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Distributional Features of Naiades in Tributaries of Lake Erie
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The Naind-Tauna of Luke Evie is a glacial-postglacial off-
doot of the Mississippi-Ohio-fauna, which has come chiefly
vvoway of the Wabzsh-Maumee-route.  This has been pointed
sl repestedly {Ortmann, 12 p. 146; Walker, ’13 p. 18, 58.)
sonre of {he species are Tully identieal, but in ether cases, Lake
Frie proper containg move or less ditferent forms, which, how-
soor, clearly take the place of the Ohio-types.

But one striking additional fact has been observed. The

ipecies of the Ohio, represented in the lake by difTerent forms,
saerally presont, in the tributaries of the lake, the common
Shio-phase, although this is not always the case. This Tact
wwheen commented upon by Walker (713 p. 193}, but he used
conly in connection with the demonstration, that there are
fopre-glaeial relies in the lake basin,  The present writer
CH) has pointed out several sueh eases®, and also Qrier {'19

W, 6D neidentally mentions this faet, although he does
s ke wp this question in detail,

Severnl explimations have been suggested. (1) The one,
withe types of shells of the lake tributaries identical with
The-lypes, are pre-glacial, has been finally disposed of by
saliers (2) Another suggestion is, that these forms, chiefly
woseof the southern tributaries of the lake, might have
wesed  over the divide from  the tributaries of the
sy Ghio (by  slream-piracy or  modern canals,)
tihas been hinted at by muyself, ('19 p. 103),

CHaseondaio flave, po 25; Amblema costate, p. 33; Elliptie dilatatus,
W Loswigona eostata, p. 182, Ligumia veeto latissima, p. 279;
pallix siliquoiden, p. 201 Lumpsilis ovate ventricosa, p. 306,
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102 THE AMERICAN MIDLAND NATURALIST.

but I was unable to find positive evidence for it. As will i
shown helow, this possibility is positively exeluded in ceita))
cases, and surely does not apply in the case of northern au
western tributaries of the lake. (3) A third assumption js
that these forms, having reached the Jake by the Maumn
route, and having changed in the lake, ascended then from the
lake into the tributaries, and assumed again the identical char
acters which they had, when living in the upper Ohio. This
idea has been indicated by myself ("19 p. 25, 33, 132y, but it
hard to imagine, that in every tributary, into which one o
these lake forms went, it always relurned preeisely ta the an
cestral Ohio form.  Below we shall become acquainted with a
least two cases, where this assuinption is positively ereluded
because the forms concerned are not at all found in the lake,

Thus there are objections fo the assumption that any one
of the above explanations is to he regarded as a gencral dis
tributional law, and we arve to look for anothoer theory to whick
all of these cages might submit, And indeed, there is ane
which has never been advanced. It is suggested by the g
logical history of the Lake Erie basin, and the prosent Do i
written with the purpose Lo show, that there is anothor o
Manation, which in scveral cases s fhe enlit possid
which also can be applied very naturally to all ether oo,
though in seme of them also the second idea, mentioned 1)
(erossing of the divide from the South) might be introduce
as an additional possibility.

The new explanation entered my mind, when I explored
certain tributaries of Lake Trie in northeastern Chioc and
northwestern Pennsylvania, the basins of Chagrin River,
Grand River, and Conneaut Creck (no Naiades were. found iy
Ashtabula River.) Chiefly Grand River proved to boe infer
esting for several reasons: it possesses a yather rich faung;
was never connected with the upper Ohio drainage by a canal:
and, finally, it was found, that several Naiades present in this
river could not have found their way inlo it by having boeen
transferred from the upper Ohio drainage by stream piracy,
simply because they are not present in this part of the Ohie
drainage.

In order to present all the facts at my disposal, I first give
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1 he : alist of my own {and previous) distributional records. (See:
cbain map fig, 1)
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: Falls)

{(Lower part pelluted by paper mill at Chagrin
ch faun; Ch. R., Willoughby, Lake Co., 0. (Sept. 10, *20.)

oA c:\m%l— vl Lonpsilis siliquoiden (Boern))  * Lowmpsilis ovate Uenh‘zcosw (Barn.)
nt in this i Cho R, Cuyzhoga Co., 0. (Hartman coll.y

aving been Letnepsilis ovale veniricose (Burn,)

m piracy. ko Cho I, Gates Mill, Cuyahopga Co., 0. (seen, Sept. 9, 720.)

¢ the Ohio Luwnu;um(r costala (fouf} Lampsilis ovat ventricosa (Barn.)

4. Ch, R, below Chagrin IFalls, Cuyahoga Co., O, (seen, Sept. 8, '20.)
Lampsilis siliquoidea (Btw'n)

i first give i Ch. R., Russell Twp., Geauga Co., O,

(above falls) (Sept. 8, '20.)
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Lasmigona r:om}m‘esm (Leu) Anodontoides ferussacianus (Lee.)
- Lagmigona costate (Raf.) Strophitus rugesus (Swains.) 0

Anodonte grendis Suy
Aurora Branch, Chagrin Falls, Cuyakoga Co., O. {Sept. 8, '20.)

Lasiigonis compressa (Lea) ‘
GRAND River. (Everywhere in good condition, without any poilution -
Painesville, Luke Co., O, (Sept. 11, '20.)
Fusconain flave (Ruf.) Ptyeholranchus fasciolure (Feuf)
Amblema costela Raf, Ohwearia subrotinda Tows (Lot
Plewrobema cordutim coceinenm  Aetinonaios carinata (Barny

{Conr.) Proptere wlatu (Say}
Elliptio dilatatus (Ruf.} Micromye iris novi-eboruci (e}
Lasnigone costata (Ruf.} Ligremia veeta lodissimn {Roy.)

Alusmidonte morginate (Say) Lwmpsilis siliguoidea (Birn.)
Strophitus rugosus (Swains.) Lanpsitis ovate ventvicosa (B!
Of these, Strophilus rugosus and Lutmpsilis ovate ventvicosy have

been mentioned before from the same place by Simpson (in: Kirseh,
W5} The Carnegie Museum possesses Aetinonains owrinifa wlng Trom:
the Sterki collection.

2. Eaglesville, Ashtabuln Co., O. (Sept. 16, 719,)
Fuseonvic fluve (Raf)) Anodonle grandis Suy
Amblene costata Ruf, Plycholrunchis fosriolore (Faf)
Plewrobema cordatum coceinewm  (Dpr i, sulrnbund fona {500
(Conr.) (sven) Micvomua ivie vavieeborees (Lo
Illiptio dilatubus (Rof.) g veeli Bt laninng {007
Fliiptio complenatus (i) Leampsilis wiligieoideon (Mo
Lasgnidgong costata (Ruf.) Lowmpailis ovata ventricosn (Sar e
3.’ Rockereek, Ashtabula Co, 0. (Sept. §, 719.)
Fusconcia fleve {(Raf) Obovaria subrotunde lens (Lea)
Anilblema costeta Raf. Actinoncias corinate {(Barn.) ef
Eliiptio dilatatus (Raf.) Micromya fris novi-eboraei {Lea) e
Lasmigona costata (Raf.) Liguwsmin vecta lptivsine {Huf) el
Anodonte grandis Say Leampsiliy siliquoidea (Farn.) .
Plyeliobranchus fasciolure (Raf)) Loampsilis oeata vent o {Heaarn) ;
4. North Bloomfield, Trumbull Co., 0. (Sept. 17, 19.) b
Fusconein fluve (Ref.) Lasudigona costaty (Iuf.) '“‘Lc_
Awmblema costata Raf, Obovaria wibrotinde lens {Lea) e
Plewrobema cordatum coecinemn  Micromya iris nowvi-chorac (Lea) foy
{Conr.) Lampsilis silignoidea  (Barn) Liy
Elliptio dilatatus (Raf.) . Lawmpsiliz ovate ventricosa (Barn)
In addition, Call (°85 p. 9) gives Anodontoides ferussacianus bucha
nensis (Lea) from Grand River, and Sterki ('07 p. 394) mentioned this i
under the varietal name of subeylindracen (Lewy, This form is hardly tay

different from the normal A. ferussasianus. N
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Kep Brook, 3 m West of Harber, Ashtabula Ce., "0, (Sept. 13, '20.)
(A very small stream; shells found dead within a mile from the lake))

Lennigono eompresso (Lea) . Anodontoides ferussacionus {Lea)

CosnpanTt Creel (in good condition for itx whole length.)
fo Ringevilld, Ashtabula Co., O, (Sept 12, 2060
PMerrolbenie covrdalion coccinewm,  Alaswidonta marginate (Say)
{(Cone) Strophitus rugesus (Swains.)
Lesorigona eompressa {(Lea) Ptychobranchus fasciolure (Rof.}
Lawiizrona costate (Raf.) Micromypa tris novi-choract {Lea)
Anodantoides ferussacianis Lompsilis stliguoidea {Barn.)
(Lo Lampsiliz ovala veniricosa { Barn.)

Feat Springfield, Brie Co., Pao (May 23, '069) (published in '18))
Alasmidonta warginaia {Sery
Stroplitus rugoss {(Swains.)
Pluchobranchus Tasctolore (Raf.)
Fotsaniepnar conpresso (Led) Mieronga ivis novi-choraetl {Lea)
Awedonta grondis Say Lumpsilis siliguoidea (Barn)
Avodantoides ferussaclons (Lea) Lompsilis ovela vendricose (Barn.)

{Fane 4, '08) {published in '1%.)

Loampsiltis sitiguoidea {(Barn.)
Lampsilis prata veniricosa (Barn.)

Plevyobera covda, wm cocclneiom.
(Con) %
FHiptio diletains (Bafl)

& Springbore, Crawford Co., Pa.

Clewrobon cordatian cocelneitm

{Conr.}

Stroplitus rugosis (Swains.)

The Naiad-fauna of these streams consist of 19 species,
ane is rather uniform, with the qualification, that the largest
#irand River) containg more species than any of the others.
Grand River has 6 species not found in the others (Fusconaia
v, Amblema costata, Elliptio complanatus, Obovaria sub-
rofunda Tons, Actinonaias carinata, Proptera alata.y Two spe-
ciew-foumd in olthor streams (Lasnirgonag compressa and Anod-
mtoldes fernssacianus) have not been found recently in the
frand (the Jatter, however, has been reported by Call), but
they apparently have been missed by myself only by accident.
Since these two species are unimportant for our present pur-
pose, we may safely take the Grand River fauna das typical
fur this region, and restriet our further discussion chiefly
te thig river.

-
¥ the shellis found here the following are found in the
7 Ohio drainage, but differ more or less from the lake-
. ip most cases, different names are in use, as indieated
<ow (soe: Grier, "18, Ortman, "19, Grier, '18.)
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In Grand and Ohio In the lake
1. Fugeonaid fluva (Raf,) Fusconeia flave porvula {rier
2, Amblemn costata Raf. Amblema plivate (Sap)
3. Pleurobemn cordatum coceine-  Pleurobema cordatwn pay perewlon
‘ e {Conr.) (Sthign)
4. Elliptio dilatatus (Rafl} Flliptio dilatatis sterkil Grier
6. Lawmigone costota (Reaf)) Lassniigonue eostala opigapeinie (S0
6. Strophitus rugosus (Swainsy A dwarf fora (Qrtmann, 1% p. 200
T, Piychobranchus fasciolore A dwarf, humped form (Orimang,
(Raf.) O p. 210)
8. Obovaria subretundu lens (Lea) Ohovaria subrotunda leibi {Lea)
9, Proptera wlate (Say) A smaller, wmore swellen form (it

mann, 1% p, 254 and Grier, "I
i 165)
19, Ligumia recta latissime (Raf.y  Ligumic roctn {Lam.)
1L Lampsilis sihiguoidea (Buarn.) " Lampsilis sifiqoldee rosaceen
12, Lampsilis ovala ventricosi (Felay)
{Buirn} < Lactnigailis ovafe comadenai: (Do)
Thus it is seen, that in over half of the eases (12 out of
19} the fact is established, which has been indicated in the be
ginning: that the Nawiades of the Lake Frie tributarios ve
senible those of the Ohio drainage more closely than thase of
the lake itself.
The other species of Grand River have the following dis-
tribution and affinities,

13, Alasmidonta marginata (Say) 14 Aetinoncios carinatg (Barn)

Both are species found in the identical form in the upper
Ohio drainage, and are present in other tributaries of the lake;
buat in the lake itself they are absolutely missing, For our
further studies, these two species will be very imporiant.

15, Micvomya dris novi-choreer {Lea) (sec: Ortmann, '19 p, 270.)

This species stands by itself. 1t is characteristic for the
lake-drainage from New York te Michigan, both in Lake Frie
and its tributavies, but it is not found in the upper Ohio dimin-
age, where s place is taken by the typien] Micromyn in
(Lea). We have here a ease of an identiond form in the lake
and s tributaries, bul different Crom the Ohio-Torm,

£

16, Lewmigone compressa (Lea)
This is found in the upper Ohio drainage, in Wibutaries
of the lake, and in the lake proper. Iis value for distributions]
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studics is thus doubtful. But the faet that it is extremely
rare in tho lake {only 2 specimens ever recorded, one from
Presque Isle, Pa, the other froam Sandusky Bay, 0.) ap-
piwches this species to those which are not in the Iake (Nos.
B and 34 abovely H has the appearance, as if this species
shundant and {lourishing in tributaries and small streams in
reneral, does not take kindly to the lake-environment.

1T Eiiptie eomplonatus (Dilho,)

This is an abnormal ease. It is an Atlantic species, not
found in the upper Chio and not elsewhere in the Erie drain- .
age. I shall discuss this case at the end.

18, Awnodonin grandis Say 19, Anodonteides ferussactonus (Lea)

These will be left out of consideration. - Although in both
the lake-form is somewhat different from that of the tribu-
taries, and although the latter again generally resembles the
Ohio-form, the various forms are not strietly separated along
these lines.  Anedonta grandis fooltiana (Lea), the lake-form,
has been frequently reported from the Ohio-drainage, and in
Avadontoides the same condition apparently prevails; but in
this case the forms require further investigation, the Var.
hechanensis Lea, generally atltributed to the lake, probably
having been misunderstood.

THE THEORY OF THE CROSSING OVER THE DIVIDE.
(See: map fig.1)

There has sever been a canol connecting the headwaters of
Grand ey with the Ohio sysiem. This 1s true also of Chagrin
River, but is different in the ease of Conneaut Creek, where
the headwatery come into contact with those of the upper
Beaver (Shenango) River and French Creek (tributaries to
Ohio, respective Allegheny.) This region was traversed by
the old Beaver Canal, and 1 have suggested ('19) the possibil-
Hy, that Conneaut Creck might have received some of ils shells
by this route {from Shenango River in Pennsylvania.) But
sinee the species, which might have taken this route (Pleurc-
toma cordatum. cocdinewm, Elliptio dilatatus, Lesmigong cog-
tuta, Alosmidonta marginata, Strophitus rugosus, Ptychobran-
vl fasciolore, Lampsilis siliguoldeq, Lumpsilis ovata ven-
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tricose} are not peculinr to this system, and possess all »
rather general dlstnbu tion, being also found in Grand an
where there was no canal, this way of mrigralion s for Gram
River excluded, although it should be admitted as a possi b}il iy
for Conneaut Creek. -

The canal-theory deserves more consideration in the e
of Cuyahoga River, the next tributary of the lake fo the Wou

of Chagrin River. This was connected by & eanal with the

~Tuscarawas-Muskingum system of the Ohio,  In Cuyahop
River there is al least one speeies of the Tuscirmwas dr e,
Laswigone complanala (Barn.y, which is not found in (he
lake, and just this speecies favors the canal-environment,®

The headwaters of Grand LRiver closely interfock with thal
of the Beaver drainage, in fact. they are almost surreundid
by it (Mosquito and RKagle Crecks, tribufaries to Mahonine
lver), with the exception of the western side, where thiy
come into contaet with the headwaters of Cuyahoea River,

The upper Cuyahoga has 2 history of its own, nnd probably
a rather complex one. I might once have bhelonged ta the
Tuscarawas drainape (Newborry, 73 po. 204, 2ORY : but the
heavy, stratified gravels between the bend of the Chyvahaop
and the Tuscarawas (near Akron) are considered obeint oni-
wash by others (Leverett, 62, passim, and map. pio 153 'i"iw""'
also might have existed here a lnr ge placial lake, connectod
different times toward the South and foward {he North, Fo
this reason it seems well to consider also this river in the ! E
fowing studies.

The Naiad-fauna of ilese rivers {Cuyshogsa, Tusearawss,
and Mahoning) is well knowzp and of the shells mentioned
above, the following distributional faets should be emphasized.

1. Fusconain flava~Missing in the whole Beaver {Shen-
ango and Mahoning) drainage (Orbmann, 9 e Ty, Bk pros.
ent in the uppermost Tuscarawas, near Akron: 7 nolb z'n fhn
upper Cuyahopa,

s

*The Cuyahogn faunn has other peculinrities, which deser ve speeial
diseussion, but I eahinot go into detail here.  Some of the facts will be
aliuded to below,

tSev:  Dean, 00, Str';kl, ‘07, and my own eellections, purtinily pub-
lished in "19.
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20 Aclinowins corinata,—Missing in the 11;)1301' Mahoning
{Ohio part of it), and in the Shenango above Sharon, Pa.
(Do, 790, Ortraann, "19 . 2368) - present in the Tusearawas,
bhut wot in the headwaters above New Philadelphia (Sterki
colleetion in Carnegie Museum) ; nol in upper Cuyahopn,

i

3. Proptera oluta.—DMissing in the whole Beaver drainage
(Gitmamn, 19 p. 266), missing (n the Tuscarawas {(Sterki, "07
p. 393}, and missing in upper Cuyahoga,

Vo Licwania recta lalissima~Missing in the Beaver dyain-
age (Orlmann, "19 p. 280) ; present in Tusearawas, but not
in the upper part (above Now Philadeiphia) (Sterki collee-
Hond; not in epper Cuvahoga,

Thius theee § spocies are not Tound in that nart of the Ghic-
e which comes into contact with Grand River, and they
absent in the upper Cuyiahogn,  For these, at least,
the assuniption of a cressing of the divide by stream-caplure

is positively exeluded.

~

For the other species the following facts of distribution
hive been ascertained.

The following species are found in the upper Mahoning,
upper Tuscarawas, but not in the upper Cuyahoga:

=1

Lo Awldema costuta Alwsmidonte murgineta

4o Plewroheme eordatim coeetnenm. €, Piycliobranchus fasciolore

do Kt ditatatus 7. Obovurin subrotunda leng

4 Lusmigona costuta B, Lawmpsilis vvata ventricosa
Two more species arve in all three systems:

Ateaphitng rugosis - Lenpsilia siliquoiden

The possibility must be granted that these last 10 species
mivht have come into Grand River from the adjoining Ohio-
mibularies, presumably by stream capture. However, in B
af them, the upper Cuyahoga (if it ever was a tri butary of the
Tuscarawas) is excluded, and only in the lagh 2 species this
alter river might come into question. But these two species
are of such a general distribution, that they do not furnish
any conclusive argument. The other & species, if they have
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come from the South, could have come only from the Mu
honing system.*

Although there are 8 cases, which would admit the theory
that shells have been transferred from the upper Mahoning
into Grand River by stream capture, there are 4 others, which

are positively opposed to it. Moreover, there iz no physio :

graphical evidence fer stream capture in this region, The
divides unre all il-defined here, and, althouph & mingling of {he
waters is possible (and aetually present al ceriain points),
this concerns extremaoly small stre; s, into which no Nafudes
have advaneced.

In order to support this conclusion, § may be permitled b
introduce here the evidence furnished by the distribution of
certain erayfishes {(genus Ceambarus). These creatures ad-
vance much farther toward the headwaters, than the Najades,
nevertheless their evidenee s distinetly oppesed to the theory
that they have crossed the divide.

Grand River possesses the species Cawmibarus propingus
Gir., characteristic for Lake Erie and many of its tributaries
(also farther North and West), and this species is also in Ash-
tabula River and Chagrin Biver. The upper Mahoning HNiver

#It might be interesting to say a few words about the upper Cuyn-
hoga fauna, This consists of the following species (Dean, N0; Hterkd

and Orimann collections in Carnegie Museunu) .
Lasurigona compressa {Lea)  Anodontoldes fernssecimus (Led)
Loasmigonn costata (Haf.) Strophitug rugosus {(Sieaing)
Anodonta grandis Say Ligumia nasuta (Sey)

Anedontae fmbecillis Suy Lunpsilis siliquoidea (Barnl)

There is ne evidence in this fauna for the former connection of the
lipper Cuyahoga with the Tuscarawas. The presence of Anedonte inhe
eillie, which is & form alse found in the Tuscarawns, preferring loke
and canal envirenment, cannot be intreduced in favor of this esumy
tion, for this speeies has a rather ervatic rnge Lolse i Fake Wi
hastn,)  Ldgaoeio nesuta, o charneteristic form of the ik, oo very
peculiar type of shell in this reglon; it alse 1s o typical Palrewchwetlor, Bt
is found nowhere else in northern Ohio in tributaries of the lake (excent
some very smali and sluggish ones close to the luke in the vieinity of
Polede), and is alse absent in the Muuwmes River. Poxaibly botln species
Anodonte imbecillin and Ligwmile noasute ave remuants of the Touna of
a lake of good size (mentioned above), which once euisted in thiv region,
and was eonnected with Like Erie by the lower Cuynhogi
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(as well as the whole Beavey drainape} has Cambarus ob-
senvus Hug., the Torm of the uppermost Ohio-drainage  (in-
eluding Allegheny and Mononguhela)  In Conneaut Creek,
hoth speeies are Tound, and hero we may take it for granted,
that the old Beaver-canal has actod,

From the Cuyahogs, the ake species (C. propinguus) has
nol been reported (but it is in tocky River, a little to the
West) r however, it may turn up here yet. 1In the upper parts
of this drainage, in the Cuyahopga and its tributaries, as well
as i oseveral lakes, T found only Canbarus propinguus san-

havri (Fawly, the form of the Tuscarawas and Muskinpum
Rivers: this surely indicates a closer connection of the upper
Cuyihoga and the Tuscarawas, but it remaing  doubtful,

wheiher this i3 due 1o old drainage-features, or to the modern .

This much is sure, that by the evidence Furnished by both

s and the Crayfishes of Grand River no stream
v iz proluble in this region, and that there are cases
1 pomitively speale agninst it

GF the four species of Naides, which could not have come
frony the Mahosning, none is found in Lake Erie. Actinonaios
caifiade is altogether nmissing there, and the three others
Fuseondie fluva, Proptere alate, Ligimie rectg latissinia)
are represented by move or less distinet foms,  Yet all of
these are present in other tributaries of the like, Disregard.
g the Maumee (in which all four are present}, but which is
supposed to have heen the route of imm igration of zll Ohio-
trpes, we have them in the following rivers: Grand River in
Ontario (all exeept Ligumia) ; lowey Cuyahoga (all, but Fus.
vt piight have come from tho Tuscarawas, which is ex-
chuded in the other three) » Vermilion River (only Proptera)
Sandusky Liver (all four) : Raisin River, Mich. (Fusconaig
and Aelinonaiasy ; Huron River, Mich, (Actinonuios and Ligu-
mta)  In the cases of Grand River, Ont., Raisin and Huron
Rivers, Mich, the argument also holds goed, that these species
cotdd not have come from the Ohio drainage, since these sys-
feis do not come in contact with the latter, ‘

This means that these¢ four species, at present, have a
dseontinuous distribution, being found in a number of tribu-

vl A lERR
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taries of Lake Erie, but with the ranges separated by the body
of the lake, and the same assumption, of course, i admissible,
although not positively demonstrated, in all other eases here
discugsed. Thus a theory, which explaing these four cases
also could be used in the others, although as an allemnalive
it 18 not exciuded, that they might have come across the divide
from the upper Chio at least in the state of Ghie,

Additional species which might fall under the same category
with the above, and chiefly with Aetinonaics carinata, are:
Alasinidonte marginate {(Say) and Lampsilis fasciolo Raf,
Both are not found in the lake. The formoer is in Grand R
Ont., in Raisin ., Mich., in Sandusky, Cuyahoga, Grand Riv.
ers, 0., and Conneaut Creek, The Iaticr is known only from
Raisin 'R., Mich, and Sundusky R., O. (hoth are in {he
Maumee)  Immigration into the tributaries of the lake
Ohio from the South is here algse thinkabie; but these specie
have the same discontinnous distribulion in Hlu fake tribee
Laries, as the twelve mentioned above, and o theory expln-
ing this discontinuily would also serve in their ense

It 18 clear, that such a theory should veconstruct a lormer
connection of the now separated river-systems, o union of
them into one system, to which they were tribularies.

THE NEW THEORY.

Turning to the glacial history of the lake, we find that in-
deed there was once such o drainage condition reproeseuvted
during the stages of the so called Tront and Nipiseing Owtlcl:
the former a little earlier, the latter o Hitle later toward %;w
end of the Glacial time. )Ufu}'i are characterized Ly the peoi-
Liarity, that the wateis of the upper lakes (Superior, Michigan,
uron, at & certain time called Lake Algonquin) did not flow
to Lake Erie {(Detroit River route), bul were flowing, in the
Trent stage, from Georgiun Bay of Lake Huoron divectly to
Lake Ontario {Lake Iroquois), and, in the Nipissing slage, by

way of Lake Nipissing to the lower St Lawronce valley {at
that time Invaded by the Champlain Sea) (See map fig, 2)*

At this time, Lake Erie, at present a rather shaliow body of

* Qe maps: Chamberlin & Salisbury, 3. 06 p, 401 fg, 521 and p. 44
ﬁg 522; alsor Walker, "13 p. 44 flg. 4
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aetically dry, possiblv only with a small remnant
i eond {near DuiTalo), and, consequently,
iver, ontorine the hosin o s g
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i the e TRENT OUTLET STAGE OF GREAT LAKES.
pecHs Adapted from Walker, Naut. 27, 1913, p, 44 fig. 4.
f}:\l _ Thus we obtain a system of connected ,‘fi\fe-z"s, an enlarged
‘;.n e : .'\fsalmm'e-system‘, collecting all the tr"ibu’.r,arios in which the
qy Lo : ?'\.‘:llz‘t(ifﬁ.‘-‘,.hmi"{i discussed are found, and this system had a con-
o Ly Hiueus fruna, the Maumee fauna, which, as Watker has shown
;'V' ’ {;1‘%‘ . '8 was mainly derived from the Wabash River, a tributary
ok 5 of the Ohio. ’
m}dy o : Litber on, after the Trent and Nipissing Qutlets were closed

ithe Lilter by a re-elevation of the continent in the North-
Fast), the waters of the upper lakes were furned again, by
way of Detroit River, into the Lake Erie basin, filling it up,
and drowning the lower Maumee and the lower parts of its

ik p. 40t




114 THE AMERICAN MIDLAND NATURALIST. .

tributaries. Only the upper parts of the latter persisted as
rivers, becoming tributaries of the lake, and containing, up i«
the present time, the remuants of the onee continuous Tauna,
now hecome disemilinuons, Tu the new Lake Feie, (he S,
cither dicd oul (Aetinonalas curimta, Mosoddonta matrgis.
ata, Luwmpsilis fasciole), or (In most cuses) chanped widder e
influence of the different lake environment, producing thow
forms, which we know now as the representative lake-forms
of the criginal river-lypes,

Of course, we should cxpeet the old Maumee-fauna bhes
preserved in the present Mawmee (upper parl of Mauwmoee of
Trent-stage), and this is actually the case: all the specios dis-
cussed here {and many additional Ohio-Lypes) are found ju
the Maumee. ™}  Bul this requires no special diseussion, sinee
this river formed the highway along which the Ohio-fawe

migrated into lhe Eyvie basin.

For the other tribuwlavies of Lake ISrie, however, woe o
justificd in drawinge the following conclusion. The fael, thy

Cthey contain a number of Ohio-lypes, which are reprosented

in the lake by diffevent formz, or not at all, must be expluines,
in the Grand River of Ohio and in the Srand River of Oniavic
and also an tribulsvies at the western end of the lake ip
Michigan, by the assumption thal these vivers were ab o« cor
tain tinie tributaries of an old Mannice River, contipued clong
the Iirie basin, which was dry. This was towards the end of
the Glacinl Period, al the stages in the development of {he
Great Lakes known as the Trent and Nipissing Oullet sioges,
This continuous and connected river-systom was rondered dis.
continuous by the re-filling of Lake Evie in Post-Champlain
time. In the rivers named, this assumption is imperafice, bhe
cauge an immigration from the Ohio-system {(other than by
the Wabash-Mawnee route) i exeluded.

Furthermore, if this is correet, nothing prevents {he as-
sumption that algse in other tributarvies the same explanation
holds good.  There is, indeed, ihe possibility, that in other

* A remarkable exeception is Liguwmic wasetn, which is not in the
Maumee; this species stunds by itself, IU de of western origin, but ap
parently hax o history of its own, being poxsibly one of the ohiest b
migrants into the lake-basin,
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ivers ine the state of Ohio some faunal elements of the upper
Ohio drainage may have reached the lake-tributaries by
stremmnepivacy in the region of the headwaters. But such forms
anot be singled out, since they do not differ from those
which used the Maumee-route. In addition, some forms may
e roached the lake-basin in very recent times, coming from
Hie upper Ohio by eanals, as in the cases of Conneaut Creck
sad Cuvaboga River, but such eases scem to be very few (one
has heen dndicated above.)  The Mismi-Maumee and the
Wabhash-Mawmnee canals of recont times may also have helped
v introduce additiona]l Ohio-lypes intoe the lake-basin, and,
auleed, thoere are sovoral species knewn, where this might be
spovted. Bul this is outside of the scope of the present
e, and, moreover, it conceins the samo region eovered
e the ofd Wabash-Maumee route of hnmigration,
THE CABES OF MICROMYA IR!IS NOVI-R BORACI AND BLLIPTIO
COMPLANATUS,

OF the siells which compose the fauna of Grand River,
fee additional cases require further discussion.

Mieranym iris novi-eborael is found in the lake, in the
Minmee, and a number of Lhe fake-tributavies, but it is not
i the wnper Ohio-drainage, hoing representoed thore hy Micro-
wtt dvis (Leay  The lake-form is not distinpuishable from
the Torm of the tributacies, I this case we may assume, that
e form novi-ehoraci came in recent times from the Maume
it the lake, and then ascended into the tributaries. 3ut, of

-ovse, there is ne objection to the assumption, that it also is

:

remnant of the Trent-Nipissing stage, but that here the

it has wot changed in the lake. A few additional, similar
nasedare known: Quadrula pustulosa prasing {(Conr.}y (re-
csetited inthe upper Ohio by Quadrule pustulosa (Lea) ;
Sanoni suleate delicata (Stmp.) (not in upper Ohio) ; and
b following species which, although present in the Ohio-
e, are not found in the tributaries in northeastern
Tia - and northwestern Pennsylvaniac tuadrule  quadrida
Lel)y Obliquarie refleca Raf., Truncille truncata Raf.,
cuneilla donaciformis (Lea). For all these the same holds
sod as Tor Micromye iris novi-eboraci. ‘
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Finally, Ellipto complanaius (Dillw.y in Grand River is
an anomalous case. This is a commen Atlantic species, miss
ing in the whole interior basin.  Yet I have found » single in-
dividual, and Stexki (07 p. 393) has reported o sinple shell
from the Tusearawas drainage noar New Philadeiphin, 0.
(collected I 1898 ; the specimen is now in the Carnegic My
setm. )

This species is known from the St. Lawrenee and Lake
Ontario along the Nipissing and Trent routes to northern Lake
Huron and the eastern part of Lake Superior {see map oives
by Walker, 13 p. 30 fig. 2), but does not go thenee southwar
into the southern part of Lake Huron, and has never boes
found in Lake Iirie,

Walker (13 p. 45) connects this range with Lhe Tren
Quilet stage, and thinks that this specles came from the Ma
hawk Outlet of Lake Iroqueis (Ontario) up the Trond Hive
into Lake Huron. This undoubiediy is covrect, nnd i
be added that another species teol the same rauts
gifig radiata (Gmely (often ealled Doreniis Gran)

practically in the snme rogion, from New Yerk stale o
T : )

St. Lawrence to Laake THuron in the Georsian Tav roodon, o
* .
it does not go farther West,

"The oceasional presence of Filiptio compionuing in Gr
iver, and even in the Tuscarawns, is very astond
only explanation T can think of, is the following,

Since there is, apparently, no natural barrier to the dic
persal of this speeies from Lake TTuren southward into Lake
Erie, Klliptio complanatus wight be expanding its vange i
this divection at the present tine, not only into Lake Erie, hu!
also into some of its tributaries, Tor instance Grand and Coyae
hoga Rivers, and from the Intler it mipght have reached ihe
Tuscarawas by the canal.  Bul only the fororunners, occa
sional individuals, are arriving. They mivht he alao in {he
take, bud have not vel been discovered.  TL would be interest-
ing to watch the Turther progress of lhis colonivalion, O
course we know that here, as pencrally among mussels, the
disperaal probably is by fransport in the larval siage by {fishes,
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but what we know about this shell in this respect does not
furnish any additional information.*) '
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