


no. 1G46. REVISION OF BEYRICHIID.E—ULRIC II AND BASSLER. 281

(angular line drawn from the middle of the straight cardinal edge

divides the area of the valve into two more or less unequal parts of

which the posterior is the longer and usually the greater. In other

words, the valve is more or less oblique and its outline suggests a

parallelogram rather than an oblong. Now, in by far the majority

of Primitiidse and Beyrichiidse, the narrower and, rather less gen

erally, the thinner half of the carapace is determined to be anterior

also by the retral swing of the outline and the comparative analysis

of the nodes, lobes, and furrows.

The retral (parallelogram) swing of the outline is perhaps the

most persistent of the criteria, being applicable in even those cases

(certain Leperditellida1
) in which the valves are without nodes, their

surface uniformly convex, and the ends nearly or quite equal in height.

In many of the true Beyrichise the resulting obliquity of outline and

inequality of the ends are both very inconspicuous (as, for instance.

B. kochii, B. maccoyiana, B. salteriana), and in this genus it is often

necessary in deciding which is the right and which the left valve to

rely almost entirely on the correlation of the lobes. The data for

this correlation are furnished by species like Beyrichia clavata, in

which the " swing " and the difference in height of the two ends is

sufficient to leave no doubt as to which is the anterior. A study of

such a species shows that the median lobe is united below with the

larger anterior lobe by means of a low and thin isthmus, and that the

posterior lobe, if its ventral extremity extends forward at all, passes

beneath this isthmus. It is observed further that the median lobe is

located nearer the posterior than the anterior lobe; in other words,

that the anterior furrow is almost without exception the wider of the

two. Now, 1 tearing these facts in mind, the anterior lobe is recog-

nized at once as the one that is connected below with the median

lobe. When this ventral union of the anterior and median lobes is

obsolete, as in B. tuberculata and its immediate allies, the posterior

lobe is usually recognized by the location of the median lobe which,

as said, is commonly placed more or less distinctly behind the center

of the valve. When this and all other tests seem indecisive, as they

may rarely be in a species like B. bronni Renter, then it is still pos-

sible to orient the valves by comparing minor nodes and furrows on

the lobes with similar markings on less difficult species.

Additional evidence tending to show that the criteria relied on by

Lhe writers in orienting the valves of Beyrichiidse is furnished by the

Chazy ostracod erroneously referred to Beyrichia by Jones under the

lame B. clavigera. This species, though strikingly like a Beyrichia

n having a median node within the bend of a strongly curved, low

•idge, seems yet to belong to the Leperditiidse. Tt has an eye tubercle

md agrees in all other respects, save the curved ridge, with species of
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Isochilina, and the ridge even is represented in subdued form in /. sub-

nodosa. The significant fact in this connection is that in this, we
might almost say prophetic species, the above discussed criteria by

10

Figs. 1-10.— 1. Left side of entiee specimen < u of Lepebditia fabulites (Conbad).

Anterior end indicated by the small "oculab" tubercle, its lessee height,
and backward swim; of valve. -. left valve of isochilina ? subn sa ulbich,

x ?>, a nearly equal form. anterior side indicated by ocular and other tuber-

cles, that when present are always in front half of valves. .'!. right valve
of isochilina? clavigeba (beybichia clavigera jones) x 10, showing the ocu-

lar tubercle and muscle spot of lepekditi idje, thus determining which is the
anterior side and incidentally affording a good example of betbal swing. ob-

dovician it'hazy shale), near ottawa, canada. 4. left valve < >f beyrichia tu-

BEBCCLATA I KliEDUN I X 5 CUTER EEUTEE). ANTEBIOB SIDE RECOGNIZED BY ITS INFE-

RIOR HEIGHT, SLIGHT EETBAL SWING. AND BY CORRELATION < iF NODES "F VALVE. 5. RIGHT
VALVE OF BEYBICHIA CLAVATA KOLMODIN (AFTER KlESOW). ORIENTATION DETERMINED
BY SAME CRITERIA AS IN FIGURE 4. 6. LEFT VALVE OF CTENOBOLBINA ALATA ULBICH,
X I s (AFTER DLBICH). ANTERIOR END BECOGNIZED BY ITS TAPEB AND BY THE BETBAL
SWING OF THE OUTLINE. 7. LEFT VALVE OF CTENOBOLBINA CILIATA lEMMONS), > 18

(AFTER CJLEICH). OBIENTATION DETEBMINED BY COMPABISON OF LOBES WITH THOSE OF
C. ALATA, IN WHICH THE ANTEBIOB END IS NARROWER AND THE RETRAL SWING MORE PBO-

NOUNCED. 8. BEYBICHIA (STEUSLOFFIA) LINNABSSONI (KBADSE). RIGHT VALVE, > 15

(after redteb). obiented bv compabison of lobes with those of beybichia cla-

\ata and b. tubebculata. '.'. beybichia saltebiana jones, x 10 i after reuteri.
The ends being almosi exactly local in this species the obientation of its

valves is possible only by compabison of its lobes with those of other bey-
rdhi.e, like b. clavata. in these, other cobbobobative criteria are available,
si i ii as the taper of the valves antebiobly and the retral swing of the out-
line, accordingly the figube bepbesents a right valve. 10. different view's of
a left valve of beybichia tubebculata-buchiana reuteb, xg (after reuter).
The example figubed possesses the ventral pouch, which feature Reuter and
other writers regard as distinguishing the female in beybichia and allied
genera. the pouch is located invariably on the lower pabt of the posterior
LORE.

which the right valve is distinguished from the left is supported by
tiio evidence of the eve-tubercle.
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Finally, the posterior location of the peculiar ventral pouch that

Reuter and others have interpreted, we believe correctly, as ovarian

inflations, is wholly in accord with the other criteria.

BEYRICHIA OF AUTHORS.

The genus Beyrichia was founded by McCoy in 1846.° His " rough

-ketch " of the valves of the Irish species that first convinced McCoy
that these fossils were bivalved Crustacea and not trilobites gives a

crude idea of the common Silurian form subsequently identified by

Jones and others with B. klcedeni McCoy. As McCoy ranks "Battus

tuberculatus " of Kloeden as a synonym of his Beyrichia klcedeni. and

as the two forms are distinguishable species, it is difficult to decide

which of the two should rank as the genotype. However, as they are

unquestionably congeneric, the point is of little consequence.

Subsequent authors have referred a considerable variety of Ostra-

coda to the genus. In fact, for many years it served as the temporary

lodging place for nearly all of the Paleozoic species with furrowed or

ridged valves. As noted above, a

large part of these has been re-

moved and distributed among other

genera, but at the present writing no

less than 150 species and varieties

are still credited to Beyrichia.

Many of these remaining species are

not strictlv congeneric with the type „ ., ., „ ,°
t

J l Fig. 11.— < "TV of McCoy's obiginal
and hence will be removed, chiefly sketches of Beyrichia klcedeni.

to new genera and to the long mis-

understood Klaedenia, the other more obvious departures from the

generic type having been already mostly weeded out through the

efforts of Jones, Holl, Kirkby, Krause, and Ulrich.

The genus Klcedenia constitutes a close ally of the typical Bey-

richise. The practical discrimination of the two groups, in certain

cases at least, suggests that the boundary is artificial and probably

results in occasional unnatural associations. But it is impossible to

wholly escape this condition in any classification that is not too in-

volved to be practical. Therefore, since the distinctive characters

relied on in separating the two groups operate, as a rule, in apparent

accord with genetic lines, Klcedenia is accepted, with some justifiable

modifications of the original diagnosis, as a useful designation. The
comparatively few species about which there is doubt are provision-

ally left with Beyrichia.

Accepting Beyrichia klcedeni and B. tuberculata as the types of the

genus, and bearing in mind the ground to be occupied by the revised

Klmdenia, the restricted genus Beyrichia may be defined as follows:

°Syn. Sil. Foss. Ireland, p. 57.
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Genus BEYRICHIA McCoy, emended.

Beyrichia McCoy, Synop. Sil. Foss. Ireland, 1S46, p. 57.

Beyrichia Bell and Forbes, in Burineister's Org. Tril., London, Suppl. App.,

p. 124.

Beyrichia McCoy, Brit. Pal. Rocks and Foss., 1854, p. 135.

Beyrichia (part) Jones, Ann. and Mag. Nat. Hist. (2), XVI, 1S55, p. 85.

Beyrichia (part) Hall. Nat. Hist. New York, Pal., Ill, 1859 [1861], p. 377.

Beyrichia (part) Barrande, Syst. Sil. dn Centre Boheme, I, Suppl.. 1S72, p. 490.

Beyrichia (part) Zittel, Handbuch d. Pal., II, 1885, p. 553.

Beyrichia Belter, Zeits. d. d. geol. Gesell., XXXVII, 1SS5, p. 628.

Beyrichia (part) Jones and Hole, Ann. and Mag. Nat. Hist, if.), XVII, 1S86,

pp. 338, 315.

Beyrichia Jones and Kirkby. Proc. Geol. Assoc, IX, 1SSG, p. 505.

Bollia (part) Jones, Ann. and Mag. Nat. Hist. (5), XIX, 1887, p. 40S.

Beyrichia Yerworn, Zeits. d. d. geol. Gesell., XXXIX. 1SS7, p. 27.

Beyrichia (part) Krause, Zeits. d. d. geol. Gesell., XLI, 1SS9, p. 17.

Bollia (part) Krause, Zeits. d. d. geol. Gesell., XLI, 1889, pp. 13, 14.

Beyrichia Miller, North Amer. Geol. and Pal., 1SS9, p. 534.

Beyrichia Vogdes, Annals New York Acad. Sci., V, 18S9, p. 8.

Gtenobolbina (part) Uleich, Jour. Cincinnati Soc. Nat. Hist., XIII, 1890, p. 111.

Strepula (part) Krause, Zeits. d. d. geol. Gesell., XLIII, 1891, p. 498.

Beyrichia (part) Ulbich, Geol. and Nat. Hist. Surv. Minnesota, Final Rept.,

Ill, PI. -1. 1894, i). 657.

Beyrichia Koken, Die Leitt'ossilien, 1896, p. 40.

Beyrichia Gueich, Verb., d. Russ.-Kais. Mineral (iesell. zu St. Petersburg (2),

1896, p. 385.

Beyrichia Geabau, Bull. Buffalo Soc. Nat. Sci., VI, 1899, p. 306.

Beyrichia Ulbich and Bassleb, Proc. V. S. Nat. Mus., NXX. 1906, p. 151.

Carapace comparatively large, 2 mm. to 5 mm. in length, semiovate

or semicircular to oblong in outline, with sharp dorsal and rounded

ventral angles. Valves only moderately convex, strongly impressed

with two vertical furrows, extending from the straight dorsal edge

to the ventral portion of the valve so as to divide the intramarginal

part of the surface into three unequal and unsymmetrical lobes.

These vary considerably in size with respect to each other and with

respect to their separation; also in the development of their ventral

ends. The furrows may be much narrower or they may equal the

ridges in width. The ovate median lobe is the most constant in form

and size, usually the smallest, and ordinarily begins some distance

beneath the dorsal edge. The anterior lobe, though generally the

largest, is the most variable in size and form, being also often broken

up into subsidiary nodes. The posterior ridge is, as a rule, the nar-

rowest, runs nearly parallel with the posterior border, is rounded

and thickest above, sometimes constricted near its middle 1
, and often

tapers to the vanishing point near the middle of the ventral edge.

In other species it joins the ventral prolongation of the anterior lobe,

in which cases commonly all three lobes are joined. When only two

of the lobes are connected, it is. perhaps invariably, the median and

the anterior. Ventral pouch (presumably of female) egg-shuped or
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trate the supposed evolution, the lines of a Drepanella have been

drawn in black over a figure of B. tuberculata. This shows that by

merely dividing the sickle-shaped marginal ridge of Drepanella into

a series of three or more node-like parts, the result is in essential

accord with the structure characterizing the group of B. tahereulata.

Above the submarginal ridge the valves of Drepanella have two per-

sistent lobes corresponding to the median and anterior lobes of most

Beyrichise. They may be dissected into subsidiary nodes (as, for

instance. /-*. crassinoda and D. nitida) and are sometimes connected

vent rally (D. bigeneris), as is commonly the case in the groups of B.

buchiana and B. klo&deni. The subsidiary nodes of the dissected

anterior lobe in Drepanella maera, D. crassinoda, and D. nitida can

be matched exactly in respectively Beyrichia tuberculata, B. noetlingi,

and B. baueri. But the tendency to dissection of the median lobe

exhibited by the oldest species of Drepanella is never observed in

species of Beyrichia. Indeed, this lobe soon became the most con-

stant feature for the whole family. Aside from this occasional dif-

ference, the greatest distinction between

Drepanella and the tuberculata section

of Beyrichia is that, whereas in the

former the outer sickle-shaped ridge is

the most constant feature, in the latter it

became through dissection the least stable.

The youngest unquestionable Drepa-

nella known is the D. richardsoni of the
FlG. 10. A LEFT VALVE OF BEY- T -> •

l 1 • / \i • x ,1 • , 1

richia tuberculata (Klce- Richmond m Ohio. In this the anterior
den), x 15, with the lines op end of the sickle-sha pod submarginal
a Drepanella drawn over it. ...... n 1

ridge is thick and tends to connect with

the basal part of the expanded and prominent, though still partially

dissected anterior lobe. Continuing this line of departure from the

older, typical species of the genus, a stage might be expected in which

the anterior lobe would be swollen to such a degree that the component
nodes or tubercles of the earlier dissected stages would be entirely

obscured. In fact, we have such a stage in a late Richmond species

described by LJlrich as Ctcnobolb'ma tumida. As stated in the dis-

cussion of that genus, the species is not a Ctenobolbina, the bulbous

part of the carapace which was thought to correspond to the simi-

larly bulbous posterior end of ('. ciliata being, in fact, anterior. The
original specimens of the species were not in condition to permit

working out all its characters exactly, nor had any reason occurred

at that time to lead the author to suspect that the swollen end of the

carapace is anterior and not posterior. Such a suspicion, ending

finally in conviction, arose only during the course of the present re-

vision of the family. Recognizing the median lobe of Beyrichia in

the small vertical node or ridge located well to one side of the middle
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of the valve in 0. tumida, and having learned that this is invariably

situated behind the middle, no other course remained than to interpret

the bulbous end as anterior.

Having oriented the valves in this manner, the relations of C.

tumida to Drepanella richardsoni became fairly clear: but even then

it required a more perfect specimen than the original types to enforce

conviction. This specimen, recently collected at Moreland, Ken-

tucky, has a thick marginal ridge running from the post-dorsal angle

to the middle of the ventral v^l^v, where its further extent is lost in

the ventral slope of the anterior bull). But its anterior extremity

reappears on the opposite side of the bulb as a distinct node. Taking

essentials alone into account, the characters of ('. tumida are not

greatly different from those of Beyrichia like B. protuberans, B.

17 18
f9

20 21 22

Figs. 17—22.— 17. Right valve of Drepanella macra Uleich for comparison with
pig. 20. Left valve of Beyrichia tuberculata (Klosden). is. Bight valve of
Drepaxella crassinoda Ulrich for comparison with left valve of Beyukhia
NOETLINGl BEDTER (lie;. 121). 1!). LEFT VALVE OF DREPANELLA NITIDA (ULRICH) FOR
COMPARISON WITH THi: CORRESPONDING VALVE OF BEYRICHIA BADERI REUTERj SHOWN
in fig. 22. (Copied after TTlrich and Reuter.)

jonesi, or B. clavata, in which also the anterior lobe is the most prom-

inent part of the valves and the posterior lobe extends forward be-

neath the middle and anterior lobes. Therefore, despite the rather

strong dissimilarity in aspect, there seems really to be no very essen-

tial difference between ('. tumida and Beyrichia. The posterior half

is nearly the same in both, and only the great development of the an-

terior lobe gives the Ordovician species a strange look. However, as

the writers are convinced that the latter is related genetically to un-

questionable species of Beyrichia, and that the differences noted are

not of greater importance than those obtaining between, for instance,

the B. tuberculata and the B. l-lo'deni groups, the species tumida is

removed from Ctenobolbina, where it certainly does not belong, to

Beyrichia.
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The relations of B. tumida to the Clinton B. lata, suggested in

1894,° have been confirmed in the present investigation. Though
widely different in general aspect, the evolution of the latter from

the former is regarded as not unlikely. In the rapid and sometimes

extravagant mutation that is indicated, not only for the ostracoda

but also in other classes of animals, at and immediately following the

close of the Ordovician, it is readily conceivable that both the ante-

rior and the posterior lobes of B. tumida might have been greatly

reduced and thus to have brought about a temporary stage like B. lata.

The Clinton speeies is

24

SJ
25

Figs. 23—26.— 23. Left valve op Drbpanella richard-
soni (Miller), < 10, introduced for comparison with
Beyriciiia tuberculata. Upper beds of the Rich-
mond GROUP, NEAR WILMINGTON, OHIO. -4. RlGHT
VALVE OF BEYRICHIA TUMIDA (ULRICH), < 10J SHOWING
ITS QERIVATION FROM DREPANELLA. TOP OF RICHMOND
GROUP, MORELAND, Kv. 25. RIGHT VALVE OF BEYRICHIA
LATA HALL, X 10, FOR COMPARISON WITH BEYRICHIA
TUMIDA AND DREPANELL1 RICHABDSONI. CLINTON"
group. New Hartford, N. Y. 26. Right valve of
TREPOSELLA LYONI (ULRICH), X 20, A DERIVATION OF
BEYRICHIA IN WHICH Till: POSTERIOR LOBE HAS BE-

COME obsolete. (After Clrich.) Onondaga lime-
stone, Falls of the Ohio.

the loop formed by the ventral union of the

nodes, B. lata also suggests a Bollia.

chiefly remarkable be-

cause of the slight de-

velopment of its pos-

terior lobe. In the

Devonian decadence

of typical Beyrichia a

similar obsolescence of

the posterior ridge is

noted in the modified

stage represented by

Treposella lyoni (Ul-

rich). At this time

the Beyrichiidse as-

sumed various atavis-

tic expressions, some

suggesting ( 'tenobol-

bina, others Bollia,

while a third may re"

call Tetradella. In
the partial obsoles-

cence of the posterior

lobe and the propor-

tionate distinct ne-- of

median and posterior

GROUP OF B. SALTERIANA.

The species of this group do not, as a rule, attain the average size

of those included in the />'. tuberculata, B. kloedeni, and B. buchiana
groups. They differ rather obviously, too. from these other groups
in tlir fullness of their lobes and the proportionate narrowness of the

furrow-. The departure from the more typical sections is toward
Klmdenia, in which the furrows are obscure or die out entirely in

" Ulrich, Geol. and Nat. Hist. Surv. Minnesota. Final Rept., Ill, Ft. 2, p. G74.
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the swollen ventral half of the valves. While clearly intermediate

in character between typical Beyrichia and Klcedenia, it yet seems

unlikely that either was derived from the other through the saltt riana

group. On the contrary, a study of B. salteriana Jones, B. reuteri

Krause. B. plicata (Krause), and B. trilobata (Krause) seems to indi-

cate a closely knit line of development that diverged, like the B. lin-

narssoni group, from some early stage of Gtenobolbina. The resem-

blance exhibited by B. plicata to Gtenobolbina subcrassa, for instance,

is too close to be regarded as otherwise than genetic: and the agree-

ment between B. plicata and B. reuteri, and between the latter and

B. salteriana, is so intimate that a similar relationship seems

undeniable.

Compared with the other sections of the genus, the salteriana group

agrees best with the B. tuberculata group in the isolation of its median

lobe. The dissection of the other two lobes occurring so generally in

that group, however, is not even suggested.

28 29

Figs. 27-.'!0.—27. Right valve or Ctenobolbina subceassa Ulrich, X 20. (After
ulbich.) 28. illght valve of beyrichia plicata (krause), x 20. 20. left valve
of Beyrichia reuteri Krause, x 15. (Figs. 28 and 2!) are copied from Krause.)
30. Right valve of Beyrichia salteriana Jones, x 10. (After Recter.) The
figures illustrate the relation and probable derivation' of the beyrichia
salteriana group from a ctenobolbina like subcrassa. two intermediate stages
are shown in figs. 39 and 41.

Beyrichia (/r<ntuh>s<i Hall, from the Waldron shale of Indiana, is

a good American example of this section of the genus. This species

is of exceptional interest because it is one of the few species of the

genus that occur in Silurian deposits of the Ohioan Province.

GROUP OF B. CLAVATA.

Of the foregoing groups, those of B. klcedeni, I'>. buchiana, and B.

tuberculata represent the fully established and most typical stages of

the genus. The group of B. salteriana evidently originated in some
species of Ctenobolbina and probably is the stock from which B.

hlcedeni was derived. It is also the only known group from which
the genus Klcedenia might have sprung. The small group of B.

clavata, which includes B. jonesii Boll and possibly />'. umbonata
Renter, likewise has a character suggesting an earlier genus, namely,
the posterior ridge curves forward along the ventral margin, and,

though attached to the slender isthmus connecting the anterior and
median lobes, is often distinguishable as far as the antero-ventral

angle where it merges into the great, pear-shaped anterior lobe. So
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far as essentials go, the result is not unlike the Ordovician genus

Drepanella, with its great, sickle-shaped marginal ridge.

Much similarity is traceable also between B. clavata and the syn-

thetic B. interrupta group. The posterior ridge is not so well de-

veloped in that group, but in B. v-scripta and B. granulifera it is

clearly suggested to where it is lost in the low anterior lobe; and just

over its ventral part is the antero-median isthmus. Whether either

of these resemblances are indicative of close genetic alliances can

not be decided with the evidence now available. The youngest un-

questionable Drepanella, D. richardsoni (Miller), of the Richmond
group, analyzes more in accord with Beyrichia tuberculata than with

B. cldvata. As stated in another note, the union of the posterior lobe

of B. tuberculata with the lower of the three parts of the anterior

lobe (see figure) would give every essential of Drepanella. While

the importance of the difference is recognized, and it is a fact that

links establishing the relation are unknown, the writers, nevertheless,

Figs. 31—33.—31. Left valve of Beyrichia clavata Kolmodin. :vz. Left valve of
Beyrichia granulifera, new name (Bollia granulosa Krause), x 15. (After
Krause.) ''>''>. Right valve of Beyrichia tumida (Ulrich), x t». The figures
illustrate the resemblance of the beyrichia clavata group to the 15. inter-

rupta group and show the similar antero-ventral prolongation of the poste-

rior lobe.

are convinced that the B. tuberculata section was evolved out of

Drepanella.

Despite the unbroken antero-ventral continuation of the posterior

ridge in B. clavata, the direct derivation of this species from Drepa-

nella seems unlikely, except it be through B. tumida (Ctenobolbina

tumida I'lrich.)" Derivation from something like B. granulifera

and />'. v-scripta is at least equally plausible. However, neither of

these possible solutions is entirely satisfactory, so that for the present

the origin of B. clavata must be left as undecided.

As for II. umbonata, which is somewhat doubtfully referred to this

group, the alliance with Drepanella seems much more natural. Ex-
cept that the valves are. on the whole, more convex, and the lobes

thicker and less sharply defined, every other essential feature may be

duplicated in typical Drepanella like D. crassinoda and I>. macra.

Another drepanelloid Beyrichian and possible member orderivation

of this group is the Devonian B. kolmodini Jones. This species has

" See notes on Drepanella richardsoni and Beyrichia tumida on page 290.
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a thick, yet sharply defined, sickle-shaped ridge with two separate

rounded nodes above and a variable short ridge just within the ante-

rior edge. Except the interiorly concave marginal border, smaller

size, and proportionally narrow anterior end, the general aspect, es-

pecially in the matter of lobation, is highly suggestive of Drepanella.

Here again, however, the writers doubt the reality of the suggested

genetic relation. On the contrary, it is thought the true affinities of

the species lie with other middle Devonian species that could not be

suspected of alliance to Drepanella except in a very remote degree.

These species, namely, constitute a peculiar group, described and

mostly referred by Ulrich, as is now believed incorrectly, to Ctenobol-

hina. Conspicuous members of this group are C. informis, C. <tnfc-

spinosa, ('. Kpicirfosa, C. cavimarginata, and ('. insolens. These spe-

cies, it will be noted, vary greatly in general expression, and because

of their spinosity. probably indicate decadence of the Silurian tvpe

of Beyrichiidae, and rapid evolution toward the establishment of the

final, again comparatively long-lived type of the family. In the

transition, various atavistic stages are indicated, some recalling

Otenobolbina, some Bollia, and others, like B. kolmodini, more nearly

resembling Drepanella. Previously highly important and constant

features have become most unstable, but through all the vagaries the

steady evolution of the two rounded nodes which constitute the essen-

tial characteristic of the dominant and generically distinct later

Paleozoic Beyrichian type is manifest. These two nodes, which rep-

resent the median and anterior lobes*of typical Beyrichiae, are well de-

veloped in B. kolmodini, but the general expression of the valves in

this transitional stage in the development of the family is so at vari-

ance with that of the typical Silurian groups of Beyrichia that the

writers have decided to recognize it by erecting the new genus

IIoil'nut.

Subgenus STETJSLOFFIA, new.

Beyrichia (part) of Authors.

Strepula (part) (if Authors.

GROUP OF P.. LINNARSSONI.

Bt yrichia antiqua, 11. acuta, B. simplex, 11. linnarssoni, B. signata,

B. beyrichioides, and probably B. erratica Krause, which is provision-

ally not included in the above list, constitute a peculiar group sug-

gesting Strepula in having thin, elevated ribs or crests running over

the surface of the valves. It is believed that these ribs served the

purpose of strengthening the valves and that they are developed in

genetically distinct groups of species. Depending primarily on the

lobation of the valves and on their form in deciding questions of

relationship, the group under consideration conforms in all essential

respects with typical Beyrichia.
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Beside the presumably dominating alliance of the B. linnarssoni

group to Beyrichia s. s., and the suggested relation to Strepula, other

in part apparently true alliances are indicated, in some by the ar-

rangement of the superficial ribbing, in others by the form and dis-

position of the lobes. Thus the tetrameroid arrangement of the ribs

in B. erratica and B. signata recalls Tetradella. The same may be

said of certain more typical and possibly true strepulse like S. lineata

Krause and the two varieties described by Steusloff as granulosa and

separata. The more simple B. antiqua Steusloff and B. acuta Krause

are like certain species of Ctenobolbina. In the opinion of the

writers, (his resemblance is of real genetic significance, the indicated

relationship and probable derivation of at least some Beyrichia' from

Ctenobolbina seeming fairly easy to establish.

In tracing out this relationship we begin, not with the genotype,

('. ciliata, and the four or five closely allied species found in the

Cincinnati rocks, but with the older Stones Eiver and Mohawkian

35

Pigs. 34-38.— .".4. Left valve of Beyrichia (Steusloffia) linnarssoni (Krause), X 20.

(After Krause.) 35. Right valve of Strepula concentkica Junes and IIoll,

X 15. (After Jones and Hole.) 30. Left valve of Strepula irregularis Jones
and IIoll, x 15. (After Jones and IIoll.) :'.7. Left valve of Beyrichia (Tetra-

della?) erratica Krause. (After Krause.) 38. Left valve of Strepula? lineata

granulosa Steusloff, x 20. (After Steusloff.) Shows similar development
of superficial linear crests in Steusloffia and Stkepula. In true Strepi i.a

tin: bexrichian lobes are not clearly determinable.

forms. In the ciliata section of Ctenobolbina the median lobe is un-

distinguishably merged in the larger posterior bulb which charac-

terizes this section. It began in species like the early Trenton C.

obliqua Ulrich and the foreign Ordovician C. oblonga (Entomis

oblonga Steusloff), in which this median lobe is merely indicated by

the abruptness of the inner slope of the main lobe: and these species

seem to have been derived from the previously established C. sub-

crassa section.

In the subcrassa section the median lobe is generally distinguish-

able, appearing as a small or larger node or ridge situated imme-

diately behind the main, median sulcus. Usually the posterior side

of the lobe is not sharply denned from the more or less swollen sur-

face behind it. Sometimes, as in C. umbonata (Entomis umbonata

Steusloff) and ('. subcrassa Ulrich, it forms a small, rounded node

on the inner slope of the main posterior bulb. In others (as, for

instance. C. crassa and ('. fulcrata Ulrich) it makes a low ridge rising
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slightly above the rest of the swollen posterior lobe, and of which

it forms the greater part, while in some of the later Silurian species,

namely C. auricularis {BoWa <iuricularis Jones and Holl), and C.

minor (Bollia minor Krause), it is rendered even more prominent

by the almost total obsolescence of the posterior part of the ( 'tenobol-

bina bulb (the obsolete part corresponds to the posterior lobe of a

Beyrichia)

.

Having reached the stages of C. subcrassa and ('. fulcrata, a fur-

ther discrimination of the median lobe might result in a species like

C. impressa {Entorrds impress,/ Steusloff) and finally in one like

Beyrichia antiqua of the same author. In this last the median lobe

is at least as large as in the average Beyrichia, and the species differs

from the more usual types of this genus only in the less sharp defini-

Fins. 39^4.—39. Left valve of Ctenobolbina umbonata (Steusloff). 40. Rioht
valve of Ctenobolbina fulcrata (Ulbich). 41. Right valve of Ctenobolbina
impressa (Steusloff). 42. Left valve of Ctenobolbina subcbassa Ulrich.
43. Left valve of Beyrichia (Steusloffia) antiqua (Steusloff), X 20. 44. Left
valve of Beyrichia (Steusloffia) acuta (Krause). (Figs. 40 and 42 auk after
Ulrich, 39, 41, and 43 after Steusloff, and 44 after Krause. All X 20.)

tion of the post-median furrow and in the slight elevation and gen-

eral lack of definition that pertains to both the anterior and posterior

lobes.

It is probably significant that most of these ribbed or crested spe-

cies comprising the B. linnarssoni group are of Ordovician age, in

which rocks Ctenobolbina and Tetradella are the prevailing genera,

ami unribbed, true Beyrichias almost unknown. The group, there-

fore, may be viewed as an intermediate stage in the development of at

least one of the groups of Beyrichia from Ctenobolbina.

If accurately figured, Krause's Strepula reticulata should perhaps

be referred to this group. On account of the proportionately elon-

gate form of its valves and the great width of its marginal frill,

the species would stand somewhat apart from the more typical repre-

sentatives of the group. Because of a similarly fringed and reticu-

lated Beyrichia in the Waldron shale of Indiana, it seems just pos-



298 PR<x'i:i:i)i\<;s of the xatioxal mi seiw. VOL. XXXV.

sible that the figure given by Krause is a little defective at the base

of the median and posterior lobes. The Waldron species sometimes

even exhibits a suggestion of the V-shaped crest, but, as is shown on

Plate XXXVII, the ventral part of the posterior lobe is distinctly

contracted, giving an appearance quite different from the same part

in Krause's figure of B. reticulata, but closely simulating the fringed

species of the B. maccoyiana group.

As figured, B, reticulata appears to be somewhat obscurely lobed,

which, with the broad frill, is somewhat suggestive of Ei<nj<-litl'tna.

But it has no sharply defined median pit, and it is thought unlikely

that the marginal frill is hollowTed out on its inner surface. The
median lobe also is too long. It seems probable, therefore, that the

general resemblance to Eurychilina does not indicate close genetic

relations.

The J!, linnarssoni group has a sufficiently uniform expression to

suggest the advisability of its separation as an independent though

decidedly synthetic genus. The crested valves recall Strepula, the

Figs. 45—40.

—

Right valve of Beyrichia reticulata (Krause), X 20, and the same
valve op Eurychilina reticulata Ulrich, 20 (after Ulrich)-, showingi the
similarity of THE TWO forms referred To in tiii: TEXT.

mode of lobation is very much as in the Beyrichia salteriana group,

and through this resembles on the one hand the typical Beyrichian

section of B. tuberculata and on the other Klmdenia. In still an-

other direction, close alliance with Ctenobolbina, as above outlined.

is established. If Ctenobolbina wore expanded to take in a part of the

group, consistency would demand that species of the />. salteriana

group be also included. But this would render the boundary between

Ctenobolbina and Beyrichia more artificial than it is desired to make

it. Besides, it would split up an apparently very natural association

id' species.

The group as a whole is undoubtedly more in accord Avifh Bey-

richia than Ctenobolbina, and in the first suggestion of the hetero-

geneous mas- of Beyrichiidse, ifs species were left with or referred to

the restricted genus without much hesitation. However, in the still

considerable and variable mass of species having the essential charac-

ters of Beyrichia, the comparative entity of the B. linnarssoni group

is lo>t sight of. In order to secure its deserved recognition without
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at the same time completely disassociating it from its most obvious

alliance, it is provisionally suggested that the Li'i"<>n
l>

be distinguished

merely subgenerically from Beyrichia, and that it be known by the

proposed name Steusloffia, with Beyrichia linnarssoni as the type.

GROUP OF B. [NTERRUPTA.

Another resemblance that has Led to unnatural associations is that

borne to Bollia by a small group comprising Beyrichia granulifera,

new name (Bollia granulosa Krause, specific name preoccupied under

Beyrichia), and B. v-scripta (Krause), two Ordovician species, B.

damesi Krause, and B. interrupta (Jones and IIoll), two Silurian

species. In fact, with the exception of B. (honest, all of these species

were originally referred to Bollia. but, as will be clear enough when

Pigs. 47-51.

—

47. Right valve of Beyrichia interrupta (Jones), x 20. 48. Left
valve op Beyrichia v-scripta (Krause), x 15. 49. Right valve op Eurychilina
subradiata tjlrich, x 20. 50. i.kit valve op beyrichia clavata kolmodin. 51.

Left valve of Beyrichia (Steusloffia) acuta (Krause). (Fig 17 is after Jones,
is after Krause, 19 after Ulrich, 50 after Kiesow, and 51 after Krause.) The
illustrations show possible derivation in.- the Beyrichia interrupta group
from Eurychilina and its relations to the Beyrichia clavata group and t<>

Steusloffia.

that genus is considered, they do not belong there. The curved ridge

in these species seems really to have no greater taxonomic significance

than the similar node and ridge often seen in typical Eurychilina.

On the other hand, the lobation of their valves, though in part ob-

scure, is essentially that of Beyrichia, the connection with species of

this genus like B. Jones', and B. clavata being, apparently at least,

very clear.

The group suggests passage from Primitiidse to Beyrichia, but

whether this sui>-o-estion is based on fact or is merely apparent and

thus misleading, can not be decided with the evidence at hand. How-
ever, the possibility of species conforming to the generic diagnosis of
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Beyrichia having been developed from diverse stocks by convergence

in evolution, is worth bearing in mind. In general aspect, and es-

pecially in having a well-defined median pit, B. granulifera and B.

v-scripta certainly indicate Primitian ancestry, close affiliations being

suggested to both Primitia and Eurychilina (as, for instance, E.

schmidti). However, an analysis of their lobes seems to show more

positive alliances on the one hand to the B. clavata group of Bey-

richia, and on the other to the proposed subgenus Steusloffia. Per-

haps it would be well to institute another subgenus for this group.

Genus KLCEDENIA Jones and Holl.

Kloedenia Jones and Holl, Ann. ami Mag. Nat. Hist. (5), XVII, issc,

!». 362.

Klccdenia (part) Krause, Zeits. d. d. geol. CJessell., XLI, 1889, p. 21.

Kloedenia (part) Miller, North Amer. Geol. and Pal., First App., 1892,

p. 70S.

Kloedenia (part) Koken, Die Leitfossilien, 1896, p. 39, text fig. 26A.

Beyrichia (part) of Authors.

Carapace of moderate size, 1 mm. to 4 or 5 mm. in depth. Valves

very nearly equal, the ventral edge of the right valve sometimes very

slightly overlapping the edge of the left. Outline oblong, sub-

quadrate to subovate, rarely subtriangular, the hinge line long and

straight, the remaining sides more or less curved. Surface of valves

strongly convex, especially in the unlobed ventral half; dorsal half

with two furrows deep above but growing obsolete before or shortly

after crossing half the valve. Anterior furrow deeper and broader

than the posterior one and located near the mid-length. Of the three

lobes the median is the most constant in size and form. It is gen-

erally rounded and somewhat bulbous, more rarely obtusely pointed

above, and its diameter usually about one-fifth of the length of the

valve. Posterior and anterior lobes sharply defined only along the

furrows, the outer parts usually sloping more or less gently to tin'

end rims and below merging into the swollen ventral surface, their

dorsal extremities occasionally projecting beyond the horizon line.

Posterior lobe varying in width from rather less than to nearly twice

the diameter of the median lobe. Anterior lobe constituting the

greater part of this half of the valve, sometimes divided so as to form

a broad inner lobe and one or two narrower ridges in front. When
the anterior lobe is thus prolonged and divided (as. for instance. K.

plicata Jones), the separating furrows extend entirely across the

valve. Ventral pouch (as in Beyrichia presumably of female) mostly

posterior, merely an extra, obscurely outlined swelling, not globular

as in Beyrichia. A simple, narrow, flange-like border commonly

present but may be wanting. Surface of valves granulose, punctate,

reticulate, or without ornament.
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Genotype.—Klmdenia wilckensiana (Beyrichia wilckensiana
Jones )

.

LIST OF SPECIES 1IAYI.\«, THE CHARACTERS OF KLCEDENIA AS
ABOVE DEFINED.

Klcedenia apiculatq .Jones.

Klcedenia barretti (Beyrichia barretti Weller).

Kin <l( iii<i centricomis, new species/'

Klcedenia concinna (Beyrichia concinna Jones and Holl).

Klcedenia fimbriata," new species. 1
'

Klcedenia granvlata a (Beyrichia granulata Hall).

Klcedenia initial!*" (Beyrichia initialis Ulrich).

Klcedenia intermedia (Beyrichia intermedia Jones and Holl).

Klcedenia intermedia marginata Jones and Holl.

Klcedenia jerseyensis (Beyrichia jerseyensis Weller).

Klcedenia kvmmeli (Beyrichia kummeli Weller).

Klcedenia manliensis a (Beyrichia manliensis Weller).

Klcedenia manliensis deckerensis" (Beyrichia deckerensis Weller).

Klcedenia marginalise new species.*

Klcedenia montaguensis a (Beyrichia montaguensis Weller).

Klcedenia nearpassi (Beyrichia nearpassi Weller).

Klcedenia oculina (Beyrichia oculina Hall).

Klcedenia parasitica (Beyrichia parasitica Hall).

Klcedenia pramuntia, new species.^

Kicedenia punctillosa,a new species/

H American species.

& The unusual length of the valve, spine-like central node, and coarse pitting

are features which will cause the easy identification and differentiation of this

species from others of the genus. See Plate XXXYIII, tig. 23.

Formation ami locality.—Coeymans limestone, Cumberland, Maryland.

Holotype.—Cat. No. 53305, U.S.N.M.
c This tine species will be recognized at once by its spinous margin. This

spiny frill, together with the reticular surface ornament and geueral neatness

of form, impart a striking elegance to the shell. See Plate XXXVIII, fig. 22.

Formation ami locality.—Coeymans limestone, Herkimer County, New York.

Holotype.—Cat. No. 53306, U.S.N.M.

''This species is similar to Klcedenia manliensis (Weller), but has a wider

margin, is more elongate, and its sulci are mnch shallower. The surface is

smooth, without ornament. See Plate XXXVIII, fig. 16.

Formation a ail locality.—Helderbergian, Dalhousie, New Brunswick.

Holotype.—Cat. No. 53937, U.S.N.M.

'The distinctive features of this species are the unusual narrowness of the

posterior lobe and the sharp impression yet unusual brevity of the sulci. The

smooth surface and obscurely defined marginal rim will likewise assist in the

discrimination of the species. See Plate XXXYIII, rig. 15.

Formation anil locality.—Ordovician (local bed in upper part of Hermitage

formation). Four miles south of Carthage, Tennessee.

Holotype—Cat. No. 4104:;, U.S.N.M.

''This new species is similar to Klcedenia nearpassi i Weller) and A', bar-

retti (Weller) in outline, but its dorsal angle is more nearly rectangular and

the marginal rim narrower. The surface is finely punctate. See Plate

XXXYIII, fig. 17.

Formation and locality.—Helderbergian, Dalhousie, Xew Brunswick.

Holotype.—Cat. No. 53938, U.S.N.M.
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Eloedenia retifera, new species. 6

Kloedenia scotica (JBeyrichia kloedeni, var. scotica Jones and Hull.)

Kloedenia simplex Jones.

Kloedenia smocki a (Beyrichia smocki Weller).

Kloedenia sussexensis {Beyrichia sussexensis Weller).

Kloedenia tuberculata {Beyrichia tuberculata Salter).

Kloedenia wallpaclcensis a {Beyrichia wallpackensis Weller).

Kloedenia wilckensiana {Beyrichia wilckensiana Jones).

Kloedenia wilckensiana plicata {Beyrichia wilckensiana plicata Jones).

Of the above species, A. initialis and K. prcenuntia arc middle

Ordovician and K. simplex late Devonian. All the others are of

Silurian, mainly late Silurian, age.

Tt will be seen from this list of species that Kloedenia, as here de-

fined, includes only six of the twelve species and varieties which have

been referred to it. Most of the others constitute a distinguishable

group of which K. pennsylvanica Jones is a good example, and which

it is proposed to separate as a new genus under the name Kloedenella.

The new genus, as will be more fully set forth on a following page,

differs from true Kloedenia, as understood by the writers, chiefly in

the more cylindrical form of its shells and the greater inequality of

its valves. In both of these respects, typical KUvdcii'm is essentially

the same as Beyrichia, the differences between the two lying in the

relative convexity and lobation of the valves.

In Beyrichia the valves are depressed convex, the three lobes are

represented by sharply defined ridges or elevations which rise ab-

ruptly above the flattened floor of the valves. The ridges are sepa-

rated by deep, vertical furrows, which, though varying in width,

are yet very constant in their length. As a rule, the posterior furrow

extends across the valve to the ventral rim. The anterior furrow

commonly is limited below by the ventral junction of the anterior

and median lobes, but when the latter is isolated it passes around

the lower side of the median lobe and merges with the posterior fur-

row.

In Kloedenia the main furrows never extend across the valves, but

are confined t<> its dorsal half. They mark off a rather large sub-

median node and often converge beneath so as to isolate it. The
anterior and posterior lobes are broad and never ridge-like, but,

as a rule, form part of the general convexity of the valve. In fact,

the majority of the species might be described as approximately

uniformly convex save for the short furrows inclosing the median
node.

" American species.

6 The surface ornament, practically obsolete marginal rim, the small spine aj

posterior extremity of hinge, ami the unusually slight depth of the sulci are

characters which will distinguish this species. See Plate XXXVIII, fig. 18.

Formation and locality.- -Helderbergian, Dalhousie, New Brunswick.

Eolotype. Cat. No. .->:;:•;;:», U.S.N.M.
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The relations of the genus to the group of Beyrichia salteriana,

which section of Beyrichia includes the species most like h'la'denia,

have been discussed on a preceding page.

Kloedenia may have been evolved through several rather widely

different ways. First, it may have been derived from the salteriana

group of Beyrichia by the ventral coalescence of the three lobes.

Though possible, even reasonable, the known species afford no satis-

factory evidence of such an alliance. In the absence of intermedi-

ate stages, the evidence must be admitted as wholly negative, if not

positively opposed to this view. Considering that the salteriana

group of Beyrichia is Silurian, and that Kloedenia-like ostracoda

began already in middle Ordovician time, it is clear that only a

part of the genus could have been descended from Beyrichia.

According to the second view, Kloedenia was derived from some

unisulcate Primitian stock by the segregation and enlargement of the

post-median node. Suggestive resemblances may be noted on com-

parison with the Ordovician Primitia fytmidula, P. cincinnatiensis,

Eurychilina reticulata, and E.f subcequata. Regarding the two

valves of P. tumidula figured by Ulrich " as right valves, and com-

paring them with the right valve of Kloedenia initialis {Beyrichia

initialis Ulrich) figured on the same plate, the possible derivation

from Primitia is clearly indicated by correlation of the nodes and

furrows. It should be borne in mind, however, that this comparison

merely indicates the kind of steps by which passage from Primitia to

Kloedenia may have been effected, and not the links themselves, be-

cause K. initialis is older than either of the two Primitias mentioned.

Still other derivations are suggested by the new Ordovician species,

K. pramuntia. This is a larger shell than any Primitia and has the

median lobe too well separated to recall that genus. Except for the

much sharper definition of the Kloedenia characteristics, this species

resembles leperditellsB like L. germana and A./ dorsicornis. But it

recalls even more Drepanella elongata, which differs in little that

may be called essential except that it has the sickle-shaped ridge of

Drepanella. This ridge is weaker in I>. elongata than usual, and it

is really conceivable that it might have become obsolete early in the

descendants of this species, and thus give origin to a stage that, with

our present limited knowledge, must be referred to Kloedenia.

These diverse, yet all reasonably possible, derivations of Kloedenia

illustrate the extreme difficulties encountered in determining the

genetic relations of the major groups of the family Beyrichiidse.

Though inclined to favor the view that the majority of the species

referred to Kloedenia were evolved out of Primitia, it must be admit-

ted that the evidence is far from conclusive.

«Geol. and Nat. Hist. Surv. Minnesota, Final Kept, III, Pt. 2, ls;>4, pi.

xliii, figs. 62-65.
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The genus Kyammodes Jones, founded on a British Devonian spe-

cies, but thought to include also a few Silurian forms (as, for instance,

Kla dt nia kiesowi Krause), doubtless is closely allied to and probably

evolved out of typical Klosdenia. Though distinguished chiefly by

the much greater inequality of its valves, the thick ventral edge of

the right overlapping the smaller left valve, there are some peculiar

differences in lobation also. In all the species there is a deep median

furrow that, however, dies out before reaching the middle of the

valve. In Kyammodes kiesowi (Klcedenia kiesowi Krause) the parts

52

55

QD CD

r

X
Vies. 52-60.—52, 53. Right valve of Klcedenia wilckensiana (Jones), x 8 (female

individual), and p.eyrici1ia salteriaxa jones, x 10, respectively, showing the
relation' of khedenia to the b. salteriaxa group. (after jones and reutbr.)
54. Left side, end, and ventral views of complete carapace of Klcedenella Penn-
sylvania (Jones), X 15. (Copied from Jones.) 55, 56. Right and left valves

of Klgedenia neaki'assi (Weller), x 6. (After Weller.) 57,58. Left and right
valves, the latter a female form, of Kyammodes kiesowi (Krause), X 1".

(after Krause.) 59, 60. Left valve and anterior view of complete carapace of
Kyammodes WHIDBORNEl .Jones, X 20. (AFTER Jones.) 'I'm: SIMILARITY of Klce-

DEX1A. KLCEDENELLAj KYA M MODES, AND THE BSYRICHIA SALTERIAXA GROUP ARE SHOWN
IX THE ABOVE FIGURES.

of the valve are arranged almost regularly bilaterally with respect

to this furrow, which separates two subequal, low nodes, each taking

ii]) about one-fifth the total length of the valve. The outer limits of

tln'-,c nodes are defined by shallower converging furrows, which in

turn set oil' another matching pair of similarly curving low ridges.

\\\ K . whidbornei, the type of the genus, the lobes an 1 both less regular

and less constant in their development, the posterior median lobe,

which corresponds to the median lobe of hlodcnia. being especially

variable. As a rule it is smaller and set farther down than the antero-



EXPLANATION OF PLATE XXXVIII.

Figs. 1-5. Group of Beyrichia linnarssoni (= subgenus Steusloffia.)

1. Left valve of Beyrichia (Steusloffia) linnarssoni (Krause), X 20.

2. Left valve of Beyrichia (Steusloffia) antiqua (Steusloff), X 20.

3. Eight valve of Beyrichia (Steusloffia) simplex (Krause), X 15.

4. Left valve of Beyrichia (Steusloffia) acuta (Krause), X 20.

5. Left valve of Beyrichia (Steusloffia) signata (Krause), X 10.

Figure 2 is copied from Steusloff; the rest are after Krause.
0-11. Group of Beyrichia interrupta.

G. Right valve of Beyrichia interrupta (Jones), X 20.

7. Left valve of Beyrichia granulifcra, new name, proposed for Bollia

granulosa Krause, preoccupied in the genus Beyrichia, X 15.

S. Left valve of Beyrichia v-scripta Krause, X 15.

0-11. Left and right valves and dorsal edge view of the complete carapace
of Beyrichia damesi Krause, X 15.

Figure 6 is copied from Jones, while 7 to 11 are from Krause.
12,13. K laden ia initial is (Ulrich).

Side and ventral edge views of a right valve, X 20. (After Ulrich.)
14. Klcedenia icilckensiana (Jones).

Right valve of female individual, X 8. (After Jones.)

15. Klcedenia prcenuntia, new species.

Right valve, X 10.

Ordovician (Hermitage). 4 miles south of Carthage, Tennessee.
16. Klcedenia marginalis, new species.

A right valve, X 10.

Helderbergian, Dalhousie, New Brunswick.
17. Klcedenia punctillosa, new species.

Lateral view of a right valve, X 10.

Helderbergian, Dalhousie, New Brunswick.
18. Klcedenia retifera, new species.

Left valve, X 10.

Helderbergian, Dalhousie, New Brunswick.

10,20. Klcedenia sussexensis (Weller).

Two left valves, X 10.

Helderbergian, Dalhousie, New Brunswick.

21. Klcedenia manliensis (Weller).

Left valve of a female individual, X 10. This specimen agrees fairly

well with Weller's description and figures of his Beyrichia
manliensis from Manlius of New Jersey, except in the apparently
less development of the border. The surface is very finely punctate.

Helderbergian, Dalhousie, New Brunswick.

22. Klcedenia fimbriata, new species.

Left valve, X 20.

Coeymans limestone, Herkimer County. New York.

23. Klcedenia centricomis, new species.

Left valve of a female individual. X 20.

Coeymans limestone, Cumberland. Maryland.

328
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Beyrichia, Steusloffia, and Klcedenia.

For explanation of plate see page 328.







EXPLANATION OF PLATE XXXIX.

Unless otherwise marked, the figures on this plate are copied from Ulrich.

Figs. 1-3. Tetradella subquadrans Ulrich.

1. Left valve, X 20.

2. Dorsal view of same.

3. Posterior end view.

4,5. Tetradella quadrilirata (Hall and Whitfield).

4. Side view of a right valve. X 20.

5. Posterior view of same specimen.

6. Tetradella lunatifera (Ulrich).

Side view of right valve, X 22, showing the usual characters.

7. Tetradella marcliica (Krause).

Right valve. X 15. (After Krause.)

S, 0. Tetradella ': digitata (Krause).

Side views of left and right valves respectively of this doubtful

Tetradella. The obsolescence of the ventral margin is particularly

characteristic of this species.

10. Tetradella (Kiesowia) dissecta (Krause).

Left valve, X 10. (After Krause.)

11. Tetradella {Kiesowia) mamillosa (Krause).

Left valve, X 20. (After Krause.)

12. Tetradella (Kiesowia) radians (Krause).

Left valve, X 10. (After Krause.)

13-16. Ceratopsis chambersi (Miller).

13. Side view of a left valve of the usual form, X 20.

14. Ventral view of the same valve.

15. View of inner side of more elongate right valve, X 20.

1*;. A right valve, X 20, with the posterior median ridge divided.

17,18. Ceratopsis chambersi robusta Ulrich.

Side and posterior end views of a complete carapace, X 20.

10,20. Ceratopsis oculifera (Hall).

10. A left valve, X 15, showing the mushroom shaped process. <After

Jones.

)

20. Dorsal view of a complete carapace, X 18.

21,22. Ceratopsis quadrifida (Jones).

21. Side view of right valve, X 15. (After Jones.)

22. Ventral edge view of same. (After Jones.)
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EXPLANATION OF PLATE XL.

Unless otherwise stated, the figures are copied from Ulrich.

Figs. 1, 2. Ctenobolbina ciliata (Emmons).
1. Side view of left valve, X 15.

2. Interior of right valve.

3-5. Ctenobolbina emaciata (Ulrich).

3. Left valve, X 20.

4, 5. Ventral and end views of same.

6-8. CtenobolMna alata Ulrich.

6. Left valve, X 18.

7. Dorsal edge view of complete carapace, X 25.

8. Ventral edge view of same specimen.

9. CtenobolMna bispinosa Ulrich.

Right valve, X 18.

10. CtenobolMna obliqua Ulrich.

A right valve. X 20, in which some of the flange is missing.

11. Ctenobolbina oblonga (Steusloff).

View of a right valve of this species. X 20. (Copied from Steusloff.)

12. Ctcnobolbina granosa Ulrich.

View of a perfect left valve, X 20.

13, 14. Ctenobolbina fulcrata Ulrich.

Lateral and posterior views of a left valve, illustrating the usual

characters of the species, X 20.

15, 16. Ctenobolbina crassa Ulrich.

Lateral and posterior views of a left valve, X 20.

17,18. Ctenobolbina subcrassa Ulrich.

Lateral views of a left and right valve, respectively, X 20.

19, 20. Ctenobolbina punctata Ulrich.

Lateral and dorsal views of a right valve. X 20.

21, 22. Ctcnobolbina papulosa Ulrich.

Lateral and ventral views of a left valve, X 20.

23. Ctcnobolbina minima Ulrich.

A right valve, X 30.

24. Ctcnobolbina imprexsa (Steusloff).

Lateral view of a right valve, X 20. (After Steusloff.)

25-27. Ctenobolbina auricularis (Jones).

25. Lateral right side view of the complete carapace which is slightly

tilted, X 25.

26,27. Ventral and posterior views of the same carapace. (Copied from

Jones.

)

28. Ctenobolbina umbonata (Steusloff).

Left valve. X 20. (Copied from Steusloff.)

29. Ctcnobolbina major (Krause).

Lateral view of right valve, X 15. (After Krause.)

30-31. Ctenobolbina loculata Ulrich.

30. Exterior of an apparently perfect right valve. X 20.

31. Interior of a left valve, X 20.
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Ctenobolbina.

For explanation of plate see page 332.







EXPLANATION OF PLATE XLI.

Unless otherwise mentioned, all the figures on this plate are X 15, and are

copied from Ulrica.

Figs. 1-3. Drepanella Mgeneris Ulrich.

1. Side view of left valve.

2. Posterior view of same valve.

3. Longitudinal sectional view across the central part of the same.
4-6. Drepanella crassinoda Ulrich.

4. Side view of right valve.

5. Dorsal view of same valve.

6. Posterior end view of complete carapace.

7,8. Drepanella nitida (Ulrich).

7. Left valve of an average complete specimen.

S. Ventral view of same.

9. Drepanella ampla Ulrich.

Lateral view of right valve.

10,11. Drepanella elongata (Ulrich.)

10. Left valve.

11. Longitudinal sectional view.

12-14. Drepanella macra Ulrich.

12. Side view of right valve.

13. Longitudinal and vertical sectional views across central part of same
valve.

15. Drepanella richardsoni (Miller).

Side view of a left valve (original).

16-18. Scofleldia bilateralis (Ulrich).

16. Side view of a right valve of the usual appearance.

17, IS. Ventral and posterior views of a left valve.
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DREPANELLA AND Scofieldia.
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EXPLANATION OF PLATE XLII.

All of the figures on this plate, except 21 and 22, are copied from Ulrich and

are X 20.

Figs. 1-4. Treposella lyoni (Ulrich).

1. Side view of a right valve.

2, 3. Dorsal and posterior views of the same specimen.

4. A left valve showing the subcentral ventral pouch.

5-7. Hollina kolmodini (Jones).

5. A right valve showing the similarity of the ridges to Drepanella.

6. Interior of a right valve.

7. Dorsal edge view of same.

8,9. Hollina insolens (Ulrich).

8. Exterior of a left valve.

9. Interior of another left valve.

10-12. Hollina cavimarginata (Ulrich).

10,11. Lateral and posterior views of a left valve.

12. View of interior of another left valve.

13. Hollina spiculosa (Ulrich).

Side view of a nearly perfect right valve.

14. Hollina annata (Ulrich).

A right valve showing the usual characters.

15. Hollina tricollina (Ulrich).

Lateral view of a left valve.

16,17. Hollina granifrra (Ulrich).

Lateral and posterior views of a right valve.

18. Hollina radiata (Jones and Kirkby).

Right valve of an American example, apparently agreeing in all es-

sential respects with the English types of the species.

19,20. Hollina radiata cestriensis (Ulrich).

19. Side view of a left valve, X 28.

20. Posterior view of same example.

21,22. Beyrichiat tuberculospinosa Jones and Kirkby.

Side views of two examples of this doubtfully placed Carboniferous

species, which may be a Hollina, X 25. (After Jones and Kirkby.)
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EXPLANATION OF PLATE XLIII.

Figures 1-4 and 9-29 are copied from Jones.

Figs. 1-3. Kloedenella pennsylvanica (Jones).

Left side, end and ventral views of complete carapace, X 15.

4. Klaedenella hallii (Jones).

A right valve, X 20.

5. Kloedenella clarkei paupera, new variety.

Lateral view of left valve, X 20.

Coeymans limestone, Cumberland, Maryland.

6,7. Kloedenella turgida, new species.

Right and left valves, respectively, X 20.

Coeymans limestone, Cumberland. Maryland.

S. Klwdenella turgida ventrosa, new variety.

Lateral view of a left valve, X 20.

Coeymans limestone, Cumberland, Maryland.

9,10. Kloedenella bicaesa (Jones and Kirkbyi.

Left and right valves of this Carboniferous species. X 25.

11-14. Kirkbyina reticosa (Jones and Kirkby).

11. Left valve. X 25.

12. Right valve. X 25.

13, 14. Dorsal and ventral views of a complete carapace.

15-18. Kirkbyina ventricomis (Jones and Kirkby).

15. A left valve, X 25.

16. A right valve showing the spine more conspicuously, X 25.

17. is. Ventral and end views of complete carapace.

19,20. Beyrichiella cristata Jones and Kirkby.

Right side and dorsal view of complete carapace, X 25.

21. Beyrichiella confluens (Ulrich).

Left valve. X 20, of the only known American species.

22-24. Beyrichiopsis fimbriate Jones and Kirkby.

22. Right valve. X 40. apparently perfect.

23. Right valve with the fringe partially broken away. X 25.

24. Ventral view of complete carapace.

2."i. Beyrichiopsis subdentata Jones and Kirkby.

Lateral view of a rijjht valve, X 25.

26,27. Beyrichiopsis granulata Jones and Kirkby.

26. A left valve, X 25.

27. End view of same.

28. Beyrichiopsis simplex Jones and Kirkby.

Lateral view of left valve, X 25.

29. Beyrichiopsis comuta Jones and Kirkby.

Left valve, X 25.
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Klcedenella, Kirkbyina, Beyrichiella, and Beyrichiopsis.

For explanation of plate see page 338.







EXPLANATION OF PLATE XLIV.

Figs. 1-6 are copied from Ulrich and Bassler aud are X 30; figs. 7-19 are from

Jones and Kirkby and are X 25.

Figs. 1, 2. Jonesina bolliaformis (Ulrich and Bassler).

1. Left valve of entire carapace.

2. Dorsal view of same showing channeled back.

3-5. Jonesina bolliaformis tumida (Ulrich and Bassler).

3. Left valve, incomplete at the antero-dorsal angle.

4. Lateral view of another left valve.

5. Ventral view of original of fig. 4.

6. Jonesina gregaria (Ulrich and Bassler).

Left valve of an average old example.

7-9. Jonesina fodicata (Jones and Kirkby).

7,8. Two left valves showing slight variation in outline and surface

characters.

9. A right valve in which the surface is further modified.

10-12. Jonesina fastigiata (Jones and Kirkby).

10. Lateral view of a right side of complete carapace.

11,12. Two left valves.

13,14. Jonesina erateri</era (Jones and Kirkby).

Right side and ventral view of complete carapace

15,16. Jonesina bradyana (Jones and Kirkby).

15. Right side of complete carapace.

16. Ventral view of same specimen.

17-19. Jonesina arcuata, (Bean).

17. 18. Two left valves showing variation in outline.

19. Right side of complete carapace.
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