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SOME NEW SPECIES OF CAMAROTOECHPA FROM 
THE BAJNBRIDGE LIMESTONE OF MISSOURI" 

BY 

JOHN R. BALL 
Narthwesderli 27duessity, Btats @sological: Burvey 

AND 

P. H. DUNN 
Univer&y of Ch6cago 

During the years 1923 to 1926, under the direction of the late 
Stuart Welter, the senior author has studied and described some of the 
fauna of the Bainbridge limestone of southeastern Missouri. The 
descriptions written at that time are in a manuscript filed in the 
libraries of the University of Chicago, A faunal summary and a possi- 
ble correlation of the limestone have been published in one of the theses 
abstracts of the Univetsity of Chicag0.l A study of the Bryozoa, and 
of the micro-fauna was not undertaken in this earlier investigation. 
During the summer of I930 the junior author has collected extensively 
from the Bainbridge formation. In the large amount of additional 
material that he has secured it becomes evident that some mdification 
of earlier conclusions reached regarding the fauna may be justifiable. 
Some of those modifications are presented in this paper. In addition, 
the studies of the junior author art revealing a large rnicrefauna in 
practically all of the Bainbrjdge. 

In the course of the earlier study of the Bainbridge fauna, three 
new species of Camarotoechia were described. Two of them are named 
Crawawatoeckia ilzdianaiderm n. sp. and Cmarotoechia ncgl~ctoidea n. sp., 
respectively. These names were given in recognition of their striking 
resemblance to the well-known Silurian species from Indiana and else- 
where. With both of these Bainbridge species in the collections first 
studied were a number of closely related forms, rather sparsely dis- 
tributed among the specimens. On account of their relatively rare ap- 
pearance in the fauna, therefore, it was judged to be more conserva- 
tive to regard them as but variants of the much more abundant species 
named above. 1 rechia ~zegkctoidea apparently had but one or 
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two variants but there appeared to be at least five related 1r0- 

toecRiu indianoidea. In the evidence afforded by the adi na- 
zerial that Mr. Dunn has collected it k a m e s  quite evident Mat certain 
forms, previously regarded as variants, may be o nct 
species of Camamtoechia, .They are present in re I m- 
ber, and the particular differences that they possess are represented 
both in individuals that are young and also in mature representatives. 
It is the conviction of the authors, therefore, that some of the "variants" 
af the earlier descriptions may be set aside, and that one variant of C. 
nsg!ectoide'ea, and three ve varian be 
elevated to specific rank. eassignrn4 re- 
studied, leaves at presetlt ullc variant ~enraming _ .  _ .  wgrscrolaea, 
and tw that now are regarded probably as variants of 6. maclbi- 
tIicata Dunn, n. SP., described in this paper. This study, ac- 
cording~~, Increases the number of new species of Ca.m-~otoechh in the 
Bainbridge fauna from three to seven, an of 
Brachjopoda now known from the Silur 
fi fty-nine. 
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Descriptions of the new species, including also those r 
toechid india~toidea and Ca%rotsochia neglectoideq follow 

Qass BRACHIOPODA DumeriI 
Order TELOTREMATA Reecher 

Family RHYNCHONEUIDAE Gray 
Genus CAMAROTOECHIA Hal! and Clark 

CAMAROT~~~ECHI~ INDIANOIDEA Ball, n, sp. 
Plate 5. Flga. 1-5 

Dcsc&$tion.-Shells small, subpcntagmal, commonly wider than' 
long, the greatest widtlt about midway between the beak and anterior 
margin, the postera-lateral margins nearly straight or sometimes 
slightly concave, diverging at an angle of approximately 95", the 
lateral margins nearly straight, the antero-lateral and anterior margins 
commonly straight but in some instances gently rounded. The dirnen- 
c f one individual zngth 11.8 mm. ; I* ; 
I ;s 7.6 mm.; great 1 of sinus I0 rnm of 
j nm. 
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PedicIe valve shallow, its greatest convexity in the urnbonal region, 
the surface sloping abruptly from the umbo to the posterrr-lateral mar- 
gins near the beak, with a gently convex cumture toward the lateral 
and antero-lateral margins becoming slightly flatterred or concave near 
the margins. From beak to  anterior margin along the mesial line the - 
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curvature is regularly elliptical, while transversely the curvature is de- 
pressed convex. Originating near the hase sf the umbo, a broadly tri- 
angular and shallow mesial sinus, its surface slightly convex trans- 
versely, is produced anteriorly in a long and regularly rounded lin- 
guifom extension into the opposite va l~e .  It usually bears three, 
sometimes four. low, broadly rottndcd plications, faintly discernable 
across the urnho, but evidently extending from the beak; on each lateral 
slope are three or four distinct plications with occasionally a few addi- 
tional ones aIong the postero-lateral margins, at! of them faintly defined 
posteriorly. Beak small, painted, and slightly incurved. 

Brachial valve thicker than the pedicle, its greatest thickness 
slightly anterior to the midpoint of the valve, the mesial region flat- 
tened transversely in the timbonaf vicinity, the flattening continuing 
anteriorly into the broad mesial fold which originates in about the 
midpoint of the valve, and in some cases well toward the anterior mar- 
girt. From the flattened umbonal region the surface descends almost 
at a right angle into the compressed, slightly concave postero-lateral 
surfaces. On each lateral slope the surface curves regularly and 
strongly from the umbonal region ttoward the antero-lateral margins 
with a curvature about eqilal to that in the mesial sinus of the pedicle 
valve. Along the mesial line from the beak over the bimbo the curva- 
tuse at first is strongly convex, then continues anteriorly in a flattened, 
gentle, convex line, in some specimens becoming slightly concave near 
the anterior margin. On the mesial fold commonly are four plications, 
m~ell defined and subangular at the anterior margin, while on each Iat- 
era! slope are three or four pIications less conspicuous than those on 
the fold. All the plicatians extend from the beak but are faintly de- 
fined posteriorly. A distinct mesial furtow is well developed in the 
umbo and extends anteriorly across it. Beak broad, inconspicuo~is and 
closeIy incurved. 

Faint concentric markings, sometimes present on both valves, 
generally are best developed near the anterior margin. 

Obserz~~tiom. This species apparently is confined to what has 
been called the 'Werisfa" bed in the Bainbridge limestone. Along with' 
M h s t a  tennesseem*~, Camarotoechia neglectaiden n. sp., and A ~ y f i a a  
welleri n. sp., it is  one of the most prevalent brachiopods of that stratum 
and, like the first two of these named, it is noteworthy for the number 
of young specimens represented. It is quite similar to CantmotoacJ&? 
indionaensk (Hall) and resembles that species in its variability of form; 
it differs from it, however, in its relatively more transverse outline, in 
the fainter development of its plications, and in the persistent occur- 
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rence of three plications in the pedicle sinus and four on 
fold. Individuals in the Bainbridge fauna with three ana Tour p 
tions, respectively, in the sinus and on the fold are so ne 
coIIection of over three hundred specimens that they are h 
as the prevalent and characteristic type of this species. 

Location.--South slopes of Greither I-lifls, overlooE 
Mary's road, two and one-haIf miles southeast of Ozora, J 
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C~U~AROTOECITIA EXTANS, Ball and Dunn, n. s~ 
Plate 1, Figs. 11-16 

Desc~iptio:ots. Shells small subpentagonal, length and wldth abwt 
equal, the greatest wic :ly anterior to the midpoint, postero- 
lateral margins gentIy 1 diverging at an angle of about 113', 
lateral and antero-Iater~~ IIIalg~ns replarfy rounded, anterior margin 
nearly straight. The dimensions of two individuals, one the 
holotype, are : l e n ~ t h  12.6 mm., 13.1 Inm. ; width 12.5 mm m. ; 
thickness 10,6 mm. and 7 mm. 

Pedicle valve shallow, its greatest convexity in the llmE ion, 
the surface sloping abruptly froin the zrmbonaf region to 3-0- 

lateral margins near the beak and with gentle curvatare toward the 
lateral and antero-lateral margins, and greatly flattened along the lines 
of the plications bounding the mesial sinus. Along the misial line from 
beak to anterior margin the curvature is strongly elliptical, while tmns- 
versely in the posterior region the surface is depressed convex and 
deflected dormward abruptly at the lateral margins. A sllallow mesial 
sinus, whose width at the anterior margin is about three-fifths the 
greatest width af the shell, originating at the base 
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flat er slightly convex transverseIy, is produced 2 in a lingu- 
late extension into the opposite valve. In the sinus :le plication, 
usually sharply angular, but sometimes faintly dennea and extending 
from the beak: on each lateral slope are three or four Iow and rounded 
plications, those next to the sinus larger than the others. These pli- 
cations also extend from the beak and in some instances there are more 
than four. Beak erect, small and pointed. 

Brachial valve thicker than the pedicle, its greatest th in 
the midpoint of the valve, the surface depressed and faEtenea at the 
base of the umbo and on the fold. From the urnbmal region the sur- 
face descends abruptly, almost at right angles, into a slight concavity 
on tile postero-lateral margins, while along the lateral slopes the cutva. 
ture from the umbo is strong and regula~ e fold, b the 
antero-Iateml margins the surface is deffel iptly dou  to 
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the compressed surfaces of the margins. A somewhat narrow mesial 
fold, originating about the midpoint of the valve, bears two strong, well 
rounded plicatims extending f m  the beak, the mesial furrow separat- 
ing them distinctly impressed along the umbb. On each lateral s l o p  
are from one to three low, simpIe and rounded plications, less distinct 
than those on the fold, also extending from the beak, although in some 
cases nearly obsolete. Beak broadly triangular, inconspicuous, and 
closely infolded. 

Faint concentric markings are sometimes visible on both valves 
of the shells. 

Obsewations. In average size and in general, outline this species 
resembles C. i8difiddeleo n. sp., and formerly was regarded as a some- 
what freakish val.imt of that species. It is more sub-ovate than that 
species, however, the postero-lateral margins are more rounded, and it 
has but one and two plications, respectively, in the sinus and on the 
fold. It also resembles C. biparaifa Ball and Dtlnn, n. sp., (Plate I, figs. 
6-10) but in that species the plications in the sinus and on the fold 
are accompanied by fainter, secondary plications that are lacking in 
C. extafls. 

Locality. South slopes of Greither Hdls, two and one-half miles 
southeast of Ozora, Missouri. 

CAMAROTOECHIA B~P~RTITA Ball and Dunn n. sp. 
Plate 1, Flm. 6-10 

DescP.ipriott. Shells small, subpentagonal, length and width about 
equal, the greatest width at the midpoint of the shell, the postero-lateral 
margins nearly straight, diverging at an angle of about 102", the lateral 
and antero-lateral, margins gently rounded, anterior margin slightly 
angular. The dimensions of trvo individuals are: length along the 
fold of the brachial valve 14 mm., 11.4 mm.; width 14 mm., and 11.3 
mm.; thickness 10 mm., 7.5 mm.; width of sinus at anterior margin 10 
mm. and 7.5 mm. 

Pedicle valve shallow, its greatest convexity in the umbonal region, 
fhe surface sloping abruptly from the umhonal region to the postero- 
lateral margins near the beak, and with a gentle convexity toward the 
antero-lateral margins, in some instances with an abrupt deflection 
downward at the margins. In many instances there is scarcely any 
curvature along the plications adjacent to the mesial sinus. A broad 
and shallow mesial sinus, originating in d ~ e  umbonal region, whose 
width at the anterior margin is about three-fifths the greatest width of 
the shell, the bottom slightly convex transversely, is produced anteriorly 
as a sub-rectangular lingulate extension deeply into the opposite valve. 
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The sinus usually bars three ptications, the mesial p more 
prominent than the others, the two secondary plications : ,s but 
faintly deveIoped, and occasionally one of the two is lack~ng. v n  each 
lateral sIope are three or four low rounded plications, the ones adjacent 
to the sinus much larger and more angular, the others sometimes but 
faintly developed, or with all but one or two obsoIete. All of the plica- 
tions, incfudir in the sinus, extend from the beak. ;mall, 
pointed, and : t closely infolded. 
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Brachial Y d l Y C  lIli~ker than the pedicle, its greatest L L ~ I C K L ~ C ~ S  an- 
terior to the midpoint of the valve, the surface flattened over the umbo 
and fold. From the umbonal region the surface slopes at first gently, 
and then abruptly to the slightly compressed postero-lateral margins. 
From the region of greatest thickness same 
manner laterally, descending with a t the 
lateral and antero-lateral margins. A Rariowly rrlanguiar mesw fold, 
originating in the urnbnal region, bears on its flattened surface four 
low, rounded plications, which have developed by bifurcation from 
the two which extend from t he  beak, the plications separated equally 
by a ; the plis d jacent I irrow 
some m those ng the n f the 
fold. the plica netimes are mree, all 
extending from the beak, but occasionally there are less hree, 
or the lateral sfopes are smooth, Beak broadly triangular  con- 
spicuous. 
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Obseseruntiooas. TI :s tends ' rhtly more robtlst than 
Cam7%avof occhia ittdkmc hough wl individuals of the two 
species are of about I size, t! striking similarity in 
general proportions and outline. It differs markedly, however, from 
C. indhnoideu in that its plications in the sinus and on the fold are of 
unequal size, where in that species the plications are of equal develop- 
ment. It resembles also C. extans n. sp., in general outline and con- 
vexity, but in that species there are but two plicarions on I and 
onIy one in the sinus. 

t the folc 

Ho&?on alzd locality. Bainbridge limestone, south slope of 
Greither Hills, Missouri. 

CAMARW~'OECHIA MULTIPLKCATA Ball a d  Dunn 1 

Plate 1, Figs. 1620 

Dssc~ipton. Shells small, suhovate to suhpentagonal, 
greater than the length, t he  greatest width at the rnidpoin 
the postero-lateral margins slightly concave, diverging a1 
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about 95", the lateral and antero-lateral margins regularly rounded, 
the anterior margin gently rounded. The dimensions of the holotype 
are length. 16 mm. tvidth, 13.5 mm., thickness, 9.7 mm. 

Pedicle valve shallow, its greatest convexity between the umbo and 
the midpoint of the valve, the surface along the mesial portion of the 
valve with strong and regular curvature from the umbo, but from 
the umbo towards the antero-lateral margins the surface descends at 
first with gentle curvature, and then becomes flattened considerably 
near the margins. From the umbo the surface slopes abruptly towards 
the postere-lateral margins near the beak, descending into a slight con- 
cavity on the postero-lateral margins. The same slight deflection occurs 
afso at the lateral and antero-lateral margins. A broadly triangular 
and shallow mesial sinus, originating at about the midpoint of the valve, 
and occupying about seven-tenths of the greatest width of the shells, 
is produced anteriorly in a broad, lingulate extension into the opposite 
valve. I t  bears four low, rounded plications, all extending from the 
beak, with occasionally a fifth plicatien faintly defined. On the lateral 
slopes are from three to five plications, low and well-rounded, also 
extending from the beak. Beak, small, pointed and erect. 

Brachial valve thicker than the pedicle, its greatest thickness 
slightly anterior to the midpoint of the valve, the mesial region some- 
what flattened in the umbo, the flattening continuing anteriorly into 
the broad mesial fold. From the umbonal region the surface descends 
abruptEy into the compressed, slightly concave postero-lateral areas ; 
on each lateral slope the surface extends from the umbonal region in 
a strong, arcuate curvature to the antero-lateral margins. A broadly 
triangular fold, originating at about the midpoint of the valve continues 
with a slight convexity te the anterior margin, sometimes slightly de- 
flected upward at the margin. It bears five low, well-rounded plica- 
tions, the plications laterally on the fold sometimes less well developed 
than those nearer the center. All of the plications extend from the 
beak, and a fairly well defined mesial furrow extends from the beak to 
the anterior margin. On each lateral slope arc four or five close-set, 
low plications, extending from the beak, but not always as distinct as 
those on the fold. Beak broadly triangular and infolded. 

Concentric lines of growth sometimes visible near the anterior 
margin of both valves. 

Ob~cf i~nt iow~.  This species has the same general form as Catnaro- 
toechia ilzdiaarnoidea n. sp., but differs fromit and from the other species 
described in this paper in respect to the greater ntlmber of plications 
that it possesses. It, like the Aierida tewzcssee?z-Fis Hall of the Eaim- 
bridge fauna, exhibits some variability of proportions, a robust, sorne- 
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what elongated form appearing with those of the more transverse type. 
Several other individuals in the collections, while possessing a greater 
number of plications, have not as yet been described as distinct species. 
It is more probable, however, tl are variants of tI ,s, if 
such they are, rather than val C. indl'n~oidea, ially 
named in the University of Chic uscript. 

Harizola and locoliiy. Bainbridge limestone, south slopes of 
Greither Hills, near Ozora, Missouri. 
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C A M A R ~ E C H I A  NEGZECTOIDEA Ball n. sp. 
Plate I, Fige. 21-25 
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Description. Shells small, --st----+ .agonal, wider thdll lV1ls, the 
greatest width about midway b eak and anterior margin, pos- 
tero-lateral margins sIightly co 1 or concave, diverging at an 
angle of approximately 114", Iaterar margins slightly rounded, antero- 
Tatera1 and anterior margins straight. The dimensions of the holotype 
are: length 9.3 mm.; width 11.4 mm.; thickness 7.5 mm.; greatest 
width of sinus 6.6 mm. ; greatest width of fold 4 mm. 

Pedicle valve shallow, its greatest thickness in the ttm :ion, 
the surface sloping abruptly from the umbo to the card ,gins 
near the beak, but becoming greatly flattened over most O L  LIIL of 

teral slopes. Along the m from beak to anterior margin 
mature is strongly elliptic: :h a narrowly triangular mesial 
which originates slightly amerror to the umbo, its surface nearly 

flat or slightly concave transversely, and is produced anteriorly in a 
long, linguiform extension into the opposite valve, its distal portion 
nearly at right angles with the general plane of the valves. It pnerally 
contains three, sometimes four, ular plications extending from 
the beak; w each lateral slope : four to six plications, extend- 
ing from the beak, slightly more nt than those in the sinus with 
the exception of those nearest the postero-lateral margins. " ' nall, 
pointed, and erect. 

Brachial valve thicker than the pedicle, its greatest tt near 
the anterior margin, the surface descending abruptly from me umoonal 
region ta the cardinal margins near the beak and curving strongly 
and regularly over the lateral slopes along the foId and descending 
regularly from the fold toward the lateral and antemlateral margins. 
The mesial region is flattened transversely across the umbo, the flatten- 
ing continuing anteriorly along the long, triangular fold which develops 
at the umbo and which at the anterior margin is greatly elevated above 
the lateral slopes. From beak to anterior margin alonl :&a1 
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line the curvature is strongly elliptical at first over the umbo, and then 
becomes considerably flattened toward the anterior margin. The mesial 
fold bears four low, sharply angular plications ail extending from the 
beak, with four or more less angular plications on each lateral slope. 
In some instances a mesial groove, developed on the umbo becomes on 
the fold a more pronounced furrow separating the plications than do 
the others. Beak relatively broad and closety incurved beneath that 
of the opposite valve. 

Obsemations. This species, along with C. indianoidea, n. sp., is 
abundant in the ~Werista bed of the Bainbridge Iimestone. Super- 
ficially it is suggestive of C, neglecta (Hall) of the Niagaran of Lock- 
port, New York, and of the JValdron, Indiana, beds, but it differs from 
that species in its greater size, its greater proportionate thickness, its 
strong transverse deveIopment and the larger angle of divergence be- 
tween its postero-lateral margins. It differs from C. indhnoidea in its 
transverse proportions, the angularity of its plications, the elevation 
of its fotd and its narrower and deeper pedicle sinus. 

Location. South slopes of Greither Hills, two and a half miles 
south of Ozora, Missouri. 

CAIFARQTOECHIA DIVERSA Ball and Dunn n. sp. 
Plate 1, Figs. 2630 

Description. Shells small, subpentagonal to subpyramidal, width 
and length about equal, the greatest width near the anterior margin, 
the postero-lateral margins distinctly compressed, diverging at an angle 
of about 9O0, the antero-lateral margins gently rounded or subangular, 
the anterior margin nearly straight. The dimensions of two specimens, 
the first one the holotype, are: length 8.5 mrn., 7.5 mm. ; width 8.4 
mm., 7 mm. ; thickness 8 mm. and 6.2 mm. 

Pedicle valve shallow, its p a t e s t  thickness near the urnbond 
region, but frequently the plications bounding the mesial sinus are so 
elevated at. the anteribr margin as to impart a subrectangular aspect in 
the lateral view of the valve, From the umbonal region the surface 
descends gently for a short distance over the lateral slopes and then 
becomes greatly flattened. From the umbonal reg-ion towards the 
posteso-lateral margins the surface descends with but slight curvature 
at first, and then descends abruptly into a slight concavity on the mar- 
ginal surfaces. A deep, narrowly triangular mesial sinus, originating 
at the base of the umbo, is extended anteriorly in a long lingulate pro- 
jection into the opposite valve. It contains two distinct, subangular 
plications. both extending from the beak, while on each lateral slope 
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are three or four plications also extending from the beak, the ones 
bordering the mesial sinus usually a little more prominent and deflected 
sharply upwards at the anterior margin. Beak small, pointed and erect. 

Brachial vdve thi~ I the pec greatest s at 
about the midpoint of t , the urn1 $on sligh ned 
and distinctly outlined ill a. Lrl*itgltlar patken1 uy the pronclu~~reu  om- 
pression of the antero-lateral margins. From the umbonal region along 
the lateral slopes the curvature is strongly arcuate, while a narrow, 
triangular fold is sharply elevated at the anterior margin, The fold 
bears three angular plic 9 extend ach 
lateral slope has two or ver and a ipi- 
ent additional plications es faintl! on5 

also e: ~ r n  the be 3( inconspicuous and inf~lc 
0 rw. Thi is more trianular in outlh uch 

more turnpressed along me psrtro-lateral margins than Cmarotoechia 
r.egIecfuidea of which it formerly was reg a varian ica- 
tions are not as numerous as those of C. dea, and tbly 
has two pIications in the sinus and three old wher lac- 
toidea has three and fa ctively. It resembIes C. ~aeglecfoidea, 
however, more than it d dianokdaa, and in its distinct and augu- 
lar plications and with ne thickness near the anterior margin 
it appears more nearly reratea to the former than it does to the latter. 
In these respects it also resembles C. tsegtectoas ban 
it does any of the other species described in this p: ncY 
of its number of plications in rhe mesial regions OI ovrn valves 1s a 
feature that appears in the young of the species as well as in the mature 
individuaIs. In the young individuals, however, the sinus and fold are 
not prominently deveIoped. 

Locality. South slopes of Greither Hills, two and one- iIes 
south of Ozora, Missouri. 
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EXPLANATION OF PLATEsz 

Frau. 1- 6. Camm~om~xa ImuPpornm Ball, n. sp. 
Brachial, pediele, lateral. cardinal, and anterior Hews of the 

holotype. 
Holotype W. M. 22302 
Paratygea N. U. 1232 

Fras. 6-10. C A ~ ~ A R ~ P X : ~ I A  DIP~RTITA Ball and Dunn, n, SP, 
Brachial, gedide, lateral, cardinal, and antetiof dews or the 

holotype. 
Holotype W. M. 22343 
Paratypes W. M. 22344 
Paratypes N. U. 1234 

FIQB. 11-15, C A M A R ~ E C H I A  EXTANS Ball atld Dunn, n. BP. 
Brachial, pedicle, lateral, cardinal, and anterior vievs of the 

ho!otype. 
Holotype W, M. 22306 
paratypea W. M. 22301 
Paratypes M. U. 1235 

FIGS. 16-20. Canrn~ow~cn~n MUEIIPI,ICATA Ball and Dunn, n. sp. 
Brachfal, pedlcle, lateral, cardinal, and anterior views of the 

bdotype. 
Holotype W. Ma 22242 

Fros. 21-25. GA~IA~OTOECRIA ~ ~ W E A  Ball, n. sp.* 
Brachial, pedlcle, lateral, cardinal, and anterior views of the 

Bras. 2840. C A A C A R O T D E ~  D-A Ball and Zlunn, n. ep. 
Brachial, pedfcle, lateral, cardinal, and anterior dews of the 

holotna. 
Holotype W. M. 22349 
Paratypem W. M. 22350 
Paratypaa N. U. 1236 

* All tbe lllnstrationtl are ~Ughtly reduced in mlsa 
*The andhors are indebted greatly to Mr. B. R. Millinpton, Northwestern Universftg, 

for his nsdstsnce i n  the work uf photography. 
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