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INTRODUCTION 

This study of the naiad fauna of Fishery Bay 
at South Bass Island in the western basin of Lake 
Erie was initiated in the fall of 1953 as one phase 
of a comprehensive study of the entire bay area. 
The present report deals with the Unionidae of 
Fishery Bay. Collections and observations of the 
major faunal and floral groups represented were 
made during the following two years in each ha­
bitat area within the bay as well as in several o­
ther bays and the open lake in the surrounding 
region. Subsequent collections of naiades were 
made in the fall of 1956 and again in the sum­
mer of 1957. but most of the material upon which 
this report is based was obtained during the two­
year period beginning in the fall of 1953. Since 
1955 the collection itself has been enriched by 
the addition of many specimens from numerous 
localities other than Fishery Bay. The largest 
accession ( 1953) was that of the K. G. Wood col­
lection from the western basin of Lake Erie, 
These specimens from the lake, along with other 

collections, many from central Ohio streams, 
have been valuable as reference material with 
which to compare the bay forms. 

The objectives of this study are to deter­
mine ( 1) what species of naiades inhabit the bay, 
(2) in which of the bay habitats the various spe­
cies live, (3) the variability of each species with· 
in a single habitat area and, in cases of greater 
distribution, from one habitat area to another, 
(4) the growth rate and longevity of each species 
in the study area, (5) some of the conditions (phys­
ical, chemical, and biological) under which this 
fauna lives, and (6) the probable origin of the va­
rious species which at pre~ent comprise the naiad 
population of the bay. 

All the species collected, regardless of the 
number of specimens taken, are included in this 
study. It is believed that the knowledge gained 
from a few specimens carefully studied is far 
better than the only alternative of no knowledge 
at all, 
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A III STORY Of THE STUDY Of THE NAIADES Of LAKE ERIE 

The naiad fauna of the Mississippi Basin 
(van der Scbalie, 1~0: 451) of North America 
bu been of interut to students of conchology 
and malacology since iu discovery in the early 
eighteen hundreds. In examining the early lite· 
rature in this field one finds such names u Say, 
Lamarck, Rafine.que, DeKay, and Kirtland, 
familiar in many fields of zoology u well u 
Lea, Barnet, Conrad, Hildreth, and SWaiiUOn, 
be• known perhap1 to nudenta of the mollusks. 
These men were primarily concerned with seek· 
ing out and describing the many "new species" 
of muasels which inhabited che vut drainage ba· 
sin wut of the Appalachians. their zeal in this 
undertaking led them (as it did others in other 
fieldl) to describe 'as species many of the ecolo· 
gical varianu and aberrant forma wbicb came 
their way. In those specie. exhibiting sexual 
dimorphism, the male and female were frequent· 
ly de.cribed u two distinct specia (Kirtland, 
1834: 117). These practices led to considerable 
confusion in the taxonomic nomenclature of the 
group. Although this problem bu been wived 
in most instanca by relegating to synonymy 
tho.e names which proved to be redescriptions, 
tbere yet remains the problem of properly treat· 
tng morphological·geosraphical and morpbolo· 
gical·ecological cline.. These difficulties could 

hardly have been fore.een by early workers 
especially in view of their "type" concept of 
tbe species. ID view of the complexity and 
the extent of dle fawta aa we know it today, 
it is to their credit dlac they accomplltbed 
1be truly remarkable job they did. Their 
work has alao made the modern student of 
the naiadea acutely aware of the nature and 
desree (if not 1be explanation) of the varia· 
tiona that exist io mil complex •oup. 

The first published record of naiades iD 
Lake Erie is apparently that of tbe original 
dacriptiona of Unio alatu• aod Unio 
plica t us by Thoma Say ( 1117). An in· 
terestiog problem of autbcnhip aroee bere M· 
cause the type specimen• were collected in 
Lake Erie by Lelueur and given to Say, alons 
with the suggested trivial name plica t us 
for the non-alate individual (Slmpeon, liOO: 
787). Say figured the specimen in tbe ar· 
ticle on conchology in Nicbolloo's Encyclo· 
pedia (of Aru and Scieoces) (1817) aa a varl· 
ety of Unio crauus (Lea, 18'70: 30). 
Barnes later ( 1823: 120) recognized tbe vari· 
ety u a •pecies, gave it a verbal description 
and listed Lesueur as author •• u had Say. 
Tbil is, u far aal can learn, the ooly iD· 
stance where lhe type of a speciea waa col· 
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lected and named by one individual, figured by 
a second, verbally described by a third, and pub· 
lished by a fourth. Since Say's figure constitutes 
a valid description he is today credited with the 
authorship. The fact that Barnes had actually re· 
described a different form ( U. peruvian a 
Lam.)underthenameofU. plicatus Leau· 
eur led to even further confusion which persisted 
until untangled by Utterback ( 1816: 116) and Ort­
mann (1919: 27) nearly a century later. Ligu­
m i a nasu ta and Suo phi tus undul at us, 
both common species in Lake Erie, were also 
described by Say in this same publication but 
were not listed from the Lake. 

Lamarck (1819: 74, 532) described U. rec­
t us , U. c 1 a v us , and a "variety of U. 
c r ass i dens • from Lake Erie. The following 
year Rafinesque ( 1820) described 68 species of 
naiades from the Ohio River and/or its tributaries. 
Eleven of these species were eventually recorded 
from Lake Erie. Although several additional 
forms have been described from Lake Erie since 
the time of Say and Lamarck, only the species 
mentioned above, i.e., Amblema plicata 
(Say). Propter a a 1 a ta ( Say), L i gum i a 
recta (Lamarck), and Pleurobema clava 
(Lamarck), have been established as valid spe· 
cies. The other farms, to be reviewed in the 
following account of the species. have been re· 
cognized as questionable subspecies or ecological 
variants of previously described forms (van der 
Schalie, 1941: 246). It is interesting to note 
that P. c 1 a v a is known from Lake Erie only 
from its original description. This fact suggests 
an error in the type locality and its correctness 
has been rightly questioned by La Rocque ( 1953: 
97). There remains, however, in view of evi • 
dence to be presented below the possibility that 
this, as well as several other questioned records 
(Goodrich and van der Schalie, 1932: 12), may 
well be correct. 

The naiad literature of the middle and late 
nineteenth century was primarily descriptive 
(Lea, 1828, 1829, 1831, 1834, etc., to 1874) 
(Conrad, 1834. 1836, 1841, 1842, etc., to 
1868) (Say, 1817, 1818, 1829, etc •• to 1834) 
(Rafinesque, 1818, 1819, 1820, 1831, 1832) 
(Barnes, 1823, 1828) (SWainson, 1822, 1820· 

1833, 1835, 1840) (Green, 1827, 1830, 1832) 
(Lamarck, 1791·1832, 1'799, 1801, 1805, 
etc. , to 1830) with a generous sprinkling of 
locality lists (DeKay, 1843) (Dewey, 1856) 
(Hubbard, 18_) (Whiteaves, 1861) (Lewis, 
18'74) (Walton, 1891) (Smith, 1894) and per· 
sonal collection check lists (Ravenel, 1834) 
(Jay, 1852). 

These were followed, near the turn of 
the century, by several attempts to deal with 
the origin and distribution of the many forma 
described. Some of the earliest contributiODI 
to these problems in the Lake Erie area are 
those of Bell (1861: 45·46) and Wbiteaves 
( 1881). Bell recorded the discovery ofsev· 
eralspecies of fossil or subf011il "uniones• 
from what he interpreted to be an ancient 
Niagara River bed at Niagara Falls, Ontario. 
Whiteaves dealt with the more general topic 
of the biogeography of lower Canada. Walk­
er ( 1889) reported the discovery of dle AtlaD· 
tic Drainage naiad Elliptio complana­
tua (Dillwyn, 1817) in Michigan and later 
( 1891) specifically noted iu occurrence in 
northern Michigan. This instance of discon­
tinuous distribution, coupled with that which 
existed in the Grand River of Lake Michigan, 
when added to Walker's interest in historical 
geology, may well have been the problem· 
challenge combination which was respon-
sible for W alker•s later contributions along 
this line. In his paper on the mollwcan 
fauna of Michigan (Walker, 1894: 13) he ob­
served that the Lake Michigan tributaries had 
species which "belong mostly to the Strepoma· 
tidae and Unionidae, the characteristic fami· 
lies of the Mississippi Valley fauna" and notes 
that "If this is found to be true, it would be in 
accord with the theory of the geologists, that, 
toward the end of the glacial period the great 
lakes had their outlet to the south into the 
Mississippi Valley, and tend to thow that dur· 
ing that period these forms made their way 
north into Lake Michigan, and thence into 
its tributaries •••• " While there is no evi· 
dence (other than the suggestion above) of 
knowledge of the Wabaslle-Wabaah connec­
tion in this paper. Walker later ( 1898: 12) 
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includes the De& Plaines-Illinois and the Saginaw­
Grand outlea in addition to the Maumee-Wabash 
route in explaining the origin of the Michigfll 
naiades. The poaglacial migration routes from 
the east, the Trent and Nipissing Outlets, are 
later dealt with in conjunction with a coosider­
ation of the faunal history of the naiades of the 
entire Great Lakel Basin as it exists today (Walk­
er, 1913). 

~tmann ( 1912, 1913, 1919, 1924) succeed­
ed Walker as the principal North American stu­
dent of naiad zoogeography, and it is chiefly 
through his studies ( 1924: 113) that the post-gla· 
cial valley of the Lake Erie Basin suggested by 
Walker ( 1913: 16) was verified. Vander Sdla­
lie ( 1938: 10) demonstrated that the disconti­
nuous distribution of particular elements of the 
naiad fauna of the Clinton, Rouge, Huron, Rai­
sin and Maumee Riven of Lake Erie also reflect­
ed its origin in the manner postulated by Walker 
and Ortmann. 

In addition to taxonomic and zoogeographic 
works, some of which are listed above, the Lake 
Erie naiades have more recently been utilized in 
studies of nacreous and epidermal variation (Gri­
er, 1920), morphological variation (Grier, 1920), 
erosion and thickness (Grier, 1920), sexual di-

morphism (Grier, 1920), and growth. rate (Grier, 
1922). Wood (1953) made a study of the habitat 
distribution of the bentbic invertebrata of the 
western basin of Lake Erie including the naiades 
in his work. It was found that the bivalves made 
up 78.3 percent (by weight) of the benmic fau­
na -- even with the weight of me lbella deduct­
ed. The results of these studies are referred to 
in appropriate places in the following text. 

The only previous atudy known which refeu 
specifically to the naiad fauna of Fishery Bay ia 
that of a-own, Clark, and Gleissner ( 1938). 
These workers found that the Fishery Bay naiades 
were larger at any given age than Pt:lee Island 
apecimena of the same apeciea but were smaller 
than corresponding forms collected at East Har­
bor on the mainland shore. This fact was cor­
related with the degree of exposure of these 
habitats to wave action, me degree of atunting 
being directly related to the amount of expo­
sure. The thoroughness of their sampling ia re• 
fleeted in the fact that they collected 24 of the 
27 species now known to inhabit the bay. Of the 
three species herein added to the list, two are 
apparently restricted to the pond (not sampled in 
their study) and the third is repreaented in the col­
lection by only three Filbery Bay specimens. 

THE ECOLOGICAL, ZOOGEOGRAPHICAL, TAXONOMIC PROBLEM 

The naiad fauna of Lake Erie is unusual in 
several ways. Most, if not all, of the species 
found mere are markedly smaller than their 
counterparts found in the streams tributary to the 
lake. This so-called dwarfed, stunted or depau­
perate fauna is so striking that the majority of 
the species recorded from the la!te have, at one 
time or another, been described as species or 
subspecies distinct from those which inhabit 
streams (Lea, 1840, 1857, 1862) (Conrad, 1834) 
(Simpson, 1900) (Grier, 1918) (Baker, 1922, 
1927, 1928). In view of the paucity of informa­
tion concerning variation and distribution avail­
able to workers such as Lea, Conrad , and Simp­
son, it is apparent that they were simply describ­
ing newly diacovered forms as new taxonomic 
entities. 

As the geographic distribution of the naiada 
became better known it was found mat mOlt lake 
habitats produced stWlted forma while moa 
streams did not. It became obvioua that these 
lake forms today have a discontinuous distribu· 
tion. The poasibility that all lakes (and poocls) 
having such a fauna were on« interconnected 
in a manner permitting migration seems highly 
unlikely. While the evidence just cited il 
highly speculative, that obtained by Brown~ 
!!_. (1938) was not • . Theae workers found that 
the degree of stunting within the lake was pre­
dictable and varied with habitat. This evidence 
strongly indicates, and van der Schalie ( 1941), 
along with most other contemporary students, 
concludes that naiad lake forms are ecoforms 
and should not be recognized as subspecies. 
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He suggesu: 
If for any re~~Gn wbaaoever one wltbes 

to designate a form it would be more sen­
sible to do so u follows: L a m p s il is sl -
1 i q u o i d e a form r o 11 c e a • A rule of 
this sort would eliminate lhe misleacling 
empbuis which is placed oo forms when 
they are written u a subspecific or even a 
1pecific name. 
I would add only one modification to lhe 

above suggestion and that 11 to use the term eco­
form preceding the uinomen 1f it bu been esta­
blished that the form iJ due principally to dte 
action of the environment on the individual. In 
thb manner the term "form" could still be uaed 
in the general sense of "a sroup having a differ­
ent structure, " be it due primarily to environ­
ment or heredity. 

Baker, Grier, and Olhers apparently were a­
ware of the ecological nature of tbeae lake­
dwelling naiades but nevertheleu were of the 
opinion that they ahould be designated by a tri· 
nomial. Baker ( 1928: 4()) states: 

In the matter of varietal names, the 
writer believes that any form which can 
be distinguilhed from another should bear 
a name. Names are but handles to use in 
descriptive work and the trinomial system 
lends itself clearly to the designation of 
varieties. These varieties may be geo· 
graphical or ecological. 
Ortmann (1919: 81) was more conservative 

in his use of trinomials and, while using the 
names supplied by others, did not, at least as 
far u Lake Erie is concerned, coin any new 
names himself. This wu fortunate in view of 
the fact that Ortmann waa familiar with the lake 
fauna and could easily have followed the prece· 
dent of Baker and Grier lhus burdening the ayno· 
nymy with many more names. 

Most of the evidence supports dle generally 
accepted inference that the Lake Erie naiades 
are ecoforms of species also found in the streams 
and, AS SUCH, should not be accorded either 
specific or subspeciflc status. The problem 
men becomes one of determining to which stream 
species these lake ecoforms should be aaigned, 
It baa seemed natural to associate each with ita 

most cle~~ely related form living in the adja• 
cent lake tributaries. Pusconaia flava 
p a r v u la (Grier, 1918) of the lake thus be • 
came the ecoform of Pusconaia flav a 
(Raf. , 18i0) of cbe tributaries and P 1 e u r o • 
bema corduum pauperculum (stmp-
100, 1900) became dle ecoform of Pleuro· 
bema cordatum coccineum (CoJVad, 
1836). a stream subspecies alto found 1n dle 
lake uibutariea. This policy has been poe• 
rally followed by workers in this field for dle 
pan thlny years, 

Tbere is found among stream forms a 
problem of variability similar to dlat of the 
lake forms. The term similar is imponant 
here becaUie, allhough the problem lnvolvea 
variablllty uaually related to habitat aod deall 
widl many of the same specia or specia com· 
plexes which are present in Lake lrie, the de• 
sree of variability occurring within a drainage 
baain such as lhe Ohio River is markedly sreat· 
er than that observed in the same form within 
the lake. While the dwarfed forms in Lalle 
Erie seemed to constitute a single taxonomic 
unit (for each species repraentecl) within the 
lake environs, the stream forms were described 
under u many as five different names. In 
most cues each described entity waa definable 
and distinguishable from the others and in· 
habited streams of a particular size. The ac· 
cumulation of additional specimens dW"ing cbe 
first quarter of the present century revealed 
that species within eacb complex were, or 
aeemed to be, connected by a series of inter• 
mediate forms. In passing from a headwaters 
tributary down to the lower Ohio or Miuiuippt 
River one migbt witness an apparent gradual 
transition from one species to another. Tbia 
clinal distribution is particularly striking in, 
but not limited to, the subfamily Unioninae 
(OrtmaM, 1920: 311) and is represented in 
this sroup by the following complexes (see 
p. 7). 

There are a number of other complexea 
such as the L amp • il is o v au Complex 
and the Dysnomia toruloaa Complex, 
both in the Lamp~ilinae, Several of the formt 
listed above have been long relegated to the 
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FUSCONAIA FLAV A COMPLEX 

HEADWATERS form f 1 a v a Rafinesque, 1820 
Compressed, 
Elongate, form rub i gino sa Lea, 1829 
Low umbones, 
Non-sulcate 

LARGE RIVER 
Obese, 

form trigona Lea, 1831 

Short, form undata Barnes, 1823 
High umbones, 
Sulcate form w agneri Baker, 1928 

PLEUROBEMA CORDATUM COMPLEX 

HEADWATERS 
Compressed, 
Elongate, 
Low umbones, 
Non-sulcate 

LARGE RIVER 
Obese, 
Short, 
High wnbones, 
Sulcate 

form cocci n e u m Conrad, 
1836 

form cord a tum Rafinesque, 
1820 

form cat i 11 us Conrad, 1836 

form plenum Lea, 1840 

form p y r amid at u m Lea, 
1834 

AMBLEMA PUC AT A COMPLEX 

HEADWATERS 
Compressed, 
Fluted wing, 
Low umbones 

LARGE RIVER 
Obese, 
Non-fluted wing 

form costa t a Raiinesque, 
1820 

form r a rip li c at a Lamarck, 
1819 

High umbones form peruviana Lamarck, 
1819 

synonymy of other members of their species com­
plex. They are used here because measurements 
given in the original cJescriptions or taken from 
the original plates establish them as intermedi-

ates between recognized forms. It should be 
kept in mind that each complex represents a 
series of anatomically different forms, each 
of which is related to a somewhat different 
habitat, and is more or less connected by in­
termediates. Tbe problem of variation of 
stream dwelling members of species com­
plexes is treated here because it has a direct 
bearing upon the nature and identity of seve­
ral of the naiades of Lake Erie. 

There are at least three po11ible expla­
nations of the observed facts concerning the 
relationships between the apparently inter­
grading members of each of the several sys· 
tematic complexes. They are: , 

( 1) Each form within a complex may be 
genetically essentially the same as the others 
and none reproductively isolated from the 
others. If this be true, the obvious differences 
in anatomy would be a result of the effects 
of the different environments. In this case 
we might expect as many different forms as 
there are different environments which influ­
ence growth form. The result would be a 
highly variable (polymorphic) species. The 
variability of the species would, within the 
limits set by genetic composition, be deter­
mined by the range of environments in which 
it lives and the extent to which these environ­
ments affect the growth form. 

(2) Each form within a complex may be 
reproductively isolated from the other forms. 
These several forms then constitute sibling 
species (Mayr ~ al., 1942). If this were the 
case, it is apparent that tbe varieties of each 
such species overlap those of at least one of 
the others. This would render the identifi~a­
tion of some intermediate individuals an ex­
tremely difficult and perhaps, at times, im· 
possible task. The impossibility of the iden· 
tification of these sibling species would not, 
however, alter the fact of their existence. 
In the absence of morphological, physiolo­
gical or other intrinsic differences between 
forms it would seem that tests of reproduct­
ive isolation alone would verify or disprove 
this theory. 
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(3) Each form within a complex may be on· 
ly partially iJolated (reproductively) from the 
others. The differences between these forma 
would then be attributable in part to a difference 
in genetic comJ'O'ition and in pan to environ­
mental differences. Cues of several defined 
forms having few intermediates may represent 
nearly isolated groups (gene pools) between which 
the gene exchange hu all but ceaaed. SUch po­
pulations have been termed sympatric subspecies, 
although this expresaion has lost favor in recent 
years. 

In tbe absence of any direct means of meas­
uring the degree of reproductive itolation that 
may exist between naiad populations or popula­
tion segments in nature, the evidence needed to 
determine the relatioosb.ip of these forms must 
be sought elsewhere, 

While the nineteenth century atudent of the 
naiades bad only morphology to guide him in 

learning the relationship of the forms with 
which he dealt, the modern student is some­
what more fonunate •• not only in having a 
much better knowledge of the variability of 
these faunal elements but, more especially, of 
the distribution patterns of these variations. A 
knowledge of the type and degree of variation 
and geographic distribution, viewed in the light 
of our understanding of population genetics, gives 
us a much clearer illlight into evolution on the 

· species and subspecies levels. This is precisely 
the knowledge and understanding required to deal 
with taxonomy in a realiltic manner and to avoid 
decisions based on hunch, guesa, and subjective 
whim which have given the science of clasifi­
cation a bad name in some quaners in the past. 
While it is not aaumed that a knowledge of 
these things will solve all systematic problems, 
it seems that little real progresa can be made 
without them, 

METHODS AND MATERIALS 

Physiography 

The map of the bay area (Pl. I, Fig. 3) was 
constructed from data obtained by triangulation 
with a surveyor's transit. Depth contours of the 
pond and inner bay were made from aoundings 
taken through the ice using either a graduated 
lead line or an oak aounding rod. Depth• in the 
outer bay are based upon those taken by the u.s. 
Lake SUrvey (1936) modified to compenaate for 
th~ increase in lake level (2, 10 ft.) which occur­
red during the t\o/enty year period between 1938 
and 1968 (James L. Verber, peraonal communi· 

cation). The docks and sea walls were meas­
ured with a surveyor's tape and points deter· 
mined by triangulation were checked by tape 
where possible, A grid of squares one hundred 
feet on a side was tben superimposed over the 
finished chart, tbua permitting the fixing of 
any collection site (uaing coordinates) to tbe 
area encompassed by each square. Thia tech· 
nique proved satisfactory except in places 
where habitau changed sharply. In thele 11· 
tuations a note concerning the habitat in ad· 
dit.ion to the appropriate coordinates proved 
adequate. Tbe tediment terminology used 

·························· ................. ........................................................................ ... ._ .................................. .................................. .............. . 

DESCRIPTION OF PLATE I, OPPOSITE PAGE 

Fig. 1 Lake Erie and iu Tributary Streams 

Fig. 2 The Baa Islands of Lake Erie. 

Fig. 3 Filhery Bay of Lake Erie, South Baa Island, Put·ln·Bay Township, Ottawa County. Ohio. 
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here is essentially that of Wentworth's Clauifica­
tion (Welch. 1948: 363) with sediment sizes 
grouped as indicated by the brackets below. 

Particle Diameter Particle Name Group Name 

256 Bedfdet ) Rocks 
65 - 256 Cobble ) 
4 - 64 ~teo. ) 
2.0 3.9 CfnlQe.' \ Gravel 

1. 0 1. g ~_,'-coatte sand ) 
o.s 0.9 ~land ) 
0.25 - 0.49 Modillm sand ) Sand 
0.125 - 0.249 Finf •and ) 
0.062 - 0.124 Very fine sand ) 
0.004 - 0.061 Silt Silt 
o.ooo - O.OOS9 Clay Clay 

The expression "rubble" is here used to refer 
to an ill-sorted mixture of coarse gravel and 
rocks, either angular and/or water Wor& 

Collection of Specimens 

Attempts to collect naiades were made by 
every means that seemed likely to prove fruitful. 
Efforu at quantitative sampling using an Ekman 
Dredge were abandoned after several days' labot 
produced only two specimens. The "noodling" 
or "polliwogging" technique of passing the fingers 
lightly over the bottom in waters up to neck deep 
was also unproductive. This method ia many 
times very successful in streams where the water 
is so turbid with plankton or silt that the bottom 
cannot be seen. ~edging, a successful proce­
dure if an otter trawl il used in the deep lake 
muck, was only moderately successful when 
smaller, two to four foot (width) dredges were 
used in the bay. This, however. was the only 
way, except by diving, that depths over ten feet 
could be sampled and, even then, the rocky bot­
toms at those depths were all but impossible to 
work. Skin diving in boulder strewn areas, fol­
lowing dredging, established the inefficiency of 
the operation of dredges over such a bottom -- a 
large number of specimens were taken where the 

dredge had taken few or none at an. A lbovel 
and floating steve arrangement produced a few 
juveniles in shallow areas but worked no bener 
than a dredge and required considerably more 
labor.. The water was seldom clear enougb 
for diving, but this seemed to be the ooly fea­
sible method of taking spec:imeoa from the 
deeper rocky bonoms. Full advantage was 
taken of each of several rare periods of warm 
clear water. The best collecting waa accom· 
plisbed during and Just following prolonged 
sttong blows from the southwest. The net ef­
fect of such a blow is a surge of water to the 
east lowering the water level in the island 
region aa much as seven feet (Langlois, 1~1: 
6). Such a phenomenon is known as a seiche. 
The naiades may then be hand picked from 
expo$ed substrates that are usually three to 
five feet under water. The only disadvantage 
is that these blows usually came in late No­
vember or March when the water temperature 
is below 7• c. (~· F.) and moct of the mus­
sell are "dug in" beneath the sand and gravel 
and difficult to see. Barnes (1823: 114) also 
noted this wimer burying behavior and sub­
sequent exposwe above bottom ln summer. 
An unusual opportunity came on September 
21, 1954, when a wind generated seiche of 
the type described lowered the water level at 
least five feet for a period of several bows. 
The naiades were for the moat part in their 
summer podtiooa, protruding above the bot· 
tom or actively moving about. Six hundred 
sixty naiades, the largest single collection 
made in the entire courae of the study. were 
taken in approximately four hours. 

Collection of Data from Specimeos 

All specimens collected weN taken alive 
to the laboratory where individuals over tea 
grams were weighed to the nearest gram on a 
Hanson Dietetic Scale. This scale baa a capa­
city of SOO grams and il calibrated in one 
gram graduations. The smaller specimeoa 
were weighed to the nearest tenth of a gram 
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using an Ohaus beam balance having a scale ca· 
librated from zero to ten grams, in one-tenth 
gram steps. Care was taken to remove the ex· 
cess water from each specimen by placing them 
ventral margin down on a towel until the valves 
opened slightly allowing the excess. water to 
drain. The shell$ were again weighed after tbe 
soft parts were removed in order to determine tbe 
percentage of shell weight for each individual. 
The gills were examined for glocbidia, and the 
foot·gill sin~ and pericardia! cavity were po1ted 
for parasitic or commensal symbionts such as 
flukes, mites, and leeches. 

In addition to the weight noted above, the 
specimens from several of the 1956 collection~ 
were weighed while suspended in water so that 
the specific gravity might be calculated. 

Measurements of length, height, and width 
of each specimen were also made and recorded. 
It was thought best to follpw themethods of 
measurement uted by previous authors so that tbe 
bay forms could be compared with those from 
other localities and, in cases of uncertain iden­
tity, with the dimension~ and proportions of the 
types. An examination of the terms and methods 
used in early descriptive work revealed some 
gross differences among investigators. Many 
authors neglected to describe the nature of their 
lengths, widths, heights, diameters, breadth, 
and axes. According to Barnes ( 1823: 112) La· 
marck considered "the beaks as the base, •••• " 
and was not alone in terming that side of the 
beaks having the ligament as anterior. This ex­
planation helps greatly in understanding Lamarck's 
descriptions. Barnes quotes Say who encourages 
a reversal of the terms anterior and posterior in 
order to conform to the definitions of Cuvier and 
to have the mouth at the anterior end as it "ought 
always to be considered." In spite of the logical 
plea of Say, Barnes and others (e.g. Hildreth, 
1828) followed Lamarck's usage of anterior and 
posterior, though Barnes does consider the beaks 
to be dorsal. In order to avoid deciphering these 
older descriptions on the occasion of each refer­
ence a table of terms was con~tructed for ease of 
interpretation. The decision to use the termino­
logy of Call ( 1900) and McMichael and Hiscock 
( 1958) was made in view of the facts that they 

are in common usage today by moat malaco· 
logists and easily understood by ,.,orkera in re­
lated fields. Definitions of the dimensions 
measured are given below since a word such 
as "length" may have several meanings: 

( 1) length parallel to the ventral margin 
(2) length parallel to the dorsal margin 
(3) length parallel to the hinge line 
(4) length parallel to the umbonal slope 

The dimensions taken in this study are 
defined below. 

LENGTH is the maximum antero-posterior 
dimension of the shell. It has been found to 
be roughly parallel to the hinge line in all the 
species here studied. 

HEIGHT is the maXimum dorso-ventral 
dimension of the shell measured at right angles 
to the length. This dimension does not include 
tbe ligament, umbones nor the wing in the a­
late species, Proptera al ata (Say) and 
Le ptode a fragilis (Rafinesque) . The so­
called wing or post dorsal ridge of the other 
species dealt with bere is included. It is be­
lieved best not to include the structures listed 
above because in many (if not moat) inatances 
they are eroded, broken, or both. This meas­
urement usually can be made best from the in­
side of the valve. In the cases of P • al at a 
and L • f r a g i 1 is the height is measured as 
described above except that tbe umbonalalope 
is considered the dorsal limit. The high point 
of tbe urnbonal slope in both species is almost 
always just a short distance po1terior to the 
beaks proper and approXimates the level of the 
lateral tooth in the right valve or the lateral 
tooth sulcus in the left valve. 

WIDTH is the maximum transverse di­
mension of the shell with both valves in nor­
mal position and includes sculpturing, wben 
present. 

The measurements of length and height 
were madtwith the use of a clam board, con· 
atructed for this purpose, with a Glogau ver· 
nier caliper, or with a pair of needle-point 
dividers and a linear metric rule. The clam 
board was outfitted with a metric grid and 
with two metric scales placed at right angles 

\ 
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TABU 1. INTERFRIT AnON OF TERMS USED BY NAIADOLOGISTS IN DESCRIPTIVE STUDIES 
·==::::::::::::::::::::::::::: .... :::: ... :::::.~:·:.:-:.:::.:::~:::::~::::~:::::~:::::~::~~·.:~~:::::~::~::::·.::~~::~·:::::::::~~::::::::~:::~~::::::::::::::::: ::·~::·::::::~::;::::::::::::::::::;::::::::;· 

Modem 
Term 

Lengdl 

Height 

Widrh 

Anterior 

Polterior 

Donal 

Ventral 

no meaure-
menu pven 
DO me1111re-
ments 3iven 
oo meuure-
menu given 

antertorb 

po~tericrb 

bualb 
(edge) 

Lamarck Raflnaque Bamea 
181gb 1810c 1813 

breadth breadda breadda 

leng1b length lengdl 

diameter diameter 

posterior anterior polterior 

anterior po~terior antericr 

bale or donal cr 
back hinse dorlll 

(margin) 

upper baaal baaal 
(margin) (mlrJiD) 

Lea HUdredl 
l8t8 1818 

breadth bleacldl 

leng1b ltDp 

dlamew diameter 

anterior poacerior 

posterior anterior 

dcnal donal (miiSlD)· 

basal 
baaal 
(JIW8in) 

Conrad 
1886 

DO meuure• 
meaa given 
DOmeuure-
menu pven 
ao meaaure-
menu given 

anterior 

po~~erior 

11&amat 
(margiD) 

blial . 
(margiD) 

DeKay 
1843. 

UIDIVefte 
axja 

vertical 
axil 
diameter 

anarior 

po~terlor 

binge or 
clcnal 
(marpa) 

lower 
(mlrJ!D) 

..... ·····································-·········· .................................. _ .................................................................................................... ............... -.................... 
. \Vh\\ ..... -"'H#14 IUUitUUtttt \\\'-'o\V•o"\VW\V. .. -.•,wnJINIIHolhfllllfiUfiiU•"t\UtUo •''"'"'·'\\\'1. .. ;4 '.~ \ ~-.:.JtA"INI::,'IUtiiNNI.OIIIIIIfRittt;:IUIIItl&lf111nr.•fUIIfl~l: f;Jt~:lllll#ll/.'o"flll:::: :::~1#111~.-z. 

Modern Baker Call Simpoo Utterback ()nrnann Baker Cleac:b aad McMic:bael 
Term 1898 1900 1914 191& 1919 1818 Turoer .. and H1lcocll 

1161 1168 ................................................................................ ........................................................................... ____ ···········-········ ........................... _. 
LeDJth lenglh length length length lengdl leqdl lqcb length 

Height heiJbt height helJht heiJbt height bel&bt beigbt heigbt 

Width breachb widtbd diameter diameter diameter diameter breaddl widlb 

Anterior anterior anterior 
anterior 

anterior anwerior an11edor anterior aoteriar (before) 

Poaterior po~tericr pollerlor 
poeterlor po1tedor posterior poltUtor poarior pottertor (bebind) 

Donal dorsal donal donal dorsal donal or donal .doaal clonal (line) upper 

Ventral veoual ventral 
bual 

veoual ventral 
vuual venrral vuual (line) or lower 

...... -··-·····-···-····· .... -............ -·--••·• ......... ---·•-••-·••••u••·-••-•••• •••• ....... , •. . 

a Say revereet the polition talclen here and UMI Lamarck'• revene termtnolol)' in bil 
American Conchology (1830: pl. 22). 

b Prom tranalated quotes of Barnes (18113) or &om quotea of Call (1800). 

~ =.::~;tl:.o~=:::=~ter. 
I interpret the •am• dimeneion of Raflneeque to be the lenp of a UDI pallina &am m. dcnal 

to tbe ventral margine at rigbt angles to the lenJda (lnadda of Raftollque) at a point midWaJ between 
tbe anterior and ponerior extremities. 
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and meeting at the lower left corner. A tran~­
parent hairline T square was used to eliminate 
parallax error. This method was most convenient, 
the calipers most precise, and the dividers most 
rapid. .All measurements of length and height 
were taken at, or rounded off to, the nearest 
millimeter. The width in every case was taken 
with the vernier caliper and each figure was 
rounded off to the nearest millimeter with the ex­
cepdon of those leu than ten millimeters, and 
these were taken to the pearest tenlb of a milli­
meter, The flexible periostracum, extending be­
yond the anterior, ventral, and posterior shell 
margins in all but the smallest specimens, was 
such that consistent readings of an accuracy 
greater than the nearest whole millimeter were 
impossible for any but width measurements. 

Data for the age-length graptu were obtained 
by measuring each annulus possible on every spe­
cimen. Length only was measured for each year; 
thus, each specimen yielded as many items of 
length data as it was years old. This was accom­
plished using needlepoint dividers and a metric 
scale calibrated in millimeters. If the apecimen 
being measured had been collected during the 
winter months of November, December, January, 
February. or March the margin of the shell wu 
considered to be the last annulus. Shell margin 
measurements of individuals taken during the 
growing months from April to October were not 
uset! in the growth study. Lake Erie naiades are 
well known for the regularity and distinctness of 
their annuli or annual growth rings (Ortmann, 
1919: 22) (Grier, 1920: 154; 1922: 132). These 
rings, much like those found in tree borings, on 
fish scales, vertebral sections, etc,, are produ­
ced by changes in growth rate. The well-defined 
and regular nature of the annuli of Lake Erie 
naiades may be a result of the greater Stability 
of the lake when compared to stream conditions. 
This is suggested by Grier ( 1922: 132) and he 
gives evidence which aupports this inference. 
While the annuli of lake-dwelling naiades may 
be more easily read than those of the same spe­
cies in most streams, there are still difficulties 
to be overcome and pitfalls to be avoided. 
Lake Erie naiades are not exempt from false an­
nuli which may be produced at any time during 

the growing season when the mantle margin is 

withdrawn to the extent of breaking contact 
with the edge of the ahell where new perios· 
tracum and prismatic layer are being depo­
sited (Coker~ al., 1921: 131). A seiche 
which exposed the mU~Sel to the air for sev· 
eral hours might produce a false annulus. 
Fortunately most, if not all, false annuli pre­
sent on Lake Erie specimens may be recog­
nized by a combination of the following 
characters: 

( 1) The make-up of the material of which 
the false annulw is compoaed (i.e., color, 
texture) is usually quite different from the true 
annulus and may be quite different for some 
species. False annuli are almost without ex· 
ception much thinner. 

. ·(2) False annuli are generally incomplete, 
not extending from anterior to po~terior dcnal 
margin in the unbrolcen. uniform manoer of a 
true annulus. 

( 3) False arinuli are not flanked by the 
type of periosttacum associated with the ce11a· 
tion and resumption of growth as is the true an· 
imlus. The color (and perbapa the thickness) 
of the periostracum changes as winter approaches 
in many species. The reverse color change D 
observed in the spring. Individuals with lhell 
rays frequently lay down unrayed periostracum 
in late fall and early spring. This produces in• 
tertupted rays on the disc and the true annuli 
pasa over the surface of the shell between the 
interruptions while the falae annulus passes 
through them. 

( 4) The true annuli of any particular spe· 
cies from any particular habitat have a rela· 
tively unifcirm spacing or periodicity which is 
the same from specimen to specimen of the 
same age or between individuals of different 
ages if the comparison is made between those 
annuli which represent the aame ages. Thi.a 
periodicity changes in lbe naiad, indicatinl 
a rapid growth rate as a juvenile, a moderate 
to slow growth rate u a sexually active ma-

.. ture adult, and the development of a very 
slow rate at the outset of teniljty when repro· 
ductive activity begins to decrease. Once the 
worker learns the periodicity pattern of a species 
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for a particular habitat he can easily identify an 
annulus out of position, and he may suspect any 
such annulus of being false. If the annulus on 
either side of the one in question is "in place" 
and satisfies the predicted sequence, and if some 
or all of the above conditions •• (1), (2}, (3) -­
are founu to prevail, the annulus is pronounced 
false and is neither counted nor measured. 

It should be noted that the above observations 
concerning false annuli '"ere not made at the be· 
ginning. but were developed during the course of 
this study. It should not be concluded that the 
criteria used in this study to identify false annuli 
will be effective everywhere. In even a few of 
the Lake Erie shells there remains some doubt 
concerning the validity of a few of the annuli. 
These instances-- fortunately rare-- were con­
fined to either very old specimens where the an­
nuli were so close together they almost overlap· 
ped or to a few young specimens which apparent· 
ly passed through a winter marked by an atypical 
annulus. Since the position of this annulus was, 
in each of the several cases, well marked by the 
usual color change which accompanies the win· 
ter rest period, the annulus was counted and 
measured even though it was atypical. 

A light was used in the manner suggested by 
Chamberlain ( 1931: 715) to aid reading the thin 
to moderately thick shells, when such a technique 
proved advantageous. This was of particular va­
lue in specimens where the annulus on the sur· 
face was partially worn away. The transmitted 
light made even these lines stand out in bold re· 
Uef. 

A number of individuals had eroded umbones 
with the resultant loss of one or more annuli in a 
region where the use of transmitted light was not 
poiSible due to the thiclmess of the shell. This 
was especially true of older specimens from the 
soft bottoms in deep water. At first it was thought 
that these individuals would have to be passed 
over, and that, as a result, it would be irnpos· 
sible to study growth rate during senility or to 
make any estimates of longevity in some species. 
It was found, however, by knowing the general 
periodicity (of the annuli) of the species and by 
noting the spacing represented by the remaining 
annuli on the specimens in question, the probable 

number of missing annuli could be estimated. 
This procedure was followed and lengths were 
taken in the usual manner from all specimens 
having three or fewer annuli missing. Where 
the erocied zone involved a!l estimated four or 
more annuli the dlell was passed over and no 
growth data were taken. By proceeding in this 
manner it \>as found that successive annuli out· 
aide the eroded zone fell into the respective 
length ranges of the age group~ to which they 
had been assigned. Some time later an eroded 
specimen was studied which had the "missing" 
annuli of the eroded area boldly represented 
by well-defined curved ridges in the exposed 
nacreous material of the shell. A close in­
spection of the eroded shells previously studied 
revealed in almost every instance the number 
of estimated missing arumli represented by 
fine curved lines or grooves at or very near to 

the position expected on the basis of period­
icity. 

Treatment of Data 

An extensive search of the literature was 
required to bring together the background of 
information necessary to treat each of the spe· 
cies or complexes in the proper perspective. 
The Unionacca of the North American Great 
Lakes have never been monographed. The 
same is true for Lake Erie, as such, and watera 
of the State of Ohio. Fortunately there ~xist 
such comprehensive works for Indiana (Call, 
1900), Pennsylvania (Ortmann, 1911 and 1919), 
Missouri (Utterback, 1915·1916), and Wiscon· 
sin (Baker, 1928). These studies and other 
papers of greater and lesser scope were freely 
used in developing a knowledge of North Amer­
ican Naiades in general and those of the upper 
Mississippi and Great Lakes drainages in parti· 
cular. It is believed that such a background iJ 
necessary for an understanding and appreciation 
of the origin. distribution, and present relation· 
ships of the Lake Erie naiad fauna. Items such 
as synonymies, nature and location of typea, 
previous records, and deacripti• ns have been 
included in this study of the Unionidae, The 
following discussion concerns the treatment of 
data beneath each species heading. 
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SCIENTIFIC NAMES. A complete scientific 
name, if it is to be an effective reference, should 
be followed by author and date. Some writers, in 
referring to the later use by one author of a certain 
scientific name coined earlier by another writer, 
omit the name of the describer but follow the tri • 
vial name with the name and date of the user re• 
ferred to. This practice is quite common in early 
literature, The confusion arising by such a proce· 
dure can be avoided and the reader directed to 
the referred instance(s) of usage by adding the 
author, date, and a period to the Latin name, 
and following this by any number of desired refer· 
ences to the usage of this particular combination. 
In this manner, Fusconaia undata rubigi· 
nos a (Lea, 1829). Ortmann (1913: 291) means 
that the form rub i gino sa , described by Lea in 
1829, was referred to as a subspecies of Fusco­
naia undata by Ortmann in 1913. This po­
licy has been followed in this paper. 

SYNONYMY. The Descriptive Cata­
log of the Naiades (Simpson, 1914) con­
tains what is probably the most complete group­
ing of naiad synonymies in existence and has 
been used as the principal reference in construct· 
ing the synonymies listed here. An attempt was 
made in this study to include in the synonymy 
every name under which the species has been 
known. In each case an effort was made to cite 
the earliest reference but no others. The result 
is a "name synonymy" rather than a "bibliograph­
ic synonymy." and is reasonably complete down 
to the year 1960. 

TYPE LOCALITY. The type locality was 
determined by reference to the original descrip­
tion or, that being unavailable, by reference to 
a subsequent author's citation. 

TYPE SPECIMENS. None of the holotypes of 
any of the species studied has been examined. 
All references to the nature of type material in 
existence , and its location, have been obtained 
from the literature. The only exceptions to the 
above are the cases of Am b 1 em a plica t a 
(Say), Pro pte r a a 1 a ta (Say), and L i g u m i a 
recta (Lamarck). The Lake Erie specimens of 
these species are topotypes. 

LAKE ERIE RECORDS. Only published 
records are included in the following lists. 
Although it is certain that these lists for Lake 
Erie could be supplemented by a study of mu· 
seum material there seems little possibility 
of adding to the knowledge of the Fishery Bay 
fauna through such an undertaking. 

SHELL CHARACTERISTICS. lt is sur· 
prising in view of the fact that so many lake 
ecoforms have been given specific or subspe­
cific rank , that there are so few comprehen­
sive descriptions of these unusual naiades in 
the literature. Most of the descriptions refer 
only to the few characters necessary to sepa­
rate the lake from the stream forms (Grier, 
1918). Since no new taxonomic forms are 
described herein, all descriptions pertain to 
the collected material of a species as a unit, 
and represent a composite of a particular 
form in a particular habitat rather than an in· 
dividual. Measurements and the proportions 
calculated from them are treated in like 
manner to show the range of variability and 
to permit comparison of at least some char· 
acteristics with non-lake material on a quan· 
titative basis. 

Two proportions \.,rere calculated from the 
raw data of length, height, and width. These 
were computed for each shell so that these spe­
cimens might be compared with others on bases 
other than size alone. This seemed particular­
ly important in view of the stunted nature of 
the ecoforms. 

The first proportion was found by dividing 
shell height by length. This expression of rela· 
tive height was multiplied by a factor of 100 
and termed the height index. It can be seen 
that a round shell or a square shell having its 
length equal to its height would have a height 
index of 100. A shell twice as long as high 
would have a height index of 50, its height 
being 50 per cent of its length. 

The second proportion was found by divi­
ding the shell width by length. This express· 
ion of relative width was multiplied by a fac­
tor of 100 and termed the width index. A spe­
cimen having a width index of 100 would be 
as wide as long while an index of 25 would 
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indicate a width of only 25 percent of the length. 
These were chosen because the two variables most 
frequently mentioned as changing in a predictable 
manner from the headwaters in a downstream di­
rection are relative width and relative height. 
Ortmann's conclusions (1920: 310) follow: 

1. the more obese (swollen) form is 
found farther down in the large rivers, and 
passes gradually, in the upstream direction, 
into a less o~se (compreued) form in the 
headwateu; 

2. with the decrease in obesity often 
an increase in size (length) is correlated; 

3. a few shells which have, in the 
larger rivers, a peculiar sculpture of large 
tubercles, lose these tubercles in the head­
waters. 
Ortmann presented a wealth of data in sup­

port of these conclusions. They have held up so 
well that today they are referred to as Ortmann's 
Laws. The laws are found to be particularly true 
for the so-called primitive genera -- Fusco n a -
i a , A m b 1 e m a , Q u a d r u 1 a , and P 1 e Q r o -

b e m a in the Unioninae and D r o m a s and 0 b -
ova ria in the Lampsilinae (Ortmann, 1920: 

311). 
Two tables were utilized for each species in 

presenting the results of this limited quantitative 
treatment. The first table presents the means 
and extremes of the measuremenu made and in­
dices calculated. The range was added as a mat­
ter of convenience. It was observed that propor­
tions sometimes changed with size anci a second 
table was provided in which the specimens were 
treated in length groups. A ten millimeter inter­
val was chosen for ease in handling data. This 
technique proved valuable in groups in which the 
sample size was relatively large (50 specimens or 
more) but left much to be desired in those groups 
represented by a small series. This was particu­
larly true in the Unioninae. Fortunately, mate­
rial from other localities in western Lake Erie 
was on hand and used to supplement the bay spe­
cimens in the general treatment. Only certain 
species in the subfamily Lampsilinae exhibit 
sexual dimorphism in the shell and in these spe­
cies only the data are broken down into the cate­
gories of juveniles, females, and males. 

PLATES. Each species is illustrated by a 
plate of a typical or near-typical Fishery Bay 
specimen. Only one specimen was used as a 
model for each figure, The few instances 
where specimens from ouuide the bay are 
used are so noted. Each drawing was made 
using a 1:1 scale and was neither enlarged 
nor reduced. These plates are not free-hand 
drawings. 

The following procedure was used in con­
structing all . plates. 

(1) The valve was centered on the paper 
and the outline traced lightly with a pencil. 
Small marla were then made about the mar· 
gin noting such fixed points u end of liga­
ment, highest point of beak, and intersection 
of rays with &hell margin. The shell was 
then removed to one side and the exact pro­
cess repeated on scratch paper. 

(2) A system of polar coordinates was laid 
out on the drawing with a straight edge using 
the high point of the beak as the origin from 
which six to eight straight linea pass out to the 
traced margin. Distances from the origin a­
long the lines mentioned were taken from the 
shell with dividers and transferred to the 
drawing. In this manner the precise p<»ition 
of eac.h annular ring and ray was determined 
and penciled in. 

(3) Once the shell outline, growth lines, 
and rays were positioned they were inked in 
using India ink and a crow-quill pen. 

( 4) Following the groa inking, fine ink 
lines were added between thoee already drawn 
to show contours and sculpturing. 

HABIT AT DISTRIBUTION. Notes were 
taken at the time of each collection con­
cerning the location of the collecting site and, 
when possible, the associated fauna and flora. 
The collection site data were later used to 
determine depth and nature of substrate. Each 
specimen taken is represented on the distribu­
tion map as a spot and the map may be com­
pared to those showing nature of substrate and 
depth contour lines to note nature of distribu­
tion with respect to these factors. The same 
base map is used in each cue for each com­
parison. 
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GROWTH AND LONGEVITY. The published 
studies dealing with the we of growth rings in the 
determination of the age of frelh water mussels 
date back to the work of von Heuling ( 1859). He 
was unable to confirm the annual nature of these 
rings but be aroused the interest of Hazay ( 1881) 
who establiJhed the existence of a single growing 
period each year and verified the intervening 
rings as being of an annual nature. Israel ( 1911) 
concluded, after a study of mussel shell margins 
collected at various seasons of the year. that there 
wu no winter rest period and that more than one 
ring may be formed in a single year. These re­
sulu quite understandably caat doubt upon the 
validity of the growth ring technique of aging. 
Lefevre and Curtis (1912), in the first North Am­
erican work in this field, were aware of Israel's 
conclusions and expreued their own doubt in the 
following manner: 

Assuming that these rings, when clear­
ly seen, do represent years, it would seem 
that the shell grows very rapidly during the 
first few years of the mussel's life and •fter 
that much more slowly, To judge from the 
lines alone, we should say that many of the 
large Quadrula shells bad reached one-half 
their size in ten or a dozen years and then 
taken forty or fifty for the remainder, so 
closely set are their later rings of growth; 
and that shells of these species can not 
reach the mott desirable commercial size 
in a less period than twenty or thirty years. 
These speculations, based on uncertain in-

formation eventually proved to be uue; but, un­
certainty and the exercise of perhaps justifiable 
caution prevented their general acceptance for 
almoat twenty years. Grave douba of their vali­
dity still exist in the minds of some (Shuster, 
1957: 5). If the value of this technique had been 
recognized the fresh water pearl button indusuy 
might have been saved. In the twenty years fol­
lowing the paper by Lefevre and Curtis the com­
mercially valuable naiad populations of the Mis­
sissippi and Ohio basins were all but extirpated 
by the clammers. Jt is questionable in view of 
the inroads of pollutioo and dam building (and 
despite the aid of toO late protective laws) whe· 
ther the naiades will ever return to their former 

abundance. These same workers (Lefevre and 
Curtis, 1912: 180) planted cages of mussels in 
the Mitsissippi River d~ing a period of two 
winters. One cage was recovered by Coker . 
Lefevre and Curtis quote his observations: 

Furthermore , the added area of shell 
is divided by a conspicuous dark ring and 
a less distinct ring which, one is tempted 
to assume , represent the periods of ces­
sation of growth during the two winters. 
If such an interpretation is made, the 
growth was accomplished chiefly during 
1908 and 1909, while during the present 
year ( 1910) , the mussel having reached 
adult size, the growth has been consider­
ably less. 
These observations and those cited above 

are so characteristic of these forms that it is 
difficult to understand why they were not im­
mediately followed up. 

Isely (1914) concluded that the "arrested 
growth rings" were sufficiently regular and 
definite to be used as age indicators but de­
clined to use them in his own work. The na­
ture of the annulus and its mode of origin were 
investigated by Coker~ al. ( 1921: 129). It 
was found that, although annuli were laid down 
over winter, a disturbance such as the act of 
measuring a specimen during the growing sea­
son might also produce a ring. The winter an­
nuli were noted as being darker than the false 
annuli. 

The first growth study of lake dwelling na­
iades was made by Grier ( 1922) using Lake Erie 
specimens from Presque Isle Bay, Pennsylvania; 
Cedar Point, Ohio; and La Plaisance Bay, Mich­
igan. Grier reasoned that, since environmen· 
tal conditions were fairly uniform in Lake Erie, 
fairly uniform naiad growth would result and 
that "the number of rings of growth on the. shell 
could be reasonably conceived to represent the 
number of years the animal has lived." He 
measured a number of shell dimensions andre­
corded the age of each speci men. In the ab­
sence of any statement to the contrary 1 assume 
that all annuli upon any one specimen were 
counted in arriving at the estimated age. The 
data are presented in tabular form (Tables 2, 3) 
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TABLE 2. AGE AND GROWTH DATA OF LAIC! I!RJI NAIAD!S
1 

• ••• ••• • · •• ••••••••-ou.ooo•••••• •UO•••••ouo•ooooooooouooo •· •• ·••• ••••u ... oooo •oooaooooo •••••• •• • ••• ••• •••• •••• ••• • •• ••• ••• ••••••••••••••• •••••••• ••• ·••• •••••·•••• •••••••••·-•••uooooooo•• ............................................................................................................................................................................................... _. 
Mean length in Millimeters 

Annulua number I U 1D IV V VI VU VIU IX X XJ XU X11I XJV XV XVI XVII XVIII XIX 

Fusconaia N 0 1 3 4 4 4 4 4 4 2 2 I 
flava L - 1'1 31 31 33 48 49 56 54 52 61 80 

Amblema N 0 3 3 3 3 3 3 3 3 3 3 3 3 3 8 8 
plicata L • U26 ~ 42 53 81 82 66 72 66 '12 '18 8'1 8'1 .. 

Pleurobema N - 0 0 0 0 0 0 2 2 2 2 2 
cor datum L - - 68 61 8'1 8'1 69 

Elliptio N 0 1 1 2 2 2 0 4 4 4 4 4 
dilatatus L -2128 47 51 46 - '11 '11 7'7 80 80 

Lampsilis N 0 0 0 0 0 1 2 2 2 3 3 3 3 3 3 a 2 2 1 
ailiquoidea L - - - 51 56 54 67 89 73 '79 55 82 '14 75 86 '18 85 

Lampcilis N 0 0 0 2 0 0 2 2 4 4 4 4 4 4 4 4 1 0 1 
ventdcoea L - - - 19 - . 83 52 80 86 6'7 80 '12 19 81 8'l 98 98 ..................................................... ..... ................................... _ ............ ~ ..................... -.................................................. _ .•. 

N • number of apecimens; L • mean length in mm. 1 Recalculated from Grier ( 1922). 

TABLE - s: ~-AGE AND GROWTH DATA OF LAKE ERIE NA1ADES1 

1'1 

•• ••· ' ' o ooooooo oo ooooooooo ooou oo o oo .. ooooooooooo•Oo Oo •o• oooooooo•oooo o o oo ooo ooooooooo o o oo O•o• o• · ••••• •• • ••••••toooooouo oo o o• oooouooooooooo · o••••o•oooo-. • •Oooooo • ..., •• o•oUoooo uo oOooooooo o OoOOooooouooo o oo .. ho.o oooooo 
•• • o•••••••••••·••• • •••••ooo o ooooo • oooooooooo oo o ooo oooou• • oooooooo ooooooooo•••oo.oo•••OO•oooooooo l oooooooooU•O o oOo .. ":Jo •ooooooo•o ooo.ooooo ooo o fO • ooooooooo o ooo oooo • • • OOonoo•o o oo.oo••ooooooooooooooooouoooooooOo•••••uo••• · 

Mean Length in Millimeters 
Annulus Number I n m IV V VI VU VIn IX X XJ XU Xlll XIV XV XVI XVU XVIn XJX XX XXI XXD 

Anodonta NO 0 0 1 1 3 3 3 3 -
grandis L • . - 53 75 92 8'7 84 86 -

Anodoototdes NO 0 2 2 3 3 3 3 1 -
feruaadanus L - - 48 53 81 6'7 69 12 7'1 -

Lasmigona N 0 0 0 0 0 2 2 2 2 2 
coatata L • - - 74 '15 84 83 85 . 

Leptodea N 0 0 1 2 2 4 4 4 4 0 0 4 
fragilis L • -44569890 92 89 85 - - 129 

Propter a N 0 1 1 0 1 1 1 1 2 2 0 1 1 2 I 1 0 0 0 1 0 1 
alata L • 13 14 - 13 33 28 48 49 86 . 90 86 8'1 110 98 - 104 101 

Ligumia N • 0 0 0 0 0 0 0 1 2 2 2 1 1 2 2 1 1 
recta L - - - - . - 61 95 89 89 109 118 90 111 96 104 . 

.. ······ ......................................................................................................... .................................................................................................... --····· 
N • number of specimens; L • mean length in mm.; 1 Recalculated from Grier (1911}. 
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with the mean length of each age group repre­
sented as a percentage of the length at two years, 
Twelve species are dealt with and the sample 
size of any one ye-ar group varies from zero to a 
maximum of four, It was noted that none of the 
shells studied had reached extreme old age, al­
though ages as great as nineteen years were re­
ported for two species, Lamps i 1 is v en tr i co · 
sa (Barnes) and L amps i 1 is s i li quo ide a 
(Barnes), and a maximum of 22 years was listed 
for a specimen of Propter a a lata (Say). 
While graphs of growth (length vs. age) were not 
constructed, the data necessary for the plotting 
of such curves were calculated from Grier's tables 
and are presented here for comparison with the 
results of the present study, 

Grier's comparisons of growth rate demons· 
trated that' the hard shell forms were slow grow· 
ing ( 6. 8 mm./yr.), the thin shell forms rapid 
growing (9 mm./yr.) while the intermediate 
Lampsiline species had an intermediate rate 
(8.2 mm./yr.). In comparing the lake dwell· 
ing forms with those of the streams studied by 
Coker -et al. ( 1921) he noted, as had those inves· 

tlgators, that the most rapid growth occurs 
early in life while the growth process slows 
down considerably with age. 

An improved technique for age-growth 
studies was introduced by Chamberlain (1931) 
in a thorough study of four species of naiades. 
Every true annulus on each specimen was 
counted and measured with the result that each 
individual yielded a datum for every year of 
age. Although this procedure is far more labc)­
rious and rime consuming, it has the added ad­
vantage of having each length measurement 
made on the shell where the margin has been 
~t the end of the growth period of that patti· 
cular year. Mean lengths are calculated for 
each annulus of each species and these are 
plotted against age (determined by the annular 
ring method) on graphs. These graphs are, as 
far as I bave been able to learn, the first such 
representation of the relationship of age and 
growth in fresh water mussels. Chamberlain's 
mean length data have been rounded off to the 
nearest millimeter and reorganized in tabular 
form for purposes of comparison with the results 
of other workers (T abies 4, 5), The methods 

TABLE 4. AGE AND GROWTH OAT A OF NAIADESa 
. : ·.: 0: ::::: ~.: :: :~:!: ~ ::::::::: ::~ :::::::::;: :::::::::::::::::::: ::; :: ::: ;; :::::: ;: ': ::::::::::: ::;:: ::; ::; :::::; ::::;:: ::::::::: :~ ::::: ::~: ::::::::::::: :: ~:: ::; ::: :: ::::: :::: .. ·::.::~ :::~:: :::· 

Mean Length in Millimeters 
Annulus number II III IV V VI VII VIII IX X XI XII XIII XIV XV 

Lampsilis N 100 100 100 97 57 20 9 
anodontoides ML 16 55 82 96 104 113 119 
(from Iowa) N 100 100 100 100 92 33 10 3 

FL 16 52 85 100 108 115 119 123 

Lampsilis N 60 50 40 24 7 4 4 2 
anodontoides ~ 28 67 89 103 115 121 122 133 
(from Arkansas) N 50 50 49 33 29 4 

FL 34 69 91 104 110 114 

Lampsilis N 56 56 49 35 6 2 
anodontoides ML 46 80 101 112 120 133 

· (from Texas) N 26 26 18 5 1 1 
FL 48 83 102 121 130 136 

••O • 0 •• • ••o••• •••O • •o• • •O• • •••••••• • • ••••• ••• ••• ••• • •••o o oo oo o•oo o• oo oo ou••••·••••••••ooo o oooo o•o•• • • •• • •o ooo o o o•hoooooooooooooooooo h oooooooooo o oooo o oo o oo o oo o oooo• oooooo ooo oooooooooo ••• ••••• • •ooo •••• 

N =number of specimens; L .. mean length in mm.; M =male; F =female, 
8 Modified from Chamberlain (1931) 
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TABLE 6. AGE AND GROWTH OAT A OF NAIADEsA ·············-···································--··· .. ······························· ·· ··· ......................................................•........ ·········································· O•OO•ooooo o oo oo o o oo oooo oo o o• oOo oo o oo o oooooo no ooo• • 0000 00 00 - .o .. oo•oo o o ooooooooooo•o o o o oooooO••oo•ooo o• • • O • •O • ' '' '' ''' ' ' oo o o o•ooo o ooo oo o oo o o o• o o ooUOO oo Oo• • •oo- ooooo o ooooo o •O OoOOO Ooo o o o o oohooo• •• 

Mean Length in Millimeters 
Annulus number I n III IV v VI VII vn1 IX X XI xu XIII XIV XV 
•• •• oou••• • •••·••• •• •••· •• • •·• •u•u••••• •• ••·••• • •O• ••••• • · ••••••• · •·•••••• • •U••••• •••••••• ••• •ooo • •·••••• •• •• oU •• ••· ooooooo oo oooUooooouoo•••••UOo••••H•ooo•o•••••••oooooo•o• oo oo ooooooOoOOo•o 

Lampsilis N 200 200 200 200 196 185 132 85 46 25 8 3 1 
siliquoidea M L 20 40 56 68 77 83 87 91 93 9f 93 97 108 
(Lake Pepin, N 200 200 200 200 192 139 86 30 17 7 1 

Minn. ·Wis.) F L 20 43 57 66 72 76 79 80 81 86 86 

Lampsilis N 100 100 100 100 100 97 85 60 33 10 4 1 
siliquoidea M L 23 39 51 62 71 7'1 82 8'l 90 93 9'1 98 
(Cross Lake, N 100 1001 100 100 100 100 73 32 12 2 

Minn.) 
p 

L 20 34 49 60 67 72 76 79 84 88 

Tritogonia M N 16 16 18 16 16 16 16 16 2 1 1 
verrucoaa and 

(Iowa) F L 15 34 44 54 60 66 73 78 98 110 114 

Unio popei M N 7 7 7 5 2 1 
(Texu) and 

F L 34 66 84 96 108 118 .. ..... ........................ ................................... ................................... .................................. .. .. ............................................ ...................... 

N • number of specimens; L = mean length in min.; M • males; F • femalea. 
a Modified from Chamberlain (1931). 

uaed by Chamberlain in obtaining data from spe­
cimens, calculating means, and presenting the 
results in tabular and graphic form, in all euen­
tial points. are followed in the present study. 
The effects of diverse environments on the 
growth rate of a lingle species wu revealed in 
Chamberlain's work on the yellow sand lhell, 
Lampsilis anodontoides (Lea). Male 
specimens from the MisaiJslppi River at Fairport, 
Iowa, averaged 18 mm. in length at the end of 
the first year, while those from White River, Ar• 
kansas averaged 28 mm. and specimens from the 
Rio Grande Valley, Texas bad attained a mean 
length of 46 mm. during the same period. A 

higher average temperatUre coupled with a longer 
growing seuon seem to be two likely factors ca­
pable of producing this effect. 

Brown!! al. ( 1938) utilized Grier•• method 
of obtaining data from specimens in their study 
of the relationship of growth and habitat. Their 
age-growth data are presented here (Tables 7-
9) in the same manner u those of Chamberlain. 
One of their principal contributions was an in· 
sight into me age-growth relationships of sev­
eralspec:lel never before inveatigated 1n thiJ 
respect, e. g., Ptychobrancbus faact· 
olaria (Raf.) aod Ligumia nasuta 
(say). 
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TABLE 6. AGE AND GROWTH OAT A OF LAKE ERIE NAIADESa ......................................... -............................................................................................................................................................ . ........................ .................................................................................................................................................................................. 

AIUlUlus number 

Elliptio 
dilatatus 

(Fishery Bay) 

Elliptio 
dilatatus 

( Pelee Island) 

Ptychobr anchus 
f asciolaris 

(Fishery Bay) 

N 
L 

N 
L 

N 
L 

Mean Length in Millimeters 
I II Ill IV V VI VU VIII IX X XI XII Xlll XIV XV XVI XVII XVUI 

1 1 1 2 4 5 4 1 6 3 6 3 -
20 27 39 45 51 55 61 69 '71 '75 '73 77 • 

0 1 1 1 1 1 0 3 6 5 2 8 2 3 1 2 . 
- 28 33 39 45 57 - sa 58 57 56 61 64 66 63 65 -

0 1 2 7 
• 33 34 37 

0 3 2 1 2 3 3 2 3 2 3 0 
• 45 ., 48 60 53 63 62 60 5'7 67 

0 1 
- 6'7 

Ptychobranchus N 0 1 1 2 1 2 0 1 2 0 2 
fasciolaris • 31 30 39 48 4'7 • 51 55 • 56 

( Pelee Island) ................................................................................................... , ................................................................................................... --····-· 

N = Number of specimens; L =Mean length in mm.; a Modified from Brown ~ al-. ( 1938) • 

.. .. ; ........................ ::::::::::::::::::=========:=I~ .. ~==7:::::~~~ .... ~~g=g:~~~.I~.R~I~::9:r::~:~·.~ .... ~~ .. =~~~:1g~~.~ ............... ::::::::::·::: .................... ;. 
Mean Length in Millimeters 

Annulus number I II III IV V VI VII VW lX X XI XII XIII XIV XV XVI XVII XVIII 

Ligumia nasuta N 2 0 6 '7 8 2 4 1 
(East Harbor) L fl . 66 '72 85 101 88 96 

Ligumia nuuta N 0 0 1 0 0 1 0 1 1 0 0 0 0 1 
(Fishery Bay) L •M • 80 . 65 '78 • '76 

Ligumia nasuta N 0 1 0 0 1 
( Pelee bland) L • 39 . 60 

Ligumia recta N 2 0 5 7 8 2 4 1 
(last Harbor) L 41 . 66 '72 86 101 88 96 

Ligumia recta N 0 0 1 0 0 1 0 1 1 0 0 0 0 1 
(Fl$hery Bay) L • 64 • 80 . 65 '78 • '76 

Ligumia recta N 0 1 0 0 1 
( Pelee Island) L • 39 . 60 ................................................. ~ .................................................................................................................................................................. . 

N = Number of specimens; L • Mean length ln mm.; 8 Modified from Brown et al. ( 1938). 
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TABLE 8. AGE AND GROWTH DATA OF LAKE ERIE NAIADES' 
:·,::::::=:::::::~•:::::::::::::a•.:•. •:.::::::: ::: ::::::: : ::::::::::::::::::::.~.·::::::::::::::::::::::::::,:·;:~·:::.·:. ·::, ·,::·,•;,••, •:•:::. ·. ·:::,·.·,:·, ~~·.::•::::::::::::::::::::,•::::::: •:::,:•::::,::::•:::.:•,",.•;:,::•, · 

Annulua number 

Propter a a lata N 
( Eatt Harbor) L 

Propter a alata N 
(Filbery Bay) L 

Propter a alata N 
( Pelee lsi aDd) L 

Leptodea fragilis N 
(Ean Harbor) L 

Leptodea fr agilis N 
(Filhery Bay) L 

Leptodea fragilis N 
( Pelee Island) L 

Mean Length in Millimeters 
I U m IV V VI VII VDI IX X XI XU XUI XIV XV XVI XVD XVDI 

0 2 2 4 11 15 14 11 5 2 1 2 0 1 
- 61 72 85 92 96 111 115 119 117 130 113 - 92 

0 0 4 2 5 6 2 2 
- 73 69 87 98 103 t9 

0 4 11 17 11 2 0 0 1 
- 39 50 64 71 76 - 84 

0 1 6 11 11 8 2 
- '77 105 113 119 122 130 

4 1 6 5 1 1 0 0 0 0 0 1 
30 63 68 88 98103 - 111 

0 3 4 9 3 3 1 2 2 
- 42 59 74 82 86 91 100 101 

......... N··~··N~b~~·~r·~·~~i~~~·;··L··~··M·~;~·~~~8~ .. ~~··~~·; ····M~iii~'d·i;~; ·;;;~··;;·~i·~ .. (i938)~· · .............. .. 

TABLE 9. AGE AND GROWTH OAT A OF LAKE ERIE NAIADES8 
.. . ...... . ..... . ...... .. ... . ...... .. . . ..... . ...... .. ............. . .. .... ......... . .... .. . .... ... . . .................. . .... .. . ... ....... .. .. .. .... ......... . .. . .. .. . .. ... . . u .... . ... . ....... . ................ . 

••·•••••••-•o•oo•oooooooooo• ••••• • •• · •••••"'"''''''''' ' ' '''''' '''''' ' ' ''''''''' '" ''"' ' ''" ' '''''"''''• ••• • •• •• • • ••• ••• ••oooooooooooooooooooooo•••••uUoo.,oooouoooooooooouooooooooo•••••ouoo-ooooo•• · 

Mean Length in Millimeters 
Annulus number I u IU IV v VI VIIVIUlX X XI XII XID XIV XV XVI XVD XVIB ...... .. ................. ................... ............................... .. ..................................................................................................................... _ .......... 
Lam psi lis N 0 0 2 8 19 51 27 12 7 3 2 

ailiquoidea L - 84 81 85 88 91 91 9'7 85 103 
(East Harbor) 

Lampsilis N 0 0 10 16 9 12 13 8 4 2 4 4 2 0 1 
siliquoidea L - 56 58 61 70 68 70 81 83 . 76 77 91 - 90 

(Filhery Bay) 

Lampsilis N 1 4 4 12 15 11 6 6 1 2 
siliquoidea L 20 40 47 57 59 61 66 85 68 72 

( Pelee Island) 

Lampsilis ovata N 0 0 1 0 1 2 2 1 1 
ventricosa L - 70 - 69 86 95 100 107 

(East Harbor) 

Lampsilis ovata N 0 1 2 0 0 0 1 1 0 1 2 n 4 0 0 0 0 1 .. 
ventricosa L - 55 62 - 85 82 - 87 9'7 85 96 - 9e 

(Filhery Bay) 

Lampsilis ovata N 2 5 7 10 10 10 14 17 17 14 8 1 3 2 3 
ventricosa L 38 52 61 85 68 72 73 78 78 82 85 76 82 82 88 

( Pelee lslanu) 
.... ····· ············ -·-·--·--··"''"''''''"'""'"'' ........................................... ................. ............................... .................................................... .. 

N • Number of apecimem; L • Mean length in mm.; a Modified from Brown et al. (1938). 
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"''' ' ' ' ' ''''''' ' ,.''''''''''''' .. uoo•oou oooooo-. ooooo oooooo•••· ••• •• •• ••• •• ••n••••• •••••••u•••• •• •• • ••••••• ••• •• ••••••• ••••• •••• • ••• •• •• •- ·• • •••• •••••••• •••• ••• • ••• • •••••• ••·•• •••••••••••••••• •••• · •· 

THE PHYSIOGRAPHY OF RSHERY BAY 

General Characteristics 

Fishery Bay is one of a number of harbor· 
like inlets found in the Bass Island region of Lake 
Erie. It is located on the north shore of the lar· 
ger of two joined land masses which form South 
Bass Island. This body of water has been refer• 
red to in tbe literature as part of Put·in·Bay pro· 
per , as Fish Hatchery Bay, or as Hatchery Bay. 
The principal harbor area at South Bass Island, if 
priority be our guide, should be called Put-in· 
Bay Harbor since references in the older litera­
ture are usually to the entire bay area as such 
and seldom to any particular subdivision. The 
Put- in-Bay Harbor has at least three rather natu­
ral subdivisions: Put-in-Bay proper, Squaw (Square) 
Bay, and Fishery Bay. Fishery Bay is the most 
nearly isolated of the three areas (Pl. II, Fig. f) 
being connected to Put-in-Bay and Squaw Bay 
across Alligator S.r on the southeast and open to 
the lake itself at the deeper northeast end. It is 
bounded on the northwest by Peach Point and the 
submerged Peach Point Reef while its southeast 
limits are marked by Oak Point, Alligator Bll, 
and Gibraltar Island (Pl. ft , Fig. 5). During 
strong prolonged southwest blows the lake level 
may drop three to seven feet resulting in the · 
emergence of the underwater extension of Alli· 
gator Bar and the resultant near separation of 
Fishery Bay from Put-in-Bay. The only water 
connection across the Bar at such times is that 
in a dredged cut having a normal depth of about 
seven to eight feet. It is at sucb times that naiad 
collecting is at its best since it is about the only 
time that specimens may be handpicked -- each 

from its respective habitat niche. The only 
unfonunate aspect is that seiches of a five to 
seven foot magnitude come but once or twice 
a year, typically in November and/or Mardl 
and, with rare exception, are accompanied by 
•orne of the harshest weather of the Island Re­
gion. 

The general shape of the bay is roughly 
that of an elongate isosceles triangle with the 
base being i ts communication with the open 
lake and its apex the innermost extremity of 
Terwillegar's Pond. The major axis of the bay 
corresponds to the altitude of such a triangle 
and pa.ses from the apex at the southwest end 
of Terwillegar's Pond to a point midway be­
tween the can buoy marking the submerged end 
of the Peach Point Reef and the northeast ex· 
tremity of Gibraltar Island. The length of the 
bay. measured along the axis described , is 
2, 925 feet-- just over half a mile. The 
greatest width of the bay , which constitutes 
the base of the triangle , is found at its con• 
nection with the lake and measures 1, 217 
feet -- just under a quarter of a mile. 

For purposes of this study the bay was 
divided into three more or less natural areas. 
These subdivisions are referred to here as the 
outer Bay, inner Bay , and Terwillegar's Pond. 
Each of these areas constitutes a somewhat 
different composite of habitat types which com­
bined represents almost every type of bay habi­
tat found in the Island Region. 

TERWILLEGAR'S POND. The innermost 
extremity of the bay, known as Terwillegar's 

DESCRIPTION OF PLATE ll, OPPOSITE PAGE 

Fig. 4 The Bay Areas of South Bass Island. 

Fig. 5 Fishery Bay of Lake Erie, Substrate Sediments. 

Fig. 6 Fishery Bay of Lake Erie, Depth Contours. 
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Pond and hereafter referr~d to as the pond, b 
separated from the inner bay by a causeway. A 
cut mrougb this causeway aU ows water to flO\., 
in and out of thia semi-impounded area in a 
aeiche•like manner. The direction of flow is 
usually r.eversed every six or seven minutes, al· 
though it ia known to vary from one to almost 
fifteen minutes (Krecker, 1928: 5). This appa­
rently contiououa surging action of the \'later 
through the cut has several effecu which have a 
direct bearing upon this study. This cut ia, first 
of all, primarily responsible for the pond remain· 
ing a fWlctional part of the bay rather than deve­
loping a uuo pond flora and fauna and pasaiag 
through the famUiar serial atagea to extinction. 
Descriptions of the pond as it exilte.d half a cen­
tury ago have led me to believe that mil area ia 
becoming leaa pond-like with the paaaage of time. 
Several pouible causes for this reversal of natural 
processes have come co my attention. The pond 
has bun dredged on at leaat one (and pouibly 
two) occasions with many tons of sedimenu be· 
lng UICd to aeate •new land• in the corners of 
the pond and along the causeway. At a later 
dace ( 19-d) nearly all woody vegetation was re• 
moved from the aboros. While tbia latter action 
undoubtedly served to increase the rate of shore 
erosion it baa done Uule to increase the rate of 
along-ahore sedimentation. 1t may be that the 
increue in lake level baa produced auonger 
"seiche• currenu wbic:h have served to keep the 
original dredged channel around the center of 
the ~d (Pl. U, flg. 8) relatively clear of sedi· 
ment deposition. The watez action through the 
cut bu been of such a ~ture as to perpetuate ita 
exiltence. Thil is demonattated by me fact that 
the greatest pond depth 11 jwt lnaide the bridge 
which spana the cut and that the bottom beneath 
an~ for some diatance ( 16-20 feet) on either side 
of the bridge ia of a firm non·rhffting coarse 
gravel grading away into finer sedimenu in either 
direction. 

This cut bas made pouible the exchange of 
naiads, fuh, c:rayfiab, and other ruictly aquatic 
fauna between me pond and the inner bay. In 
spite of such opportunity of accesa, however, the 
pond has maintained a predominantly pood naiad 
fauna. 

The pond la the smallest •ubdi viaion of 
the bay, having a total area of 2. 4 acres, or 
9, 780 square meters. Expressed aa a percen· 
tage of the total atudy ~rea this figure is 5. 5 
per cent. The greatest length of the pond 11 
mea.ured along the major axil of the bay 
previously mentioned and il about 630 feet. 
The greatest width measured at right angles 
to the above mentioned axis at a level Just 
inside the pond dock (Pl. 11, fig. 6) ia ap· 
proximately 260 feet. In early January of 
1964 the pond was sounded dlrough the ice 
using a graduated white oak aouftding rod. 
One hundred seventeen soundings were taken 
at spaced intervals (20 ft.) along a aeries of 
16 tranaverae lines tbua covering all of the 
pond excepc a small unfrozen area just imide 
the bridge. Later soundings ftom a boat eata· 
bliahed tbia latter area to have a depth of at 
lean ten feet. These data were then used to 
plot contow linea of the pond bottom uaing a 
three-foot interval. 1t can be seen (Pl. n. 
fig. 6) that these contour linea delineate three 
regi0111 which together make up most of the 
pond area. The pertpbery of the pond extends 
from the eroding soU shores down over a silt 
or sandy aUt aubauate to a depth of about three 
feet. This shallow li:.One ( 10 ·30 ft.) almost 
completely aurrounds tbe pond and , during the 
time of the nudy, was occasionally character• 
lzed by emergent rooted &quatic plants: Sag i t • 
uria latifolla, Scirpus americanus, 
and Po 11 t e d e r i a c o r d a ta . These beda of 
vegetation were interspersed widl suetcbea of 
eroding abore line. This shore zone grades in· 
to the channel zone, which has a depth of three 
to five feet. Thia zone in tum SUirounds an 
elevated shallow area in the center of the pond. 
The channel ia characterized not only by ita 
greater depth but by iu relatively coarse sub· 
strate of aandy gravel which becomes progress­
ively finer as one moves toward the more, to· 
ward the pond center, a away ftom the cauae· 
way cut up the channel toward the tip of the 
pond. Emergent aquatic: planu are entirely 
abient ftotn this zone which il characterized 
instead by a luxuriant growth of the aubmer· 
gent rooted aquatic Eel Grau ( V allis n e r la 
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a mer i c an a) in those regions of strongest cur­
rent. Along the margins of the V a 11 is n e ria 
beda in the finer sedimenu are a variety of sub· 
mergent rooted aquatics including C e r atop h y 1 -
lum demersum, Naias flexilis. Pota· 
mogeton crispus, Potamogeton Rich· 
ardsonii, Potamogeton pusillus, Elo ­
dea canadensil, Heteranthera dubia, 
and some M yr io ph yllum ex al besce ns. 
The shallow center area (less than three feet in 
depth) was composed of the finest (and least com­
pacted) aedimenu to be found in the pond. This 
unnatural deposit is due to the dumping of dredg· 
ings from the channel - • much of the soil having 
originally come from the eroding vineyards which 
drain into the pond. In midaummer this submer· 
ged platform supporu a dense growth of M y r i o -
ph y 11 u m e x a 1 be s c en s , This renders a 
habitat ordinarily difficult to sample even more 
difficult to work. 

Inner Bay 

The inner bay is intermediate in both posi­
tion and size. It has an area of 18. 4 acres or 
74,600 square meters, The latter figure, ex­
pressed as a percentage of the total area, is 42.0 
per cent. The inner bay is separated from the 
pond by the causeway, from the open lake by the 
Peach Point Peninsula, and from Put·in·Bay pro· 
per by the southwestern end of Gibraltar Island 
and Alligator Bar. The line of demarcation be· 
tween the inner and outer bays was somewhat ar­
biuarUy determined by extending a line from the 
tip of Peach Point to the shore of Gibraltal Island 
•• this line being drawn at right "ngles to the 
Gibraltar Island shore. SUch a line approximates 

the division of that portion of the bay (called 
the inner bay) that is protected by the Peach 
Point Peninsula from westerly blows from the 
exposed outer portion of the bay here called 
the outer bay. It was found that this feature 
of the physiograi=by, in conjunction with the 
prevailing climate (and the usual storms), 
has a marked effect upon the nature of the 
bottom types and bottom stability in the bay. 
and hence upon the habitat distribution of 
the naiad species in this area. 

An examination of the chart (Pl . n. fig. 
4) shows the inner bay (as defined) to be some­
what squarish in outline and measuring about 
1000 feet in length and averaging a little less 
than 1000 feet in width. 

The greatest depth located in the inner 
bay was just over 18 feet and was found at a 
point about midway between the tip of the 
Peach Point Peninsula and Gibraltar Island 
just inside the line of demarcation between 
the inner and outer bay (Pl. U, fig. 6). 
Moving from this point toward Gibraltar Island 
the water gradually becomes shallow so that 
the depth becomes less than three feet in ap­
proximately four hundred feet traversed. Mov· 
ing in the opposite direction (i.e., toward 
Peach Point) the depth decreases rapidly and 
the three foot contour is passed in less than 
one hundred fee t . The reason for this be· 
comes apparent after one has witnessed a heavy 
blow from the west. Waves coming across the 
lake strike the end of Peach Point, roll over 
the shallo'11Y submerged reef and plunge into 
the relatively quiet bay on the other side. 
These waves have scoured a basin about three 
hundred feet in diameter and 21 to 23 feet 
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Fig. 7 Fllhery Bay from the Air. 

Fig. 8 Fishery Bay from me Nordl. 

Fis. 9 Caweway cut during seiche. 

Fig. 10 Alligator Bar emerged during seiche. 
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deep on the lee side of the base of the reef. 
Molt of the !"ocks and gravel have been washed 
out of this submerged plunge pool leaving a hard 
pan clay bottom. The bulk of the material quar· 
ried in this manner has been thrown up lnto an 
elongate gravel bar which extends from the in· 
tide of the tip of the point back into the inner 
bay at an oblique angle. A large part of this bar 
it separated from the point by a shallow channel 
and, although it is usually Nbmerged beneath 
Jix to twelve inches of water, it may be exposed 
for months at a time during seuonal low lake 
levels. This sometimes emergent gravel bar has 
come to be known u "Hartlob's bland." The bar 
ahifu position somewhat with every heavy western 
blow and only one living naiad was taken from 
this area during the study. This was an unusually 
heavy thelled specimen of An o don t a g r a n • 
dis which had become wedged in between sev­
eral large rocks. In comparing inner bay sound· 
ings made in 1964 with those made in the same 
placet by the U. S. Lake Survey in 1936 it was 
found that the bar had apparently become larger 
and had moved. 

It can be seen that Hartlob's Island in con· 
junction with the Peach Point Penintula protecu 
a large part of the inner bay from the action of 
the prevailing winds, The resultant area of quiet 
water has probably been one of the major factors 
producing the silt bottom found there. 

The bottom of the inner bay may be divided 
into three major sediment zones: ( 1) silt, (2) 
sand, and (3) sandy gravel strewn with water worn 
rocks and occuional boulders. Passing from the 
deep point mentioned and moving toward the end 
of Oak Point, the depth decreases tlowly to lea 
than two feet at the sea wall which surrounds the 
point. The same would be true in passing to lhe 
shore in almost any direction from the 18 foot 
depth except along the Peach Point dock front 
where dredging has resulted in depths u great as 
eight to ten feet in some places. The silt area 
previously mentioned is surrounded by a belt of 
rather firm non-shifting sand which grades shore· 
ward through a sandy gravel zone into the rubble 
area described as (3) above. Thete lut two are· 
as proved to be the most productive in numbers 

and species of naiades. A depOO.t of lhifting 
sand along the Oak Point sea wall was searched 
in vain for naiades with little succest. The 
few speciment found gave the appearance of 
having been walhed into the area from else· 
where. 

The submergent rooted vegetation ap· 
peared to be related primarily ,to depth and 
the nature of the substrate. The subsuate in 
turn seemed dependent upon the prevailing 
current, nature of storm action, and types of 
available .edimenu. The silt bottom area 
was characterized each summer by a luxuri· 
ant growth of M y r i o ph y 11 u m e x a 1 be s • 
c ens which occasionally reached the surface 
from depths of eight to ten feet. Sandy areu 
were generally clear of rooted aquatics while 
the sandy gravel bottomt were very productive. 
These latter substrates in shallow water sup· 
ported a variety of Potamogeton species, 
Naias flexilis, Ceratophyllum de· 
men urn, and occasionally Elodea c a· 
nadensis and Heteranthera dubia. 
Depths leu than five feet exhibited panicu· 
lady good growths of these aquatics. In depths 
over five feet these rough bottom areu fre· 
quently had extensive patches of Vallis ne • 
ria american a , the common eel grus. 
These patches were sometimes dense enough 
to prevent dredging work. It was not uncom· 
mon to pull up a fouled dredge from 18 feet 
of water and find it loaded with Vallisne • 
ria even though no trace of the planu could 
be seen from the surface. It would seem that 
eel grass is able to persist under a lower light 
intentity than the other rooted aquatics of the 
bay area, 

Outer Bay 

The outer bay is bounded on the one side 
by the rugged cliff-shore of Gibraltar Island and 
on the other side by a somewhat less effective 
barrier, the submerged Peach Point Reef. The 
inner margin of this part of the bay communi· 
cates broadly with the inner bay while the outer 
end it continuous with the open lake. 
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The outer bay is the largest subdivision of the 
Fishery Bay and has a total area of 23. 0 acres, 
or 93,300 square meters. Although this subdivi­
sion constitutes 52. 5 per cent of the total study 
area, far less than 50 per cent of the total effort 
involved was expended upon it. The depth, tur· 
bidity of the water, and nature of the substrate 
rendered collecting an all but impossible task by 
either dredging or diving. 

·The length measured along the major axis is 
just over 1,100 feet while the width varies from 
about 700 feet at the narrowest point to just over 
1, 200 feet at the widest point -- the communi· 
cation with the lake. With the exception of the 
clay-bottomed submerged plu~e pool previously 
mentioned the bottom consists of three elongate 
zones (Pl. II, fig. 4). Each is of a somewhat 
different composition. These zones parallel each 
other and the longitudinal axis of the bay. The 
deepest part of the outer bay lies just inside the 
reef and varies from 21 to over 23 feet in depth. 
The bottom here consists mainly of angular frag­
ments of dolomite of various sizes in a matrix of 
gravelly mud or silt. This rather unusual com­
bination of sediments is apparently the result of 
the loosened fragments of dolomite on the top of 
the reef being tumbled into the depths by storms 
and subsequently being inundated with silt drop-or 

............ .. ... ................................................................................. 

ping out of suspension during the relatively 
lengthy stretches of calm. 

As one moves away from the base of .the 
reef toward Gibraltar Island the current along 
the bottom increases somewhat and the angu­
lar fragments give way to a water worn sandy 
gravel. Although the central zone bas a dis­
tinctly different substrate the difference in 
depth between it and the zone just described 
is slight, being on the order of one to two 
feet. The only submergent aquatic plants col­
lected in the outer bay were taken either from 
this zone or the adjacent portions of the next 
and consisted of Vall is ner i a american a 
in every case. It occurs in patches at depths 
at least as great as 18 feet. These patches are 
interspersed with areas which are apparently 
devoid of all rooted aquatics. As Gibraltar 
bland is approached from the bay the water 
becomes rapidly shallow and the sediments 
coarser. At the foot of the cliff are found 
huge blocks of dolomite which have dropped 
into the bay after being undercut by wave ac­
tion at the water line. The bottom between 
and beyond these larger blocks consists almost 
entirely of rounded rocks of dolomite with an 
occasional freshly dropped angular piece. No 
J1&iades ·M·naiad shells were ever colleetecMlere~ 

............................................................................................ ............................................................................................ ....................... 

DESCRIPTION OF PLATE IV, OPPOSITE PAGE 

Fig. 11 Alligator Bar-· normal water level. 

Fig. 12 Alligator Bar ·- emerged during seiche. 

Fig. 13 Terwilligar's Pond -· normal water level. 

Fig. 14 Terwilligar's Pond during seiche. 
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THE ORIGIN OF THE LAKE ERIE NAIAD FAUNA 

It has been said that through a study of the 
put we can best interpret the present and better 
predict the future. Bell (1861), Whiteaves (1861, 
1863), and Walker (1896: 13; 1898: 12; 1900, 
1913) followed this principle in utilizing the hia­
torical physiography of the Great Lakes region in 
explaining the origin of the naiad fauna found · 
there. Ortmann (1912, 1913, 1919, 1924) was 
abo aware of the value of correlating changes in 
drainage systems with faunal dinribution patterns. 
In this manner he was able to account for the dis­
continuous distribution of several species which 
are found in most of the Lake Erie tributaries but 
not in the lake itself. Thil work and Walker's 
earlier studies in the field of naiad zoogeography 
have more recently been confirmed by van der 
Schalie (1938, 1941, 1945). Thillast worker 
has abo succeeded in using unusual distribution 
patterna to decipher former drainage patterns 
whose existence was not evident on the basil of 
phyliographic evidence alo!K' (van der SChalie, 
1945). It is of interest to note that geologists 
(Gilfillan, 1969: 19) only recently have con· 
firmed the existence of a low post-glacial stage 
of Lake Erie which Ortmann ( 1924: 113) predicted 
on the basis of naiad zoogeography thirty-five 
years ago. Other predictions, some listed below, 
still await confirmatory evidence from other 
fielda. 

The origin of the Lake Erie naiad fauna has, 
for the most part, been carefully mapped out by 
the worken mentioned. 11te movement of the 
present lake fauna into the drainage system it 
now occupies is intimately related to and depen­
dent upon the nature of the retreat of the Wiscon­
sin Glacier. 

It is generally agreed that the pre-glacial 
fauna of the Great Lakea region was extirpated 
with the advance of the Wisconsin ice sheet. 
Adams ( 1902: 308) simply atates, "The original 
plant and animal population of the northeastern 
United States was cleared away by the advance 
of the glacial ice ••• " Walker (1913: 58) is 
more emphatic in concluding "That the original 

pre-glacial fauna of the present St. Lawrence 
system was absolutely exterminated during the 
glacial period, ••• " It follows that any fauna 
in that region today 11 properly termed re-en· 
trant and, if an aquatic form is in question, 
that it moved into the glaciated area by means 
of a suitable drainage system which was conti· 
nuous from a non-glaciated preserve at some 
time aince the retreat of the Wisconain ice. 
The mode of retreat of the tee from the Great 
Lakes area was originally worked out by a num• 
ber of geologists (e. g., Newberry, Winchell, 
Dryer, Hubbard, Wright, etc.) participating 
in state survey work during the last quarter of 
the last century. Their work wu brought to· 
gether, organized, supplemented, and expaod· 
ed by Leverett aod Taylor ( 1915) in their mo­
numental work-- The Pleistocene of 
Indiana and Michigan and the His­
tory of the Great Lakes. This series 
of evena baa recently been reworked in view 
of the evidence accmnulated during nearly 
half a century of subsequent work and published 
in book form as the Geology of the 
Great Lakes (Hough, 1968). A review of 
this literature reveals that the naiad zoogeo­
graphy of the Great Lakes can be explained 
best in a series of four to six chronological 
steps each of which is in accordance with the 
known facti of glacial geology. A set of four 
mapa have been drawa to aid in such a presen­
tation and while these mapa~ in part origin• 
al, the information upon which they are baaed 
comes almost entirely from the above publica· 
tiona. (See Plate V). 

The retreat of the Erie lobe of the ice 
sheet resulted in outwadl streams which flowed 
out and away from the glacier 10 long as the 
ice margin extended south of the Ohio divide. 
When the ice had retreated to the north of 
the divide meltwater lakes formed along its 
margin and these eventually flowed over the 
lowest part of the terminal moraine which 
contained them. In the cue of the Erie lobe 
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the meltwater lake hai been named Lake Mau­
mee, the moraine was the Fort Wayne Moraine, 
and the outlet was at the site of the present city 
of Fort Wayne. The water leaving Lake Maumee 
thus flowed acrots Indiana, joined the Wabash 
River and continued on to join the lower Ohio 
River (Pl. V, fig. 15). 

While the nature of the Maumee-Wabash Out· 
let must have been variable, considering flucrua­
tions in the melting rate characteristic of retreat­
ing glaciers, it seems certain that it maintained 
itself as a very large river for considerable peri­
ods of time. This is evidenced by the invasion 
of Lake Maumee from the lower Ohio River by 
fish species which frequent only such rivers as the 
Ohio, Mississippi, and the lower reaches of their 
largest tributaries. These fishes include the 
&beepshead, Aplodinotus grunniens Rafi­
nesque; Sturgeon, Acipenser fulvescens 
Rafinesque; Paddlefish, Polyodon spathula 
(Walbaum); Spotted Gar, Lepisosteus pro­
ductus (Cope), Bowfin, Amia calva Lin­
naeus, Northern &borthead Redhorse, Moxosto­
ma aureolum (LeSueur) and the Mooneye, 
Hiodon tergisus LeSueur. It is not surpris· 
ing, then, that a number of large river naiades 
also made the migration, possibly as glochidia 
on the gills or fins of the host fish. The Sheeps­
head, famous as a bonom feeder. acts as host to 
several naiades including Pro p t e r a a 1 a t a 
(Say), Leptodea fragilis (Rafinesque), 
Truncilla donaciformis (Lea), and Lep­
todea laeviuima (Lea) (Howard, 191•: 37). 
The first tluee species of this group are common 
forms in Fishery Bay. as is the Sbeepsbead. while 

L. 1 ae v iss i m a for some unknown reason 
is not known from Lake Erie. The results of 
this study indicate that the large river peru­
vi ana Lamarck form of Amblema pli­
c a ta (Say) and the u n d a ta (Barnes) form 
ofF usc on a ia fl a v a (Rafinesque) are also 
part of the present lake fauna. 

Records of the Fuaconaia subrotun­
d a complex from Lake Erie (Sterki, 1907: 
391) (Ortmann, 1909: 203) (Walker, 1913: 22) 
were later identified (Ortmann, 1919: 11) as 
the superficially aimilar Pleurobema cor­
dat.um coccineum (Comad). The fact 
that the host fish of the F. su br ot und a 
complex, the Skipjack Herring, Pomolo· 
bus chrysochloris Rafinesque (Howard, 
1914: 19). has never been recorded from Lake 
Erie supports this conclusion. In view of the 
fact that the Skipjack is a fish of the swift, 
clear, deep waters of large rivers (Trautman, 
1957: 179), it may have moved into glacial 
Lake Maumee, perhaps persisted in the Erie 
River which followed. but did not survive the 
transition to the relatively slow-moving tur~ 
bid lake of today. 

The opinion of molt if not all previous 
srudenu of Lake Erie naiad geography seems 
to be that me entire lake fauna was derived 
from the Mississippi Baain by way of Maumee­
Wabash outlet of Lake Maumee. It is my be­
lief that they are correct with the exception 
of a single speciea, Ligumia nasu ta (Say). 
This species bas never been collected -- alive, 
subfossil or foail - - from any stream of the 
Missl.saippi drainage aldlough iu nearest rela-
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DESCRIPTION OF PLATE V, OPPOSITE PAGE 

Fig. 15 Lake Maumee, High Stage. 

Fig. 18 The Carey-Port Huron. or Two Creek. or Lake Wayne Stage. 

Fig. 17 Kirkfield Stage of Huron and Michigan Basins, Early Erie Stage. 

Fig. 18 Distribution of Naiad Faunal Groupa in the Northeastern United States. 
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tive Ligumia subrostrata (Say) is found 
only in this system. L. n as uta is found in 
several Michigan lakes (Goodrich, 1932: 108), 
Lake Huron, Lake St. Clair, and Lake Erie 
(Goodrich and van der Schalie, 1932), the lo\-'er 
reaches of several Lake Erie tributaries (van der 
Schalie, 1938: 64), Lake Ontario and the Erie 
Canal (Ortmann, 1919: 275·276), New England 
(Johruon, 1915: 22), and streams flowing into 
the Atlantic south to North Carolina (Simpson, 
1914: 97). 

It is further reported from tributaries of a lake 
in Portage County, Ohio (Dean, 1890: 21), from 
"Muzzy Pond, near Rootstown, Portage Co.," 
Ohio (Sterki, 1907: 389) and from the upper Cu· 
yahoga River (Dean, 1890) (Ortmann, 1924: 110). 
These stream records from Portage County are 
particularly unusual in view of the fact that this 
species is found elsewhere in quiet waters and, 
furthermore, that it is absent from all but the 
bay· like drowned mouths of the other Lake Erie 
tributaries. I collected in the upper Cuyahoga 
in July, 1959, in order to determine if this spe· 
cies still persisted in those waters and, if so, to 
observe the microhabitat occupied. Severalliv· 
ing specimens were taken along with a few emp· 
ty shells. These few individuals were taken 
from a firm sandy gravel bottom in a fast cur­
rent. Except for the strength of the current, the 
physical habitat seemed not unlike those areaa 
of J\lligator Bar where this species is found in 
Fishery Bay. The host fish is as yet unknown and 
the presence of this naiad in the upper reaches 
of a single Lake Erie tributary remains unexplain­
ed. 

Ortmann (1913: 379) reasoned as follows 
concerning the origin of the distribution of L. 
nasuta: 

Its western origin is confirmed by the 
fact that the only species allied to it, E u • 
r y n i a sub rostra t a :: Say) is ,.,.estern and 
is found in the central and western parts of 
the interior basin in large quiet rivers, ponds 
and lakes, avoiding rough water and strong 
current. For this reason, probably, it is not 
found in the upper Ohio drainage. This spe­
cies has croued somewhere in the region 
from northern Illinois to northern Ohio into 

the lake drainage, developed there into 
the species n as uta , \'i'hich then spread 
eastward, following the quiet waters of 
the lakes and those of the canal till it 
reached the estuary of the Hudson. 
Thence it had no difficulty to spread 
farther over the Coastal Plain and reach· 
ed across New Jersey, the lower Dela­
ware, and even beyond • .. We are thus 

to regard Euryni a nasuta as a quite 
recent immigrant in the Atlantic drain· 
age, belonging surely to the Postglacial 
time , and this immigration might have 
been completed even by the help of 
modern, artificial canals. 
It must be conceded that the above ex­

planation is quite possible but, in view of the 
available evidence, it seems to be leas prob­
able than a second possibility outlined below. 
A piece of evidence should be added to the 
above which, although it seems to have lit· 
tle bearing on the problem at present, may 
be of value to fuwre students. During archae­
ological excavations at the Fairport Harbor 
Village site near Painesville, Lake County, 
Ohio, a number of naiad shells were found 
(Goslin, 1943: 51) . ThespeciesL. nasu-
t a was among those yet identifiable, thus 
placing it in Lake Erie before the canal build­
ing era. This would seem to rule out the pos· 
sibility of a post-glacial east to west migra· 
tion of the species from the Atlantic coast. 
Evidence from glacial geology, however, has 
established an eastward flowing outlet of Lake 
Erie meltwater at some time (perhaps several 
times) following earlier outlets to the west 
(Leverett and Taylor. 1915) (Martin, 1939: 
50, 52) (Hough, 1950: fig. 59 and 63). The 
.existence of such a migration route (Pl. V, 
fig. 17) would provide ready access to Lake 
Erie of any of the fresh water fishes from the 
Mohawk or Hudson Rivers in the east. It 
seems quite possible that the yellow perch , 
Perea flavescens (Mitchell), may have 
entered the Great Lakes for the first time by 
such a route since records (Trautman, 1957: 
553) limit its disttibution in Ohio during the 
early eighteen hundreds to Lake Erie and small 
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lakes in the northern part of the state. This ori· 
ginal distribution sounds interestingly enough like 
that of L. n as uta and, in fact, Trautman lists 
seven collection records of Per c a fl aves c e n s 
for the upper Cuyahoga. The distribution of L. 
n as uta along the Atlantic coast lies entirely 
within and all but duplicates that of P, fl a • 
v esc ens. It would not be surprising to find 
that a parasite-host relationship exists between 
these two species in spite of the fact that the evi· 
dence is purely circumstantial. The presence of 
P. fl aves c ens bones in the Fairport Harbor 
material makes such a possibility seem even 
more likely. A migration path of the type de· 
scribed would also ( 1) eliminate the unlikely 
speciation of this form since the retreat of the 
Wisconsin, (2) provide a non-glaciated preserve 
presently occupied by this species in southern 
Pennsylvania, New Jersey, and other states south 
to North Carolina, and (3) eliminate the unlike· 
ly movement of this freshwater species from 
stream to stream down the east coast from New 
York to North Carolina producing the discontinu· 
ous distribution found there today. While the 
available evidence .favors this latter theory, it 
iJ realized that the question is far from settled 
and that some evidence to the contrary exists. 
It is , for example, a curious fact that of all the 
east coast naiades not found in the Mississippi 
Basin only L • n as uta is found in Lake Erie. 

At a date later than the time of the original 
Mohawk-Hudson or Susquehanna Outlet <lealt 
with above the ice retreated from the Niagara 
escarpment and from a large part of the Lake 
Ontario basin as well. This allowed a much 
lower outlet of Lake Erie by way of the Niagara 
River into Lake Iroquois (Pl. V, fig. 17} (a pre• 
decessor of Lake Ontario) (Martin, 1939: 56) 
(Hough, 1958: 293) and a lower outlet of Lake 
Iroquois which may have followed the Mohawk 
Valley rather than run parallel to it at a higher 
elevation somewhat to the south as previously. 
The Niagara Escarpment was much lower then 
than now due perhaps to the tremendous weight 
of the ice sheet. Lake Erie was apparently all 
but drained and transformed into a valley having 
only a remnant of iu former bulk remaining as a 

small lake in the eastern basin (Walker, 1913: 
15) (Ortmann, 1924: 113) (van der Schalie, 
1938: 11). While the geological evidence 
concerning the lowest level reached is not 
conclusive, recent finds by Hartley and Ver· 
ber (Gilfillan, 1959: 19) place the old river 
channel which occupied this valley at 106 
feet below the present lake surface at Vennil· 
lion. Such a drop in lake level would effect· 
ively drain the western and central basins of 
the lake as predicted by Ortmann (1924). The 
river thus formed in the Erie Valley by the con· 
fluence of the Maumee, Raisin, Huron, and 
Clinton Rivers and receiving the Portage, San· 
dusky, Huron, Vermilion, Cuyahoga, and 
others as tributaries might well be called the 
Erie River in contrast with the pre-Wisconsin 
Erigan River which occupied this same valley. 

It seems certain that the Erie River was a 
stream of major proportions since the large 
river fauna derived previously from the lower 
Ohio has persisted in part into the present. 
The existence of this river enabled several 
stream species of naiades to move down iu 
length from the Maumee and up into the 
various tributaries. As the Niagara £scarp· 
ment slowly lifted, the lake refilled; thus 
extinguishing the strictly stream fauna as the 
valley once again became lake. Three spe· 
cies of naiades are found today in the major 
lake tributaries and not in the lake itself, thus 
demonstrating that in some as yet unexplained 
manner some bodies of fresh water can present 
an effective barrier to some fresh water anim· 
als. One of these naiad species, Actinon a· 
i as c a r i n a t a (Barnes), has been recorded 
from the Grand River of Ontario, a NORTH· 
ERN tributary of the EAST ERN basin (Robertson 
and Blakeslee, 1948: 104). This suggesu the 
past existence of a continuous stream environ· 
ment of the former Erie River with the Grand 
River. I doubt the existence of such an ex· 
treme low level because of the absence of the 
other two species, Lampsilis fasciola 
Rafinesque and A 1 as mid on ta margin a ta 

say, and because the photograph of Roberuon 
and Blakeslee ( 1948: pl. 12, fig. 7) labeled 
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"Actinooaias earinata (Binney). Grand 
River, ontario. • is most cenainly a male 1peci­
men of the v e n tr i cos a form of L am p 1 i lis 
ovata (Say)-- a common lake species. 

The Erie River phue of the retreat of the 
WiJconsin ice sheet '"aa apparently accompanied 
by the Trent outlet from the uppe: Great Lakes 
by way of the Georgian Bay iutc Lake Iroquois (Pi. 
V, fig. 17). This permitted the invasion of the 
Georgian Bay and upper Lake Huron by several 

eutern naiad species (i.e., Lam psi lit rad l­
ata (Gmelin) and Elliptic complanatut 
(Dillwyn) and resulted in the curioUI fact that 
these two species are found on either tide of Lake 
Erie in the St. Lawrence system and yet neither 
occurs in Lake Erie (Pl. V, fig. 18). ]Uit what 
factor• operate in preventing the movement of 
these •pecies into 10utbern Lake Huron, through 
Lake St. Clair, and the Detroit River into Lake 
Erie are unknown. 
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ECOLOGICAL DATA · · 2. LATCHFORD'S NOTES ON ELUPTIO 
DILAT ATUS (RAFlNESQUE) 1820 

Latchford's observations on this species date 
from 1882 (Trans. Ottawa Field-Nat. Club, I, 
No. 3: 50) and follow those on E. com p 1 an a • 
tu s noted in ECOLOGICAL DATA·· 1 (STER· 
KIANA 4: 22). Annotations are indicated in the 
same way in this note. Latchford wrote as fol · 
lows on E • d i l a t a t u s • 

"UNIO GIBBOSUS Barnes; appears to be rare, 
having occurred to me only in the Ottawa near 
Gilmour's Mills (A) and at :rempleton (B) always 
in deep water • • • • It bean a slight resemblance 
to some forms of U. complanatus; but may 
always be distinguished by its heavier shell, the 
deeper purple of its nacre, and especially by the 
great ·thiclmess of the lamellar tooth in the right 
valve." (C) 

(A) Gilmour's Mills, another of the many 
early lumber mills on the Ottawa River near Ot· 
tawa that has long since disappeared. 

(B) Templeton Station and East Temple· 
ton (the latter is probably meant by Latchford 
here) are on the Quebec (north) side of the Ot· 
taw a River, north of Upper Duck Island (SEE 
GSC Map 413 A, in Wilson, 1946, Geol . 
Survey of Canada, Mem. 241) east of the 
city of Ottawa as shown on the geologic map. 
Tbe city now extends much farther to the 
east. 

(C) The species was still to be found in 
the Ottawa River at Duck Island in the nine· 
teen thirties but has not, to my knowledge, 
been recorded for its tributaries, large or 
small. SUitable sites exist for E. di 1 a ta • 

t us above the Chaudi~re Falls in the Ot· 
tawa River but neither Latchford nor any 
other collector, to my knowledge, has ever 
found it above the falls. 

Aur~le La Rocque 
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G E,O R G E J. S TREAT 0 R ' S C R U I S E 0 F THE T H 0 M A S SAY IN 18 8 5 

RALPH W. DEXTER 

Department of Biology , Kent State University, Kent, Ohio 

In September of 1885 George J. Streator, 
nurseryman and amateur naturalist of Garretts­
ville, Ohio, and his friend, s. M. Luther, drug· 
gist and also an amateur naturalist, made a col­
lecting trip down the Mahoning River aad into 
the Ohio River on a flat-boat named the Thorn­
.!!.~· Streator's diary of this excursion has 
come to light, and excerpts from it have been 
edited to give modern students an account of 
this collecting trip made 76 years ago. My 
thanks are given to Sydney V. Streator, son of 
George J. Streator, for loan of the diary and for 
encouragement in making this study. 

George Streator was born in Manistee Coun­
ty, Michigan, in 1845. In 1870 he moved to 
Portage County, Ohio, and settled near Garretts· 
ville, Here he established a nursery and green­
house and became a specialist in plant breeding. 
His hobby was the collection of land and fresh­
water shells. 

Streator accumulated a targe collection of 
shells both from his own field work and by ex­
change with other collectors. His friends, 
George \'1. Dean of Kent, who was also a nur­
seryman and an amateur conchologist, and s. 
M. Luther, likewise made collections of local 
shells. Streator was handy with tools. He con­
structed the cabinets and boxes in ,.,.hich his 
shell collection was housed. He also built the 

Thomas~· Streator's collection was even• 
tually given to Stanford University. His bro· 
ther, Clark P. Streator, was a professional 
collector for me Smithsonian Institution. Re· · 
alizing the professional value of his brother's 
collection, Clark suggested that it be given 
to Stanford University to make it available to 
conchologists and to preserve it for future refer· 
ence. 

The only publication of George Streator 
was a note "Bythinia tentaculata Linn. 
in Ohio" published in the NAUTILUS in 1899. 
A finger-nail clam Pi si diu m streator 1 
was named in his honor by Victor Sterki. In 
1904 Streator moved to Santa Cruz, Califor­
nia, where he continued his work in plant 
breeding in which he \'{as very successful. 
However, while he joined an informal group 
of naturalists known as "The Congeniala," be 
apparently did not continue his collection of 
shells. He died in 1925 at the age of 79. 

Shortly before me cruise of the~ 
~· Streator made a visit to Grand Rapids, 
Michigan, primarily to attend the meeting of 
the American Pomological Society. While 
there he called on Dr. DeCamp. Together 
they collected mollusks in nearby habitats, 
and Dr. DeCamp gave Streator many dupli­
cate shells from his large collection. (Dr. 
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DeCamp is remembered by many species named 
for him in ..;;e following genera: Foss aria , 
Galba, Lymnaea, Melantho, Cam-
p e 1 om a , G on i o b a s i s , a1:d S u c c i n e a • 
Some of these are now recognized as subspecies). 

The Thomas ~was a home-made flat­
boat v;hich was 12 feet long and 4 fe~t •.1ide. 
It was square ended and was propelled by two 
sets of paddles, a long pair and a short ;:>air. 
For camping t;le boat was inverted on the shore, 
propped up on one end by the short paddles to 

provide cover for the night. This boat was espe­
cially constructed for a collecting trip down the 
Mahoning River and into the Ohio River as far as 
Yellow Creek. Following are selected excerpts, 
edited some\vllat, which give us a picture of this 
excursion by two amateur naturalists, the con­
ditions under which they lived and worked, rheir 
experiences and observations on t!1e trip, and 
some of the mollusks they collected, 

From Streator's Diary • 
"Cruise of the Thomas ~· 1885" 

"Sept. 16, 1885. Starting from Garretts­
vi.lle, Ohio, at 8:10 A.M., we reached Youngs­
town at 10:15 A.M. Here S. M. bought a pair 
of blankets and I a hatchet. We were well ser­
ved by an old expressman in getting our boat, 
trunk, and fixtures to the river. We launched 
here and started on our dowmv ard journey at 
precisely 9 minutes to 11:00. The Thomas ~ 
promises to be all we expected. Not a drop of 
water poured through her seams. The river is 
not extreme!y low - enough water so we passed 
easily over the rapids. The Willows, Sycamores, 
and White Maples stand in beautiful contrast a­
long the banks. Goldenrod, Eupatorium, and 
Aster arc in their fullest perfection. We went 
down one mile below Haselton. Here we found 
Physa, Melantho decisa, Gonioba­
sis, Pisidium, Planorbis trivolvis, 
and dead Unio luteolus, etc. The scoop 
worked well. At 15 minutes to 5:00 P.M. we 
reached Struthers. Above this we landed and 
found Z o n i t e s i n o r n a ta , Z • f u 1 i g i n o • 
u, Hyalina ligera, H. multidenta· 
ta , H e li x t r i d e n ta t a and a single H • 

thyroid e s. We made a run to an island 
one-;Jalf mile above Lowellville where we 
campeC::. 

"Sept. 17. \'le left camp Rhus, so cal­
led 0:1 account of the great abunda:Jce of 
Rhus toxicoJendron, at 6:25. Fog 
\,·as thick. Without incidence we reached 
Lowellville Dam 22 minutes to eight. Here 
we successtllly transferred the Thomas ~ 
from the higher to a lower level. We made 
a run past Heil ville ~ ?), Pa. , although we 
did not see the too.:n. A mile below we 
stopped and took dinner, but before this we 
stoppei and looked for Helices. I found a 
nurnberofZonites inornata, H. tri· 
dent at a , H. a 1 b o 1 a b r is , and H. 
thyroid e s • We reached Edinburgh dam 
c.t 1:30. Here we transferred our boat to a 
lower level. We looked in the rapids for 
Unios. Live ones were not plentiful. Found 
Quadrula coccinea, Q. rubigino· 
sa, Cl<:vus triangularis, Unio pha­
seolus, U. gibbosus, U. luteolus, 
U. circulus, U. subrotunda, Q. 
cylindrica, Margaritana rugosa, 
an J M • m a r ~ i n a t a • A flock of geese 
persisted in SHimming ahead of us. We got 
interested and it fairly tired one out, Stop­
ped and found a fe1v Zonites inornata, 
and I found a H e 1 i x prof u n d a • Here 
we fiilcd our jug with water. After making 
a run of a rapids s. M. hooked a fine black 
bass but did not land it. After trying about 
sundown to find a place to camp we pulled 
ashore at the head of a rapids and where the 
river had a current. 

"Sept. 18. Camp Dean. We arose at 
4:45A.M. At 5:55A.M. we left camp and 
picked up a few Unios on the bar. U. tr i -
a n g u l a ri s , U • I u t e o 1 us , a n d com­
mon species. Fog was not so dense as yester· 
day. We reached the mouth of the Beaver at 
9:15. About 1. 5 miles below this place '"e 
found on the south bank H y a 1 1 n a m u 1 t i -
dentate andZonites inornata. At 
Irish Ripples we had to get out and tow the 
boat to get safely over the ripples formed by 
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an old dam. We passed Buck Point, a pictures· 
que Natering place, about 5:00 P.M. This place 
is on the Conoquenessing River which flows into 
the Beaver. A mile below was what seemed to 
be remains of an old iron furnace. We ran at 
least two miles below Buck Point in order to 
find a suitable camping ground. We camped on 
a pile of small stones and boulders on the left 
bank. A good supper ofeg~ and coffee, bread 
and butter restored our energies. We were hap· 
py to rest ourselves in the Thomas ~ at Camp 
Luther. 

"Sept. 19. Left Camp Luther 5:30. Stop· 
ped on a bar a few minutes before dawn. Pas· 
sed Mayland 6:20; we pulled through to Beaver 
Falls. Here found it hard to make a transfer to 
the Ohio River by wagon, which we did. There 
were three dams to run and several rapids mak· 
ing ~t tedi at best. Beaver Falls is the seat 
of a large manufacturing industry. We were in 
the water of the Ohio at the mouth of Beaver at 
11:30, (lost my paddle coming from Beaver 
Falls). Crossed the river and took lunch on the 
opposite side. Here the Ohio is spanned by a 
lofty railroad bridge. On the opposite side a• 
bove the locks are a number of stern wheel 
steamers, and a number of coai barges. The 
river is smooth, six feet of water in the channel, 
on the left bank of the river going down. At 
this place is a shale full of concretions. Above 
the place where 1 landed I found a fine plant of 
Aristolochia sipho. The first time I ever 
saw it wild. I collected a number of the seed 
capsules. We climbed the cliff after dinner and 
I found M a c r o c y c lis c o n c a v a , Z o n i t e s 
subplana, Helix tridentata. We then 
made a run down the river of a couple of miles. 
s. M. remained in the boat and I worked the 
hillside. I found Helix profunda, H. 
palliata, H. tridentata, M. conca• 
v a , Z • sub p 1 an a , and a small variety 
with elevated spire, which we did not know. 
·Also H. hir su t a. Then we made a run eight 
miles from the Beaver and camped at the foot 
of a tall cliff, whose lo\\er strata Nere lime­
stone in which we saw imbedded crinoid stems 
and other fossils. At the extreme foot of the 
cliff large blocks of stone lay. The beach slopes · 

sharply to the water's edge. Here shored up 
on the lower end stands the Thomas ~ in 
all her glory. We found a few Pl e ur oc e • 
r a at Camp Crinoid; have seen no Me 1 an· 
thos on the Ohio River above Wellsville. 
Luther found Z o n 1 t e s i no r n a ta on the 
cliff above Camp Crinoid. Mountain Laurel 
was found at that place. The evening is de· 
lightful, the katydids are a fall charm and 
the piping of an occasional cricket only adds 
as a variety. The air is and warm, the 
sky is blue and is filled with a soft radiance 
from the rising moon. The sounds of night 
are pleasant, the drum of a distant band, the 
barking of dogs, and the gentle ripple of the 
beautiful river, the Ohio. 

"Sept. 20. Left Camp Crinoid at 8:15. 
Before leaving we searched the hill for He· 
11 x • Found a number of Z on it e s in or • 
n a ta , H e li x p a 11 i a ta , and H e li x 
sp. We made a pull down the river past 
Shippensport and farther down, Industry. Be· 
low this latter place we stopped on the left 
channel (this divides to make an island). 
We stopped and collected Helices. 1 found 
a new species there which S.M. did not know. 
Also, z. fuliginosa, Helix triden· 
tata, and Zonites inornata. A good 
number of the Helices. The current was 
swift below the island for a considerable dis· 
tance -- a mile and one-half perhaps. We 
took dinner, did not stop long, passed Smith's 
Ferry and Georgetown. Below this place, 
passed a steam packet. We were in sight of 
Liverpool and iu pottery long before we reach• 
ed it. A long, weary pull. Just at the lower 
edge of the town we passed another packet. 
We intended to camp early but the place was 
so forbidding that we made a run opposite 
Wellsville. Not a very good place compared 
with our last camp. The river cliffs are very 
high, as much as 260 feet in the highest 
places and so steep that it would be difficult 
to climb them but for the trees which cover 
nearly all but the bare rocks. Luxuriant 
climbers, prominent among which is the 
Aristolochia sipho and Asarum 
vir gi ni an a, make the site a beautiful 
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one. The river bends are generally rather long, 
and the receding sights and the promising sighu, 
not quite yet plainly in view, make it continu­
ally interesting. 

"Sept. 21. Wen Virginia. We left camp 
Wellsville at 6:45 crossing the river obliquely 
in the fog. Last night 1 wrote a card in company 
with S.M. to George W. Dean and a letter to 
the folks at home. At Wellsville, S. M. went 
ashore to post letters and get supplies, and to 
find out as to whether we can get our boat on the 
cars at Yellow Creek, Ohio. A steam packet 
presenu a much different appearance going dowa 
than pushing up with flat boau and coal barges. 
While waiting at Wellsville, 1 saw the first one 
pass down on Sept. 21. We crossed down the 
river and to the West Virginia side; climbed the 
cliff in search of Helices. Found Z • i nor n a -
ta , H • tr i d e n ta ta , H • p r o f u n d a , and 
z. fuliginosa. The hill was rather dry 
for good work. Wellsville is situated more 
pleasantly than any other town we have passed. 
Passing down we crossed an artificial bar made 
to narrow the channel. At this point Yellow 
Creek is in sight. Here the Ohio curves round 
the bluff as it goes down the Yellow Creek Val­
ley. We pulled below and across to a split in 
the rock wall of the Ohio. A small sue am of 
water trickles out through a team. We filled our 
jug. Passing an odorous carcass of a dead horse, 
floating in the stream, found a place where u­
nios, for the first time, were somewhat abundant. 
Here we took dinner and here we found a great 
abundance of beautiful little univalves Soma­
togyrus integer. \Ve collected a large 
number of them. 1 found an abandoned work of 
a muskrat in a hollow log and I selected from 
hiJ den and along the willows and the shore good 
dead ahells of U n i o c r a ul d e n s , U • li g a • 
mentinus, etc. 

Nothing but what we found last season. The 
stream is 18 inches to 2 feet higher than then, so 
the bar is covered and work with the dredge does 

ERRATA 

not succeed. 1 climbed the high hill down the 
river from Yellow Creek. Part way up 1 found 

. .a grove of Paw Paws. Few of the ripened fruit 
lay on the ground. They were good; shaidng 
the trees I succeeded in getting a number to 

carry home to the children. l found many 
dead Helix on the steep hillside, but the sheep 
had trodden the ground and so generally the 
number of live specimens I found were small 
ones of the same species as we found before. 
Reaching the top of the bill, I aaw the coun­
try as a map -- below lay the beautiful river 
Ohio, iu rapids and islands. Moving up the 
stream within one-half mile of Yellow Creek 
we camped on the stony beach of the river 
and under the over-hanging rocks. The view 
across is fine and the beaches generally sec­
ond only to Camp Crinoid. S.M.L, has 
pleased to call this our last camping place 
on the Ohio for we have concluded to go 
home tomorrow, This place we called 
Camp Streator. 

"Sept. 22. I arose at 3:00, built a 
roaring fire and wrote this note. After 
breakfast we picked up our plunder putting 
one baaket · · the boat, taking one with us, 
and the: remainder in the trun1•• We took a 
final cup, shook bands over the fire, bid 
Camp Streator goodbye, and pulled for Yel­
low Creek. S.M.L, gave his jug and Ian· 
tern to some men to help us carry the Tho• 
~~to the station. We ahipped it to 
Ravenna, While waiting for the train I went 
out on the hillside and found 4 proud and 
shining Z • in ornata aud a couple of H • 
cone a v a. The train was late and we 
reached Ravenna about noon. " 

Thus ended the cruise of the Thomas 
~. Streator returned to his nur1ery and 
Luther to bis pharmacy, but this collecting 
trip remained as one of the highlights in the 
memory of these amateur conchologi.Jts. 

Page 41, left hand column, paragraph 2, line 7, for tedi, read tedious. 
Page 41, right hand column, line 11, after "The air is" add "soft". 
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THE AMERICAN JOURNAL OF CONCHOLOGY 

AU.RELE LA ROCQUE 

The last year of a war hardly aeema the 
time to start a new journal, yet that it just when 
the eaerget1c George W. Tryon, Sr. launched the 
American Journal of Conchology. The project 
must have been diacU~Kd and carefully planned 
beforchaDd among Pbil&delphia concbologilta for 
the pape.a publ1abed in the very first issue are ex· 
cellent, the typo~rapbic make-up and the illus· 
vat1ooa are the belt avaUable at the time. Our• 
log iu abort life the journal maintained high 
standards of content and form equal to those of 
iu contamporariea in Europe. How it came into 
existence. bow it wu ftaanced, how many cop­
tea of eac:b tuue were printed and why it was de· 

. cided to dilc:oiKlnue it are quemona to which I 
caiJDOt presently give answers: the latter would 
tbrow im:eremng ligbt on the history of concho· 
logJ in me .eveoth and eighth decades of the 
DiDeteendl ~ntury. The United Statea did not 
bne a regular jouraal of conchology until 1888 
wben Plllbry took over aDd transformed dle Con· 
chologt.su• Excb&nge and renamed it the NAUTI­
LUS.; 

JUit how maay seta of the American Journal 
of Concbology have survived to the present would 
be a difficult question to answer. It it not as 
widely represented in librari1=1 as one would with. 
Plfty-ooe complete or paiual seu are listed for 
American and Canadian librariea in the "Union 
Lin of serials, " its supplements, and the "Uni· 
on List of Scientific serials in Canadian Libra­
.riea. • We may suppote mat an equal, perhaps 
a greater, number are in European libraries and 
some sets may still be in private bands here and 

abroad. It would be interesting to know bow 
many copies of each illue were printed aDd 
to examine mailing Iiiii for each volwne of 
the Journal. 

This paper it mainly concerned with lilt· 
ing dle contents of dle American Journal of 
Conchology and the libraries where it is avaU• 
able. The author lilt was prepared from the 
set of the Journal in the Library of the Geolo• 
gical Survey of Canada aDd tbe list of libraries 
from the Union Uats mentioned above. Both 
were made available to the writer by Mrs, N. 

. I. Kummerman, Librarian of the Geological 
Survey of C.anada, Her helpful co-operation 
is gratefully acknowledged, 

UBRARIES HAVING S£T S OF THE AMERICAN 
JOURNAL OF CONCHOLOGY ' 

University of Alabama (v. 1-6) 
California Institute of Tec:bnology 
California Academy of Sciences 
Stanford University 
University of California. Berheley 
McGill University, Montreal 
Geological Survey of Canada. Ottawa 
University of Toronto (v. 2-'l) 
University of Colorado. Boulder 
Yale University 
u.s. Geological survey. Wadlington. D.C. 
Library of Congress, Wasbing110D, D.C. 

• Complete sets unless otherwise indicated. 
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U. S. Nadooal M~~~eum, Wabtogtoa, D. c. 
Cbicaso Natural Hiatory M~~~eum, Chicago 
Joba Crerar Library, Cllicago 
Uaivenity of llliDoll, Urbana 
Purdue Uaiveratty, Lafayette, lad. 
UDivemty of Kaa~as, Lawrence (v. 1·2) 
Loutaian& SUte Univeratty, Baton Rouge 
Ambem College (v. 1·6) 
Bonon Public Library 
Bolton Society of Natural Hlltory 
Harvard: Muaeum of Comparative Zoology 
Tufu Uaiversity, Medford, Mill. (v. 1·4, 
Nariae Biological Laboratory, Woodl Hole, 

Mus. (v. 2·7) 
Jobal Hopkina Uoiveratty, Baltimore, Md. 
Peabody lllllltute, laltianora, Md. (v. 1·-'> 
University of Mic:biSID• ADD Arbor 
Uoivenity of M1Dnel0tl, Mlnaeapolll (v. 1·8) 
a. Loull Public Library (v. 2-6) 
New York State Ubrary, Albany 

· laffalo Society of Natural Sdencea (v. 1·s-} 
Grolveaor IJbray, Buffalo, N.Y. 

· eom.u UDiYerlity. Imaca, N.Y. (v. ·1·8, .,., 
· New' York Public Ubray 
College of me aty of New York (v. 1·6) 

· American Muaeum of Nttural Hlltory. New York 
Ulllv .. l1:y of RocbeiW (Yo 1-4) 
UDioo College, Scbeoec:tady, N.Y. (v. 1·f) 
UDiverdty of Nonh Carol1Da, Cbapel Hill (v. 1) 
New Hampdlire Slate t.lbrMy (v. 4•6, 
Princeton Univertlcy, PriDcetoa, N.J. 
Oberlla College, Oberlln, Obio (v. 1) 
PrankliD and Marshall CoUese, Lancancr, Pa. 
Acldemy of Nataral Science, Fbiladelpbia 
IJbrary Company of Fbiladelphia (v. 1·4) 
V&DderbUt UDivenity, NubvWe, TeDD. 
Texaa .A & M, CoUep lbdoa, Texas 
Houatoo PUblic lJbrary, Hounall, Tex11 
Ullivenity of Texas, Auftln 
UDivenity of Wllll1apxl, Seattle (v. 8) 

PAPERS PVBUSH!D IN THE AM!IUCAN JOURNAL 
OP CONCHOLOGY 

AGASQZ, Alexlllder (1888) Remarks on me 
bablu of Splrt&lil Plemingii. 1: 182 (reprinted 
from Proc. 8onoD Soc:. Nat. Hilt.) 

• lacomplete volumea 

ANTHONY, John G. (1886) Deacriptloaa 
of two new specie~ of Golliobaats. 1: 88. 

• • • • • ( 18e6) Oelcriptio111 of new ~peciet 
of North American Un1on1dae. 1: 161·184. 

-·-·- (1866) DelcriptiODI of two DeW 
•pecia. of Mooocoodylaca. 1: 106·108. 

-·--- (188&) Dacriptioa of a new exotic 
Melania. 1: 10'1. 

·-··· (188S) Deac::ription of new 1poclea 
of lboU.. 1& 861. 

··-·· (1886) Oac:ripU0111 of new Ameri· 
can Frelb Water Shells. i: 144•14'7. 

BINNEY, W, G. (1866) Nota oa me jaw 
of Helice&. 1: 4'7. 

····- (1866) Dacripdon of tbe genu~ 
Ariolimax, Morell, 1: 48, 

••••• (18e6) Oelcripdom of new IJ)edea 
of Nanh American Land IDd Preth Water 
SbeU.. 1: .49-&1. 

....... ( 1889) OD Lingual clom1tioo Ra• 

died by the mtcrc:~~cope aDd pbCMOsrapby. 
6: 3'1•38, pl. 11 (widl DC* by 'l'h01~ Bl&Dd) 

BINNEY, W. G. IDd BLAND, Them• 
(1871) Note• oo Ungual cleDtition. 8: 102· 
216, 8 flp.. pl. 9. 

BLAND, Thomas (.18e&5) Note on me 
buccal plate (Jaw) in ceruln genera of dle 
family Cycl01t0macea. 1: 41-46. 

• • • • • ( 18e6) Memoir of Cbarle. B. 
Ad&JN, late Profellor of Zoology to Ambent 
College, MusacbUMUJ. 1: 191·104. 

••••• (1888) Remadcl on the ortSin IGd 
cHmibutioo of m. operculated laod lbelll 
wbicb 1Dbab1t the continent of America and 
me Weat lodiea, wllb I Cltalope of the Am• 
edc&a .peclea. 1: 64·83, 

• • •• • ( 1Ue) Nota oo the iiMmaliUUc• 
tare of Meg11plra. 2: N. 

···-· (1U8) Remarks on the ortglll and 
cliltr1bodoo of lbe opercula-.d laocllbelk 
wb1ch lnblblt the CODtioem of America aad 
tbc WMIDdlea. 1: 138-148. 

• • •• • ( 1H8) Remar• oa the dlltrtbation 
of tbe inoperculated liDillbelll wbicb lnhlblt 
tbe continent of America and the Wett India. 
1: 349·3'10. 

..... (1888) Desc:dptiom of new spect• 
of North American land ~bella. 1: 3'11-3'14. 
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BLAND, Thomas (1869) Nota on the land· 
lbelk of Trialdad, Grenada and Domialca, and 
also of Cur~ao and Buen Ayre, W.I. 4: 177-
191, 1 fig. 

BLAND, Thomas and BINNEY, W. G. (1871) 
Oil dle linpal dentition of Pompholyx effusa. 
8: 312•3131 pl. 18. 

· ---·- and ...... (1871) On the lingual den­
tition of Clausilia tridem, Chemnitz. 7: 28·2~. 

-···- and ••••• (1871) On the lingual den­
tition of Helicina occulta. '1: 29-30, pl. 2. 

-·-·· and -··-- (18'11) On the lingual den• 
tition of Limnaea appreaaa, say, and Limnaea 
mesasoma, say. 7: 161·162. 

..... ,.. and ·-··- (1871) On the lingual den· 
tition of VeroDiceUa. 7: 163·164, pl. 12, 

-·--· and ·-··· (1872) Notes on the lin­
gual dentition and jaws of terresuial Mollusca. 
No. a. 7: 17.,.184. 

··--· aod ••••• (18'72) On the lingual den­
tition of Blandiella, Geomelania and Ampbibu­
Uma. '7: 186·186, pl. 17. 

----- and -·-·· (1872) On the lingual den­
titioD of Mac:roceramUI goaei, Pfr. 7: 187. 

........ ud ----- (1872) On the Ungual den­
tition of Naalna. 7: 188·189, pl. 1'1. 

----- and ----- (18'72) On the generic po­
tition of Helix newberryana. 7: 190-191, pl. . 1,. . 

BROT, A. (1871) Catalogue of the Recent 
species of dle family Melanidae. 6: 271-325, 
after .index. 

BROWN, A. D. (1865) Description of two 
new lpeCiel of Helix. 1: 136. 

CARPENTER, Fhillp P. (1866) On the Ac­
maeidae of the Vancouver and Californian Prov­
.lnce. 2: 332·348. 

--·-- (188~ Catalogue of tbe family Pan­
doridae, 4: 69·71 (bound in before plata for 

· dW volume). 
CONRAD, T, A. (1865) Catalogue of the 

Eocene and Oligocene Teatacca of the Ualted 
Statu. 1: 1·36 (Wus. on pam of plates) 

--··· (1886) Descriptions of new Eocene 
ebells from Enterprise, Miuillippi. 1: 137-141. 

-·--- (1885) Oelcriptlona of new Eocene 
lhelll of the United Statea. 1: 142·149. 

·---- (1865) Catalogue of the olc;ler Eocene 
lhelll of Oregon. 1: 160•164. 

CONRAD, T. A. (1886) Cmections and 
additio .. to Mr. Conrad's Catalogue of Eo• 
cene Mollusca, publilhed in lst number of 
this Journal. 1: two unnumbered pagea after 
page 190. 

----- (1865) Descriptions of new Eocene 
abelll, and referenca with figura to published 
apecies. 1: 210-211. 

----- (1865) Ducriptions of five new 
species of older Eocene shells from Sbark River, 
Monmouth Co., N. J. 1: 213·216. 

----- (1865) Remaricl on the genera Mo­
nocondylaea, d'Orb., and Pleudodoo, Gould, 
with a synopsis of tbe latter. 1: 232·233. 

---·- (1886) Description of a new genua 
of Unionidae. 1: 234. 

··u· (1866) Description of a new spe­
cies of Pseudodon. 1: 352. 

-·-·· (1866) ll1111trat1ona of Miocene 
foAill, witb deacriptiona of oew species. 
2: 65-74, pll. 3, "· 

··--- (1866) Note on tbe genua Gadus, 
with descriptions of some new genera and 
species of American fOIIillhelll. 2: 75-78. 

··--- (1866) Oesc:riptions of new ape· 
ciea of Australian freab•water shells. 
2: 79-81. 

----· (1866) further observations on 
Mr. Gabb's Palaconeology of California • 
2: 9'1-100. 

----- (1866) Cblcrvatiooa on Recent 
and fOIIil shells, wUb P'Opoled new genera 
and species. 2: 101-103. 

·---- (1866) Deacriptiooa of new ape• 
·. ciea of Tertiary, Cretaceous, and Recent 

ibelll. 2: 104·108. 
----· (1866) Description of a new spe­

cies of Ualo. 2: 107, pl. 10, fig. 1. 
----- (1866) Oelcriptions of American 

fresh-water abelll. 2: 278·279. 
----- (1866) Descriptions of new mar­

ine bivalve MollUica. 2: 280·282, pl.15. 
-·--- (1866) Catalogue of the family 

Solenidae. 2: 22-29. after regular text of 
volume. 

----- (1866) Catalogue of the family 
Mactrldae. 2: 30·47, following above item. 

··--· (186'1) Observations on Pleiodoo 
macmurtrli. 3: 4. 
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COI«AD, T. A. (186'7) Paleontological 
Miacellaniea. Note on a Cretaceous lilllCitooe 
of Oallota. I. Note on Aturia MatbewiODi, 

· Gabb. s. On Corbicula deDI&ta, Coorad. 4. 
Descdptioo of a new genua of Pectinidae, 3: 
1·'1. 

••••• (186'1) Delcriptions of new genera 
and speciea of fouil abelll. 3: 8·16. 

••••• (188'7) Synopail of the genera Syco· 
typua, Browoe, and Buaycon, Bolten. 3: 182·186. 

••••• (1887) Deacrlptiolll of new Miocene 
Jbelll. 3: 186·18'1. 

••••• (186'1) Notea on foailahells aod 
delcriptJ.ons of new apectea. 3: 188·190. 

••••• (186'1) Delcription of a new genua 
of Aawtidae. S: 191. 

••••• (186'1) Deacriptiont of new West 
Coast shells. 3: 192·193. 

••••• (186'1) Descriptions of new genera 
and apeciea of Miocene abelll, widlaotea on 
other foall and Recent apeciea. 3: 2M ·2'10. 

••••• (1869) Deacriptiolll of Miocene shelll 
of dle Atlantic slope. 4: 84-68. 

••••• (1869) Notes on Recent and fou1l 
lbelh, with deacriptiont of new genera. 4: 
146-24a. 

-···- (1889) Descriptions of and referencea 
to Miocene abella of tbe Atlantic alope, and 
descripdoos of two new auppoted Cretaceous ape• 
cies. 4: 278·279, pla. 19, 20. 

••••• (188~ Delcription of a new Unto and 
fCIIil GoalobaaU. 41 280, pl. 18. 

••••• (1869) Catalogue of me family Ana• 
tinidae. 4: 49·68, bound in before plates of 
volume. 

··-·· (1869) Deacriptiona of Miocene, Eo­
cene, and Cretaceous lhella. 6t 39-46, pla. 
laod.2. 

••••• (1869) OblervatiODI on the genus 
Astarte, with deecriptJ.ont of three other genera 
·ol Craaatel11dae. 6: .e-48, pl. 9. 

---·· (1889) Delcriptiooa of new foaU 
Mollwca, principally Cretaceous. 5: 96·103. 

••••• (1869) Notea on Recent Molluaca. 
6: 104-108. 

••••• (18'10) Notea on Recent and fossil 
lbella, with deacriptiODI of new apeclea. 6: 71·7&. 

· --··· (1871) Deac:riptioDI of new foaU lbelll 
of the Upper Amazon. 6: 192·198, pll. 10 ,11. 

CONRAD, T. A. (18'11) Deac:ripdona of 
new Tertiary fouila, with notea on two genera 
of Lamellibranchiata. 6: 199·201, pl. 11. 

·---• ( 18'11) Palaeontological Notea. 
6: 314-315, pl. 13. 

COOPER, J. G. (1869) (Letter on Wat 
Coast helicoid land shells). 4: 174•1'16, 
map. 

·-··· (1869) On a new Californian Ter· 
reatrial mollusc:. 4: 209·210, pl. 18. 

••••• (1869) On the diltribution and lo· 
calitiea of Weat Coast helicoid land abella, 
k. 4: 211-240. 

••••• (1870) On a new Californian be· 
licoid land lhell. 6: 196·197, pl. 1'7. 

••••• (1870) Notes on Weat Coast laod 
abolll, No. u. 5: 199-219. 

-·--· (1870) Nota on the Molluaca of 
Monterey Bay, California. 6: 4S·'70. 

••••• (1871) Note on GadiDia and Row• 
ellia. 6: 319·320, 

··-·· (1871) Note on Waldhelmia pul· 
vinata, Gld. 8: 320. 

-···· (1871) Addltioos and correctiODI 
to tbe Catalogue of Monterey Molluaca, pub• 
Uabed in the American Jo~K. Conchology, vol. 
VI, Part 1, p. 49. 6: 321·322. 

CROSS£, H. (1866) A well·abuaed Mol• 
luak. 2: 294-296 (tranal. , from Jour. Coocby· 
liologie). 

••••• (1887) On the enua of too exclu· 
aive claasUicatioDI, 3: 1'7·25 (traDal •• as 
above). 

CURRIER, A. O. (1886) Catalogue of 
me Molluaca of Grand Rapids, Michigan. 
1: 292·296. 

-···· (186'1) DeacrlpdODI of oew apeciea 
of frah•water shelll from Michigan. 3: 112· 
113. 

DALL. William H. (1866) On a apedea 
of Helix from California, suppoaed to be new. 
2: 328-329. 

----· (1870) Materials for a Monograph 
of the family Lepetidae. 6: 140·160, pl. 16. 

····- (1870) Materials toward a Mono• 
graph of tbe Gadiniidae, 8: 8·22, pla. 2, 4. 

····- (1870) Remarks on the ana10my of 
the gent~~ Slph:)narta, with a detcription of a 
new apecles. 6: 30-41, pla. 4, 6, 

• 
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DALL, W. H. ( 18'70) A revi&ion of the T e· 
rebratulidae and Lingulidae, with remarks on 
and descriptions of some Recent forms. 6: 88-
168, 38 figs.. pls. 6-8. 

---•- (18'70) (Review of) Notes on Lingual 
dentition of Mollusca. By W. G. Binney and 
Thomas Bland. 6: 169·171. 

----- (1871) On the Limpets; with special 
reference to the species of the West Coast of 
.America, and to a more natural classification 
of the group. 6: 227-282, pls. 14·1'7. 

----- (1871) SUpplement to the "Revision 
of the Terebratulidae," with additions, correc• 
uons and a revision of the Craniidae and Disci­
nidae. '7: 39-85, pll. 10, 11. 

----- (1871) Note on the g~nus Anisothyris, 
Conrad, with a description of a new species. 
7: 89-92, pl. 16. 

----- (1871) Descriptions of sixty new 
forms of Mollusks from the West Coast of North 
America and the North Pacific Ocean, with 
notes on others already described. 7: 93·160, 
pls. 13-16. 

•···· (18'72) Note on Gadinia. '7: 192-
193. 

FORD, John ( 1869) Remarks on the Argo-
naut&. 4: 276·277. 

GABB, William M. (1865) Description of 
three new species of Mexican land shells. 1: 

208-209. 
----- (1866) Reply to Mr. Conrad's criti­

cism on Mr. Gabb's "Report on the Palaeontolo­
gy of California. • 2: 87·92. 

...... (1866) Descriptions of three new spe· 
cies of land shells from Arizona. 2: 330·381. 

. ---·· (186'1) Description of · .tew species 
of land shells from Lower California. 3: 235· 
238 • 

• ..... (1869) Description of a new species 
of Cepbalopod from tbe South Pacific. 4: 23-
i4, pl. 2. 

----- (1869) Dacription of a new species 
of Pisidium from California. 4: 69. 

----- (1869) .An attempt at a revision of 
the two families Strombidae and Aporrhaidae. 
4: 137-149. pls. 13, 14. 

----- (1869) (On obliquity in a Jurassic 
ammonite). 4: 175, pl. 16, part. 

GABB, William M. (1869) Description 
of a new species of Sepioteuthis from dte 
West Indies. 4: 193·194, pl. 17. 

----- ( 1869) Description of a new Cone 
from the coast of Florida. 4: 195·196. 

---·- (1869) Descriptions of fossils from 
the clay deposits of the Upper Amazon. 4: 
200, pl. 16. 

----- (1869) Descriptions of some sec­
ondary fossils from the Pacific states. 6: 6· 
18, pls. 3·7. 

----- (1869) Notes on the genera Ala· 
ria, Diarthema, Dicroloma, &c.; being a 
supplement to "An Attempt at a revision of 
the Strombidae and .Aporrbaidae." 5: 19·23. 

----- (1869) Description of a new Helix 
from Utah. 5: 24, pl. 8. 

----~ (1869) Descriptions of new species 
of South American fossils. No. 1. Tertiary. 
6: 25-32. 

GARRETT, Andrew J. (18'72) Descrip· 
tiona of new species of land and fresh-water 
shells. 7: 219·230, pl. 19. 

----- (18'72) List of species of Bulimus 
inhabiting dte Viti Islands, with notes on 
their geographical range, and descriptions 
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