupium 
without being fertilized and remain there throughout the period of embryonic develop­
·ment, as one may find them in the same gill with fully formed glochidia. In · some 
individuals we have found every egg in the marsupium in this condition. Such eggs 
have been encountered chiefly in summer-breeding species, and they seem to be especially 
common in Pleurobema and (}tladrula, nearly every gravid female of which has been 
found to contain at least some unfertilized eggs. Mter remaining in the marsupium 
for a time such eggs generally become swollen and stratified into three distinct layers, 
a heavier, often pigmented, mass at one pole, a clear or hyaline intermediate zone, and a 
small granular cap at the lighter pole. As the eggs lie in a constant position in the 
gills, which are placed vertically in the normal position of the animal, it can not be 
doubted that the stratification is produ~ by gravity. It has not yet been determined 
whether the substances which occur in these layers are the same as would be separated 
out by centrifuging or not, but this is not at all unlikely. As many of the species of 
mussels In which we have seen this (:9ndition, for example, Quadr'lda ebena, Q. trigona, 
and Pleurobema «sopus, have btightly colored red or pink eggs, the stratification is 
quite striking, the pigment being always at the heavier pole, as it is invariably directed 
toward . the lower border of the gill. 

ABORTION OF EMBRYOS AND GLOCHIDIA. 

There has been a certain amount of discussion among the conchologists as to 
. whether or not the fqnctioning of all four gills as a marsupium is a constant chara~ter 
in Quadr'lda, and observations have been to a certain extent conflicting. Since Simpson 
has ltlade use of this f~ture in characterizing the group Tetragenre, some importance 
has been attached to the apparent discrepancy in observations. . 

While examining mussels on the upper Mississippi River in the summer of 19Q8, 
we observed a peculiarity of ~havior in all of the species of Qzuulr'lda collected which 
may account for the conflicting descriptions of the marsupium in this genus, and also 
for the fact that in some species gravid females have never been observed at all. Every 
species of Quadr'lda that came into our hands exhibited to a greater or less degree the 
habit of aborting embryos and glochidia when taken out of the river, and if they were 
not opened and examined at once upon capture they were generally found shortly 
afterwards to be either partially or entirely empty. Some individuals discharged the 
contents of their gills more readily and completely than others, the abortion involving 

,., . ... 
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either all four gills or only the inner or outer ones, or, again, only a portion merely of 
one or more gills. In the pre-glochidial stages, when the embryos are conglutinated, 
the entire masses were discharged, while individuals were frequently seen in the act of 
aborting their embryos or glochidia which were often expelled with considerable force 
through the exhalent siphon. 

This behavior was so characteristic of the genus that, in order to make a correct 
determination of the condition of the marsupium, it was necessary to open quadrulas 
immediately after taking them from the water. When this was done, all four gills 
were invariably found to be charged on opening females which contained embryos in 
pre-glochidial stages-that is, at any time b_efore normal spawning bad occurred. The 
habit of readily aborting embryos when disturbed has also been observed by us in 
Unio complanatus, which has been repeatedly seen in the act of discharging the contents 
of the marsupium shortly after being placed in aquaria. In all likelihood it occurs in 
other species of Unio, and it may possibly be characteristic of all forms in which there 
is but little structural differentiation of the marsupiu,m. We have, however, also 
observed the discharge of embryos in Lampsilis ligamentina, but only after the gravid 
females have been kept in the laboratory for some time. This species is apparently 
very much less sensitive with respect to abortion than the quadrulas and Unio c~ 
planatus and only frees its gills of the conglutinates after long exposure to artificial 
conditions. The premature extrusion is probably due to imperfect aeration of the water 
and results from an effort on the part of the female to secure more oxygen; if this be 
true, one would not expect to find it occurring so readily in those forms which have a 
differentiated marsupium, like the Heterogerue, since here the respiratory and marsupial 
functions of the gills are not so intimately associated. 

Both Schierholz (1888) and Latter (1891) have referred to the occurrence of 
abortion in Anodonta, but according to our experience it has never been encountered 
in ·1- single instance in either A nodonta or Symphynota, although gravid females have 
been kept in tanks in the laboratory for weeks or even months. The presence of the 
respiratory canals, which have been described as occurring in these genera during 
gravidity, as well as the temporary membrane which roofs over the marsupial division 

·of the water tubes, might well account for the absence of ~bortion, or at least its rare 
occurrence, in the forms in which these special conditions e;Kist. The respiratory canals 

· doubtless lessen the evil effects of poor aeration, while the roofing membrane of the 
water tubes would certainly offer some obstruction, as long as it was present, to a 
liberation of the embryos. 

· BREEDING SEASONS. 

In connection with our study of artificial propagation of fresh-water mu~ls, we 
have found it necessary to collect data bearing upon the breeding seasons of a fairly 
wide range of species, since the records of previous observers, for North American 
Unionidre at least, have been insufficient to enable us to determine the full extent of 
the seasons, especially in the case of some of the more jmportant commercial species. 
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Although our observations have been largely confined to species ~curring in the upper 
Mississippi Valley and have been concerned primarily with species of commercial value, 
we have continuous records throughout the entire year for a number of important 
genera, and in every case the exact stage of development of the embryos has been 
determined by microscopic examination: Many thousands of such observations have 
been made, so that we are now in possession of detailed information dealing with the 
duration and progress of the periods of gravidity obtaining in over a dozen genera of 
the Unionidre. 

We have fully confirmed the conclusion reached by Sterki (1895) that the North 
American Unionidre, with respect to their breeding seasons, fall into two classes, the 
so-called " summer breeders" and " 'v\inter breeders" - a distinction, however, which 
had previously been pointed out by Schierholz (1888) for European forms and fre­
quently recorded by later observers. The designation "winter breeders," however, is 
not st rictly appropriate , for in the species which belong to this group the eggs are 
fertilized during the latter half of the summer and the glochidia, which are carried in 
a fully developed condition in the marsupium throughout the winter, are not discharged 
until the following spring and summer. In the case of the summer breeders, the eggs 
are fertilized during late spring and summer and spawning as a rule is over by the end 
of August. 

In view of these facts, it would seem to accord better with the actual conditions 
'to separate the species with respect to the length. of time that the glochidia remain in 
the marsupium, designating them as those that have a "short period" and those with 
a "long period" of gravidity, rather than to distinguish them q.s "summer breeders" 
and "winter breeders," respectively, for with respect to the latter neither ovulation 
nor discharge of the glochidia takes place in winter. This suggestion was made by us 
in an earlier paper (191ob), and subsequently Ortmann (1911) proposed the soinewhat 
awkward terms tachytictic and bradytictic (meaning quick-breeding and slow-breeding) 
for Sterki's "summer breeders" and "winter breeders," respectively. 

The breeding seasons as here defined are based upon data collected in the middle 
and northern sections of the United States, and in the absence of adequate records from 
higher and lower latitudes, it is impossible · to say to what extent a colder or warmer 
climate might affect the period of gravidity . That it would have some influence can 
hardly be doubted, although a distinction between a long and a short season will prob­
ably be found to hold true in general. 

The breeding season is a generic character, for so far as our observations have gone 
all of the species belonging to a given genus have essentially the same period of gravidity. 
The prolonged period, furthermore, is correlated with the more pronounced structural 
modifications of the marsupium which have been described above. 
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LONG PERIOD OF GRAVIDITY. 

In the forms which fall into this category the eggs are fertilized , as has been stated, 
during the 1atter half of the summer, from the middle of July to the middle of August, 
and the glochidia, instead of being discharged when fully formed, are carried in the 
marsupium until the following spring or early summer. In fact, in some cases the 
close of one breeding period may overlap on the beginning of the next, as one may still 
find in late July a few straggling females gravid with glochidia formed in the previous 
autumn, while In other individuals of the species at the same time and in the same 
locality the eggs are passing into the gills for the next season. This seems to be true 
of several species of Lampsilis. We have encountered it in ligamentina, Conner (1909) 
records it for radiata and nasuta, while Ortmann (1909) states that his observations 
make it probable for ventricosa and luteola. Yet, as Ortmann observes, it is generally 
true that an interval exists between the close of one period and the beginning of the 
next. This interval , however, varies in length in different species, in some extending 
from late spring until August, whereas in others it is of much shorter duration. It is 
also to be noted that the discharge of glochidia does not take place in all of the indi­
viduals of a species at the same time, but on the contrary, spawning may extend over 
a considerable period throughout the spring and early summer (cf. Ortmann, op. cit.). 

All of the genera included in Simpson's Heterogenre, Ptychogenre, Eschatigenre, 
and Diagenre have the long period of gravidity, as do also a number of genera of the 
Homogenre (Alasmidonta , Anodonta, Anodontoides, Arcidens, Symphynota), while the 
Mesogenre are represented in this group by Cyprogenia. These genera are embraced in 
Ortmann's subfamilies Anodontin<E and Lampsilin<E, and it should be noticed that in 
all the gills show a high degree of specialization in adaptation to the marsupial func­
tion, a specialization which is undoubtedly correlated with the habit of retaining the 
glochidia over a period of several months. 

In the following list are given the species in which we have determined the long 
period of gravidity: 

Alasmidonta truncata. 
Anodonta cataracta. 
Anodonta grandis. 
J\nodonta implicata. 
Arcidens confragosus . 
Cyprogenia irrorata. 
Dromus dromus. 
Lampsilis (Proptera) alata. 
Lampsilis (Proptera) lrevissima. 
Lampsilis anodontoides. 
Lampsilis gracilis. 
Lampsilis higginsii. 

Lampsilis ligamentina. 
Lampsilis luteola. 
Lampsilis recta. 
Lampsilis subrostrata. 
Lampsilis ventricosa. 
Obovaria ellipsis. 
Plagiola elegans. 
Plagiola securis. 
Strophitus edentulus. 
Symphynota complanata. 
Symphynota costata. 

Ortmann (1909) has published some observations on the heeding seasons of the 
Unionidre of Pennsylvania, supplemented by data from Lea and Sterki; his results in 
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all essential points agree closely with ours. He includes among "winter breeders" 
several genera which we have not had under observation, namely, Truncilla, Micr(}mya, 
Ptychobranchus, and Anodontoides , while Arcidens, which we have recorded, does not 
appear in his list. 

There is given below a brief summary of our breeding records for the genera here 
concerned. Although in many species we have examined hundreds of individuals and 
have had them under observation continuously throughout the year, in others the 
material has been more or less meager and observations scattered, but in most of the 
forms the records have been adequate for a determination of the general limits of the 
breeding season. 

Alasmidonta.-Embryos from latter part of July to middle of August. No fully 
forn1ed glochidia have been seen, as gravid females have not been secured aft(•r August. 

Anodonta.-Embryos from the middle of August to September; ripe glochidia from 
early October to first of July. A distinct interim exists between close of one period 
and beginning of next. According to Harms (1909) , in European species of Anodonla 
the eggs are fertilized about the middle of August, all of the individuals entering upon 
the breeding season at nearly the same time, and by the middle of October almost all 
of the females are gravid with glochidia. 

Arcidens.-Glochidia in winkr months. Only a few individuals secured. 
Cyprogemil .-Glochidia in November. 
Dromus.-Glochidia in November. 
Lampsilis.-Embryos from first of August to late September; glochidia from late 

September to first of August. Our most complete record concerns this genus, several 
species of which (anodonto·ides, ligamentioo, recta , subrostrata, ventricosa) we have 
repeatedly had under observation continuously throughout the year. The gravid 
period seems to be more extended in Lampsilis than in any other genus, for, although 
June is apparently the month when the liberation of glochidia is at its height, some 
females bearing glochidia may still be found, but in diminishing numbers of course, until 
the beginning of August, a time when the next season is just setting in. Since ripe 
glochidia may be obtained in abundance from October to July, inclusive, and since 
Lampsilis furnishes several species of commercial value, the extended period of gravidity 
in this genus becomes of the greatest importance in artificial propagation, as material 
is available for the infection of fish throughout the greater part of the year. 

Obovana.-Glochidia during the fall, winter, and spring months. Spawning must 
occur before June, as no glochidia have been encountered in June, July, and August, 
although a number of females have been obtained during these months. 

Plagiola.- Ripe glochidia during the winter and as late as the end of July; no 
embryos have been obtained. 

Strophitus.-Embryos from late July to middle of August; glochidia from November 
to middle of July. The interval between the seasons is very short, much shorter than 
that observed by Ortmann (1909), who records an interim from May 22 to July II. 

• 



• 

• 

REPRODUCTION AND ARTIFICIAL PROPAGATION OF FRESH-WATER MUSSELS. 143 

Symphynota.-Embryos during August; ripe glochidia from late September to late 
June. S. complanata is a species which we have had on hand constantly for several 
years, and we have followed it continuously through the year. Spawning is most active 
in June. 

SHORT PERIOD OF GRAVIDITY. 

In the species having the short period of gravidity the entire breeding season is 
confined to about four months, as it extends only from about the end of April to the 
~iddle of August, and the glochidia are discharged as soon as they are fully developed. 
It is highly probable, however, that the beginning of the breeding season is influenced 
to a certain extent by temperature, for it would seem that ovulation may be postponed 
for some weeks by cold weather at this time of the year. It was first pointed out by 
Sterki (1895) that these summer-breeding forms are confined to a limited group of 
genera, and Ortmann (191 r) has emphasized the fact that it is only the genera having the 
least specialized marsupia that possess this apparently more primitive breeding season; 
these are the genera which constitute his subfamily Unioninre. Margaritana, unques­
tionably a primitive form, likewise breeds only in the summer. In all of these genera 
the structure of the marsupium approaches most closely that of the respiratory gills; 
none of the special modifications, so prominent a feature of the marsupium of other 
genera, is present. There is apparently, however, one exception, for, as will be shown 
below, our records indicate clearly that Obliquaria, which has a highly specialized marsu­
pium, is a summer breeder. 

The following are the species which we have observed to have the restricted breeding 
season: 

Obliquaria reflexa. 
Pleurobema resopus. 
Quadrula ebena. 
Quadrula heros. 
Quadrula lachrymosa. 
Quadrula metanevra. 
Quadrula obliqua. 

Quadrula plicata. 
Quadrula pustulosa. 
Quadrula trigona-: 
Quadrula (Tritogonia) tuberculata. 
Quadrula undulata. 
Unio complanatus. 
Unio gibbosus. 

The following species, which do not appear above, have been determined by Ort­
mann (1909) to be summer breeders: Unio crassidens; Pleurobema clava and coccinea; 
Quadrula kirtlandiana, rubiginosa, and subrotunda. Our list, on the other hand, sup­
plements his by the addition of several species of Quadrula, for which data have pre­
viously been either entirely wanting or quite meager. 

Obliquaria.-5ince all of the forms which carry the glochidia over the winter have a 
highly specialized marsupium, we should expect that Obliquaria, whose marsupium is 
of such a nature, would also have the long gravid period. This expectation would be 
further strengthened by the fact that the very closely related genus Cyprogenia belongs 
in the former group, as has been seen. It was therefore with some surprise that we 
found 0. reflexa breeding during the summer. Our record is as follows: Embryos from 
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the latter part of May to July 9; glochidia from June 20 to August 8. This is a typical 
record for a summer breeder, and there can be little doubt that the species must be placed 
in this group. On the other hand, Sterki (1898, 1903) states that all forms which have a 
differentiated marsupium carry their glochidia over the winter, and Ortmann (191 1) 
includes Obliquaria in his Lampsiliru:e, all of which he says are "bradytictic," although 
specific reference to the breeding season of this genus is not made. Since, however, 
we have not had an opportunity of observing the species during the fall and winter, 
it is possible that it has the long period, although, if such is the case, its season begins 
two months earlier than that of any other species in this class-a quite improbable 
supposition. For the present, at all events, we must consider it a summer breeder. 

Pleurobema.-Embryos from early June to early August; glochidia during July. 
Quadrula.-Embryos from late May to middle of August ; glochidia from early June 

to middle of August. Hundreds of females belonging to different species of this genus 
have been examined throughout the rest of the year, but gravid individuals have never 
been encountered except during the months indicated. 

It should be mentioned that in the case of Q. heros Frierson (1904) has not found 
this species gravid in Louisiana until October, when embryos were found. Young 
embryos were again encountered in November and immature glochidia in January. He 
concludes that heros is an exception in the genus and is not a summer breeder. Our 
observations on this species are very meager, but since we have found it bearing young 
embryos in the latter part of May, they would seem not to he in accord with those of 
Frierson. · 

According to Harms (1909), Margaritana, which breeds in Europe in July and 
August, produces two successive broods during that time, from sixteen days to four 
weeks, according to temperature, being required for the development of each. Although 
we have not determined it beyond all doubt, our records strongly indicate that the species 
of Quadrula also spawn twice during the season, first in June and July and again in July 
and August. This, however, could not be definitely proven without a most extended 
series of observations, and possibly not unless individual females were kept in aquarin • 
under close observation throughout the breeding season. 

Unio.-Embryos from early June to early August; glochidia from middle of June 
to middle of August. Conner (1907) records U. complanatus as beginning its breeding 
season in April, and Lea (x863) found it gravid in May; but we have not had. an oppor­
tunity of examining any species_of the genus during these months. According to Harms 
(1909) the breeding season of Unio in Europe begins early in March, or, if the weather 
is cold, not until the end of May. 

.. 
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Ill. THE LARVA. 

STRUCTURE OF THE GLOCHIDIUM. 

As has long been known, two well-marked types of glochidia are found in the 
Unioni~; one provided with a strong shell bearing a single stout hook at the ventral 
margin of each triangular valve; the other with no such hooks and a more delicate shell, 
the valves of which are shaped like the bowl of a very blurtt spoon. 

A possible third type, which appears to be a derivative of the second, is seen in the 
"axe-head" glochidium, originallydescribed and figured by Lea (r8s8, 1863, and 1874) 
in Lampsilis (Proptera) aJata, l11!vissima, and purpurata. 

The first type is characteristically parasitic upon the fins and other external parts of 
fishes from which scales are absent, the second upon the gill filaments . The occurrence 
of these types in the genera which we have examined is shown by the following list: 

Hooked glochidia : 
Anodonta. 
Strophitus. 
Symphynota. 

Hookless glochidia: 
Cyprogenia. 
Dromus. 
I.ampsilis (majority of 

species). 
Obliquaria. 
Obovaria. 
Plagiola. 
Pleurobema. 
Quadrula. 
Tritogonia. 
Unio. 

Axe-head glochidium: 
Lampsilis (Proptera) alata. 
Lampsilis (Proptera) lrevis­

sima. 
Lampsilis {Proptera) pur­

purata. 
Lampsilis capax. 

The axe-head glochidium occurs, so far as known, in only a few closely related 
species which were generally included in the genus Lampsuis, but which, after being 
first placed in the subgenus Proptera by Simpson (1900), have been elevated to the 
genus Proptera by Sterki (1895 and 1903), a change which has recently been approved 
by Ortmann (191 1). The species long known to possess this axe-head glochidium are 
Lampsilis (Proptera) alata, lll!vissima, and purpurata, and recently Coker and Surber 
(I9II) have described it for Lampsilis capax. 

There is considerable diversity in size among glochidia even from the same genus, as 
represented by the OUtlines in text figure I (A-0), all of which are drawn to the same scale, 
the most striking cases being the difference between the two species of Plagiola (G and H), 
and that between Lampsilis recta and gracilis (K and L). Harms (I 909), who has studied 
the exceedingly minute glochidia of Margaritana margaritifera, finds that they are 
exclusively gill parasites, because their small size makes attachment elsewhere impossible . 

The type of glochidium is constant for the genus, so far as our observations go, 
save in the case of Lampsilis, as has just been mentioned. In some cases the shape is 
also characteristic, as shown by Symphynota and Anodonta (A, B, and c), in which the 
shell outline is a distingUishing feature. 

In Dromus dromus the glochidium, which is of the hookless type (text fig. I, M), is 
greatly elongated antero-posteriorly thus presenting an interesting modification. 
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'I'HE HOOKLESS 'I'YPE. 

Since the greater part of our experimental infccttons with glochidia of the hookless 
type have been made with our common species of Lampsilis, we have examined the 
glochidia in this genus more extensively than any others and shall describe, as repre­
sentative of what has been observed, the hookless glochidium of Lampsilis subrostrata 
which is shown in figures I3, I4, and 1 s, plate VIII; and, since it is often necessary in 

the practical work of in­
fection to examine the 
glochidia alive in water 

C and to determine the 

0 

~o. I.-Figures showin11 relative sizes and shapes of the shells of a series of gloehidia, 
belongin11 to the following species: A, Symphynota com/Jlanata, 0.30 X o.'9 mm.; B, 
S . coslata, 0.39 X 0.35 mm.; C, AnodOflla cataracta, 0.36 X 0.37 mm.; D. Lampsilis 
(Pro/Jtna) a.lata, 0.41 X 0.23 mm.; E. Quadrula metamvra, o. r9 X o.IS mm.; F, Q. 
/>futrllosa, 0.30 X 0.23 mm.; G, Plagiola eltgans, 0.09 X 0.075 mm.; H, P . securis, O.JI 
X 0.23 mm.; I, Quadrula tbma, 0.15 X o.14 mm.; J, Q. Plicata, o.21 X o.2o rum.; K, 
Lamprilis gracilis, o.o85 X 0.075 mm. ; L. L. recta. 0.24 X 0.20 mm.; ].[, Dromus 
dromw, 0 . 19 X o.xo mm.; N, Obliqua.ria rtfl,e%a, 0.23 X 0.225 mm.; 0 , Uftio gibbosuJ, 
0.22 X O.I9Dlm. 

exact stage of their de­
velopment, we shall first 
speak of their appear­
ance when in this con­
dition. 

When examined 
alive (fig. I 3, pl. vm), 
this glochidium exhibits 
a shell which is compar­
atively firm in structure 
and which may remain 
unchanged by the water 
even many days after its 
living contents have been 
destroyed. Evidence of 
the shell's strength is 
shown by the fact. that 
its shape remains un­
changed after the glo­
chidial muscle has caused 
the lips of the shell to 
bite deeply into a host's 
tissue, and by the fact 
that it is not easily broken 
by rough handling, as 

when the glochidia are tumbled in and out of a pipette during the process of breaking 
up the conglutinated masses. This strength is due to the carbonate of lime already 
laid down in the shell and not to the cuticle, which is often referred to by investiga­
tors as though it were the sole constituent of the shell of the glochidium; for when the 
carbonate of lime is dissolved by acid the cuticle becomes wrinkled and the shell parti­
ally collapsed. Viewed from the outside and closed (fig. I3, pl. vm), this shell of the 
living glochidium exhibits a fine granulation over its entire surface and a distinct border 


