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nortce ; b, the two aortic valves ; c, remnant of the auricle

;

d, cavity of the ventricle, showing various diverticula. The
great muscular walls are kept apart by a style.

Fig. 3. The aperture («) of the air-bladder, with its neighbourino- re-
ticulations and radii. Considerably reduced.

Fig. 4. A few of the reticulations on the inner surface of the anterior
region of the swim-bladder. Natui'al size.
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Introduction.

In the Ann. & Mag. Nat. Hist. ser. 2, vol. xvi. 1855,

pp. 81 et seq., one of us gave a short history of this genus and

a description of its characters *. Excepting that the group
" Beyrichice simpUces'''' now belongs to our genus Primitia^,

tliere is not much to alter in the account there given, though

many species have been added from several of the stages of

the Palseozoic system of strata. Wemay remark, however,

that we now prefer to regard them, together with Leper ditia,

as more closely related to Ostracoda J than to Phyllopoda, to

which order they were then referred with doubt (p. 85).

Doubtless they are an ancient generalized group possessing

characters since distributed among more special forms. The
'-'• Cyilierce'''' and '•'' Gytheropses'''' mentioned at p. 84 are pro-

bably Gytherids or marine Cyprids and Primitim) and the

B. siliqua (pp. 84 and 90) is a Cytlierellina (Ann. & Mag.

Nat. Hist. ser. 4, vol. iii. p. 215).

It is important to notice an omission at p. 83, where it

should have been stated that Dr. Ernst Boll, of Neubran-

denburg, proposed '•'Beyrichia " in 1847 as a name for the

genus independently of Prof. F. M'Coy, both having recognized

that Prof. Beyrich first referred these little fossil organisms

to their right systematic group. Dr. E. Boll § added much
to our knowledge of the Upper- Silurian BeyricMce from the

erratic blocks of Scandinavian limestones in North Germany.
Since 1855 the BeyricMm have been much studied. The

observers have been Boll, 1856 and 1862 ; Schmidt, 1858
;

Romer, 1858 ; James Hall, 1859 (also before and afterwards)

;

d'Eichwald, 1860; Billings, 1866; Bock, 1867; Ileiden-

hain, 1869; Richter, Kolmodin, Linnarsson, and Karsten,

1869; Barrande, 1872; Krause, 1877 ; Haupt, 1878; Brog-

ger, 1882 ; Kiesow, 1884 ; Renter, 1885. These, besides

others, including J. W. Kirkby and ourselves, have described

and illustrated new or little-known forms. A very full

account of the history of the genus up to 1872 will be found

in the late M. J. Barrande's Syst. Sil. Boheme, vol. i. Suppl.

1872, pp. 484 et seq., worked out with his usual accuracy and

* See also the Proc. Geol. Assoc, Pal. Biv. Entom., 1869, pp. 8, 11, &c.,

and the Monthly Miciosc. Journ. vol. iv. 1870, p. 192.

t Ann. & Mag. Nat. Hist., Dec. 1865, pp. 415 &c.

j Monthly Microsc. Journ. /. c. pp. 189-191. See also M. Barrande's
remarks to the same efi'ect in his Systeme Silur. Boheme, vol. i. Suppl.

1872, p. 467.

§ This hard-working- enthusiastic naturalist died January 20th, 1868,
aged 51, much regretted by the members of the Natural-History Society
ot Mecklenburg, whose Journal he had edited for many years.
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completeness. Lately Herr G. Eeuter has given, in the
Zeitschr. d. d. geol, Ges. vol. xxxvii. 1885, pp. 621 et seq., a
sketch of the history of the genus, with elaborate notes on its

structural characters, on several of its species, their apparent
genetic order, and their distribution in the Upper- Silurian
rocks of Scandinavia, as indicated both by the Ostracoda
found in the drifted blocks in North Germany and by those
known in the parent strata.

The chief memoirs subsequent to those by Kloden (1834)
and Jones (1855) treating of tlie Beyrichian limestones of
Scandinavia in the Drift of Northern Europe are :

—

1858. Ferd. Eomer. Neues Jahrb. 1858, p. 270.
1859. Friedrich Schmidt. Archiv f. d. Naturk. Liv-,

Ehst- und Kurlands, ser. 1, vol. ii. part 2, 1859,

pp. 443, 445, 448, 453, 461-463.
1861. C. Grewingk. Ibid, part 3, 1861, pp. 571, 660,

&c.

1862. Ferd. Eomer. Zeitschr. d. d. geol. Ges. vol. xiv.

1862, p. 607.

1862. E. Boll. Archiv Ver. Fr. Nat. Meklenburg, 16.

Jahrg. 1862, pp. 114 &c.

1869. G. Karsten. Beitr. Landeskund. Herzog. Schleswig
und Holstein, ser. 1, part 1, 1869, pp. 1 &c.

1869. Heidenhain. Zeitschr. d. d. geol. Ges. vol. xxi. 1869,

pp. 143-182.

1874. Feistmantel. Neues Vorkommen nord. Silur. Diluv.
Lampersdorf, &c.

1877. A. Krause. Zeitschr, d. d. geol. Ges. vol. xxix. 1877,»

pp. 33-45 &c.

1878. K. Haupt. Neues Lausitzisches Magaziu, vol. liv.

1878, p. 75.

1881. W. Dames, Zeitschr. d. d. geol. Ges. vol. xxxiii.

1881, pp. 434-441.

1884. J. Kiesow. Schriften der naturforschenden Gesell-

schaft in Danzig, new ser. vol. vi. part i, 1884,

pp. 205 &c. _ "^^^^^

1885. G. Eeuter. Zeitschr. d. d. geol. Ges. vol. xx,,vi :

1885, pp. 621-681. \$-

Herr Eeuter, like other observers, has been especially struck

with the peculiarity of the extra large lobe present in

many individuals among the Silurian Beyrichice towards one
end of the ventral region of each valve. In the Proc. Geol.

Assoc, Pal. Biv. Entom., 1869, p. 11, its cause was referred
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to advanced age ; but G. Renter, following R. Ricbter *, thinks

that the eggs may have lain within that lobe. A. Krause

adopted this view hypotheticallj in his memoir (Z, d. d. g. G.
vol. xxix. 1877, p. 32) . They support their view by referring

to Zenker's description f and figure of a right valve of a

female Cythere gihha, with a distinct lobular swelling at the

middle of the ventral border, rather bigger in its posterior than

in its anterior moiety ; its length is less than a third of that

of the valve, and its width (height) is about one third of that

of the valve.

Cytherura gihha [Cytliere^ Miiller) is a well-known species,

studied by Lilljeborg, Zenker, G. 0. Sars, G. S. Brady, and

D. Robertson. As with most of the Ostracoda, the female of

C. gihha has a broader (that is, a more swollen) carapace than

the male. In the genus Cytherura tliis thickness or lateral

fullness is variable, and sometimes becomes strong and promi-

nent, as in C. Rohertsoni and C. gihha
; but it is not localized

as an isolated lump, as in Zenker's figure, which may
be an accidental exaggeration, due possibly to malfor-

mation of the individual J. Certainly the female fullness

of the carapace is strongest in the posterior moiety of the

valves, in accordance with the postero-dorsal position of

the ovaries in Ostracods and the Limnadiad Phyllopods,

but for \\hich a postero-ventral position would be quite

abnormal, as intimated in the Proc. Geol. Assoc, Pal. Biv.

Entom. p. 11. An analogue for the postero-ventral position

of the ovaries might possibly be found by referring to the

arrangement of the eggs in some Schizopods with their
'^ brood-plates " or lateral supplementary laminar egg-covers

;

but this would be going too far from the simply bivalved

Ostracods.

In the bivalved carapaces of recent Ostracoda the most
compressed end is found to be the anterior, and in the

majority of known forms this end is also the lowest (nar-

rowest). This rule was adopted when it was necessary to

refer >.y name to the extremities of the Beyrichian valves and
i.thfie "special lobes. These relative proportions in height

l'.^7,2,lth) and thickness are observable in most of the Beyrichice

excepting —(1) those which have naturally a semicircular

ventral border, and (2) those in wliich the variable lobe

* Zeitschr. d. d. geol. Ges. vol. xxi. 18G9, p. 774,

t " The female Lrings forth living youug, and for their development
the hinder body is enlarged by the two swellings " (Wiegmann's Archiv,
20. Jahrg. vol i. 1864, p. 85, pi. v. D. fig. 2).

X In some Lepeiditice the margin of the right valve is thickened at the

same place.
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(regarded by us as antero-ventral^ by Renter o.^ postero-ventral)

has pushed out and overhung the margin, thus altering the

shape of the valve. Take for instance the semicircular, fig. 14,

pi. V. (Ann. & Mag. Nat. Hist. ser. 2, vol. xvi. 1855) ; and
compare the regular figs. 5, 9, and 11, with the " big-lobed "

figs. 7 and 8 on that plate. We cannot therefore adopt

Mr. Renter's cleverly devised nomenclature [op. cit. pp. 630,

631) for the fore and aft furrows of the Beyrichian valves,

his " cephalic " and our " cephalic " being contradictory

terms.

Wehave regarded the sulcus between the " sausage" and
" middle " lobes as equivalent to the nuchal notch of Crus-
tacea. Unfortunately there are no " ocular spots " in Bey-
richian valves to give a clue to the cephalic extremity. In
neither B. ocuUna nor B. oculifera^ Hall, is there any satis-

factory indication of this feature 5 nor has the exact position

of the muscle-spot been determined. We may note that

the Carboniferous, Devonian, and Lower-Silurian Beyrichke
did not take on the exaggerated lobe, so far as we are aware.

Doubtless the alliances of the Leperditiad^*, whether amongst
themselves or with Ostracods on the one hand and Limnadiads
on the other, are not yet well understood, as their soft parts

are w^anting ; but, as all the living bivalved forms have the

ovary in the postero-dorsal region, it would be too strange for

this organ to be placed elsewhere in analogous fossil genera.

It does not seem possible to allocate satisfactorily the internal

organs to the external lobes ; and until we have all the Bey-
richioi before us, in their great multiplicity and in their suc-

cessional order, we cannot pretend to know all the features

and their probable biological meanings f. With regard to

the extraordinary outward growth of one lobe on each valve

in Beyrichia it might possibly have reference to a fully-

developed hepatic gland, if in this genus the liver had the

same position that it has in Gypris according to Zenker
(Archiv &c. 1854, vol. i. p. 37, pi. i. fig. 15). There is a
possibility of its having had a parasitic origin, like the

swelling caused by Bopyrics in the Prawn. The " big lobes
"

are not always quite equal nor quite opposite on the two sides

in Beyrichioi.

The protuberant and exaggerated antero-ventral lobe has

* Month. Microsc. Journ. 1870, pp. 187 &c.

t Some of the Cypridinadaj are smooth, but others have swellings of
the valves, which seem difficult to collocate with internal organs. Cypri-
della is " swollen here and there into tubercles, fewer in the young than
in the old state" (Monthly Microsc. Journ. vol. x. 1873, p. 74).
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been figured or noted as present in individuals of the following

species of Beyrichia :

—

B. tuherculata (Kloden), Kloden, 1834, fig. 22; Jones,

Ann. & Mag. Nat. Hist, ser, 2, vol. xvi. 1 855, pi. v.

figs. 7 a, 7 6, 8 a, and P. B. E. 1869, fig. 12 c ; Boll,

1862, fig. 1 a ; Karsten, 1869, pi. xx. figs. 3 h and c

;

Krause, 1877, pi. i. fig. 12 ^'.

B. Klcedeniy M'Coy, Jones, Proc. Geol. Assoc. P. B. E.

fig. Qh] Heidenliain {'^ tuhei'cidata^'), 1869, pi. i.

fig. 14.

B. protidjerans, Boll, 1862, fig. 3; Karsten, 1869, pi. xx.

fig. 3g : B. Klcedeni-granulata.

B. Kloedeni^ var. granulata (see further on)

.

, var. nuda (see further on).

, var. smooth and partially ridged : B. cincta,

Boll, 1862, fig. 4.

, var. smooth : B. hmata, Kolmodin, 1869, p. 17,

figs. 8, 9 ; referred hy Kolmodin to B. Klcedeni in

1880, p. 137.

, var. intermedia, Jones (see further on)

.

, var. subtorosa, Jones, P. B. E. fig. 10 b.

, var. torosa, Jones, ibid. fig. lib, and Ann. &
Mag. Nat. Hist. 1855, xvi. pi. vi. fig. 11.

-, var. antiquata, Jones, Ann. & Mag. Nat. Hist.

1855, xvi. pi. vi. fig. 12.

B. Buchiana, Jones, P. B. E. fig. 13 J.

, Jones, Krause, 1877, fig. 14 b.

B. Dahnaniana, Jones, Ann. & Mag. Nat. Hist. 1855,

xvi. pi. V. fig. 13.

B. Salteriana, Jones, Krause, 1877, fig. 17 b.

, Jones, Kiesow (" Maccoyana,^^ var.), 1864,
pi. iv. fig. 6.

B. Maccoyiana'^, Jones, Krause, 1877, fig. IQb.

B. elegans, Boll, 1862, fig. 10=^ Salteriana, Jones.

B. grayidisj Kolmodin, 1880, pi. xix. fig. 8 a, J = ? Salter-

iana, Jones.

B. impendens, Jones, P. B. E. 1869, fig. 4 b.

B. Wilchensiana, Jones, Krause, 1877, fig. 18 b. The
figs. 17, 18, 19 in pi. v. (Jones, op. cit. 1855) are corre-

spondingly big-lobed individuals.

We may here mention that Dr. Krause suggests that B.

Dalmaniana, Jones, is the same as B. elegans^ Boll and that

* The German palaeontologists prefer to write this word '^Maccoyana ;

"

and some uniformly misspell " IVitckensiana.'"



Pahvozo'ic Bivalved Entomostraca. 343

both are hig-lohed (" female ") forms of B. Maccoyiana^

Jones ; but we cannot agree with him in this proposition.

His suggestion that B. prot,uberans^ Boll, is the hig-lohed

form of B. Klcedeni, M'Coy, is highly probable. Wesee the

same condition in Heiclenhain's pi. i. fig. 14, which is wrongly

referred to B. tuherculata, as pointed out by Krause (op. cit.

p. 32), who doubts, however, its being B. Klcedeni.

In his description of B. grandis (1880, p. 138), Dr. Kol-

modin regards the big lobe there present as being 'posterior
;

but it may well be antero-ventral, as we have regarded it in

other such forms. In B. grandis it bears on its middle a low

process, hollowed out at the top like an oval-lipped hollow

wart. This specimen and the one described and figured by
Boll as B. elegans (1862, p. 135, fig. 10) are both imperfect

(probably having been thin-shelled), and yet appear to have
much in common—in their outlines, in the relative size and
position of the central lobe, and in the oval outline of the

exaggerated lobe, Avhich is said to be neatly granulated in

Kolmodin's, and cross-cut with stria;, bounding minute inter-

mediate elevations, in Boll's specimen, the meshes longest

with the long axis of the lobe. The exceptional size of the

front lobe and the general granulation * of the surface make
the chief differences.

The large collections of O^tracoda made of late years by
Messrs. John Smith f and G. R. Vine J from the Upper-
Silurian § shales of Shropshire having been confided to us

for description, we have had a good opportunity of extending

our knowledge of the Beyrichice. Mr. C. D. Sherborn has

effectively aided us in our work.

By careful working Mr. Vine in 1881 had picked out of

the Upper-Silurian shales supplied by Mr. G. Maw, F.G.S. ||,

more than 60,000 specimens of the remains of Actinozoa,

Echinodermata, Annelida, Polyzoa, Brachiopoda, Trilobita,

and Entomostraca. Of the Polyzoa and Annelida he supplied

descriptions in the Quart. Journ. Geol. Soc. vol. xxxviii. 1882,

pp. 44 &c., and ihid. pp. 377 &c. ; and lists of the others

were given at the same time (see ihid. pp. 47-49).

His collection of the Entomostraca comprised many hun-

dreds of specimens, and he commenced describing and

* It is difficult to determine under some microscopes whether we have
granules or pits.

t Geol. Mag. dec. ii. vol. viii. 1881, pp. 70-75.

j Quart. Journ. Geol. Soc. vol. xxxviii. 1882, pp. 44 and 48.

§ " Upper Silurian " of Murchison and the Geological Survey, but
'' Silurian ' of tlie Cambridge school of geologists.

II
See the paper by Davidson and Maw, Geol. Mag. dec, ii. vol. viii.

1881, pp. 100-10(3.
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cataloguing them. Their study and determination were, how-
ever, put aside for awhile ,• and ultimately Mr. Vine requested

one of us to take the collection in hand for special treatment,

liberally offering the whole for acceptance. The work of

examining, comparing, describing, and illustrating this exten-

sive and excellent series of Upper-Silurian Ostracoda, the

more valuable on account of the known horizon of the bed

from which each individual has been obtained, was under-

taken with pleasure, but has necessarily occupied much time.

The coincident opportunity of critically examining another

large and well-preserved series of Upper- Silurian Entomo-
straca was afforded by Mr. John Smith, of Kilwinning,

kindly submitting for our determination and description the

collection he had formed in 1880, and of which a provisional

list was given by one of us in the ' Geological Magazine,'

1881, he. cit.

Among the forms collected, as mentioned above, are the

following genera :

—

Beyrichia, Kirkhya^ Frimitia^ Thlipsura^

JEchmina^ Cytherella^ CytherelUna, Macrocypris^ and others
;

but on this occasion we can take only the Beyrichice into

consideration.

With regard to Mr. Vine's collection, he informs us that

the same numbers are connected with these specimens, to indi-

cate the beds from which they came, as those used in his

"Notes on Polyzoa " &c. (Quart. Journ. Geol. Soc. loc. cit.),

and that he has found it " quite possible to speak of the rela-

tive abundance or the paucity of species m the different

washings. From the five ' Buildwas ' localities those marked
no. 22 and no. 37 have yielded the greatest abundance of

individuals ; nos. 36 and 38, the richest beds for Polyzoa,

have been very poor in their yield of Ostracoda. The Coal-

brook-Dale washing (no. 43) is likewise poor. In the Tick wood
beds, especially no. 25, and in Mr. Young's washing, no. 25*,

the Ostracoda are abundant both in species and in individuals
;

and the same remark will apply to the ' Shales over the

Wenlock Limestone,^ no. 46."

The order of the beds and the numbers of the boxes of

washed material, as adopted by Davidson and Vine, are :

—

" Shales over the Wenlock Limestone, 24 and 46.

"The Wenlock Limestone, not examined.

"Upper Wenlock Shales, 25, 25^, 41, 42. Tickwood
beds.

" Middle Wenlock Shales, 43. Coalbrook-Dale beds.

" Lower Wenlock Shales, 22, 36, 37, 38, 40. Buildwas

beds."

Mr. Vine has already drawn attention to the fact that much
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of the finer debris of the shales must have been lost in the

washing f, ^nd the small Entomostraca must have escaped

with it ; but there was some unwashed clay in the cases sent

to him, and from this and in cleaning the other fossils he
was able to collect a fair sample of the shale. This he care-

fullj manipulated, and out of the several fresh washings he
collected more than three thousand specimens of Entomo-
straca. Altogether there are between forty and fifty species

and notable varieties. Individuals of some of these are rare

and local ; others are common. The most abundant of the

whole ai-e those usually referred to smooth Cytlierce and Thlip-

surce ;
BeyricMre are also common.

Mr. John Young, F.G.S., of the Hunterian Museum,
Glasgow, received from Mr. Mawa packet of shale weighing
about ten pounds from the Tickwood beds and another of

about the same weight from the Buildwas beds. The clay

from the Tickwood beds he carefully washed ; and in a letter

to Mr. Vine (dated June 12, 1880) he gives the following

particulars :
—" I weighed five pounds of the dried shale and

put it in water until it was thoroughly dissolved, stirred it

gently with the hand, poured the muddy water off, and kept

on washing until the water remained quite clear. When the

residue was dried, I found that out of five pounds weight only

two and a half ounces remained. This was composed of

fragments of still unwashed shale, a number of specimens of

small Brachiopods, fragments of Polyzoa, some of Trilobites,

a species of Conchicolites, a number of Entomostraca, and
fragments of other organisms." This gatliering is marked
25* in the list, the organisms generally agreeing with those

found in no. 25.

I. Beyrichia, M'Coy, 1846.

Beyrichia, M'Coy, Silvir. Foss. Ireland, 1846, p. 58.

Beyrichia, Boll, Dimker und von Meyer's Palseontogr. vol. i. July 18J7,

p. 127.

Beyrichia, auctorum.

This genus is known by small, semicircular, semi-ovate,

and more or less oblong valves, strongly lobed by deep trans-

verse furrows. The amount and extent of sulcation vary very

much. Some unisulcate allies, formerly termed Beyricldai

simplices (already alluded to), of simple outline, and passing

into small, feebly furrowed, or non-sulcate Leperditioid

forms, have been separated as Primitiw. 1'he Beyrichi<je

proper {Jugosce) have the surface of the valves impressed with

t Op. at. p. 44.
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two strong vertical furrows, extending from the back to the

ventral portion of the valve and dividing the surface into

three unsymmetrical lobes, transverse ridges, or bosses.

These vary considerably in size, mode of subdivision, and
relative position in different species and their varieties, and
to some extent in different stages of individual growth. The
hinder and usually larger lobe is somewhat leg-of-mutton- or

gigot-shaped ; hence it may be termed the " gigot-lobe." It

is often transversely sulcate. The lobe at the other end may
be called the " sausage-lobe," whether entire or constricted.

Its distended ventral extremity, making the extraordinary
" big lobe," is subglobular or apple-like. The middle lobe is

usually egg-shaped, but may be narrow and elongate. The
gigot and middle lobes are usually connected below, but

sometimes this condition is obscure ; and in some specimens

the ventral portions of all three lobes are almost equally

united.

The ventral and two end margins of each valve are turned

sharply inwards^ the angle so made being marked externally

by a prominent rim or ledge, slightly rounded or trenchant,

along these three edges of the valve. An additional frill-like

free flange sometimes (in adults) stands out along the ventral

region * above the border. These thin laminar processes, as

well as the real marginal flange, are divergent, so as to give

a broad basis to the carapace standing on its ventral surface.

They are also sometimes frilled (crimped or goffered) with
radiate striae ; sometimes they have a spiny fringe, and fre-

quently present only denticles or short blunt spines. The
surface of the valves may be minutely pitted or coarsely

reticulate; and frequently small granulations, passing into

tubercles, ornament the whole or part of the valves ,• and the

large exaggerated antero-ventral lobe occasionally shows an
elegantly delicate reticulate surface. The dorsal edges of the

two valves meet along the hinge-line without any special

modification. The other contact-edges close together by the

marginal flange of the one valve being received by the edge
of the other. The valves are almost equal in size, the ven-
tral edge of the left valve very slightly overlapping that of

the right.

Some special BeyrichicB^ typified by B. Wilckensiana
and its variety plicata, constitute the group Corrugatce'\.

* This supernumerary flange is also met with in some Carboniferous

BeyrichicB and Kirkbyce.

t Ann. & Mag. Nat. Hist. ser. 2, vol. xvi. pp. 89-90, 175, and vol. xvii.

p. 83, footnote. We now omit B. Bibeiriana, B. affinis, and B. Bar-
randiana {op. cif. pp. 170, 171) from the Corrugat(S.
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TTiey have smooth convex valves, impressed with two short

vertical furrows on the dorsal region ; and in the type a

third smaller furrow defines a narrow serailune at the front

end of the valve. Two such small, vertical, parallel fur-

rows characterize the variety plicata. B. Wilckensiana
differs so much in general features from typical Beyrichice

that we think this purse-like form ought to be raised to

generic distinction as Klcedenia, a name we propose to use

in honour of Karl Friedrich von Kloden, who first noticed

the Beyrichice.

The furrows in Klocdenia do not alter the contours of the

valves so much as the deeper and broader four sulci in B.
bussacensis, Jones (Proc. Geol, Assoc, Pal. Biv. Entom.
1869, p. 15, fig. 23), and we may add perhaps B. Forhesii^

Jones {ihid. fig. 19). This or a similar arrangement of parts

may hold good according to the description (not accompanied
by a figure) in Billings's B. decora (Sil. Foss. Anticosti,

1866, p. 66). Another possible ally is B. persulcata^ Ulrich,

from the Hudson-River Group (Journ. Cincin. Soc. N. H.
vol. ii. 1879, p. 4, pi. vii. fig. 6). B. pennsylvanica, Jones
(Ann. & Mag. Nat. Hist. ser. 3, vol. ii. pp. 252, 253, pi. x.

figs. 15-18), also possesses four lobes or ridges in its adult

form*. B. nana, Brogger (Die silurischen Etagen 2. und 3. ira

Kristianiagebiet und auf Eker, 1882, p. 55, pi. xii. fig. 15),
is also one of the four-lobed Beyricliicc. These Beyrichice

having more than three transverse lobes on their valves may be
grouped as Plurijugatce. Our new species Beyrichia admixta
(see further on) is one of this group, and B. lacujiata, sp. nov.,

is not far removed from it.

1. Beyrichia tidtercidata (Kloden).

Battus tiihercuJatus, Kloden (pars), 1834, Verstein. Mark Brandenburg,

pp. 115-117, pi. i. figs. 21-23.

Beyrichia tubermlata, Boll, 1847, Palfeontogr. vol. i. p. 127, 1862,
Archiv Vereins Freunde Naturg. Meklenburg, 16. Jahr. p. 119, pi. O,
figs. la,b; var. = B. Kochii, Boll, I. c. p. 121, fig. 2 (? = var. nuda,
Jones).

Beyrichia tuhercidata, Jones, 1855, Ann. & Mag. Nat. Hist. ser. 2,

vol. xvi. p. 86, pi. V. figs. 4-9 b ; Proc. Geol. Assoc, Pal. Biv. Entom.
1869, p. 12, figs. 12 a, b,c; Geol. Mag. dec. ii. vol. iii. 1881, p. 344,

pi. _x. figs. 8, 9, 10.

Beyrichia tuberc-ulata, var. nuda, Jones, 1855, op, cit. figs. 10, 11, et var.

antiqtiata, fig. 12.

Beyrichia tubercidata, Karsten, 1869, Beitrage zur Landeskunde d.

* The frilled specimens of this species (fig. 15) were wrongly referred

to B. Maccoyiana (loc. cit.).
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Herzo^. Schleswig und Holstein, series 1, part 1, p. 57, pi. tx.

ligs. 3 a, b, c.

Beyrichia tuberculata, Krause, 1877, Zeitschr. d. d. gaol. Ges. vol. xxix.

p. 30, pi. i. figs. 12 a, b, and var. fig. 13.

Beyrichia tuberculata, var. gednnensis, Kiesow, 1884, Schr. naturf. Ges.

Danzig, new ser. vol. vi. p. 277, pi. iv. tig. 5.

Beyrichia tuberculata, Reuter, 1885, Zeitschr. d. d. geol. Ges. vol. xxxvii.

p. 632, pi. XXV. tigs. 1 A and B [and the varieties tigs. 2-9].

B. tuberculata (Kloden) is characterized by the nearly

oblong shape and the strong growth of its valves, their well-

detined margins, and their three full lobes. The front lobe

is sausage-shaped, sometimes single, but usually constricted

or cut crosswise, so as to be divided into two unequal lobes.

The raidlobe is single, oval, and usually free, but occasionally

united by a low and narrow isthmus with the foot of the

posterior lobe. The last is the largest, somewhat semilunar

orcurvi-pyriform (gigot-shaped), and more or less tripartite,

rarely (in some varieties) less strongly sulcate ; but in some

cases it is resolved into several isolated tubercles. The sur-

face, especially of the large lobes, is coarsely and irregularly

granulate, and the margin also is sometimes tuberculate.

The late Dr. Ernst Boll objected that Kloden should b3

the '' authority " for this species, because the latter included

all his figures in Battus tuberculatus. As, however, he

regarded some as immature forms, the ligs. 21, 22, and 23 still

remain as representing the typical species. His ligs. 16 and

17 are B. Wilcketisiana, Jones (fig. 16 being var. plicata,

not CytlierelUna siliqua, as Krause thinks). Fig. 18 is

probably B. Salteriana, Jones, as suggested by Krause ; and

lig. 19 may be the B. Bolliana of Reuter, but cannot be B.

complicata, as supposed by Boll ; nor (together with fig. 18)

does it represent B. Wilchensiana, as supposed by Jones in

the Ann. & Mag. Nat. Hist, for August 1855, p. 87.

Dr. Boll recognized that his B. Kochii, described as being

smooth, is like Jones's fig. 5, pi. v., 1855, which, however, is

granulatedj and may stand as a weak form of B. tuberculata

(Kloden). B. Kochii still more closely agrees with figs. 10

and 11 of that plate ;
and the latter individuals, so illustrated,

might be called B. Kochii, Boll, if the absence of ornament

were a specific character in this and the analogous case of B.

Kloedeni, var. nuda, Jones (fig. 7, pi. vi., September 1855).

So also Dr. Boll was disinclined to include Jones's fig. 12,

pi. V. (var. aritiquata), in the species B. tuberculata, the pos-

terior (gigot) lobe being weakly developed ; but an analogous

varietal form accompanies the typical B. Klosdeni (see pi. vi.

Sept. 1855, fig. 8, and Geol. Mag. 1881, p. 345, pi. x. fig. 1 1) ;
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it is noticed also by Kolmodin (QEfvers. K. Vet.-Akad.
Forhandl. for 1879, vol. xxxvi. 1880, p. 137.

Wemust remember that by themselves neither the splitting-

up of the lobes nor the granulation of the surface can be taken

as specific characters, so many instances of the capricious

adoption of these features being known.

(1) BeyricMa tuherculata, var. qihhosa^ Renter.

{PL XII. figs, la, l'^*.)

Proportions*: —Length 27. Height 16. Thickness 18.

In one specimen, seeming to belong at first sight to the

varietal group of B. Klmdeni-torosa (see further on), the sub-

division of the gigot-lobe has proceeded a step further, and
there are three lobules, thus presenting a leading character of

B. tuherculata^ Kloden. The other lobe is distended ventrally.

This individual is scarcely to be distinguished from the

variety figured and described by G. Renter as B. tuhercidata-

gihhosa (Z. d. d. g. G. 1885, p. 634, pi. xxv. fig. 2 s).

Krause's fig. 12 h, pi. i. (Z. d. d. g. G. 1877, p. 30), B. twher-

eiilafa, is very similar.

This specimen (on slide no, 9 of Mr, J, Smith's collection)

is from the Upper-Silurian beds at Dudley Castle,

The same collection has a modification of B. Kloedent, var.

, suhtorosa, which imitates a variety of B. tuherculata (see

p, 353, under var. suhtorosa).

2. BeyricMa Klcedeni, M'Coy, 1846.

Some observations on this variable species, as to its

history, character, and synonyms, were offered by one of us

in the Ann. & Mag, Nat. Plist. ser, 2, vol. xvi. 1855, pp. 166
et scq., and in the Geol. Mag. dec. ii, vol. viii. 1881, p. 345.

The typical form .is characterized by the nearly semicir-

cular or ovate-oblong shape of the valves and their three neat

lobes. The front and hind lobes are large, nearly equal, pyri-

form and curved ; and the hind lobe turns up sharply from
below towards, and often joining, the smaller oval midlobe.

The surface may be granulate or smooth, and the ventral

margin more or less developed. Sometimes the anterior and
the posterior lobe each turn towards and meet the midlobe,

with distinct necks of junction ; and, when so connected, all

become more or less attenuate and straight (vars. intermedia^

pauperata). Sometimes the front and hind lobes run together

below, leaving the midlobe distinct and either free or lying

against the inner side of one of the other lobes (var. tuhercu-

lata). On the other hand the front and hind lobes become

* If divided by 15, these will give the measurements in millimetres

and parts of a mi)limetre.

Ann. & Mag. N. Hist. Ser. 5. To?, xvii. 24
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constricted or bipartite, and even divided into distinct lobes

(vars. torosa, suhtorosa). In one instance, whether a variety

or a species is doubtful (fig. 12, pi. vi. Ann. & Mag. Nat. Hist.

1855, vol. xvi.), the front lobe is tripartite and the hind lobe

(obscure in the specimen) seems to be undivided. It is

difficult in very many cases to determine where varietal

changes end and specific distinctions take their stand.

BeyricMa Kloedeni^ M'Coy, is subject to considerable

variation in the relative shape and proportions of its lobes,

ridges, and furrows, besides being affected by a subdivision of

the lobes, as in the varieties suhtorosa and torosa. In the nar-

rowness of the lobes and width of the furrows the varieties

intermedia sind pauperata a.ve conspicuous. In the latter the

furrows are very much widened at the expense of the ridges,

which are not only narrow but much attenuated below, a thin

line only partially connecting the front and hind lobes along

the ventral margin, .while the middle lobe is greatly reduced,

comma-like, and isolated. This form accompanies var. torosa

in the Upper-Ludlow rock of Aymestry Common (both as

casts), and is figured in the Pal. Biv. Entom., Proc. Geol.

Assoc. 1869, p. 14, fig. 8.

Several British varieties are noticed (with references) in

the Geol. Mag. [1. c.) as being marked by the relative deve-

lopment of the three lobes, ranging from. the variety jpaupe-

rata^ having very narrow lobes, and the var. torosa, with its

subdivided lobes, to the typical Klcedeni, with well-developed

neatly-shaped lobes, and its var. tuherculata, in which the

lobes take up a large portion of the valves, and, leaving the

middle lobe more or less distinct, have become almost or quite

confluent below. A general tuberculation of the surface is

common in the last variety and is present also in some others.

In the collections made by Messrs. Smith and Vine we meet
with some of the varieties here alluded to, and with inter-

mediate conditions, whether of individual growth or of

progressive development. As B. Klozdeni varies in two
directions (in one set of individuals the lobes becoming
narrower and wider apart, and in the other becoming thick

and closer) , it is difficult to take all its varieties in one order.

We first take the typical forms, and then those showing-

attenuation of the lobes.

I. Lohes free and plump.

(1) Beyrichia Klcedeni, var. granulata, Jones.

(PI. XII. %. 2.)

Proportions :—L. 18. H. 11.

The common three-lobed Beyrichia somewhat granulated



Palceozoic Bivalved Entomostraca. 351

(Ann. & Mag. Nat. Hist. Sept. 1855, vol. xvi. p. 16(3, pi. vi.

fig. 9). The hinder lobe is not divided nor constricted; but
with age both the hind and front lobe generally bear one or

more tubercles on their prominent dorsal ends. This is the

"granulated variety^' referred to in the Geol. Mag. 1881,

pp. 345 and 346. The older individuals in some cases pass into

var, tuherculata^ Salter.

The front lobe is greatly enlarged ventraliy in some speci-

mens. This condition occurs in individuals of several distinct

species (Upper- Silurian, see above, p. 342) as well as

varieties ; and therefore it is not a specific character, as Boll

thought it was when he described and named a form similar to

the above as B. 'protuherans. What organ of the animal took
on an increased structure, so as to cause the valves to be thus
locally swollen in the antero- ventral region, we do not know.
The ovaries in living Ostracoda and Limnadiads are situated

in the postero-dorsal region (see above, p. 340).
B. Kloedeni-granulafa, Smith Coll. no. 9i, 2, 5, from Dudley

Castle ; no. 10, railway- cutting, side of the Severn, Iron-

brido-e; no. 21, railway-cutting, Coalbrook Dale. All with
the " big lobe."

Vine Coll. LXVI9, from the Tickwood Beds ; XXXIX,
passing into var. tuherculataj Salter, from bed no. 46. All

big-lobed.

(2) BeyricMa Klcedeni^ var. nuda, Jones.

This is the B. KJcedeni with a " smooth valve," referred to

in the Geol. Mag. 1881, p. 345 ; see also Ann. & Mag. Nat.,
Hist. Sept. 1855, vol. xvi. p. 166, pi. vi. fig. 7. A smooth
variety of the typical B. Klcedeni^ but larger than the figured

specimen above alluded to, and with the exaggerated antero-

ventral lobe, occurred in Mr. G. R. Vine's collection, from the

Wenlock Shales, no. 46, but has been lost. In Mr. J. Smith's

collection (no. 24 slide) is a large smooth B. Klcedeni^ or, at

least, one with the granulation reduced to a minimum. This
is from the Wren's Nest, Dudley. In Mr. Vine's collection

(slide no. LXVi) is a large B. Klcedeni, quite smooth, from

the Tickwood Beds.

The large individuals of each variety put on strong mar-

ginal edges and exaggerate their lobes dorsal ly into apical

bosses or projecting tips.

(3) BeyricMa Klcedeni^ var. antiquata, Jones.

Beyrichia Klcedeni, var. antiqunta, Jones, Ann. & Mag. Nat. Hist.

Sept. 1855, vol. xvi. p. 167, pi. vi.fior. 8.

24*
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This is referred to above (page 348). B. Kloedeni^ var.

graniiJata (some big-lobed), passing into var. tuherculatay

Salter, together with var. antiquata, have been found in

Upper-Silurian shales near Muirkirk and Lesmahago,

Lanarkshire.

II. Lobes less free, attenuated.

(4) Beyricliia Klosdeni^ var. intermedia^ Jones.

(PL XII. figs. 3 and 4.)

Proportions : —Fig. 3 {subspissa) : L. 21. H. 14. Th. 10.

Fig. 4: L. 14. H. 8.

This variety was distinguished and figured in the paper on
" Palfeozoic Bivalved Entomostraca " in the Proc. Geol.

Assoc. 1869, pp. 12 and 14, fig. 9._
Valves suboblong or nearly semicircular, with raised mar-

ginal rim and three nearly equal lobes, relatively narrow and

vertical, the middle lobe not being short-oval, but reaching

down into the ventral region and coalescing freely with the

lower ends of the other two lobes. An approximation to

this feature is evident in some specimens collected by Mr.

Smith from " Woolhope " and by Mr. Vine from the " Tick-

wood Beds " and tlie " Shales over the Wenlock Limestone."

In the latter, however, the lobes are somewhat thicker than

in the specimens from the Upper-Ludlow shales.

In Mr, Vine's examples the surface is punctate or slightly

reticulate, but usually roughened. No two have exactly the

same outline and contours of lobes and margins. Some are

more semicircular than others, and some have the lobes

thicker and with less interspaces than others (fig. 3 a, h).

This last modification might be termed subvariety subspissa.

A raised marginal rim is distinct in all. This form is near to

and corresponds with the North-American B. lata (Vanuxem,
Ann. & Mag. Nat. Hist. ser. 2, vol. xvi. p. 168, pi. vi.

fig. 13).
^

Var. intermedia presents a more complete union of the

posterior and the central lobe in a horseshoe-shaped ridge

than is found in the typical form of B. Klcedeni, and herein

resembles B. Buchiana. The front lobe also is connected

Avith the middle lobe by a depressed neck, a condition observ-

able in B. Buchiana and some others. Besides the greater

distinctness of the lobes in B. Buchiana, the notching or ten-

dency to subdivision in its posterior lobe separates it from the

variety of B. Kladeai under notice, which was designated as
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intermedia in 1869 from specimens found by Mr. Banks near

Kington in company with the typical B. Kloedeni and its var.

torosa (all in the state of casts).

No. 12 in Mr. Smith's collection, from the railway-cutting

near Much-Wenlock, is a good example of this variety, and
has the exaggerated antero-ventral lobe.

Smith Coll. .no. 12 (with "big lobe"). Kailway-cutting

near Much-Wenlock.
55i. Woolhope. (Fig. 4.)

Vine Coll. no. XLiVi. Bed no. 46. (Fig. 3.)

XLiXg. Bed no. 25.

III. Lobes free and subdivided.

(5) BeyricMa Kloedenij var. subtorosa, Jones.

(PI. XIL figs. 6 and 7.)

Proportions :—L. 18. H. 12.

This is a rather small semicircular form which has a distinct,

raised, sharp, continuous marginal rim within the curved

border, and the three usual lobes rather narrower than in the

typical B. Kloedeni. The hinder or gigot-lobe is variously

modified by a slight sulcation, either transverse, oblique

(fig. 6), or nearly vertical, sometimes double (fig. 7). These
marks are not often sharply defined. In some respects it

much resembles B. Klwdeni, var. nuda (see above, p. 351)
;

but the lower end of each of the outer lobes curves up more
definitely towards the median lobe, and the gigot is sulcated.

In the relative narrowness of the lobes this variety •

approaches var. intermedia, Jones, above mentioned, and
more closely those individuals with the thicker lobes ; but tlie

very symmetrical form and the sulcate gigot-lobe connect it

Avith the already-published variety subtorosa. This is near

B. Buchiana (Ann. & Mag. Nat. Hist. 1855, vol. xvi. p. 86,

pi. V. figs. 1-3 ; and Proc, Geol. Assoc, Pal. Biv. Ent. 1869,

p. 12, fig. 13), but the valves are not oblong (except in some
cases with the exaggerated lobe) and the outer lobes are much
more curved (like the terminal margins), and not almost ver-

tically straight, as in var. intermedia and B. Buchiana.

In Mr. Smith's collection is a specimen (no. 34 slide) with

two weak parallel oblique furrows on the gigot-lobe (tig. 7),

thus imitating, if not actually becoming, B. Kochii, Boll [op.

cit. 1862, fig. 2), which is the same apparently as B. tubcrcu-

lata, var. nuda, Jones {op. cit. 1855, pi. v. fig. 10, see above,

p. 348). This is another of those linkings between Upper-

Silurian Beyrichioi which would almost persuade us to group
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the majority in one species, were it not that in all probability

the several animals varied in their soft parts and limbs.

B. Kloedeiii-suhtorosa is in the Smith Collection —no 17,

from Blue Holes, Riishal Canal, Walsall; no. ol, railway-

cutting, side of Severn, Ironbridge ; no. 32, Stoke-Saye,

Craven Arms ; no. 34, Woolhope (fig. 7). In the Vine Coll.

no. XLVi (fig. 6) and no. Lxvi, Tickwood Beds.

(6) Beyrichia Kloedenij var. torosa, Jones.

Beiirichia Kla'deni, var. torosa, Jones, Anu. & Mag. Nat. Hist. Sept.

1855, pi. vi. figs. 10 and 11, and fig. 12. ?

Valves subquadrate, with two of the usual three lobes

broken up each in two smaller lobes.

A specimen with a ^' big lobe," in Mr. Smith's collection

(slide no. 9), from Dudley Castle, has the gigot-lobe divided

into three lobules (figs. 1 a, 1 h)^ and thus closely imitates, if

it does not identify itself with, a variety of B. tuherculata.

See above, p. 349.

IV. Lubes coalescing belotv.

(7) Beyrichia Klosdeni, var. tuherculata, Salter.

(PI. XII. figs. Sa,b,9 a, b.)

Proportions :—Fig. 8 : L. 35. H. 30.—Fig. 9 : L 22.

H. 12. Th. 9.

B&irichia Klwde^ii, var. tuherculata, Salter, Geol. Mag. dec. ii. vol. viii.

1881, pp. u4o, 346 (for synonyms, &c.).

W^e have remarked above (p. 351) that old individuals of

the granulate B. Khydeni have the roots of their lobes so

much thickened that they nearly coalesce, as in the variety

before us. The extremes seem at first sight to be quite

distinct, but sufficient gradations to connect them are met
with.

1. In var. tuherculata the front and hind lobes are not at

all separated ; that is, they do not thin away and become
constricted below, but are broadly confluent in the ventral

region. The surface bears small tubercles, and in some cases

a minute interstitial pitting is also present (Smith Coll.

no. 18, Woolhope ;
figs. 8 a, h). It sometimes has the exag-

gerated or hypertrophied lobe, and is then almost undistin-

guishable from an old big-lobed B. Kloedeni-gramdata.

These specimens are coarsely granulated and at the dorsal

ends of the lobes bear one or more tubercles or small knobs.

2. Mr. Vine's xxxviii (bed no. 25) similar, but not quite

so coarsely granulose. The internal cast shows a deeper

sulcus than is seen on the valve.
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3. Mr. Vine's XLI (bed no. 25), not difFL^-ing from the fore-

going except being larger and smoother, that is, mucli less

coarsely granulated. Front and hind lobes fully conflaent.

This variety retains its leading characters among numerous

specimens in the Upper-Silurian shales, though the tubcrcu-

lation varies in intensity. Mr. Smitli's no. 15 (Severn, Iron-

bridge) has one specimen with a subdentate edge, as also in

fig. 8a. Occasionally individuals have the "big lobe."

A fine old individual of var. tuberculafa, Salter (not B.

tuberculata, Kloden), is in Mr. John Smith's collection

(no. 19), from a yellowish shale in a roadside quarry at

Gleedon Hill, between Build was and Much-Wenlock (see

Geol. Mag. Feb. 1881, pp. 72 and 74). It was associated

with numerous small Brachiopods and Crinoids, some Polyzoa,

Conodonts, and minute pearl-like bodies, such as those de-

scribed and elucidated by Prof. SoUas (Quart. Journ. Geol.

Soc. vol. XXXV. 1879, p. 501, pi. xxiv. figs. 12,_ 17-20). For
similar little pearl-like fossils see C. Barrois's ' Terrains

anciens des Asturies et de la Galice,' 1882, p. 45, pi. xx.

fig. 4 (uppermost figures) , there referred to coccoliths.

Smith Coll. no. 15. Railway-cutting, side of Severn, Iron-

bridge.

18. Woolhope (figs. 8a,h).

19, with big lobe. Gleedon Hill, Much-
Wenlock.

23. Benthall Edge.

24, rather variable as to tubercles and mid-
lobes. Wren's Nest, Dudley. '

Vine Coll. no. xxxviil. Bed no. 25 : and subviir. clausa.

XL. Beds nos. 22 and 46.

XLI. Bed no. 25.

LXI. Coarse. Bed no. 46.

XLiVu. Bed no. 22.

LXVs, with big lobe
; 9 and 10 granulate

and one B. Kl.-nuda. Bed no. 46.

LXVigj 9. Smoothish and granulate. Bed
no. 25.

Subvariety clausa^ nov. (Fig. 9.)

Mr. Vine's no. XLVii, from the bed no. 46, exhibits a

weak condition of the variety tuberculata (Salter), similar

to that shown by the small specimen (a cast) from the

Upper Llandovery of Howler's Heath, near Malvern, figured

in the Geol. Mag. decade ii. vol. viii. 1881, p. 345, pi. x.

fig. 12, and belonging to this subgroup, in which the hind
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and front lobes take up a large portion of the surface,

leaving the middle lobe small, but distinct, in a subcentral

depression. Ventral margin slightly developed. The surface

bears small scattered tubercles, as in Salter's fig. 14 a, from

which it slightly diifers in shape, being longer in proportion.

Edge view narrow-oval.

In shape and the position of the middle lobe, this form has

Bome resemblance to B. impendens, Jones*, but it is suffici-

ently distinct in several respects.

In the " vShales over the Wenlock Limestone," no. 46.

This small subvar. of tuherculata, Salter, has a " very limited

range in the Shales " (Vine).

(8) Beyrichia Khxdeni, var. scotica, nov.

(PL XII. fig. 10.)

Proportions : —L. 12. H. 9.

A closely allied form comes from the Middle-Silurian

(Llandovery) rocks near Girvan, Ayrshire. It is shorter,

being more nearly semicircular ; the middle lobe is rather

more definitely egg-shaped, and there is a thick raised mar-
ginal rim in all. A smooth suhvariety was described and
figured as B. Kloedeni by one of us in the ' Monograph of

the Silurian Fossils of the Girvan District,' by Nicholson

and Etheridge, Jun., 1880, p. 218, pi. xv. figs. 8-8 if ; and of

the present strongly granulate form (fig. 10) we have seen

four imperfect specimens (in Mrs. Gray's collection) from Bar-
gany-Pond Burn. Of these, one small hollow cast, preserving

the best proportion of characters, is here figured ; but the mid-

lobe is higher up than in older individuals. Excepting this

lobe the surface bears large scattered granules, sometimes

concentrically arranged, and the raised margin has a distinct

row of them also. The specimens occur in a hard limestone

and have not been got out free of matrix.

3. Beyricliia concinna, sp. nov.

(PI. XIL figs. 22 a, h.)

Proportions :—L. 10. H. 5. Th. 5.

This little unique carapace is very neat, compact, and
semiovate, deeply impressed in the dorsal region of each valve

with two short and unequal sulci, marking off a short and
distinct midlobe. This is continuous with the general con-

* See Nicliolson and Etheridge's ' Monograph Silur. Foss. Gu-van,
vol.i. 1880, p. 219 (references, kc).

t Wemay here mention that a few other Beyrichice and Primitice from
Girvan remain to be described.
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vexity of the valve, and lies closely against one of the main
lobes, which are quite confluent below. The surface of the

valves is delicately reticulate, the marginal rim is distinct and
uniform. The edge view is sharp-ovate^ notched at the sides

not quite symmetrically.

This rare form (no. 29 of Mr. J. Smith's collection) is

from Dormington, near Stoke-Edith. It is apparently related

to the subvariety clmisa (fig. 9), but its reticulate ornament
and other features sufficiently distinguish it.

4. Beyrichia Maccoyiana^ Jones.

(PI. XII. figs. 11 a, 6, c, 12, laa, I.)

Beyrichia Maccoyiana, Jones, Ann. & Mag. Nat. Plist. ser. 2, vol. xvi,

1855, p. 88, pi. V. fig. 14. (Not B. Muccoyiana, Jones, ibid. ser. 3,

vol. i. 1858, p. 252, pi. x. fig. 15, which is B. pennsylvanicay ibid.

p. 253, retaining the marginal frills absent in figs. lG-18.)

Beyrichia Maccoyana, Boll, 18G2, Archiv Ver. Freunde Naturg. Mek-
lenburg, 16. Jahrg. p. 134, pi. O. fig. 9.

Bei/richia Mans (?), Boll, 1856, Zeitschr. d. d. geol. Ges. vol. viii. p. 323,
tig. 4 ; and 1862, Archiv &c. p. 136, pi. O. tig. 11.

Beyrichia Maccoyana, Heidenhaiu, 1SG9, Zeitschr. d. d. geol. Ges.
vol. xxi. p. 17], pi. i. fig. 13.

Beyrichia Maccoyana, Krause, 1877, Zeitschr. d. d. geol. Ges. vol. xxix.

p. 34, pi. i. fig. 16 a, b.

[We are not inclined to admit as synonyms B- Dahnania^ia, Jones, and
B. e/er/ans, Boll, as suggested by l)r. A. Krause, oj). cit. pp. 34, 35.]

Beyrichia Maccoyana, Kolmodin, 1879, QCfvers. K. Yetensk.-Akad.
Fordbaudl. vol. xxxvi. p. 138 (not all the synonyms).

Beyrichia Maccoyana, et varr., Renter, 1885, Zeitschr. d. d. geol. Ges.
vol. ixsvii. p. 043, pi. xxvi. figs. 16-18 c.

(Tig. 11: L. 22. H. 15. Th. 14.

Proportions : \ Fig. 12 : L. 19. H. 12.

(Fig. 13: L. 22. H. 16.

Several specimens, from the Upper-Silurian Shales, in

Messrs. Smith's and Vine's collections, are sufficiently similar

in character and features to allow us to refer them to this

Scandinavian species. In these English examples the hinder

lobe is large and pyriform, uniting below by a definite curve
with the middle lobe, and the anterior lobe, also pyriform

but smaller, comes down and touches their connecting isthmus.

The " middle " lobe is occasionally somewhat excentric

(fig. 12).
^

The surface is punctate, but more often reticulate, like

the impressions on the head of a thimble, but much more
delicate. The radiate marginal fringe or frill is more dis-

tinct in some individuals than in others, and this in adults is

really not the margin itself but a free flap s})reading outwards
from the valve above it. It is often unequal in breadth in its

semicircular extension, and projects outwards and downwards,
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giving a broad ovate outline to the ventral surface of the closed

and perfect carapace (fig. 11 c), which has the real marginal

rims besides.

In some smaller specimens (xLii, said to be of " very

local " occurrence by Mr. Vine) the margin is narrower and

simple, and the front and hind lobes are confluent below.

Taking the varieties together, the width of the free margin

and the ventral confluence of the lobes are variable, being

different in individuals. In fig. 12 (Mr. Smith's no. 22j the

front and middle lobes are closer together than usual, and the

flange has not put on the crimped or goffered pattern.

In fig. 13 a the hypertrophy of the anterior lobe (which

is not very common in this species) has misshaped the valve

and encroached greatly on the frilled border. The reticulation

on the valve is irregular, but on the " big lobe " it is small,

neat, and elegantly regular (fig. 13 b).

E. Boll figured and described some Beyrichice of this alli-

ance in the Zeitschr. d. deutsch. geol. Ges. vol. viii. 1856,

pp. 321 and 324, as B. Jonesii^ Boll, figs. 1 and 2 ; B. spinu-

losa [nodulosa, Boll, 1862), fig. 3 ; and 5. hians, Boll, fig. 4,

from the drifted blocks of Upper-Silurian limestone found in

North Germany. In 1862, ' Archiv Ver. Freunde Natur.

Meklenburg,' 16. Jalirg. pp. 133, 134, B. sjnnigera, Boll,

fig. 7, and B. Maccoyana^ Jones, fig. 9, were added from the

same source.

The margin is tubercled in B. nodulosa^ and marked with

prickles in B. spinigera ; but in the other three the marginal

frill is radiately striate, with some variations in pattern and

intensity. The lobes differ in their proportions in all. B.
Mans is so called because in the described valve (unique ?) the

antero-ventral edge is, as it were, pressed inward and upward
(projecting at one spot obliquely outward),so that the carapace

gaped there when the valves were closed, if the notch be a

real feature and not the result of local accident.

Smith's no. 13, small. Hailway-cutting, Much-Wenlock.
14. Railway-cutting, Coalbrook Dale.

17. Blue Holes, Rushal Canal, Walsall.

20. Railway cutting, Coalbrook Dale.

22. Lincoln Hill, Ironbridge.

25 (fig. 13 a, b), with " big lobe." Railway-
cutting, side of Severn, Ironbridge.

27. Railway-cutting, side of Severn, Ironbridge.

28. Railway-cutting, side of Severn^ Ironbridge.

Vine's no. XLii.
J

XLiiii. (fig. 11). >Tickwood Beds.

LXVI. j
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5. BeyricMa Jonesiij Boll.

Beyrichia Jonesii, E. Boll, 1856, Zeitschr. d. d. geol. Ges. vol. viii. p. 322,

figs. 1 and 2, ; 1862^ Arcliiv Ver. Yr. Nat. Meklenbiirg, 16. Jahr.

p. 134, fig. 8.

'^BeyricMa verrucosa, Kolmodiii, 1869, Syerig. Silur. Ostrac. p. 19,

fig. 12.

F Beyrichia Jonesii, Kolinodiu, 1880, CEfv. K. Vet.-Akad. Fbrdhaudl.

vol. xxxvi. p. 137.

B. Jonesii has the middle lobe relatively small and pressed

more or less closel;^ against the inner side of one of the lobes.

The ventral union of the lobes, usually by a thin isthmus, is

variable in extent. Surface of the large lobes granulate or

tuberculate. The marginal rim well developed and radiate.

In Kolmodin's B. verrucosa^ which he regards as B. Jonesii^

the front and hind lobes freely coalesce, and, together with
the margin, are tuberculated. In the latter feature this re-

sembles Boll's B. nodulosa, otherwise it resembles Boll's

fig. 2 (1856) and fig. 8 (1862).

A specimen closely resembling fig. 1 of Boll's B. Jonesii

has been found by Dr. Holl in the Wenlock Limestone of

Eastnor Park, below the Herefordshire Beacon, on the west
side, near Malvern.

6. Beyricliia admixta, sp. nov. (PL XII. fig, 5.)

Proportions : —L. 13. H. 7.

These few, small, oblong valves (Smith Coll. no. 55.,, from
Woolhope) have three distinct subequal vertical lobes, "evenly
united below, and also the begirming or root of an obscure
supernumerary lobe, apparently a duplication of the gigot,

as if it w^ere to be divided vertically, but only a part of it

exposed.

This form is closely allied, if not belonging, to the four-

ridged group {Plurijugatce) . It evidently requires a distinct

name ; admixta has reference to this intermediate character.

7. Beyrichia lacunata, sp. nov.
(PI. XII. figs. 18, 19, 20.)

-p .• /Figs. 18, 20: L. 12.Proportions:|j..|jg/j^^^^^
H.

H.6.
6.

These oblong little valves vary in dimensions, outline, and
contour. Someare longer than others, and then have the ven-
tral margin somewhat incurved, instead of being straight or
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slightly convex. The ends are unequally rounded. The
valves all bear a raised ridge just within and concentric with

the ventral and terminal margins ; also three narrow trans-

verse lobes. These freely coalesce below, and, though some-

what variable, yet usually show that one (posterior), which
forms a loop at its upper portion (being there either impressed

with an oval pit, or formed of two short ridges meeting at

top), curves boldly forward below, and makes one with the

usually straight middle lobe ; whilst another (anterior) ridge-

like lobe goes off from (or joins) the root of the others with a

variable curve, or even at an angle. The depressed spaces,

or sulci, between the lobes, and between them and the strong

marginal rim, are deep and broad. The surface of the valves

is obscurely pitted. If the loop-like depression on the gigot

were open at the top, we should have a four-lobed Beyrichia
j

but in some individuals the anterior and middle lobes keep toge-

ther in either an oblique or a curved position, and even nearly

coalesce at the top (in the antero-dorsal region), as if, intend-

ing to form a loop, they would imitate that of the other lobe,

and thus make a single, curved, narrow, ridge-like lobe, having

a loop (or oval depression) at each end.

The form is rather rare and is new to us ; we call it

lacunata. Barrande's B. hohemica (Syst. Sil. B. vol. i. Suppl.

p. 498, pi. xxvi. fig. 13, and pi. xxxiv. figs. 18-22) and
M'Coy's figures of B. comjMcata (Pal. Foss. Cambr. 1851,

p. 136, pi. i. E, fig. 3) approach in character to this species.

Smith Coil, no, 16. Eailway-cutting, Severn, L'onbridge.

65. Woolhope.
Vine Coll. no. XLV. Tickwood Beds, uos. 25 and 25*.

II. BoLLiA, gen. nov.

In these Beyrichian Entomostraca the valves bear two lobes

meeting below with a thin curved isthmus. They have also

a marginal ridge, sometimes unequally divided ventraljy.

By the lessening of the lobes and the increase of the marginal

rim some forms seem to show a passage into Kirhhya. The
simple horseshoe swelling on the valve differs so much from

the three-lohed and the •plurijugale Beyrichue and from the

corrugate form or Kloedeniaj that we propose to give this a

generic standing as BOLLIA, in honour of the late Dr. Ernst

Boll, of Neubrandenburg (sec above, p. 338).
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1. Bollia hicolUna^ sp. nov.

(PL XII. l^gs. 14 a, h, c, 15, & 16.)

r Fig. 14 : L. 23. H. 15.

Proportions : \ Fig. 15 : L. 22. H. 15.

(Fig. 16: L. 9. H. 7.

Valves oblong, with rounded and nearly equal ends
; some

individuals proportionately longer than others
] straight on

the back, more or less outcurved on the ventral edge. The
surface is finely punctate, and bears two lobular elevations,

one on each side of a median bay-like sulcus, and constituting

two irregular obliquely transverse lobes, which converge
downwards and meet near the middle of the ventral region by
a low, narrow, bent isthmus, sinuous in the adult, but more
simply curved in the young state (fig. 16). The upper or

dorsal portions of this horseshoe lobe are swollen and project

outwards, and in the larger specimens somewhat divergently-

giving a symmetrically pinched and knobbly outline to the
dorsal profile of the carapace (fig. 14 h) . The ventral aspect
(fig. 14 c) shows the parallel, broad, lower margins conjoined,

and a slight median swelling at the curved neck or root of the
lobes on the sides ;

there is also a slight indication of one
pair of the lobes more prominent on one side than the other.

There are also two strong semilunar ridges, one at each end
of the valve, outside the lobes and parallel with the marginal
border, which has a slight outer rim. These two ridges die

out opposite each other, below the curved neck of the two
large lobes.

In My. Vine's collection, nos. XLVilii_4, Lxii, LXiVi2, 13, all

from the " Build was Beds " of the Wenlock Sliale.

A small or young form (fig. 16), with essentially the same
features as those of B. hicollina, occurs in Mr. J. Smith's
collection, no. 558, from Woolhope.

2. Bollia unijlexa^ sp. nov. (PI. XII. figs. 17 a, h.)

Proportions :—L. 23. H. 16. Th. 10.

Valves nearly semicircular, but somewhat modified by a
slope on the antero-ventral edge, where the narrow sharp ridge

just within the margin is much reduced in thickness. The
middle surface of each valve is raised into a strong somewhat
horseshoe-like or subcrescentric lobe, or rather into two broad,

suboval, unequal lobes, obliquely transverse to the length of
the valve, and united below. They converge rapidly down-
wards and join ventrally by a narrow sharply curved isthmus.
Towards the dorsal border they thicken and bulge out. A
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deep median sulcus separates the two limbs of this thick,

curved, lobular ridge, and the surface of the valve sinks deeply

all round outside the lobes, between them and the narrow
ridge which stands just within the fore and aft margins.

This submarginal ridge represents the thicker semilunar

ridges in B. hicollina.

The surface has a reticulate ornament. The dorsal aspect

of the carapace is irregularly subovate, blunt at the end, and
lumpy at four spots with the ends of the lobes.

At first sight this appears to be possibly a varietal form of

the foregoing (p. 361, figs. 14, 15, and 16), but we find no
intermediate stages.

This species is evidently an ally of Bollia cohoaUensis

(Beyrichia), Holl (Geol. Mag. dec. ii. vol. viii. 1881, p. 346,
pi. X. fig. 14) ; and in the simply curved elevation of B.

comma, Jones (Sil. Foss. Girvan, 1880, p. 219, pi. xv. fig. 9),

perhaps we have a distant homologue of the great curved lobe,

consituting the characteristic feature both in the unique speci-

men before us and in B. hicollina. These two are closely

related ; they may be only sexually different, but convenience

callsfor distinctive names, since a specific standing is possible.

The Lower-Silurian B. Grewingkii, Bock (Neues Jahrb, &c.

1867, p. 594), according to the description, may also be an
ally.

The broader lobes and thinner semilunar ridges, together

with the semicircular outline of the valves, distinguish B.
unijiexa from B. hicollina. The dorsal outlines are easily

recognized on account of the lobes forming more isolated pro-

jections in the latter species.

Vine Coll. no. xxxviiii (only one specimen, with B.
Kloedeni, var. tvherculata, Salter), from bed no. 25.

III. Klcedenia, gen. nov. (See above p. 347.)

1. Kladenia intermedia, Jones & Holl, var. marginata.

(PI. XII. figs. 21a, 5.)

Proportions :—L. 9. H. 6. Th. 5.

Beyrichia interinedia, J. & H., Ann. & Mao^. Nat. Hist. ser. 4, vol. iii.

1869, p. 218, pi. XV. fig. 7
J

Jones & Kirkby, ibid. vol. xv. p. 55,
pi. xvii. fig. 11.

This neat little form, one specimen of which has been col-

lected by Mr. Vine (No. LIV12, hed no. 37) agrees with the

species referred to above, except that it has a marginal rim,

and does not show the little foremost furrow.

It evidently belongs to the same group as K. Wilckensiana,

namely, what were called the Beyrichioi corrugatce ; and tlie

smooth convexity of the main portion of the valve, the very
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short sulci, and the small but prominent midlobe, reaching to

the dorsal edge, strongly distinguishing these species, we pro-

pose to separate them from their Beyrichian allies, under the

generic title of Klcedenia (see abovCj p. 347).

EXPLANATIONOF PLATE Xn.

[All the figiu-es are magnified 15 diameters, except figs, 8 h and 13 6.]

Fig. 1. Beyricliia Uihcrctilata (lOoden), var. gibbosa, Renter. With the
hvpertrophied lobe, a, right valve ; b, dorsal view of carapace.

Smith Coll. no. Og, 4. Dudley Castle.

Fig. 2. Bei/richia K/a;deni, M'Coy, var. granidata, Jones. With the big
lobe. Smith Coll. no. 9j. Dudley Castle.

Fig. 3. Bejjrichia Kloedeni , M'Coy, subvar. subspissn, Jones, a, right valve

;

b, dorsal view of carapace. Vine Coll. XLiv^. Bed 46.

Fig. 4. Beyrichia Kla'deni, M'Coy, var. intermedia, Jones. Right valve.

Smith Coll. no. .55^. Woolhope.
Fig. 5. Beyricliia admixta, sp. uov. Right valve. Smith Coll. no. 55.^

Woolhope.
Fig. 6. Beyricliia Kia>deni, M'Coy, var. suhtarosa, Jones. Left valve, with

one sulcus on the gigot. Vine Coll. xLvi. Tickwond Beds.
Fig. 7. The same. With two sulci on the gigot. Smith Coll. no. 34.

Woolhope.
Fig. 8. Beyricliia Kloedeni, M'Coy, var. tubercidata, Salter, a, left valve

;

b, portion magnified about 25 diam. Smith Coll. no. 18. Wool-
hope.

Fig. 9. The same, smaller form, subvar. c/rmsa. «, right valve ; &, dorsal

view of carapace. Vine Coll. xlyii. Shales over Wenlock
Limestone.

Fig. 10. Beyricliia Klosde/ii, var. scotica, nov. Hollow cast of a left

valve, Mrs. Gray's Coll. Near Girvan.

Fig. 11. Beyricliia Maccoyiana, Jones, a, left valve; b, dorsal view of,

carapace ; c, ventral aspect of carapace. Vine CoU. xLin,.
Bed 25.

Fig. 12. Beyricliia Maccoyiana, Jones. Right valve. Young or variety.

Smith Coll. no. 22g. Lincoln Hill, Ironbridge.

Fig. 13. Beyricliia Maccoyiana, Jones. «, right valve, with "big lobe;"
b, portion of the hvpertrophied lobe, magnified about 50 diam.
Smith Coll. no. 25. Railway-cutting, Ironbridge.

Fig. 14. BoUia bicolliiia, gen. et sp. nov. a, left valve ; b, dorsal view of
carapace ; c, ventral view. Vine Coll. xlviiIj. Bed 22,

Fig. 15. Tlie same. Right valve. Vine Coll. xlviii^. Bed 22.

Fig. 16. The same, young. Left valve. Smith Coll, no. 55^. Wool-
hope.

Fig. 17. BoUia uniflexa, gen. et sp. nov. a, right valve ; b, dorsal view
of the carapace. Vine Coll. xxxviii^. Bed 25,

Fig. IS. Beyricliia lacunata, ST^. uov. Left
J

q^vi, n ii kk

Fig. 19. The same. Right valve. (
..."^"^^^^^P®-

tj j o-
T7- on rr, -D^^.i,+ „i ^ I

Vine Coll. XLV. Bed 2y.
Fig. 20. The same. Right valve. )

Fig. 21. Klcedenia intermedia, Jones & IJoll, var. marginata, nov. o,

left valve ; 6, dorsal edge. Vine Coll. Liv,^. Bed 37.

Fig. 22. Beyricliia concinna, nov. a, right valve ; b, dorsal view of cara-

pace. Smith Coll. no. 19. Dormingtou, near Stoke-Edith.
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