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1 Parathurammina

Protista—Sarcodina

Archaesphaera

Fic. 225. Parathuramminidae; 1, Parathurammina; 2-6, Archaesphaera (p. C314).

Parathurammina SuLevyyavov, 1945, *1851, p. 126
[*P. dagmarae; OD] [=Thurammina (Salpingo-
thurammina) Poyarkov in PURKIN, PovarRkov &
RozHaNETs, 1961, *1490, p. 31 (type, Parathuram-
mina tuberculata LipiNa, 1950, *1142, p. 118)].
Test free, globular, 0.2 to 0.45 mm. diam.; wall
calcareous, granular, may appear striate in section,
surface with numerous tubular protuberances;
apertures at ends of protuberances. Der.-L.Carb.
(L.Tournais.), USSR(Volga-Ural area). Fic.
225,1. *P. dagmarae, U.Dev., USSR (W.Sib.);
X50 (*831).

[Povarkov, 1961, *1490, regarded Parathurammina as com-
posed of agglutinated calcareous particles and therefore
a synonym of Thurammina, which has a similar shape.
He did not regard the wall composition as having generic
importance but subdivided Thurammins into 2 subgenera
on the basis of apertural features. Thurammina (Thuram-
mina) has papillate (“'nipple-like'") protuberances, whereas
Thurammina (Salpingothurammina) has tubular projections
upon which were situated the apertures. The species in-
cluded in Salpingothurammina are those commonly placed
in Parathurammina; hence a modified definition or emenda-
tion of that genus would have been sufficient. The new
name proposed by Povarkov is a junior synonym of Para-
thurammina, regardless of which criterion is considered for
generic  separation.  Povarkov stated that the apertural
protuberances might reflect pseudopodial form, the papil-
late ones (Thuramminal formed by ‘‘lobopodia,’” and the
tubular ones (“"Sulpingothurammina,”” =Purathurammina)
due to ‘‘rhizopodia.” No true Foraminiferida are known
to have lobopodia, as these are found only in the Amoe-
bida and Arcellinida; hence, the pseudopodial nature prob-
ably is not the cause of the different forms of apertural
proiections. Parathurammina is here considered to have a
secreted  granular wall, not an azglutinated one as in
Thurammir.a.]

Archaesphaera SuviLevyavov, 1945, *1851, p. 126
[*A. minima: OD]) [=Vicinesphaera ANTROPOV,
1950, *25, p. 22 (type, V. squalida)]. Test free,
globular, 0.05-0.34 mm. in diam., surface smooth;
wall thin, calcarcous, dark, uniform, finely granu-
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lar: no pores or aperture observed. Der.-L.Carb.,
USSR (Ukraine). Fic. 225,2-5. *A. minima,
L.Carb.(Tournais.), Ukraine; 2, sec., X80
(*1851); 3,4, X100; 5, restoration, X330 (*261).
Fic. 225,6. A. squalida (AxTropov), Dev.
(Famenn.), Tataria; X 60 (*1509).

[The original description is as given above. The genus was
emended by E. V. Bykova (1955, *261), who stated that
the spherical test has numerous spines projecting from the
surface layer and that the wall is composed of 2 layers,
the outer one being thin, obscure, finely granular, porous
and not generally preserved, whereas the inner layer is
clear, homogeneous, and radially striate owing to the coarse
perforation. Vicinesphaera was described as differing from
Archaesphaera in its more irregular wall, but this seems
probably to be a result of the preservation.]

Bisphaera Biriva, 1948, *139, p. 159 [*B. malev-
kensis; OD]. Test comprising single chamber but
with central constriction suggesting tendency to-
ward double-chambered form; wall single layered,
of finely granular calcite, porous; no aperture ob-
served.  M.Derv.-L.Carb.(Tournais.), USSR(W.
Urals, Russian Platform). Pro, 226.1.2. *B.
malevkensis, Dev., Bashkir, ASSR: 1, sectioned
specimen: 2, reconstr., X100 (*261).
Cribrosphaeroides REYTLINGER in RAUZER-CHERNOU-
sova & Fursenko, 1959, *1509, p. 174 [*Cribro-
sphaera simplex REYTLINGER, 1954, *1561, p.
65: OD] [=Cribrosphaera REYTLINGER, 1954,
*1561, p. 65 (obj.) (non Cribrosphaera PoroFsky,
1906); Cribrosphaerella Proxixa, 1960, *1485, pl.
25, fig. 1 (expl. of pl. 25 given as Cribrosphaer-
otdes); Cribsophaeroides ProxiNa, 1960, *1485, p.
140 (nom. null.)]. Test circular or irregular in
form; wall granular, coarsely perforate; without
apparent aperture. Dee.( Frasn.), USSR (Russian
Platform). Fic. 2263. *C. simplex (Revt-
LINGER): holotype, X140 (*1561).




Irregularina

Fic. 226. Parathuramminidae; 1,2, Bisphaera; 3, Cribrosphaeroides; 4, Rauserina; 5,6, Irregularina;
7, Uralinella (p. C314-C316).

Irregularina E. V. Bykova in Bykova & PoLENova,
1955, *261, p. 21 [*I. karlensis VissarloNOVa,
1950, *2010, p. 35; OD] [=lrregularina Vis-
sartoNova, 1950, *2010, p. 35 (nom. nud.); Cor-
bis AxTroPOV, 1950, *25, p. 26 (type, C. nodosus)
(non Cuvier, 1817); Corbiella REYTLINGER, 1954,
*1561, p. 62 (nom. nud.); Corbiella ANTROPOV 1n
Rauzer-CHERNoUsova & Fursenko, 1959, *1509,
p. 175 (nom. subst. pro Corbis AxTROPOV, 1950,
obj.)]. Test free, consisting of single irregular
chamber; wall calcareous; aperture at ends of neck-
like projections. U.Dev.(Givet.) - L.Carb.
(Tournais.), C.Asia-USSR (Russian Platform).
Fic. 226,5. *I. karlensis, Dev.(Givet.), Baskiri;
sectioned specimen, X150 (*1509). Fic. 226,
6. 1. nodosa (AnTroPov), U.Dev.(Frasn.), Tataria;
sectioned specimen, X 120 (*1509).

[Vissarionova (1950, *2010) described Irregularina and in-
cluded 3 species, I. cardiformis, 1. mopha (listed as I.
morpha, p. 30, and on figure explanation) and I. karlensis
(as liregularina Rarlensis on p. 35). None was designated
as type-species. The “‘genotype’ species was stated to be
1. karlensis by Bykova in Bykova & Porexova (1955, *261,
p. 21): hence, the genus dates from 1955 and is credited
to Bykova, according to the International Rules of Zooloyi-
cal Nomenclature. Corbiclla was described as being irregu-
!ﬂr or boxlike, the aperture not being observed. Because of
its irregular form, like that of Irregularina, it secms prob-

able that nonoriented scctions might not have intersected
the aperture, and they are here regarded as svnonymous.]
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Palachemonella H. Beckaraxy, 1953, *104, p. 265
[*P. torleyi; OD]. Test consisting of single ovate
to globular or irregular chamber; wall of granu-
lar calcite, in sections with dark inner layer
(pseudochitin?) and light outer laver, with small
percentage of foreign matter?, apertures rounded,
at ends of irregularly spaced necklike protuber-
ances. M.Dev., Eu. Fic. 227. *P. torleyi, Ger.;
X85 (*2117).

Petchorina REYTLINGER, 1962 (see p. C796).

Quasituberitina Poyarkov in PrrkiN, Povarkov &
RozuaNets, 1961, #1490, p. 24 [*Q. magna; OD]
[ =Quasituberitina Poyarkov, 1957, *1480, p. 33,
35 (nom. nud.)]. Test with small spherical pro-
loculus followed by strongly enveloping larger
second chamber, intercommunicating by means of
relatively large opening: wall dark, finely granu-
lar, homogeneous and imperforate. [Originally
placed in the Stegnamminidae, this genus 1s here
transferred to the Parathuramminidae.] Der.(U.
Famenn.), USSR. Fic. 228. *Q. magna; X130
(*1490).

Rauserina ANTRopov, 1950, *25, p. 27 [*R. notata;
OD]. Test free, of 1 or 2 subglobular chambers;
wall calcarcous, finely granular: external aperture
not observed but intercameral opening present.
[ Rauserina differs from .drchaesphaera in having




C316

Fic. 227. Parathuramminidae; Palachemonella
(p. C315).

2 chambers and from Eovolutina in the chambers
being adjacent rather than concentric.] M.Der.
(Givet.) - U.Dev.(Famenn.), USSR(Russian Plat-
form). Fic. 226,4. *R. notata, U.Dev.(Frasn.);
sectioned specimen, X140 (*1509).

Uralinella E. V. Bykova, 1952, *257, p. 15 [*U.
bicamerata: OD]. Test with 2 chambers, globular
proloculus nearly completely surrounded by outer
2nd chamber: wall calcareous, finely granular; 5
to 8 apertures at periphery of proloculus, with
elongate tubular necks which extend through in-
terior of embracing 2nd chamber and continue as
similar necks and openings at surface of final
chamber. [Groups of specimens may be found
closely adjacent in thin sections, suggesting pos-
sible colonial development.] U.Der., USSR (Urals:
Bashkir-Tartar). Fic. 226.7. *U. bicamerata;
thin section of holotype, X100 (*257).

Uslonia AxTroPov, 1959, *25A, p. 28 [*U. permira;
OD|. Test consisting of single irregular chamber
0.5 to 2.0 mm. 1in length; wall calcareous, homo-
gencous, perforate; aperture not observed. U.Der.
(U.Frasn.), USSR (Bashkir - Tatar - Udmurt).
Fic. 228A1. *U. pernura; la, holotype, sec.: 1b,
paratype, X 14 (*254).

[Originally placed in the Saccamminidae, the genus is
known only from nonoricnted sections of the type-species
and was thought possibly to be an attached form. It is here
transferred  to the Parathuramminidae. The test is quite
similar in appearance w0 that of the Devonian Paluche-
monclla, and if additonal material shows the presence of

apertures at ends of the irregular projections 1t would
probably be congeneric. ]
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Protista—Sarcodina

Fic. 228. Parathuramminidae; Quasituberitina

(p. C315).

Family CALIGELLIDAE
Reytlinger, 1959
[Caligellidae REYTLINGER in RAUZER-CHERNOUSOVA & FURSENKO,
1959, p. 175]
Test tubular or enrolled, may have irregu-
lar constrictions or projections from wall,
tending to become septate in advanced

forms; aperture simple or irregular. U.Dev .-
L.Carb.

Caligella AxTrOPOV, 1950, *25, p. 28 [*C. borov-
kensis; OD) [=Evlania E. V. Bykova, 1952,
*257, p. 20 (type, E. transversa); Baituganella
Lipina, 1955, *1143, p. 19 (type, B. chernyshinen-
sis); Paracaligella Lipina, 1955, *1143, p. 26 (type,
P. antropori)]. Test free? or attached, tubular,
early portion may be slightly coiled, later portion
uncoiling; partially divided by incomplete septa,
or more rarely complete septa, into irregularly
sized chambers; wall calcareous, aperture rounded,
terminal, may have thickened margin or neck.
[Modifications of the basic form have been the
basis for 4 generic names, which include a total
of 7 species, most of which are known only from
thin sections. Their differences are here regarded
as of only specific rather than generic importance.]

Fic. 228\, Parathuramminidae: I, Uslonia

(p. C316).



Foraminiferida—Fusulinina—Parathuramminacea
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Fic. 229. Caligellidae; I-6, Caligella (p. C316-C317).

U.Dev.(Frasn.-Famenn.)-L.Carb.( Tournais.), USSR
(Russian  Platform-Volga-Ural Region). Fic.
229,1. *C. borovkensis, U.Dev., X 66 (*1509).
Fic. 229,2-4. C. transversa (E. V. Bykova), M.
Dev., USSR (Voronez Distr.); 2, holotype, X66;
3, paratype, early enrolled stage, X 160; 4a,b, top,
edge views of paratype, X 66 (*257). Fic. 229,
5. C. antropovi (Lirixa), U.Dev.; holotype, X47

(*1143). Fic. 2296. C. chernyshinensis
(Lirina), L.Carb.(Tournais.), holotype, X47
(*1143).

Shuguria AxTroPov, 1950, *25, p. 30 [*S. flabelli-
formis; OD]. Test free, flattened, flabelliform, to
0.84 mm. in length; chambers of early stage
planispiral, later biserial and finally multiserial,
with somewhat separated series; wall calcareous,
structure obscure; apertures as openings at periph-
ery. U.Dev.(Frasn.), Russian Platform. Fic.
230. *S. flabelliformis; enlarged (*25).

Family MORAVAMMINIDAE
Pokorny, 1951

[nom. transl. LoksLicm & Tapeax, 1961, p. 283 (ex sub-
family Moravammininae PokorxY, 1951)] [=Earlandiidae
CummiNgs, 1955, p. 227]

Test globular to tubular and nonseptate,

free or attached; aperture simple and ter-
minal. Ord.-Carb.

Subfamily EARLANDINAE Cummings, 1955
[nom. transl. PoxornY, 1958, p. 169 (ex family Earlandiidae
Cummines, 1955)]

Test free, tubular or uniserial. Ord.-Carb.
Earlandia Pruamer, 1930, *1462, p. 12 [*E. per-
parva; OD)] [=Syzramia REYTLINGER, 1950,
*1560, p. 92 (type, S. bella)]. Test free, elongate,
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with globular proloculus followed by long non-
septate tubular chamber; wall of finely granular
calcite; aperture at open end of tube. Derv.-Penn.,
Brit.I.-USA (Tex.)-USSR. Fic. 231,1,2. *E. per-
parva, Penn., USA(Tex.); I, topotype, X90
(*2117); 2, diagram. long. sec., X50 (*400).——
Fic. 231,3. E. bella (RevyTLINGER), U.Carb., USSR
(Syzran); sectioned holotype showing nonseptate
tube, X 96 (*1560).

Earlandinita Cunaines, 1955, *400, p. 230 [*No-
dosinella perelegans PLuainer, 1930, *1462, p. 145
OD]. Test free, elongate, uniserial, straight or
slightly arcuate; septa and chambers well defined;
wall calcareous, finely granular; aperture termi-
nal, rounded. [Earlandinita differs from Paratik-
hinella in having complete septa and from Nodo-
sinella in its single-layvered wall.] L.Carb.(Avon.),
Brit.l.; Penn., USA(Tex.). Fic. 231,8-10. *E.
perelegans (Prumaer), Penn., USA(Tex.): 8,9,
holotype and paratvpe, X100 (*1462); 10, dia-
gram. sec., X 90 (*400).

Fic. 230. Caligellidae; Shuguria (p. C317).



C318 Protista—Sarcodina

Lugtonia CUMMINGS, 1955, *400, p. 231 [*Nodo- rectilinear arrangement; sutures constricted, septa
sinella concinna Brapy, 1876, *193, p. 106; OD]. domed internally; original wall composition un-
Test free, small, tapering, globular chambers in certain, replaced by amorphous or crystalline silica;

Earlandia

Lugtonia

10

g

Fie. 231, Moravamminidae (Earlandiinae:  1-3. Earlundia: 4-7, Paratikhinella: 8-10, Earlandinita; 11-13,
Lugtonia: 14, Pseudoglomospira) (p. C317-C319).

Earlandinita
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aperture terminal, rounded. [Known only from
sediments where secondary silicification has oc-
curred, but there associated with secondarily silici-
fied species belonging to the Parathuramminacea
and Endothyracea.] L.Carb.(Visean-Namur.), Brit.

T Fic. 231,11-13. *L. concinna (Braby); 11,
12, side view and sectioned specimen, X45
(*400): 13, side view of holotype, X50 (*193).

Paratikhinella RevtLINGER, 1954, *1561, p. 71
[*Tikhinella cannula E. V. Bykova, 1952, *257,
p. 32; OD] [=Earlandinella Cummincs, 1955,
*400, p. 229 (type, Nodosinella cylindrica Brapy,
1876, *193, p. 104)]. Test free, cylindrical,
spherical proloculus followed by tapering tubular
portion, partially subdivided by incomplete septa
produced by inward thickenings of test wall,
which is calcareous, finely granular; aperture ter-
minal, rounded. U.Dev.(Frasn.), USSR(Russian
Platform); L.Carb.(Avon.), Brit.l. Fic. 2314.
*P. cannula (E. V. Bykova), U.Dev.; USSR;
holotype, X100 (*257). Fic. 231,5-7. P. cyl-
indrica (Braby), L.Carb., Eng.; 5, lectotype, X30
(*193); 6,7, side view and sectioned specimen,
X 30 (*400).

Pseudoglomospira E. V. Bykova in E. V. Bykova &
PoLENoOvVA, 1955, *261, p. 30 [*P. devonica; OD
(M)]. Test consisting of globular proloculus and
tubular undivided 2nd chamber which is strepto-
spirally enrolled; wall calcareous, homogeneous,
dark, and finely granular; aperture at open end
of tube. Dev.-Carb., USSR. Fic. 231,14. *P.
devonica, Dev., Sartov Province; section of holo-
type, X100 (*261).

Saccamminopsis Sorras, 1921, *1811, p. 193, 211
[*Saccammina carteri Braby, 1871, *188, p. 177
(=Nodosaria fusulinaformis M'Coy, 1849, *1196,
p. 131); OD (M)] [=Carteria Brabpy in C.
Moorg, 1870, *1306, p. 372 (type not designated)
(non Carteria DiesiNG, 1866, non Gray, 1867; nec
SiGNoRrET, 1874)]. Test free, uniserial, with glob-
ular to ovate chambers, and strongly constricted
sutures, chambers commonly broken apart in
preservation; wall thin, calcareous; aperture ter-
minal, rounded. [Originally regarded as agglu-
tinated, the type-species was restudied by Sorvas,
and shown to be originally calcareous, a secondary
silicification and infilling having caused the laby-
rinthic appearance.] Ord.-Carb., Brit.l. Fic.
232,1,2. *S. fusulinaformis (M'Coy); 1, exterior
of various specimens, X2 (*193); 2, sectioned
specimen, X 16 (*1811).

Subfamily MORAVAMMININAE Pokorny, 1951
[Moravammininae PokornY, 1951, p. 7]

Test attached, tubular. M.Dev.-M.Carb.

Moravammina PoxorxY, 1951, *1472, p. 7 [*M.
segmentata; OD] [=Litva E. V. Bykova in E. V.
Bykova & Poruxova, 1955, *261, p. 27 (type, L.
sizranensis)].  Test tubular, attached by pro-
loculus, may be enrolled about attachment, later
uncoiled and erect: chambers separated by equally
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Fic. 232. Moravamminidae (Earlandiinae; 1,2, Sac-
camminopsis) (p. C319).

spaced thin septa; wall calcareous, finely granu-
lar; aperture rounded, terminal. [Lizya was re-
garded as differing from Moravammina in its
slight tendency to coil in trochoid manner. Since
both are coiled about an attachment, the spires
vary considerably and they are here regarded as
congeneric.] M.Dev.(Givet.), Czech.; U.Dev.
(Frasn.), USSR. Fic. 233,1. *M. segmentata,
M.Dev., Czech.; topotype, X59 (*2117). Fic.
233,2-4. M. sizranensis (E. V. Bysova), U.Dev.,
USSR; 2, holotype; 3a,b, side, edge views of para-
type; 4, sec. showing septation; all X66 (*261).
Kettnerammina PokornY, 1951, *1472, p. 3 [*K.
givetiana; OD)] [=Saccorhina E. V. Bykova in E.
V. Byrova & PoLeNova, 1955, *261, p. 33 (type, S.
trivirgulinag)]. Test similar to Morarammina but
with globular proloculus followed by nonseptate
tubular 2nd chamber with tendency to bifurcate.
M. Dev. (Girvet.) - U. Dev. (Frasn.), Czech.-USSR
(Russian Platform). Fic. 233,7. *K. givetiana,
M.Dev.(Givet.), Czech.: topotype, X28 (*2117).
Fic. 233,8,9. K. trivirgulina (E. V. Bykova),
U.Dev.(Frasn.), USSR: 8, holotype: 9, paratype,
X66 (*261).

Turrispiroides REYTLINGER in Ravzer-CHERNOUSOVA
& Fursexko, 1959, *1509, p. 181 [pro Turrispira
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Protista—Sarcodina

Fic. 233. Moravamminidae (Moravammininae; I-4, Moravammina; 5, Turrispiroides; 6, Vasicekia; 7-9,
Kettnerammina) (p. C319-C320).

REYTLINGER, 1950, *1560, p. 18 (non Coxrap,
1866; nec PeTHo, 1906)] [*Turrispira mira REYT-
LINGER, 1950, *1560, p. 19; OD]. Text with pro-
loculus followed by nonseptate tubular 2nd cham-
ber, trochospirally coiled; wall calcareous, finely
granular.  M.Carb.(L.Moscorv.), USSR (Russian

Platform). Fic. 233,5. *T. mira (Revr-
LINGER); holotype, sec. showing low spire, X 66
(*1509).

Vasicekia PoxkorxY, 1951, *1472, p. 11 [*V. mora-
vica; OD]. Test consisting of elongate tubular
segments with bulbous inflated portion near one
end, regarded as fragments of originally multilo-
cular test; aperture at open end of tubular portion.
[This genus was originally placed in the Reopha-
cidae, but is nonagglutinated and composed of
granular calcite, hence here transferred to the
Moravammininae. Vasicekia is superficially simi-
lar to Morarammina but has very elongate cham-
bers with swollen area near one extremity.] M.
Deuv.(Givet.), Czech. Fic. 233,6. *V. mora-
vica; topotype, X 86 (*2117).

Superfamily ENDOTHYRACEA
Brady, 1884

[nom. correct. Lovsticn & Tarean, 1961, p. 284 (pro super-
family Endothyridea Guagssner, 1945, p. 107)] [In syn-

© 2

onymic citations superscript numbers indicate taxonomic
rank assigned by authors (Ysuperfamily, *family group);
dagger(+) indicates partim]——[='Orthoklinostegiat EiMEr
& Fickert, 1899, p. 685; =—Basistomat ScHuserT, 1921, p.
148; =>2Archi-Monothalamidiat RHUMBLER in KUKENTHAL &
KrumsacH, 1923, p. 85; =—2Nodosalidiat RHUMBLER in
KUKeNTHAL & KrumsacH, 1923, p. 86; =—=Rotaliaridiat
RHUuMBLER in KUKENTHAL & Krumsacu, 1923, p. 88;
—>Textulinidiat RHUMBLER in KUKENTHAL & KRUMBACH,
1923, p. 88; =—lTournayellidea DAIN in RAUZER-CHERNOU-
sova & FursenNko, 1959, p. 183]

Tubular or with early trochospiral or ir-
regular coil, biserial or uniserial; interior
may be divided into chamberlets, but not
labyrinthic; wall calcareous, fibrous or gran-
ular, with some arenaceous material in-
cluded in primitive forms, commonly with
2 layers, finely perforate; aperture simple to
multiple, basal or terminal. L.S:..-T'r1as.

Family NODOSINELLIDAE Rhumbler,
1895

[Nodosinellidae RuumsLer, 1895, p. 85] [All names are

of family rank; dagger(+) indicates partim] [=Nodo-

samminidaet RHuMBLER, 1913, p. 339 (nom. nud.);: =Nodo-

sinellida Coperaxp, 1956, p. 186 (nom. van.); —Tuberitini-
dae MikLUKHO-MAKLAY, 1958, p. 134]

Test tubular or uniserial; wall structure
compound, of microgranular calcite with
inner fibrous layer. L.Sil.-Perm.
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Foraminiferida—Fusulinina—Endothyracea

Tuberitina

llligata

C321

Fic. 234. Nodosinellidae (Tuberitininae; 1-7, Tuberitina; 8, Uligata; 9,10, Tubeporina) (p. C321-C322).

Subfamily TUBERITININAE
Miklukho-Maklay, 1958

[nom. transl. LoksLic & Tappan, 1961, p. 284 (ex family
Tuberitinidae MikLUukHO-MAKLAY, 1958)]

Test attached, consisting of one or more
subhemispherical chambers, no distinct aper-
ture. L.S:1.-U.Carb.

Tuberitina GaLroway & Harcrtox, 1928, *763, p.
346 [*T. bulbacea: OD] [=Capidulina MasLov,
1935, *1231. p. 11 (wpe, C. hemispherica); Para-
tuberitina A. D. MikLUKHO-MakLay, 1957, *1267,
p. 95 (tvpe, Tuberitina collosa REYTLINGER, 1950,
*1560, p. 89): Neoruberitina Povarkov, 1957,
*1480, p. 33, 36 (nom. nud.); Neotuberitina A. D.
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MikLukHO-MaKLAY, 1958, *1269, p. 134 (type,
Tuberitina maljavkini MikHavyrov, 1939, *1260,
p. 48); Eoruberitina Poyarkov, 1957, *1480, p.
33, 35 (nom. nud.); Eotuberitina A. D. MIKLUK-
Ho-Makray, 1958, *1269, p. 134 (tvpe, Tuberitina
maljavkini REYTLINGER, 1950, *1560, p. 88, non
Tuberitina maljavkini Miknayrov, 1939, —Eotu-
beritina reitlingerae A. D. MIKLUKHO-MaKLAY,
1955)]. Test attached, to 1.2 mm. in length:
proloculus in form of basal disc, later bulbous
chambers in rectilinear or curved series, increas-
ing gradually in size as added: wall thick, cal-
careous, granular and finely perforate, surface com-
monly punctate; no aperture or intercameral con-
nection except for wall perforations. U.Der.,
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Protista—Sarcodina

Eovolutina Eolagena

Umbellina

Fic. 235. Nodosinellidae (Umbellininae; 1-3, Umbellina; 4, Eovolutina; 5-7, Eolagena) (p. C322-C323).

USSR; U.Carb.(Penn.), N.Am.; L.Perm., USSR.
Fic. 234,1-4. *T. bulbacea, Penn., USA
(Okla.); I, holotype; 2, specimen showing dis-
tinctly punctate surface; 3,4, thin secs. showing
perforate wall; all X35 (*763). Fic. 234,56.
T. collosa REYTLINGER, M.Carb.(U.Moscov.),
USSR; holotype and paratype, X90 (*700).
Fic. 2347. T. reitlingerae (A. D. MIKLUKHO-
Makray), M.Carb.,, USSR; holotype, X90
(*1560).

Illigata E. V. Bykova, 1956, *258, p. 21 [*I. an-
nae; OD]. Test unilocular, ovate, attached by one
side, shape and convexity of test influenced by
substratum: wall calcarecus, perforate, smooth;
aperture rounded, somewhat produced, at one end
of elongate test. L.S:l., Baltic. Fic. 234.8. *I.
annae, Lith.; 8a-c, side, top, basal views, X100
(*258).

[This genus was originally placed in the Lagenidae by
Bykova, and transferred to the Umbellinae by FursiNko
(1939, *1509, p. 249). Because of its attached nature and
perforate wall, it is here placed with the Tuberitininae.
Bykova (*258, p. 22) stated that Thurammina echinata
DunN from the Silurian of North America appeared similar
to Illigata. However, as T. echinata was obtained from

insoluble residues of limestones, its arcnaccous nature
scems undoubted. ligara is known only from Europe.]

Tubeporina ProxiNa, 1900, *1486, p. 51 [*T. glori-
osa; OD|. Test attached, single hemispherical to
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subglobular chamber, with basal attachment disc;
wall thick, calcareous, with 3 layers; aperture
consisting of coarse perforations through wall.
[Tubeporina differs from Tuberitina in having a
3-layered wall.] JM.Dewv.(Giver.), USSR (Ural
Mis.). Fic. 234,9-10. *T. gloriosa; 9, vert. sec.
of holotype showing thick 3-layered chamber wall
and attachment disc; 10, horiz. sec., showing
coarse perforations, X150 (*1486).

Subfamily UMBELLININAE
Loeblich & Tappan, 1961
[Umbellininae LoesLicH & Tappan, 1961, p. 284 (nom.
subst. pro subfamily Umbellinae FurseNko in  RaUZzERr-
CHERNOUsOVA & Fursexko, 1959, p. 248)]
Test free, globular or flask-shaped. Sil.-
Dev.

Umbellina LoesricH & Tappan, 1961, *1177, p.
284 [pro Umbella MasLov, 1955 in E. V. Bykova
& Porevova, 1955, *261, p. 40 (non p’OrBIGNY,
1841: nec Scuppkr, 1882)] [*Umbella bella Mas-
rov in E. V. Bykova & Porevova, 1955, *261, p.
37: OD]. Test free, single globular to sub-
conical chamber; wall calcareous, thick, with 2
lavers, inner dark finely granular layer and outer
radially perforated laver: aperture simple, rounded,

may be slightly produced.  Dee., USSR(Russian
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Fi1c. 236. Nodosinellidae (Nodosinellinae; 1-5,
Nodosinella) (p. C323-C324).

Platform-W.Urals-Kazakh.). Fic. 235,1-3. *U.
bella (MasLov): 1a,b, side, top views of elongate
specimen, X 85; 2, side view of subglobular form,
X100; 3, long. sec. of large specimen showing
thick radially perforate wall, X100 (*261).

Eolagena Lirixa, 1959, #1144, p. 825 [*E. munuta;
OD]. Test ovoid, pyriform, or flask-shaped; wall
calcareous, with 2 layers, internal radial layer
and outer finely granular layer, aperture simple
rounded opening. [Eolagena is similar to Umbel-
lina in general appearance but much smaller, and
the wall structure is different. Eolagena is thinner
walled, with thin radial internal layer, and thicker
external granular laver, whereas Umbellina has
an extremely thick wall, with thick outer radial
layer and thin inner granular layer.] U.Si.
(Ludlor.), USSR(Sib.). Fic. 235,5-7. *E.
minuta; 5, long. sec. of holotype; 6,7, sectioned
paratypes; all X140 (*1144).

Eovolutina A~troPOv, 1950, *25, p. 29 [*E. ele-
menta; OD]. Test globular, wth 2 chambers, later
(outer) chamber completely overlapping prolocu-
lus; wall calcareous; aperture simple, at one end
of chamber. M. Dev. (Givet.) - U. Der. (Frasn.-
Famenn.), USSR——Fic. 235+4. *E. clementa,
Frasn.; sectioned specimen, X140 (*1509).
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[Originally placed questionably in the Lagenidae, Eovolu-
tina was later transferred to the Parathuramminidae. As
the aperture is only at one end of the test, rather than
absent or with multiple irregularly scattered openings, the
genus is here placed tentatively in the Umbellininae. The
characteristic fibrous wall of this group has not been noted
for Eovolutina; the wall has been described as ‘‘obscure.”]

Subfamily NODOSINELLINAE Rhumbler, 1895

[nom. transl. LoesLicH & Tappan, 1961, p. 285 (ex family
Nodosinellidae RHUMBLER, 1895)]

Test free, uniserial; wall compound, of
microgranular calcite with inner fibrous
layer. U.Dev.-Perm.

Nodosinella Braby, 1876, *193, p. 102 [*N. digi-
tata; SD MiLLER, 1889, *1283, p. 161] [=Mono-
generina Spaxper, 1901, *1822, p. 179 (type, M.
atava); Arnodosinum RuumBLER, 1913, *1572b,
p. 442 (type, Nodosinella digitata Braby, 1876,
*193, p. 103), SD LoesricH & Tappax, herein
(obj.); Nodosaroum RHUMBLER, 1913, *1572b, p.
443 (type, Nodosaria index EHRENBERG, 1854,
*680, p. xxxvil, xi); Arnodosaroum RHUMBLER,
1913, *1572b, p. 443 (type, A. indictoum, nom.
van. pro Nodosaria index EHRENBERG, 1854);
Spandelina (Spandelinoides) CusHataN & WATERS,
1928, *539, p. 367 (type, S. (S.) nodosariformis);
Eonodosaria Lipixa, 1950, *1142, p. 126 (type,
E. evianensis); Tikhinella E. V. Byxova, 1952,
*257, p. 29 (type, T. measpis); Protonodosaria
GEerkE, 1959, *779, p. 42 (type, Nodosaria pro-
ceraformis GERKE, 1952)]. Test free, uniserial,
straight or arcuate; septa straight or slightly
domed; wall calcareous, outer layer microgranu-
lar, inner layer radially striate or fibrous and
finely perforate; aperture rounded, at open end
of tube. U.Der.-Perm., Eu.-N.Am. Fic. 236,
1,2; 237,1. *N. digitata, Perm., Eng.: 236.1, lecto-
type (BMNH-P41657) redrawn, X48; 236,2, top
view of broken paratvpe (BMNH-P41658) show-
ing apparently multiple aperture in septum, not
terminal face, X48 (*2117): 237,la, diagram.

Fic. 237. Nodosinellidae (Nodosinellinae; 7,
Nodosinella) (p. C323-C324).
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Hipporina

Fic. 238. Nodosinellidae (Nodosinellinae; 1,2, Frondilina; 3-5, Hipporina; 6,7, Lunucammina)
(p. C324-C326).

long. sec., X25; 237,1b,c, transv. secs. through
chamber and septum, X25 (*400). Fic. 236,
3. N.index (EHrRENBERG), L. Carb.(Kohlenkalk),
USSR, sec. showing radially fibrous wall, approx.
X28 (*1572b). Fic. 236,4. N. measpis (By-
xova), U.Dev., USSR; long. sec. of holotype,
X80 (*257). Fic. 236,5. N. nodosariformis
(CusunaN & WaTeRs), Perm., USA(Tex.); 54,6,
side, top views of paratype, X47 (*2117).

[When restudying the original types of N. digitara in
the British Museum (Natural History), we noted an ap-
parent multiple aperture on the domed surface of one of
the paratypes, a broken specimen, here redrawn. The true
apertures of the terminal face appear only to be simple,
however, and the apparent multiple aperture may be that
of an abnormal specimen. CuanuNas (*400, p. 225) noted
that the outer microgranular layer of the wall might be
altered to recrystallized calcite of irrewular grain size,
a feature which has led to statements that the test was
agglutinated. Nodosaroum was defined by RuvmsrLer for
the calcareous Nodosaria index, as he believed Nodosinella
to be an arcnaceous genus. As redehned by CunmiNcs
(*400) on the basis of the type-species, the wall of Nodo-
sinella is calcareous and distinctly fibrous in appearance.
Spandelinoides was originally described as a subgenus of
Spandelina, but because of the rounded section is here
regarded as synonymous with Nodosinella. Spandelina is a
synonym  of Lunucammina. Tikhinella was regarded by
PokorNY (1938, *I47S, p. 174) as similar to Earlandinita.
The radial structure mentioned as occurring in a number
of species of Tikhinella suggests the fibrous structure of
Nodosinella, Wence Tikhinella is here regarded as synony-
mous with Nodosinella.)

Frondilina E. V. Bykova, 1932, *257, p. 24 [*F.
devexis; OD]. Test similar to Lanucammina, with

more strongly overlapping chambers, wall with
dark, finely granular homogencous outer laver
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and thicker, radially striate, light inner layer;
septa with 3 layers, of which 2 are light and 1
dark. [The wall structure is the reverse of that
found in Lunucammina, as the granular layer is
the outer one in Frondilina, whereas the inner
layer is granular in Lunucammina. Permian speci-
mens referred to Frondicularia (*126+4) belong
to Frondilina.] U.Dev.(Frasn.)-Perm., USSR
(Urals). Fic. 238,1,2. *F. devexis; la,b, side,
top views of holotype, X 100; 2, long. sec. of para-
type, X 115 (*257).

Hipporina E. V. Bykova in E. V. Byxkova & PoLE-
Nova, 1955, *261, p. 36 [*H. hastila; OD]
[=Hypporina E. V. Bykova in E. V. Bykova &
PoLexova, 1955, *261, p. 36, 37 (nom. null.)].
Test free, elongate, fusiform, with uniserial ar-
rangement of rapidly enlarging chambers, final
chamber constricted toward aperture; wall cal-
careous, surface may be longitudinally ribbed:
aperture cribrate on terminal surface. [Originally
placed in the Lagenidae (=Nodosariidae), Hippo-
rina is here tentatively placed with the Nodo-
sinellidae, although details of the wall structure
are unknown.] U.Dec¢.(Frasn.), USSR(Russian
Platform-Urals). Fic. 238.3-5. *H. hastila;
Sa,b, side and oblique top views of holotype; 4,

paratype: 5, sectioned specimen; all X100 (*261).
Lunucammina SpaxpeL, 1898, *1821, p. 8 [*Geinit-
zella (Lunucammina) permiana; OD] [=Geinit-
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Fic. 239. Nodosinellidae (Nodosinellinae; I-3, Lunucammina) (p. C324-C326).

zella (Lunucammina) Spanper, 1898, *1821, p.
8 (obj.); Geinitzella SpanpeL, 1898, *1821, p. 7
(type, Textularia cuneiformis Jones in King, 1850,
*1039A, p. 18 (non Textularia cuneiformis
p'ORBIGNY, 1826), =Textularia jonesi Brapy,
1876, *193, p. 133) (non Geinitzella WAAGEN &
WENTZEL, 1866); Padangia Lancg, 1925, *1091,
p. 228 (type, P. perforata) (non Padangia BaBowr,
1900; nec WERNER, 1924); Geinitzina SPANDEL,
1901, *1822, p. 189 (nom. subst. pro Geinitzella
SpanDEL, 1898); Spandelina CusumaN & WATERs,
1928, *539, p. 363 (type, S. excavata); Eogeinit-
zina LipiNa, 1950, *1142, p. 124 (type, E. devon-
ica); Necogeinitzina K. V. MIKLUKHO-MAKLAY,
1954, *1277, p. 34 (type, N. orientalis)]. Test
free, elongate, uniserial, compressed, commonly
with median longitudinal depression which in
slightly tangential sections gives pseudobiserial
appearance; chambers broad, low, arched as in
Lingulina or Frondicularia; wall calcareous, with
microgranular inner layer and radially striate
outer layer; aperture terminal, rounded to ovate.
U.Dev.-Perm., N.Am.-Eu.-Malay Arch.-Australia.
Fic. 239,1. *L. permiana SpaNDEL, Perm.
(Zech.), Ger.(Thuringia); Ia,b, side, top views
of topotype (BMNH-P41666, labeled Geinitzina
jonest) partially embedded in limestone slab,
X105 (*2117). Fic. 239,2. L. jonesi (Brapy),
Perm., Eng.; side view (BMNH-P35421), X105
(*2117). Fic. 239,3. L. excavata (CusHMAN
& WatEers), Perm., USA(Tex.); side, top views
of holotype, X86 (*2117). Fic. 238,6. L.
orientalis (K. V. MikLukHo-MakLAY), U.Perm.,
C.Caucasus; slightly tang. long. sec. of holotype,
with median long. depression of test resulting in
false suggestion of median septum or internal
tube, X65 (*1277). Fic. 238,7. L. perforata
(LanGe), M.Perm., Indonesia; lat. long., but not
axial sec., X 30 (*1091).
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[Lunucammina was originally described as a subgenus of
Geinitzella, differing in being slightly depressed only on
one face, the other being slightly convex; it was regarded
as a distinct genus by Lance (1925, *1091) and others.
This minor difference is not considered to be generic,
or even subgeneric, in importance. Lunucammina dates
from 1898, and thus has priority over Geinitzina, de-
scribed in 1901 as a replacement for the homonym Geinit-
zella; genera and subgenera are of equivalent status for
purposes of priority. In the original description and in
later publications by SpaNpeL, this genus was described as
uniserial. Brapy, however, had thought Texrularia jonesi,
the type-species of Geinitzella, to be biserial, partially on
the basis of very diagrammatic drawings of German speci-
mens sent to him by Ricuter (*193, pl. 10, figs. 21-22).
Brapy stated (*193, p. 133), however, that “‘The singular
feature of all, whether English or German, consists in the
arrangement of the chambers, the two series being almost
exactly opposite, instead of alternating with each other.
This is so uniform a character that a doubt has more than
once occurred to me whether the specimens were actually
Textulariae—whether they might not belong to some un-
known broad variety of one of the uniserial types, the de-
pressed median line being in reality a fracture, the result
of pressure on a very thin shell-wall.”” The type-specimen
of Textularia cuneiformis Jones, 1850, is apparently not
preserved. The German specimens of Textularia jonesi
Brapy, sent by RicHTER, now in the Brady collection of
the British Museum (Natural History), do not show any
biseriality. All are in limestone, but one (BMNH-
P41666) (*193, pl. 10, fig. 20), here redrawn, was on the
edge of a slab of limestone from the Permian Zechstein of
Thuringia. Thus the end could be cleaned, and from the
top a single chamber can be seen, slightly depressed on
each side, the furrow giving the impression of a median
septum in specimens broken open and seen from the in-
terior, or in slightly tangential sections. The single Eng-
lish specimen in the Brady collection (BMNH-P35421)
(*193, pl. 10, fig. 20) was embedded in limestone and
could not be sectioned, but it also appears to be cal-
careous. It comes from the Lower Magnesian Limestone
(Permian), Summerhouse, Durham, and is here redrawn.
CusHMAN & Waters (1928, *539, p. 363) apparently fol-
lowed Braby in considering Geinitzina biserial and de-
scribed Spandelina for the uniserial species. It thus is
synonymous wth Lunucammina. Neogeinitzina was dif-
ferentiated on the basis of an “‘internal tube,” but was
described from thin sections. The original figures of the
holotype appear to be of a somewhat tangential longi-
tudinal section, the median external groove of the test
giving the erroneous appearance of a median septum, or
“‘apertural tube.” Similar sections had led Brabpy to re-
gard Texrularia jonesi as “‘biserial.”” Illustrations of other
new species (Geinitzina tcherdynzevi) sectioned by K. V.
MIKLUKHO-MAKLAY show merely a depressed central por-
tion of the septa, reflecting the longitudinal depression
in nearly central longitudinal sections. Neogeinitzina is
thus regarded as a synonym of Lunucammina. Species re-
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Fic. 240. Nodosinellidae (Nodosinellinae; 1-5, Pachyphloia) (p. C326-C328).

ferred to “‘Pseudoglanduling’™
also belong here.]

Pachyphloia Laxcg, 1925, *1091, p. 230 [*P. ovata;
SD Garroway, 1933, *762, p. 172] [=Paraper-
modiscus A, D. MikLUKHO-Makray, 1953, 1262,
p. 129 (tvpe, P. gefoensis): Parageinitzina K. V.
MikLUKHO-MakLay, 1954, »1277, p. 61 (tvpe, P.
depressa):  Parapachyphloia K. V. MIKLUKHO-
Makray, 1954, *1277, p. 57 (type, P. asym-
metrica): Pseudogeinitzing K. V. MIKLUKHO-
Marray, 1954, “1277, p. 35 (wpe, P. mugna)].
Test clongate, compressed, ovate in outline, regu-

from the Permian (*1277)

©

larly fusiform to sinuate in horizontal section,
consisting of rectilinear series of very broad, low,
strongly overlapping chambers; wall calcareous,
with radial or fibrous structure, thickened and
lamellar, epecially at lateral margins, which may
be slightly curved, resulting in sinuate section,
separate lamellae added with formation of suc-
cessive chambers: aperture terminal, rounded and
with appearance of radial grooves. ?L.Perm., U.
Perm., Malay  Arch.-USSR. Fre, 230.12. *P.
M.Perm., original

otrdta,

Sumatra; nonoriented

© 2009 University of Kansas Paleontological Institute
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Fic. 241. Nodosinellidae (Nodosinellinae; 1-4, Pachyphloia) (p. C326-C328).

lat. secs., X90 (*1091). Fic. 240,3. P. sp.,
diagram., showing different appearance of var-
lously oriented sections; 3a, long. sec.; 3b-d,
transv. secs. such as were made basis for Para-
permodiscus and Pararobuloides; 3e-g, lat. secs.,
described as species of Nodosaria and Pachyphloia;
3hi, lat. secs. through lamellar thickened area of
test, such as original secs. of Pachyphloia ovata
and those on which Parapachyphloia was based
(*1818). Fic. 240,4. P. gefoensis (A. D.
MikLukHO-MakLAY), U.Perm., C.Caucasus; transv.
sec. (as in 3¢) but originally thought to repre-
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sent axial sec. of a discoidal genus, X47 (*¥1262).
Fic. 240,5. P. asymmetrica (K. V. MIKLUKHO-
Maxray), U.Perm., C.Caucasus; holotype, slightly
oblique lat. sec. (as in 3g,h), X47 (*1277).
Fic. 241,1. P. sp.; la-c, diagram showing position
of oblique long. secs. such as were made basis for
Parageinitzina (*1818). Fic. 241.2. P. depressa
(K. V. MikLUukHO-MaKLAY), U.Perm., C.Caucasus;
holotype in oblique long. sec. (as in la), X+47
(*1277), Fic. 241,3. P. magna (K. V.
MikLukHO-MakLAY), U.Perm., C.Caucasus, tang.
sec. of holotype (as in +4a), X65 (*1277). Fic.




Fic. 242. Nodosinellidae (Nodosinellinae; 1,2,
Pachyphloia) (p. C326-C328).

241,4. P. sp.; 4a-c, diagram showing position of
slightly tang. long. secs. on which Pseudogeinitzina
was based (*1818). Fic. 242,1,2. P. sp.
la-d, 2a-c, diagrammatic figure of somewhat
sinuate specimens showing asymmetry to be ex-
pected in nonoriented secs. (*1818).

[Pachyphloia differs from Lunucammina in its extremely
thickened lamellar walls, and broad low, arcuate cham-
bers. A deuailed study of serial sections of Pachyphloia by
SosNiNA (*1818, *1817) showed that nonoriented sections
of this form have been referred to 8 different genera,
Nodosaria, Pararobuloides, Pachyphloia, Parapachyphloia,
Pseudogeinitzina, Parageinitzina and Parapermodiscus, of
which the last 4 are synonyms of Pachyphloia.]

Family COLANIELLIDAE
Fursenko, 1959

[mom. transl. LoesrLica & Tappan, 1961, p. 285 (ex subfamily
Colaniellinae FurseNko in RauzerR-CHERNOUSOVA & FURSENKO,
1959, p. 251)]

Test uniserial, chambers strongly over-
lapping, internally subdivided by vertical
radial partitions; wall of 2 layers, inner
layer finely granular, outer layer vitreous:;
aperture rounded to radiate. U.Dev.-U.
Perm.

Colaniella Liknarev, 1939, *1138, p. 31 [pro Pyra-
mis Corani, 1924, *354, p. 181 (non BouLTEN,

1798: nec ScHunacHER, 1817; nec Otrto, 1821;
nec Brown, 1827; nec Purzeys, 1846: nec
Haecker, 1887)] [*Pyramis parva Coraxi, 1924,
*354, p. 181; OD] [=Wanganella SosxiNa in
Kiparisova, ef al., 1956, *1040, p. 15 (type, W.
ussuriensis)]. Test elongate, subfusiform to sub-
cvlindrical, uniserial and rectilinear, with broad,
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Protista—Sarcodina

low and strongly domed chambers which are
strongly overlapping for as much as half length
of test; interior wtih radiating secondary inter-
septal partitions extending nearly to center of
test; wall calcareous, finely perforate, and of
radial or fibrous appearance; aperture terminal,
radiate. U.Perm., IndoChina-Greece-USSR (Cauca-
sus-Pamir). Fic. 243,1-3. *C. parva (CoLan1);
1, reconstr. showing ext. and partial long. and
horiz. secs., X50; 2, axial sec., X100; 3, transv.
sec. near middle of test, strongly overlapping
chambers resulting in appearance of small cham-
berlets, X100 (*1517). Fic. 243,4,5. C. us-
suriensis (SosNINA), USSR; 4, long. sec. of holo-
type, slightly oblique at base, nearly tang. toward
central part, and lat. oblique toward top of figure;
5, slightly oblique transv. sec., X50 (*1040).
Multiseptida E. V. Bykova, 1952, *257, p. 27 [*M.
corallina; OD]. Test elongate, uniserial; globular
proloculus followed by broad, low, strongly over-
lapping chambers, as in Glandulina; interior of
chambers with longitudinal radial partial parti-
tions extending inward from outer wall, which
is calcareous, outer wall 2-layered, outer one light
colored, semitransparent, with radial striations,
inner layer dark, finely granular, homogeneous,
vertical partitions and internal thickening around
aperture consisting of darker granular material;
aperture terminal, rounded. [Multiseptida differs
from Colaniella in its less strongly overlapping
chambers, in narrower vertical partitions restricted
to the inside wall of chambers, and in a rounded
aperture, whereas in Colaniella the vertical parti-
tions extend from top to bottom of chambers and
the aperture is radiate.] U.Dev.(Frasn.), USSR
(Russian Platform). Fic. 244,1-3. *M. coral-
lina; 1, holotype, long. sec., X133; 2, paratype,
horiz. sec. showing 2 layers of wall and vertical
partial partitions, X133; 3, diagram. long. sec.
showing light outer radial layer of wall, inner
dark granular layer, thickened inner layer in ring
at aperture, aperture, and radial partial long. par-
titions, approx. X 123 (*257).

Family PTYCHOCLADIIDAE Elias,
1950
[Ptychocladiidae Ev1as, 1950, p. 288]

Test attached, uniserial and branching or
spreading; wall granular, calcareous,
banded, with transverse tubuli; no distinct
aperture. Dev.-Perm.

Subfamily PTYCHOCLADIINAE Elias, 1950

[nom. transl. LoesLicH & Tappan, 1961, p. 285 (ex family
Ptychocladiidae Erias, 1950)]

Test uniserial and dichotomously branch-
ing, or with branches laterally fused to be-
come discoidal. U.Penn.

Ptychocladia UrLricH & BassLer, 1904, *1966, p.
289 [*P. agellus; OD]. Test attached, consisting
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of numerous radiating uniserial ‘“branches” of
uniserial chambers, extending from common cen-
ter and bifurcating at irregular intervals; cham-
bers broad and low, with domed septa, broader

C329

chambers may be subdivided internally by inter-
septal radial partitions; wall calcareous, finely
granular, perforated, and with laminar “banding”
of thin dark inner layer and thicker light-colored

Fic. 243. Colaniellidae; 1-5, Colaniella (p. C328).

© 2009 University of Kansas Paleontological Institute
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Fic. 244. Colaniellidae; 1-3, Multiseptida (p. C328).

layer: no visible aperture. [Originally described as
problematical, possibly bryozoan, alga, or fora-
minifera, Ptychocladia was transferred to the
Foraminifera by Evias, 1950 (*696)]. U.Penn.,
N.Am. Fic. 245,1-3. *P. agellus, USA(IIL.)
(1,2), USA(Neb.) (3); 1,2, holotype, paratype,
X9 (*1966); 3, specimen, X20 (*696).

Protista—Sarcodina

Subfamily STACHEIINAE
Loeblich & Tappan, 1961
[Stacheiinae LoesLicH & Tapean, 1961, p. 285]
Test attached, spreading, with chambers
in sheetlike layers. Dev.-Perm.

Stacheia Brapy, 1876, *193, p. 107 [*S. marginu-
linoides; SD Cusuman, 1927, *433, p. 189)
[=Stacheya DELAGE & HErouarp, 1896, *580, p.
134 (nom. van.) (obj.); Arstachecoum RHUMBLER,
1913, *1572b, p. 446 (obj.) (mom. wvan.)]. Test
attached during at least part of its development,
with central support indicated in some species;
early portion spiraling, later uniserial, with low,
somewhat embracing chambers that subdivide
irregularly into chamberlets with secondary parti-
tions perpendicular to transverse septa, partitions
may branch and be so numerous that chamber-
lets mask basic uniserial structure; sutures of
primary chambers show externally as transverse
depressions; wall calcareous, granular; surface
smooth to quite irregular; aperture simple and

rounded, terminal. L.Carb., Eu.-N.Am. Fic.
246,1,2. *S. marginulinoides, Yoredale, Eng.
(Hurst) (1), Eng.(?loc.)(2); lab, side, top

views of lectotype (BMNH-P41653 ex P35455,
=*193, pl. 7, fig. 17), redrawn, X64 (*2117);
2, sectioned paratype (BMNH-P35507, —*193,
pl. 7, fig. 21), redrawn, X 64 (*2117).

Aoujgalia G. TerniER & H. Termier, 1950, *1882,
p. 40 [*d. zariabilis; OD] [=Aoujgalia G. Ter-
amier & H. Ternier, 1947, *1881, p. 146, 271, pl.
5, fig. 46 (nom. nud.)]. Test attached, subconical
and flattened against attachment, with irregular

Fic. 245. Prychocladiidae (Ptychocladiinae; 1-3, Ptychocladia) (p. C328-C330).

© 2009 University of Kansas Paleontological Institute
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C331

Fic. 246. Ptychocladiidae (Stacheiinae; 1,2, Stacheia; 3-5, Fourstonella; 6, Stacheoides) (p. C330-C332).

layers of small chamberlets as in Stacheoides, early
portion ?planispiral; wall calcareous, fibrous, aper-
ture unknown. L.Carb.(U.Visean), C.Morocco.
Fic. 247,1,2. *A. variabilis, nonoriented secs.,
x40 (*1882).

[This genus is poorly known, very little information being
available as to details of the wall structure or aperture.
It was originally placed in the Spirillinidae, but none of
that family show such attached, multichambered tests, nor
are they composed of fibrous calcite. Aoujgalia seems closely
related to Stacheia, Stacheoides, and Fourstonella. Stacheia
has a similar irregular or acervuline growth habit, and
both primary and secondary septal walls are of equal thick-
ness to that of the chamber roofs and floors. Srackeia thus
seems closest to Aowjgalia as far as its characters are
known and would preoccupy it if they are found by addi-
tional study to be truly congeneric. Fourstonella has a
distinctive fusiform shape, and regularly arranged cham-
berlets, the horizontal walls being of greater thickness
than the vertical ones. Stackeoides has a low encrusting
or sheetlike growth form, with mammilate protuberances
and vertical chamberlet partitions of different thickness
from floor and roofs. All occur in the Carboniferous.]

Fourstonella Cunatings, 1955, *398, p. 6 [*Stacheia
fusiformis Brapy, 1876, *193, p. 114; OD]. Test

attached, commonly to crinoid stems or other

© 2009 University of Kansas Paleontological Institute

thin columnar foreign objects, possibly encrusting
algae, fusiform in outline; composed of many
thin layers of small chambers, each layer nearly
completely overlapping preceding one and sub-
divided into minute rectangular chamberlets, no
external sutures visible; wall calcareous, finely
granular, horizontal walls thicker than vertical
secondary partitions, surface granular in appear-
ance, with faint and irregular transverse grooves,
possibly reflecting termination of layer of cham-
bers; aperture not evident. [Fourstonella differs
from Stacheia in its low, numerous layers of
chambers and distinct chamberlets, with vertical
walls thinner than those of horizontal layers. No
early spire is present in Fourstonella.] L.Carb.
(Avon.), Eu.(Eng.). Fic. 246,3-5. *F. fusi-
formis (Brapy), Northumberland; 34,6, opposite
sides of paratype (Glasgow Univ. Geology Coll.
P1001), showing position of former attachment,
X44 (*398); 4, lectotype (BMNH-P41654, ex
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Tscherdyncevella

Protista—Sarcodina

Palaeonubecularia

Fic. 247. Ptychocladiidae (Stacheiinae; 1,2, Aoujgalia; 3, Tscherdyncevella; 4,5, Palaconubecularia)
(p. C330-C332).

P35458), redrawn; 5, sectioned paratype (BMNH-
P35509), redrawn; both X 65 (*2117).
Palaeonubecularia ReyTLINGER, 1950, *1560, p. 91
[*P. fluxa; OD]. Test attached, consisting of
single chamber or of irregular aggregates of
chambers; wall calcareous, microgranular, dark,
compact. M.Carb.(Moscov.)-Perm., USSR-USA
(Kans.). Fic. 247,4,5. *P. fluxa, M.Carb.,
USSR (Moscov.); 4, sec. of holotype, 5, paratype,
X 46 (*1560).

[Possibly Palaeconubecularia may be congeneric with Aowj-
galia, but this is difficult to determine from published de-
scriptions. Both genera were described in 1950, and the
actual date (month and day) of publication has not been
ascertained, to determine which has priority in the event
they are found to be synonymous.]

Stacheoides Cunintings, 1955, *399, p. 343 [*Stach-
eia polytrematoides Brapy, 1876, *193, p. 118;
OD]. Test attached, encrusting mass irregular in
outline, composed of numerous very tiny chamber-
lets with thickened partitions, small chamberlets
clustered around random radiating tubules and
forming mammilate protuberances; wall calcare-
ous, finely granular, may have few quartz grains

RPN

Fic. 248, Prychocladindae (Stacheiinae; Stacheoides)
(p: 1€332).
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embedded in calcareous material, chamberlet par-
titions smaller in thickness than roofs and floors;
apertures at ends of radiating tubules which form
surface protuberances. L.Carb., Eu.(Scot.).
Fic. 246,6; 248. *S. polytrematoides (Brapy),
Hosie Ls.; 246,64, lectotype (here refigured,
BMNH-P35405, =*193, pl. 9, figs. 10, 12),
attached to crinoid stem, X10, X22 (*2117);
248, diagram. sec. of chamberlets on an attach-
ment, X 18 (*399).

[Stacheoides was described as related to Nubecularia of
the Ophthalmidiidae. It differs from Stackeia in including
adventitious material in the wall, in having chamberlet
walls of different thickness than the roofs and floors, and
in having numerous small apertures, instead of a single
terminal aperture.)

Tscherdyncevella AxTroPOV, 1950, *25, p. 29 [*T.
acervulinoides; OD]. Test free or attached, ir-
regular in form, consisting of one or many acer-
vuline-arranged, successively added chambers; wall
calcareous, structure obscure; apertures at base of
chambers. Dev.(Frasn.), USSR(Russian Platform).

Fic. 247,3. *T. acervulinoides, Tatar., USSR;

sectioned specimen, X120 (*1509).

Family PALAEOTEXTULARIIDAE
Galloway, 1933

[nom. transl. WepEkiNp, 1937, p. 79 (ex subfamily Palaeo-
textulariinae GarLoway, 1933, p. 221)] [dagger(+) indi-

cates partim]——[ =Dischistidaet EimMer & Fickert, 1899,
p. 678 (mom. nud.); =Opistho-Dischistidaet EIMER &
Fickert, 1899, p. 677 (mom. nud.); —Cribrostomatidae

WepekinD, 1937, p. 79]
Test biserial or may become uniserial;
wall granular calcareous, with inner layer
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Fic. 249. Palaeotextulariidae; 1,2, Palaeotextularia
(p. C333).

and thin adventitious coating; aperture sim-
ple or multiple. Carb.-Perm.

Palaeotextularia ScuuserT, 1921, *1694, p. 183,
185 [*P. schellwieni GaLLowaY & RYNICKER, 1930,
*765, p. 20, =Textularia textulariformis (MoL-
LER) ScHELLWIEN, 1898, *1644, p. 268 (non
Cribrostomum textulariforme MOLLER, 1879); SD
GaLLowAY & Rynicker, 1930, *765, p. 20]. Test
free, biserial, as in Textularia, but with double-
layered calcareous wall, outer finely granular layer
and inner radial fibrous layer, and may have
small amounts of embedded adventitious material
in outer layer; aperture an interiomarginal arch.
Carb.-Perm., Eu.-N.Am. Fic. 249,1,2. P.
grahamensis (CusumaN & WATERs), Penn., USA
(Okla.); Ia-c, side, edge, and top views, X35;
2, portion of long. axial sec. showing 2 layers of
wall, X110 (*765).

Climacammina Brapy in ETHeriDGE, 1873, *711,
p. 94 [*Textularia antigua BraDpY in YouNG &
ARrRMsTRONG, 1871, *2097, p. 13; OD (M)]
[=Cribrostomum MoLLER, 1879, *1296, p. 39
(type, C. textulariforme); Climaccamina SCUDDER,
1882, *1709a, p. 77 (nom. van.); Moellerina
EiMer & Fickert, 1899, *692, p. 677 (type,
Cribrostomum gracile MOLLER, 1879, *1296, p.
59, non Moecllerina ULricH, 1886; mec ScHELL-
WwIEN, 1898); Deckerella CusHMAN & WATERS,
1928, *538, p. 128 (type, D. clavata)]. Test free,
large, early portion biserial, later with more or
less well-developed uniserial portion; chambers
increasing gradually in size, commonly broad,
low, sutures depressed; wall calcareous, with 2
layers, inner layer radially fibrous, outer layer
granular, and may have agglutinated particles;
apertural face of chambers in late biserial and
uniserial stages supported by irregular pillars be-
tween terminal wall and preceding septum, form-
ing labyrinthic interior; aperture in earliest bi-
serial chambers interiomarginal slit; in later cham-
bers slit supplemented by one or more openings
in septal face, gradually becoming nearly termi-

© 20

C333

nal in position, and in uniserial stage with 2 or
more terminally placed openings, commonly very
numerous and covering major portion of terminal
face. L.Carb.(U.Tournais.)-Perm.(Thuring.), Eu.-
N.Am.-Malay  Arch.(Sumatra). Fic. 250,1;
251,1. *C. antigua (Braby), L.Carb., Scot.; 250,
lab, side, top views of hypotype, X26 (*2117);
251,1, diagram. long. axial sec. showing chamber
arrangement, 2-layered wall and muluple aperture
(*401). Fic. 250,2; 251,2. C. clavata (Cussu-
MAN & WaTERs), Penn., USA(Tex.); 250,2, side,
top views of holotype, X30 (*2117); 251,2, long.
axial sec., diagram. (*401). Fic. 251,34. C.
textulariforme (MoLLER), L.Carb.(Visean), USSR,
side and long. axial sec., X22 (*1509).

[Four generic names have been based on species which we
consider to belong to Climacammina. MoLLer (1879) de-
scribed Cribrostomum with 8 species, of which C. rextu-
lariforme MOLLER was later selected as type. CUSHMAN sep-
arated Cribrostomum from Climacammina as being com-
pletely biserial, but later stated (*461, p. 111) “‘These
may be only a stage in the development of Climacammina.”’
PrumMmer (1945, *1468, p. 244) stated that the ‘‘species’
Cribrostomum textulariforme ‘‘is without doubt the im-
mature form of one of the five biformed species in the
group of eight ‘species’ recorded in the same paper with
the description of Cribrostomum. C. commune MOLLER is
recorded from the same localities as C. textulariforme and
can well be the mature form of the species.” PLUMMER
considered Cribrostomum to differ from Climacammina in
having irregular, more numerous, and irregularly spaced
openings, whereas Climacammina had fewer, symmetrically
shaped openings. As the original illustrations of Cribro-
stomum show only a few regularly spaced rounded pores
which closely resemble those of the type-species of
Climacammina, this distinction apparently fails to separate
the two and we here consider Cribrostomum to be a syn-
onym of Climacammina. Moellerina was defined by EiMer
& FickerT, the type-species being later designated by
CusaMmanN (1928, *439, p. 120) as Cribrostomum gracile
Morier. This species was originally placed in Cribro-
stomum and is typical of that genus. Furthermore, the

Fic. 250. Palaeotextulariidae; 1,2, Climacammina
(p. C333-C334).

)09 University of Kansas Paleontological Institute
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Palaeobigenerina

Fi1c. 251. Palaeotextulariidae; 1-4, Climacammina; 5, Cribrogenerina; 6,7, Deckerellina; 8,9, Palaco-
bigenerina (p. C333-C335).

generic name Mocllerina is a double homonym. Deckerella
CusHMAN & Waters was defined as having only a paired
aperture and not a truly multiple one. However, the
type-species may have up to 4 openings and other species
of Climacammina also may show relatively few openings;
hence Deckerella is here regarded as a synonym of Clima-
cammina.]
Cribrogenerina Scuusert, 1908, *1687, p. 245
[*Bigenerina sumatrana Vorz, 1904, *2024, p. 96
(=B. sumatrensis, *2024, p. 107, 108, 110): OD

(M)]. Test free, elongate, uniserial and rectilinear,
early portion biserial in microspheric generation,

© 2009 University of Kansas Paleontological Institute
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with 1 or 2 pairs of biserial chambers; chambers
broad and low; wall calcareous, with outer granu-
lar layer and inner fibrous one; aperture terminal,
cribrate, over most of terminal face. ?U.Carb.,
Perm., Asia(Sumatra-China). Fic. 251,5. *C.
sumatrana (Vorz), Perm., Sumatra, X8 (*700).

[The validity of this genus is questionable. The species
regarded by Cummings (1956, *401) as belonging definitely
to Cribrogenerina include 3 species described as Bigenerina
by Vovz (B. sumatrana, B. leconhardi, B. wysogorskyi). The
last named shows a small biserial stage. The 2-layered




Foraminiferida—Fusulinina—Endothyracea

C335

Fic. 252. Semitextulariidae; 1,2, Semitextularia; 3, Paratextularia; 4,5, Pseudopalmula (p. C335-C337).

wall structure, as given by later workers, was not in the
original definition of the species, and the only illustrations
available are diagrammatic. Cribrogenerina krizi CusH-
MaN, which has interseptal pillars and a well-developed
biserial stage, should be referred to Climacammina. Other
species distinguished from thin sections (and some on
nonoriented sections) were regarded by CUMMINGS as
needing further study.]

Deckerellina ReyTLINGER, 1950, *1560, p. 57 [*D.
istiensis; OD]. Test biserial, as in Palacotextularia,
wall calcareous, finely granular, with radial layer
poorly developed; aperture in earliest chambers
interiomarginal, in later chambers with single
supplementary lunate areal opening in addition.
L.Carb.(Visean), Brit.1l.; M.Carb.(Moscov.), USSR.

Fic. 251,6,7. *D. istiensis, M.Carb.(Moscov.),
USSR; 7ab, side, top views, X40 (*1560); 6,
diagram. long. sec. (*401).

Palacobigenerina GarLroway, 1933, *762, p. 223
[*Bigenerina geyeri ScHELLWIEN, 1898, *1644,
p. 271; OD]. Test biserial in early stage, later
uniserial, as in Bigenerina with relatively broad,
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low chambers; wall with 2 layers, as in Palaco-
textularia; aperture terminal, rounded. L.Carb.
(Visean)-U.Perm.(Thuring.), Eu.-N.Am. Fic.
251,8,9. *P. geyeri (ScuerLwiex), U.Carb,,
Carnic Alps; 8a,b, side, top views, X25 (*700);
9, diagram. long. axial sec. (*401).

Family SEMITEXTULARIIDAE
Pokorny, 1956

[Semitextulariidae PoxornY, 1956, p. 284; Pseudopalmulidae
E. V. Bykova in RAUzerR-CHERNOUsovA & FURSENKO, 1959,
p. 264]

Test biserial or may become uniserial,
compressed, chambers simple or with ver-
tical pillars; aperture multiple. Dev.
Semitextularia A. K. MicLer & Caraer, 1933,
#1281, p. 428 [*S. thomasi: OD]. Test free, flat-
tened, palmate, short early biserial portion with
2 to 4 pairs of broad, low alternating chambers,
followed by more numerous, very broad, low,
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Protista—Sarcodina

Fic. 253. Tetrataxidae; I, Tetrataxis; 2-4, Valvulinella; 5, Polytaxis (p. C337).

arched, uniserially arranged chambers somewhat
overlapping and inflated laterally, may have lat-
eral spinelike protuberances; interior of chambers
with irregular vertical interseptal pillars, those of
successive chambers not aligned; wall calcareous,
finely granular; aperture consisting of single series
of pores on outer margin of final chamber. M.
Dev.-U.Dev., N.Am.-Eu. Fre. 252.1.2. *5.
thomasi, USA (Iowa); I, large specimen as seen
when dampened to show interseptal pillars; 24,6,
side, top views; all X 86 (*2117).

[The original description stated that the early portion was
coiled, also that (p. 429) ‘‘the planispiral arrangement of
these early chambers has been observed only in one of the
better preserved specimens with the aid of transmitted
light.”  Later workers have shown only biserial early de-
velopment. We have examined a large number of speci-
mens and have also found no trace of an early coil.
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Perhaps the poor preservation may have given an erroneous
suggestion of this feature in the single specimen.]

Paratextularia PoxornY, 1951, *1472, p. 20 [*Tex-
tularia(?) proboscidea CusHMAN & STAINBROOK,
1943, *524, p. 78; OD] [=Cremsia E. V. BYkova,
1952, *257, p. 50 (obj.)]. Test free, elongate;
chambers biserially arranged throughout, final
chamber typically somewhat produced; wall cal-
careous, finely granular; aperture terminal,
rounded, on prolongation of final chamber. Dev.,
N.Am.-Eu. Fic. 252,3. *P. proboscidea (CusH-
MAN & StaiNBrROOK), USA (Iowa); 34,6, side, top
views, X109 (*2117).

[Paratextularia and Cremsia were defined with the same
type-species. Paratextularia  differs from Palacotextularia
ScHuBerT, as described, in having a terminal aperture
rather than an interiomarginal one. They may prove
synonymous after a restudy of the original specimens or
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Fic. 254. Biseriamminidae; 1,2, Biseriammina
(p. C338).

topotypes of the type-species, Palacotextularia schellwieni
GALLOWAY & RYNIKER, 1930. Other species later referred
to Palaeotextularia include both those with terminal aper-
ture and others with a typical textularian aperture. If
the type-species is found to have a terminal aperture and
to be otherwise similar, SchuserT's name would have
priority over Paratextularia. However, the original figures
appear to be of an internal cast, and the apertural posi-
tion is not well defined, so that both are here tentatively
recognized.]

Pseudopalmula Cusuyax & StaINBROOK, 1943,
*524, p. 78 [*P. palmuloides; OD]. Test free,
small, palmate, flattened; chambers biserially ar-
ranged throughout, low, very broad, extending
far back toward proloculus on each side; wall
calcareous, finely granular; aperture ovate on
apertural face of final chamber, nearly terminal.
[Pseudopalmula differs from Paratextularia in its
palmate test and ovate aperture which is not pro-
duced on a neck.] Der., N.Am.-Eu. Fic. 252,
4,5. *P. palmuloides, USA(Iowa); 4, holotype;
5a,b, side, top views of paratype, X127 (*2117).

Family TETRATAXIDAE Galloway,
1933

[nom. transl. Poxokn¥, 1958, p. 199 (ex subfamily Tetra-
taxinae GaLLoway, 1933, p. 161); Tetrataxiinae REYTLINGER,
1950, p. 71)

Test free, trochospiral, few chambers in
whorl, conical; wall granular calcareous, in
2 layers. Miss.-Trias.

Tetrataxis EHrRenBERG, 1854, *680, p. 24 [*T.
conica; OD (M)] [=Tetrataxis EHRENBERG, 1843,
*671, p. 106 (nom. nud.); Ruditaxis SCHUBERT,
1921; *1694, p. 180 (type, Valvulina rudis Brapy,
1876, *193, p. 90); Artetraxoum RHUMBLER, 1913,
*1572b, p. 391 (mom. van.); Pseudotetrataxis
Marie in DeLeau & Marig, 1961, *580A, p. 91
(tvpe, Tetrataxis planolocula Lee & Cuen, 1930,
*1121, p. 94): Falsotetrataxis MARIE in DELEAU &
Marie, 1961, *580A, p. 95 (type, Tetrataxis

%)
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scutella CusHnaN & WAaTERs, 1928, *536, p. 65)].
Test free, trochospirally coiled, with all of nu-
merous broad, low chambers visible on spiral
side, and only rather few (commonly 4) of final
whorl visible on umbilical side, umbilical cavity
broad; wall calcareous, with 2 distinct layers,
outer one microgranular and inner fibrous; aper-
ture umbilical. [Ruditaxis is based on the type-
species Valvulina rudis Brabpy. His original speci-
mens of this species in the British Museum (Nat-
ural History) are crushed internal casts, probably
of Tetrataxis. The genera are here regarded as
synonymous.] Carb.-Trias., N.Am.-Eu.-Japan.
Fic. 253,1. *T. conica, Carb., Britl.; Ia-c, spiral,
umbilical, and edge views, X51 (*2117).
Polytaxis CusHMAN & WaTERs, 1928, *535, p. 51
[*P. laheei; OD]. Test low conical, similar to
Tetrataxis in early stage, later spreading, with
numerous small chambers to whorl; aperture on
umbilical side, ?several. [The aperture is not
clearly distinguishable on the type-specimen, al-
though the genus was described as having several
elongate ventral openings. Polytaxis sp. of PAYARD
(*1432), from the Jurassic belongs to the agglu-
tinated genus Tritaxis in the Trochamminidae.]
U.Carb., N.Am.-Eu.(Carnic Alps). Frc. 253.5.
*P. laheei, Penn., USA(Tex.); Sa-c, spiral, um-
bilical, and edge views of halotype, X19 (*2117).
Valvulinella ScuuserT, 1907 (separate of 1908,
*1687, p. 248, dated 1907) [*Valvulina youngi
Brapy, 1876, *193, p. 86; SD Scuusert, 1908,
*1686, p. 379) [=Valvulinella ScuuserT, 1907,
*1684, p. 211 (nom. nud.); Palaeovalvulina ScHu-

Fic. 255. Biseriamminidae; 1,2, Globivalvulina
(p. €338).

)09 University of Kansas Paleontological Institute
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FiG. 256. Biseriamminidae; 1, Olympina (p. C338).

BERT, 1921, *1694, p. 179 (type, Valvulina youngi
Brapy, 1876, *193, p. 86, SD LoesLicH & TAPPAN,
herein) (obj.); Palacovalvuloria Neave, 1940,
*1348c, p. 534 (mom. null.)]. Test conical,
chambers trochospirally arranged with only 2 or 3
chambers to whorl; interior subdivided by hori-
zontal and vertical partitions, chamberlets slightly
visible through outer wall; wall calcareous, micro-
granular; aperture interiomarginal, on umbilical
side. [Differs from Tetrataxis in having secondary
partitions which form numerous tiny chamberlets.
The Jurassic species previously assigned to Val-
vulinella are here placed in Kurnubia. The lecto-
type (BMNH-P41656) and paratypes (BMNH-
P35519, P35520, P41655) are from the Carbonif-
erous, Brockley, Lanarkshire, England.] L.Carb.
(Miss.)-U.Carb.(Pern.), Eu.-N.Am. Fic. 253,
2-4. *V. youngi (Brapy), L.Carb., Eng.; 2, long.
sec. (*193, pl. 4, fig. 8), X47 (*¥2117); 3, transv.
sec. (*193, pl. 4, fig. 9), X47 (*2117); +a-c,
spiral, umbilical, and edge views, X65 (*2117).

Family BISERIAMMINIDAE
Chernysheva, 1941
[Biseriamminidae CHerNvsHEva, 1941, p. 70]

vulinae  RevruiNncer, 1950, p. 75:
PokorNY, 1938, p. 200]

[ =Globival-
=Globivalvulininae

© 2009 University of Kansas Paleontological Institute

Protista—Sarcodina

Test enrolled, biserial, involute; aperture
at inner border of septal face. L.Carb.-Perm.

Biseriammina CHERNYSHEVA, 1941, *335, p. 69 [*B.
uralica; OD]. Test free, chambers biserially ar-
ranged, with axis of biseriality planispirally en-
rolled; wall calcareous, microgranular; aperture
comprising narrow interiomarginal slit where
chambers of opposed pair touch at short distance
above contact with earlier whorl. L.Carb.(M.
Tournais.), USSR (S.Urals). Fic. 254,1,2. *B.
uralica; lab, side, edge views; 2, cross sec. show-
ing chamber arrangement, dotted lines represent-
ing opposed pair of chambers, X53 (*335).
Globivalvulina ScuuserT, 1921, *1694, p. 153
[*Valvulina bulloides Brapy, 1876, *193, p. 89;
OD]. Test free, subglobular to hemispherical
when somewhat flattened on broad apertural face;
chambers biserially arranged with axis of bi-
seriality planispirally to slightly trochospirally
coiled; wall calcareous, microgranular, may have
inner fibrous or porous layer particularly well de-
veloped along septa; aperture interiomarginal
against opposite, penultimate chamber, partially
covered by valvular projection extending toward
opposite chamber near center of apertural face,
commonly overlapping aperture of penultimate
chamber. [Globivalvulina differs from Biseriam-
mina in being more advanced, with an apertural
valvular projection.] U.Penn.-Perm., N.Am.-Eu.-
C.Asla. Fic. 255,1,2. *G. bulloides (Brapy),
U.Penn., USA(lowa); Ia-c, opposite sides and
edge of syntype, X93; 2, sec. of syntype, redrawn
(BMNH-P35518, *193, pl. 4, fig. 14), X79
(*2117).

Olympina Reicuer, 1945, *1517, p. 540 [*O. in-
solita; OD]. Test enrolled, chambers inflated,
few to whorl; wall calcareous, perforate; aperture
in septal face. Perm., Medit.(Cyprus). Fic.
256,1. *0O. insolita; la, holotype, photograph of
sec., X55; 1b, sketch from photograph showing
chambers and septal aperture, X33 (*1517).

[This genus, described from 2 sections in an algal lime-
stone, is unknown as to mode of coiling, although it was
suggested that the umbilical region seemed to show the
possibility of a trochospiral arrangement. From compari-
son of the figures, it seems probable that Olympina could
also be a biserially enrolled form and it is here transferred
to the Biseriamminidae. The strong similarity to sections
of Biseriammina suggests that further study may even
show Olympina to be a junior synonym of Biseriammina.]

Family TOURNAYELLIDAE Dain, 1953

[Tournayellidae DaiN in Daiy & Grozoirova, 1953, p. 16]
——[In synonymic citations superscript numbers indicate
taxonomic rank assigned by authors (family, Zsubfamily)]

[==Glomospirellinae RevTLINGER, 1950, p. 26 (nom.
nud.); 2Tournayellinae DaiN in Dain & Grozpirova, 1953,
p. 20; =2Tournauellinae DaiN in DaiN & Grozpirova, 1953,
p. 21 (nom null.) 2Forschiinae DAIN in DAIN & GROZDIL-
ova, 1953, 20, 38; =1Forschiidae GrozpiLova & LEBEDEVA,
1954, p. 36; —Z2Forshiinae RevrtLINGer, 1953, p. 60 (nom.
null.); =Teurnayellidae RevTLINCER, 1958, p. 60 (mom.

null.)]
Test free, proloculus followed by plani-
spirally enrolled tubular second chamber,
subseptate, with slight protuberances or in-
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cipient septa forming pseudochambers; wall ~ Tournayella Daix in Daiv & GrozoiLova, 1953,
calcareous, granular, and may have agglu-  *550, p. 30 [*T. discoidea; OD] [=Carbonella
tinated inclusions; aperture simple or crib-  Daiv in Daix & GrozoiLova, 1953, *550, p. 36
rate. U.Dev.-U.Perm. (type, C. spectabilis); Septatournayella Lipina,

Tournayella

Tournayella

Fic. 257. Tournayellidae; 1-11, Tournayella; 12-14, Brunsiina (p. €339-C340).
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1955, *1143, p. 36 (type, Tournayella segmentata
Dain in Dain & GrozpiLova, 1953, *550, p. 34);
Cepekia VASHEER & RuZitka, 1957, *1985, p. 342
(type, C. cepeki)]. Test discoidal, with spherical
proloculus and planispirally coiled pseudoseptate
later portion, slight apertural constrictions of tubu-
lar chamber being preserved as poorly developed
septa or slight infoldings of wall; wall thick, cal-
careous, inner thick translucent layer of micro-
granular calcite with thin dark opaque layer de-
veloped where final whorl overlaps previous coils,
and secondary calcareous translucent thickening in
sutural depressions; aperture simple rounded or
elliptical opening formed by moderate constric-
tion of terminal portion of tubular chambers.
U. Dev. - L. Carb.(Tournais.-Visean) - U. Carb.
(Namur.), USSR-Czech. Fic. 257,1,2. *T. dis-
cotdea, Tournais., USSR (Donets Basin); 1, equat.
sec. of holotype; 2, axial sec. of paratype; both
X100 (*550). Fic. 257,34. T. spectabilis
(Da1n), Tournais., USSR (Donets Basin); 3, equat,
sec., X60 (*550); 4a,b, side, edge views of holo-
type, X43 (*550). Fic. 257.5-9. T. cepeki
(Vali¢exk & RuZilka), Namur., Czech.; 5,740,
side, edge views of paratypes; 6,8, axial and equat.
secs. of paratypes, X81; 94,5, diagrams of wall
structure showing part of axial sec. and enlarge-
ment of one side of wall with inner granular
layer regarded as equivalent to epitheca of fusu-
linids, dark thin opaque layer resembling fusulinid
tectum, and secondary thickening at septal de-
pressions (=protheca) (*1985). Fic. 257, 10,
11. T. segmentata DaiN, Tournais.,, USSR; 10,
equat. sec., X70 (*1143); 11, axial sec., X381
(*831).

[Carbonella was regarded originally as slightly more ad-
vanced than Tournayella, with better developed ‘‘septa-
tion,”" but the slight differences in the holotypes of the
2 type-species suggest that orly specific distinction should
be made. Sepratournayella, as based on the type-species, has
chambers of more irregular width, slightly inflated, and
fewer chambers in each whorl, but these also are here re-
garded as of specific distinction only. Cepekia cepeki, type-
species of Cepekia, is very similar to Carbonella spectabilis

DaiN, and most probably specifically identical, as well as
congeneric.]

Brunsiina LipiNa in DaiN & Grozprova, 1953,
*550, p. 27 [*B. uralica; OD) [=Glomospiranella
Lipiva in DaiN & GrozpiLova, 1953, *550, p. 21
(type, G. asiatica)]. Early portion in strepto-
spiral coil, later planispiral and similar to
Tournayella in poorly developed septation; aper-
ture simple, at slightly constricted open end of
tubular chamber. [Differences between Brunsiina
and Glomospiranella largely consist of a shorter
period of streptospiral coiling in Brunsiina. This
is here regarded as of specific importance only.]
U.Dev.-L.Carb.(Tournais.), USSR. Fie. 257,
12,13. *B. wuralica, Tournais.; 12, equat. sec. of
holotype; 13, axial sec. of paratype; both X100

(*550). Fic. 257,14. B. asiatica (LipINA),
Tournais., Sib.; equat. sec. of holotype, X76
(*1143).

Forschia Miknayrov, 1939, *1260, p. 50, 59

Protista—Sarcodina

[*Spirillina subangulata voN MOLLER, 1879, *1296,
p. 27, 130 (=S. angulata voN MOLLER, 1879,
*1296, p. 27) (nom. null.}; OD]. [=Forschia
Mixknayrov, 1935, *1259, p. 41 (nom. nud.)].
Test free, proloculus followed by planispiral evo-
lutely coiled tubular chamber, without distinct
septation; aperture terminal, cribrate where tube
flares terminally. L.Carb.(Visean), USSR. Fic.
258,1-3. *F. subangulata (voN MOLLER); I, equat.
sec., X60 (*1509); 2, axial sec., X20 (*1509);
3, axial sec., X75 (*1296).

Forschiella MiknayLov, 1935, *1259, p. 41 [*F.
prisca; OD]. Early stage similar to Forschia, later
uncoiling and septate; aperture cribrate, L.Card.
(Visean), USSR. FiG. 258,7. *F. prisca; para-
type showing axial sec. through early coiled stage,
X59 (*769).

Glomospiroides REyTLINGER, 1950, *1560, p. 28
[*G. fursenki (nom. imperf., =G. fursenkoi,
nom. correct. VOLOSHINOVA, DAIN & REYTLINGER
in  Ravuzer-CHERNoUsova & Fursenko, 1959,
*1509, p. 184); OD} [=Glomospirella Reyr-
LINGER, 1950, *1560, p. 27 (type, G. borealis)
(non Glomospirella PLUMMER, 1945)]. Test with
early glomospirine coil, later uncoiling, septate
throughout, but septa thin and irregular; wall
calcareous, finely granular; aperture terminal,
simple. M.Carb.(Moscov.), USSR. Fic. 258,
4,5. *G. fursenkoi; 4, long. sec. of holotype; 5,
targ. sec.,, X76 (*1560). F1c. 258,6. G. bore-
alis (REYTLINGER), holotype, X76 (*1560).

[Originally Glomospirella ReyTLINGER, 1950 (nom PLuM-
MEeR, 1945) included species with early glomospirine coil
and later irregular development, whereas Glomospiroides
became distinctly rectilinear in the later stage. Voro-
sHINOvA, DAIN & REYTLINGER in RAUZER-CHERNOUSOVA &
Fursenko (1959, *1509, p. 184) regarded Glomospirella
REYTLINGER as a synonym of Glomospiroides.)

Gourisina Reicuer, 1945, *1517, p. 539 [*G.
broennimanni; OD]. Status of genus doubtful;
known only from a single section, it was described
as having a calcareous wall, radially striate, with
thin dark granular inner layer, and formed from
2 series of chambers in spire around proloculus.
[It could equally well consist of a nonseptate
plectogyrally coiled tube, so-called chambers con-
sisting of sections through the tube as it spiraled.
Because of the similarity to Glomospiranella in
sections, it is here placed with the Tournayellidae.]
U.Perm., Greece(Attica). Fic. 258,10. *G.
broennimanni; 10a,b, holotype, photograph of thin
sec. and outline of same showing chamber devel-
opment, X80 (*1517).

Lituotubella Rauzer-CHERNoOUsova, 1948, *1502, p.
161 [*L. glomospiroides; OD). Test with long
tubular chamber, early stage in unsegmented
glomospirine coil, later uncoiling, with regular
constrictions of wall indicating chambers; no
complete septa; wall granular, calcareous; aper-
ture at open end of tube. L.Carb.(Visean), USSR.

Fic. 258,8,9. *L. glomospiroides; 8, me-

dian sec. of early coil; 9, long. sec. of holotype,

x50 (*1502).
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Septabrunsiina LipiNa, 1955, *1143, p. 42 [*Endo- 46 (tvpe, Endothyra? primaera Ratvzer-CHERNOU-
thyra? krainica LipiNna, 1948, *1141, p. 254; OD] sova, 1948, *1505, p. 5); Tournayellina Lipixa,
[=Septaglomospiranella Lipina, 1955, *1143, p. 1955, *1143, p. 52 (type, T. vulgaris)]. Early

Forschiella Lituotubella

Fic. 258. Tournayellidae; 1-3, Forschia; 4-6, Glomospiroides; 7, Forschiella; 8,9, Lituotubella; 10,
Gourisina (p. C340).
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Fic. 259. Tournayellidae; 1-5, Septabrunsiina
(p. C341-C342).

stage streptospiral and poorly or nonseptate, later
planispiral as in Brunsiina, but with few inflated
chambers to whorl, resulting in appearance of
better-developed septation in later portion; wall

calcareous, microgranular; aperture simple, at
open end of tube. U.Dev.-L.Carb.(Tournais.),
USSR. Fic. 259,1,2. *S. krainica (LipiNa),

Tournais.: 1, equat. sec.; 2, axial sec.; both X70
(*1143). Fic. 259,3. S. primaeva (RAUZER-
CHerNousova), Tournais.; X100 (*550). Fic.
2594,5. S. wvulgaris (Lipina), L.Carb.; 4, sub-
equat. sec. of paratype (early coil poorly seen);
5, equat. sec. of smaller paratype showing early
spire, X 70 (*1143).

Family ENDOTHYRIDAE Brady, 1884

[nom. correct. RuumsLer, 1895, p. 92 (pro family Endo-

thyrina LANkEesTer, 1885, p. 847)]——[All names referred

to are of family rank]——[=Endothyrinae DEerace &

Hérouarp, 1896, p. 133; =Cribrospiridae WepekinNp, 1937,

p. 79; =Plectogyridae ReyTLINGER MS in Povarxov, 1957,
p. 29; =—Bradyinidae REYTLINGER, 1958, p. 57]

Test enrolled, planispiral or plectogyral;
aperture simple or multiple. Dev.-Perm.

Subfamily LOEBLICHIINAE Cummings, 1955

[mom. correct. LoesLich & Tappan, 1961, p. 286 (pro sub-
family Loeblichinae Cusxas, 1955, p. 3)] [=Nanicellinae
FurseNko in Ravzer-CHerRNoOusova & Fursenko, 1959, p. 252]

Test planispiral, compressed, involute or
evolute; chambers numerous; aperture basal.
Dev.-Perm.

Loeblichia Cuanixes. 1955, *398, p. 3 [*Endo-
thyra ammonoides Brapy, 1873, *190, p. 63, 95;
OD]. Test free, discoidal, planispiral and evolute,
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with numerous whorls; chambers small, numerous,
appearing rectangular in horizontal section; su-
tures distinct, radial; wall calcareous, finely granu-
lar; aperture low equatorial, interiomarginal arch.
[Loeblichia differs from Endothyra PHIiLLIPS in
being evolute rather than involute and planispiral
rather than with changing axis of coiling. It also
has a much shorter axis of coiling, resulting in a
discoid or complanate test, and far more numerous
whorls and chambers in each whorl. It differs
from Nanicella in being completely evolute, and
with more numerous chambers.] L.Carb.(Visean),
Brit.I.-USSR. Fic. 260,1,2; 261,1. *L. am-
monoides (Brapy), Eng.; 260,l1ab, side, edge
views of lectotype (BMNH-P41650, *193, pl. 5,
fig. 5), redrawn; 260,2, sec. of paratype (BMNH-
P35500, *193, pl. 5, fig. 6), redrawn, X64
(*2117); 261,1a, axial sec. (where septa are cut
area appears darker), X75; 261,15, diagram of
wall structure, enlarged (*398).

Eocristellaria K. V. MikLUkHO-MaKLAY, 1954,
*1277, p. 67 [*E. permica; OD]. Test ovate in out-
line, with gradually enlarging chambers arranged
as in Astacolus; wall calcareous, with outer hyaline
layer and granular calcareous inner layer; aperture

peripheral, ‘’radiate. U.Perm., USSR(Caucasus).
Fic. 261,4. *E. permica, holotype, X47
(*1277).

Nanicella Hensest, 1935, *895, p. 34 [*Endo-
thyra gallowayi THoMmas, 1931, *1907, p. 40; OD].
Test planispirally coiled and partially evolute;
chambers numerous, low; wall calcareous with
thin dark outer layer and thicker inner finely
granular layer; aperture interiomarginal equatorial
slit. Dev., N.Am.-USSR. Fic. 260,3,4; 261,
2,3. *N. galloway: (Tuomas), USA (Iowa); 260,
3a,b,4, side, edge views of topotypes, X99
(*2117); 261,2,3a, axial and equat. secs. of
paratypes; 36, portion of 3a enlarged (*1907).

Rhenothyra H. BeEcknann, 1950, *103, p. 184, 187
[*R. refrathensis; OD]. Test planispiral, evolute,
similar to Loeblichia, but with few chambers to
whorl; wall with 3 layers; aperture large, rounded,
at the base of apertural face. [Loeblichia may
prove to be a synonym of Rhenothyra, but in
view of the fewer chambers in each whorl, fewer
whorls, different wall structures described, large,
round aperture instead of a basal slit, and the
different geologic ages, both are tentatively recog-
nized.] M.Dev., Eu. Fic. 261,8-10. *R. re-
frathensis, Ger.; 8,9, equat. and axial secs.; 10,
somewhat abraded exterior of holotype; approx.
X 60 (*103).

Robuloides ReicHEL, 1945, *1517, p. 531 [*R. lens;
OD] [=Pararobuloides K. V. MIKLUKHO-MAKLAY,
1954, *1277, p. 65 (type, P. orientalis)]. Test
lenticular, nearly planispiral, involute, periphery
acute; wall calcareous perforate, radially striate,
with lamellar thickening pronounced; septa porous
as is outer wall; aperture circular to radiate, areal,
in lower part of septal face. [Robuloides differs
from Lenticulina in the wall character, in having
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Fic. 260. Endothyridae (Loeblichiinae; 1,2, Loeblichia; 3,4, Nanicella) (p. C342).

perforate septa, and an areal rounded aperture
instead of a radial aperture at the dorsal angle.]
U.Perm., Eu.(Greece)-USSR(Caucasus). Fic.
261,5,6. *R. lens, Greece(Hydra Is.); 5, holotype
nearly equat. sec., tang. to proloculus; 6, para-
type, slightly oblique axial sec.; both X100
(*1517). F1c. 261,7. R. orientalis (K. V.
MikLukHO-Makray), USSR (Caucasus), axial sec.
of holotype, X47 (*1277).

Subfamily ENDOTHYRINAE Brady, 1884

[Endothyrinae Brapy, 1884. p. 66] [=Plectogyrinae ReyT-
LINGER, 1958, p. 57; —Quasiendothyrinae REYTLINGER, 1961,
p. 53]

Test enrolled, planispiral to streptospiral,
possibly uncoiling in later stages; may be
incompletely septate; wall of granular cal-
cite, nonporous, with 2 or 3 distinct layers
in well-preserved specimens, may have ag-
glutinated material in addition; aperture
single, simple, basal or areal. U.Dev.
(Famenn.)-Perm.

Endothyra PuiLvips, 1846, *1452B, p. 277 (nom.
conserv. ICZN (S.) 768, pending) (mon Endo-
thyra Gupe, 1899) [*E. bowmani (=Involutina
lobata Brapy, 1870, *187A, p. 382); =Endothyra
bradyi Miknavrov, 1939, *1260, p. 51 (nom.

conserv. ICZN (S.) 768, pending); OD (M)]
[Endothyra PuiLLips in Brown, 1843, *245, p.
17 (nom. reject. ICZN (S.) 768, pending)]
[=Plectogyra Zerrer, 1950, *2103, p. 3 (type,
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P. plectogyra); Plectogyrina REYTLINGER in Rau-
zerR-CHERNousova & Fursenko, 1959, *1509, p.
196 (type, Endothyra(?) fomichaensis LEBEDEVA,
1954, *1100, p. 256); Endostaffella Rozovskaya,
1961, *1593, p. 20 (type, Endothyra parva Mov-
LER, 1879, *1296, p. 18)]. Test enrolled, par-
tially involute, plane of coiling changes during
growth, turning through 30°-90°, may turn
gradually as in plectogyral coiling, or abruptly
nearly 90°, few chambers to whorl, whorls few;
wall calcareous, with 2 layers, thin dark outer
layer (tectum) and thicker, fibrous alveolar, inner
layer (diaphanotheca); parual recrystallization
may result in granular appearance, secondary de-
posits in form of nodes, ridges, or forward-
directed hooks secreted on chamber floors; ex-
ternal aperture not always evident, but interio-
marginal, equatorial to asymmetrical sht may be
present, relatively large intercameral foramina in
same position. ?U.Dev., L.Carb.-Perm., Eu.-N.
Am.-Afr.-Japan-S.Am. Fic. 262,1,2. *E. bow-
mani, L.Carb., Eng.; Iab, side and apertural
views of neotype, here designated, showing
“skew”-coiling, X82; 2, equat. sec. (Brapy’s
specimen BMNH-P41674 ex P35440) showing
coiling, X64 (*2117). Fic. 262,3. E. plecto-
gyra (ZeLrLer), U.Miss.(Meramec.), USA(Mo.);
equat. sec. of holotype, X66 (*2103). Fic.
262,4,5. E. sp., U.Miss.(Meramec.), USA(Mo.);
4, axial sec., X66 (*2103); 5, equat. sec. show-
ing well-developed hook-shaped secondary deposit
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in final chamber, X66 (¥2103). Fic. 262,6,7. sec., X20 (*1509). F1c. 263,8. E. sp., dia-
E. fomichaensis LEBEDEVA, L.Carb.(Visean), USSR; gram of wall structure (*398).
6, equat. sec. of paratype, X33 (*1100); 7, axial

[The confusion as to the status of Endothyra has been

la

Loeblichia

Eocristellaria

O |
9 4
Rhenothyra

Fic. 261. Endothyridae (Loeblichiinae; I, Loeblichia; 2,3, Nanicella; 4, Eocristellaria; 5-7, Robuloides;
8-10, Rhenothyra) (p. C342-C343).
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discussed in detail by Scort, ZELLER & ZeLLER (1947, *1708), only a dimorphism found within most species. Others have
ZeLLer (1950, *2103), Hensest (1953, *897), and Sr. regarded it variously as a generic, subfamily, or family
Jean (1957, *1619), some authors regarding the plecto- character. According to Hensest (1953, *897, p. 64),
gyral and planispiral modes of coiling as representing about 1 per cent of shells referred to Endothyra baileyi

Fic. 262. Endothyridae (Endothyrinae; 1-8, Endothyra; 9-12, Endothyranella) (p. C343-C346).
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(Hatr) have an early plectogyral coil and later plani-
spiral growth, the remainder being planispiral through-
out. Endothyra? jomichaensis has a sharp change of 90°
in plane of coiling just before the final whorl is added.
Much of the confusion is due to the loss of the type
specimens of Endothyra. Hensest (1953, *897) stated
that a petition was to be submitted to the ICZN vali-
dating Endothyra PuiLLies, 1846, as emended by Brapy,
1876, and to suppress ‘‘Endothyra Brown, 1843, This was
again referred to by St. JEAN (1957, *1619), but apparently
such a petition has never been formally acted upon by the
ICZN. In the interests of stability of nomenclature and
because of loss of the original types of Endothyra bow-
mani PHiLLIps the specimen of Braby in the British
Museum (Natural History) (BMNH-P41665, ex P35440)
here redrawn, is designated as neotype. It is from the
Carboniferous, Brankamhall Quarry, Lanarkshire. After the
present text had been sent to press, May, 1962, HeNsest
published the ICZN petition Z.N. (5.) 768, July, 1962, in
which Endothyra bowmani PHILLIPs, 1846, is to be con-
served, in the sense of Bravy, 1876, and Endothyra bow-
mani PHILLIPS in BrowN, 1843, rejected. ]

Dainella Brazunixova, 1962 (see p. C795).
Endothyranella Garroway & HarRLTON in GALLoO-
waY & RYNIKER, 1930, *765, p. 13 [*Ammobacu-
lites powersi HarLTON, 1927, *879, p. 21; OD]
[=Chernyshinellina REYTLINGER 1n RAUZER-
CHERNoUsova & Fursenko, 1959, *1509, p. 196
(type, Ammobaculites pygmaeus MALAKHOVA,
1954, *1207, p. 58); Rectochernyshinella LipINa,
1960, *1145, p. 51 (type, Spiroplectammina mira-
bilis Lipina, 1948, *1141, p. 257)]. Test free,
early portion enrolled and plectogyral, later nearly
planispiral, finally uncoiling and becoming rec-
tilinear; wall calcareous, fibrous, or may be re-
crystallized and granular, aperture high interio-
marginal equatorial arch, later areal and terminal
in uncoiled portion. L.Carb.(U.Miss.)-U.Penn.,
USA-USSR. Fic. 262,9. *E. powersi (Harr-
Ton), Penn., USA(Okla.}; 94,5, side, edge views
of holotype, X76 (*2117). Fic. 262,10. E.
pygmaea  (MaLakHova),  L.Carb.(Tournais.),
USSR; long. sec., X66 (*1509). Fic. 262,
11,12. E. mirabilis (LiriNa), L.Carb.(Tournais.),
USSR; long. secs. of holotype and paratype, X50
(*700).

[Chernyshinellina was regarded as differing in characters
of the septa, which were a gradual extension of the outer
chamber wall and not sharply delineated. The angle of
septal insertion is here regarded as of specific value only
and Chernyshinellina is thought to be a synonym of
Endothyranella. The briefly diagnosed Rectochernyshinella
was regarded as similar to Chernyshinellina, with a bi-
serial later stage. The type-species (original figures here
reproduced) is known only from thin sections and shows
some irregularities in chamber development, but is not
truly biserial. Later references to the type-species {(*1143,

pl. 13, figs. 10, 11) are equally inconclusive. It is re-
garded as a synonym of Endothyranella.]

Kahlerina KocHansky-DeEviDE & Ramovs, 1955,
*1047A, p. 383, 412 [*K. pachytheca; OD]
[=Ussuriella Sosnina in Kiparisova ez al., 1956,
*1040, p. 21 (type, U. ussurica) (non Ussuriella
Paranonov, 1929)]. Test enrolled, subspherical,
umbilici slightly indented; early coiling somewhat
plectogyral, that of microspheric form having 1
or 2 abrupt turns of about 90 degrees similar to
Endothyra, few (4-8) whorls; microspheric pro-
loculus small and globular, megalospheric pro-
loculus up to 0.14 mm., 8-10 chambers per whorl,
increasing fairly rapidly in height; septa straight,

Protista—Sarcodina

radial, thick-walled; wall thick, of 2 layers (re-

ferred to tectum and keriotheca, although kerio-
thecal structure 1s indistinct), reduced chomata, as
in Quastendothyra, and some very small paracho-

mata rarely present, tunnel low, not continuous,
observed rarely; foramina and very fine septal
pores present. [Originally Kahlerina was regarded
as a primitive form placed in the Verbeekininae

*1047A), but later it was transferred to the

Staffellinae  (*1509). It is here considered as

simpler than the Fusulinacea and tentatively placed

in the Endothyrinae.] U.Perm., Yugoslav.-USSR.

Fic. 262A,1. *K. pachytheca, U.Perm., Yugo-
slav.; Ia, axial sec. of microspheric form (holo-
type), X40; 15, axial sec. of megalospheric form,
X20; Ic,d, median secs. of microspheric forms,
X20 (*1047A). Fic. 262A,2. K. wussurica
(SosniNa), U.Perm., USSR; 24,b, axial and me-
dian secs., X25; 2¢, portion of wall showing
“keriothecal” structure, X70 (*1040).

Novella GrozpiLova & LEerepeva, 1950, *830A, p.
20 [*N. evoluta; OD]. Test small, discoidal,
planispiral and evolute, symmetrical; early cham-
bers small and globular, later ones numerous, rela-
tively broad and low and forming 2.5 to 7 whorls;
septa straight, simple; wall thin, undifferentiated,
chomata well developed in later whorls; aperture
a single crescentic opening. [Originally placed
with the staffellids, close to Eostaffella and Mil-
lerella, it was also considered to be related to
Nanicella. Tt is here assigned to the Endothyrinae,
because of the undifferentiated wall, single aper-
ture, and presence of chomata.) U.Carb.(Namur.-
Moscov.), USSR. Fic. 262A,3. *N. cvoluta,
Moscov., Ural Mtns.; 3a,b, axial secs. of paratype
and holotype, X100 (*830A). Fic. 262A,4.
N. primitiva Rauzer-CHERNoUsova, Vereisk., me-
dial sec., X 80 (*2074).

Paraendothyra CHerNysHEva, 1940, *334, p. 129,
134 [*P. nalivkini; OD]. Test free, enrolled,
slightly evolute, biumbilicate, early coiling plecto-
gyral, later nearly planispiral; wall dark, coarsely
granular; aperture areal, crescentic slit. [Paraendo-
thyra is characterized by its areal aperture.] L.
Carb.(Tournais.), USSR(Urals). Fic. 263,1-3.
*P. nalivkini; lab, side, apert. views, X30; 2,
axial sec., X40; 3, equat. sec., X40 (*1509).

Paraplectogyra Oximura, 1958, *1386, p. 254 [*P.
masanae; OD]. Test similar to Endothyra, but
wall with 3 distinct layers, corresponding to tec-
tum, diaphanotheca, and lower tectorium of
fusulinids. L.Card.-Low.U.Carb., Japan. Fic.
263,6,7. *P. masanae, L.Carb.(M.Miss.); 6, axial
sec. of paratype; 7, equat. sec. of holotype, X125
(*1386).

Quasiendothyra Ravzer-CuernNousova, 1948, *1504,
p- 228 [*Endothyra kobeitusana RAUZER-CHER-
Nousova, 1948, ¥1505, p. 7; OD] [=Cribroendo-
thyra LeBEDEVA, 1956, *1101, p. 46 (type, “C.
no. 1 sp. et gen. nov.,” nom. nud.); Planoendo-
thyra REYTLINGER, 1958, *1564, p. 57 (nom.
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nud.); Planoendothyra REYTLINGER in RAUZER- *1560, p. 34); Eoendothyra MikLUKHO-MAKLAY,
CHERNoUsova & Fursenko, 1959, *1509, p. 194 1960, *1273, p. 140 (type, Endothyra communis
(type, Endothyra aljutovica REYTLINGER, 1950, Rauzer-CHERNousova, 1948, *1505, p. 6)]. Test

Kahlerina

5c

Novella Seminovella

Fic. 262A. Endothyridae (Endothyrinae; 1,2, Kahlerina; 34, Novella; 5, Seminovella) (p. C346, C350).
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Fic. 263. Endothyridae (Endothyrinae; 1-3, Paraendothyra; 4,5, Rectoseptaglomospiranella; 6,7, Paraplecto-
gyra; 8-13, Quasiendothyra) (p. C346-C350).
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enrolled, compressed, early stage plectogyral, later
planispiral, evolute; wall homogeneous, with sec-
ondary deposits at base of chambers at outer
margins, giving appearance of chomata of fusuli-
nids, aperture interiomarginal. Dey.-Carb., USSR.

C349

Fic. 263,89. *Q. kobeitusana (RAUZER-
CHERNoUsova), Dev.(Famenn.); equat. and axial
secs., showing lateral secondary deposits, X75
(*1509). Fic. 263,10,11. Q. aljutovica (ReyT-
LINGER), U.Carb.(Moscov.); equat. and axial secs.,

Klubovella

Fic. 264. Endothyridae (Haplophragmellinae; 1-6, Haplophragmella; 7.8, Klubovella) (p. C350-C352).
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Fic. 265. Endothyridae (Haplophragmellinae; 1-4, Cribrospira) (p. €352).

X46 (*1509). Fic. 263,12,13. Q. communis
(Rauzer - CHErNoOUsova), U.Dev.,, USSR (C.
Kazakh.); 12, horiz. sec., X46 (*1505); 13, axial
sec., X61 (*1101).

Rectoseptaglomospiranella REYTLINGER, 1961, *1566,
p. 62 [*Septaglomospiranella (Rectoseptaglomo-
spiranella) asiatica; OD] [=Septaglomospiranella
( Rectoseptaglomospiranella) ReyTLINGER, 1961,
*1566, p. 62 (obj.)]. Test elongate, early portion
streptospirally coiled, later becoming planispiral
and then uncoiled and rectilinear; incompletely sep-
tate in coiled stage, rectilinear stage with broad,
low, closely appressed chambers, completely septate;
wall calcareous, coarsely granular, thick; aperture
simple, at least in early stages. U.Dev.(Famenn.),
?L.Carb.(L.Tournais.), USSR(Kazakh.). Fic.
263,4,5. *R. asiatica, U.Dev.(Famenn.); 4, long.
equat. sec. of holotype; 5, equat. sec. of juvenile
specimen, X 75 (*1566).

[This genus was originally described as a subgenus of
Sepraglomospiranella (here placed in the synonymy of
Septabrunsiina), which is similar to the early coiled stage
of the present form. As Recrosepraglomospiranella differs
in the uncoiled later stage, it is here elevated to generic

status. It differs from Haplophragmella in its low, close-
ly appressed chambers and simple noncribrate aperture of
the rectilinear stage.]

Seminovella Ravzer-CHErNousova, 1951, *2074, p.
64 [*Eostaffella (Seminovella) elegantula; OD]
[=Eostaffella (Seminovella) Rauzer-CHERNOU-
sova, 1951, *2074, p. 64 (obj.)]. Test planispiral,
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discoidal to biconcave, slightly asymmetrical, early
1 or 2 whorls involute, later 2 to 4 whorls be-
coming evolute, with whorls rapidly increasing
in thickness, leaving broad, deep umbilicus;
septa simple; wall homogeneous in structure, minor
supplementary deposits (pseudochomata); single
aperture. [Seminovella was originally regarded as
transitional between Millerella and Novella, but
because of the simple wall structure and single
aperture it is here transferred to the Endothyrinae
and elevated to generic status.] U.Carb.(U.
Namur.-Moscor.), USSR. Frc. 262A,5. *S.
elegantula; 5b, axial sec. of holotype, X74; Sa,c,
axial secs. of paratypes, X74 (*2074).

Subfamily HAPLOPHRAGMELLINAE
Reytlinger, 1959

[Haplophragmellinae REYTLINGER in RAUZER-CHERNOUSOVA &
Fursenko, 1959, p. 185}

Test free, early stage enrolled as in the
Endothyrinae, later may be uncoiled; aper-
ture simple in early stage, areal and cribrate
in adult. L.Carb.(Tournais.) - M.Carb.
(Moscov.).

Haplophragmella Rauzer-CHErRNousova & REyT-
LINGER in RAUzER-CHERNOUsOVA, BELYAEV, &
REYTLINGER, 1936, *1507, p. 215, 228 [*Endo-
thyra panderi von MOLLER, 1879, *1296, p. 17;
OD] [=Endothyrina MikHayLov, 1935, *1259,
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Fic. 266. Endothyridae (Endothyranopsinae; 1-6, Endothyranopsis) (p. C352).

p. 40 (type, E. typica, nom. nud.); Haplophrag-
mina ReyTLINGER, 1950, *1560, p. 28 (type, H.
kashirica); Mikhailovella GANELINA, 1956, *769,
p. 100 <(type, Endothyrina? gracilis RAUZER-
CHEerRNousova, 1948, *1502, p. 163)]. Test free,
early portion enrolled as in Endothyra, later un-
coiling and rectilinear; wall calcareous but may
include some adventitious material; aperture sim-

ple and interiomarginal in early coiled stage, later
becoming  terminal and  cribrate.  L.Carb.
(Tournais.) - U. Carb.(Moscov.), USSR. Fic.
264,1. *E. panderi (vox MOLLER), Visean; side
view, X44 (*1509). Fic. 264,2,3. E. irregularis
(Rauzer-CHERNoOUsoVA), Visean, long. secs., X20
(*1509). Fic. 2644. E. graclis RAUZER-
CHerNousova, L.Carb.; long. sec., X72 (*769).
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Fic. 267. Endothyridae (Endothyranopsinae; 1-5,

Chernyshinella) (p. C352-C353).

Fic. 264,56. E. kashirica (REYTLINGER),
Moscov.; 5, side view, X55; 6, long. sec., X46
(*1509).

Cribrospira von MOLLER, 1878, *1295, p. 86 [*C.
panderi; OD (M)] [=Mstinia MikHayLov, 1939,
*1260, p. 59 (type, M. bulloides)]. Test free,
enrolled, with somewhat irregular coiling, prob-
ably plectogyral, nearly involute, chambers in-
creasing rapidly in size, whorls few; septa short,
final septal face probably resorbed as new cham-
bers are added; wall calcareous, granular: aperture
cribrate, consisting of large pores on apertural
face, intercameral openings large, interiomarginal,
possibly by resorption of apertural face. [Mstinia
was defined as differing from Cribrospira in hav-
ing the final septal face equivalent to the septa.
These differences seem to be rather a matter of
shape and proportions, however.] L.Carb.( Visean),
USSR. Fic. 265.1.2. *C. panderi; lab, side,
apert. views, X+44 (*2117): 2, equat. sec., approx.
%28 (*1503)- Fic. 265.34. C. bulloides
(MikHayLov): 3, side view: +4, equat. sec., X28
(*1509).
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Klubovella Lesepeva, 1956, *1101, p. 52 [*K.
konensis; OD]. Test with early plectogyral en-
rolled portion, later uncoiled, with “biserially ar-
ranged” chambers; wall calcareous, with 2 layers;
aperture simple, basal in early stage, later ter-
minal, muluple. L.Carb., USSR (Kazakh.).
Fic. 264,7,8. *K. konensis; 7,8, syntypes, long.
secs., X 83 (*1101).

[This genus is provisionally recognized on the basis of
the original description, but the ‘“‘biserial’’ character seems
questionable. No other biserial forms are known in this
group and the original illustrations (here copied) do not
show any clear biseriality. Both of the original figured
speciinens were labeled “‘holotype’” on the plate descrip-
tion.

Subfamily ENDOTHYRANOPSINAE
Reytlinger, 1958

[Endothyranopsinae RevTLINGER, 1958, p. 57] [=Cherny-
shinellinae REYTLINGER, 1958, p. 60]

Test planispiral, involute, not compressed,
distinctly septate; wall a single layer of thick
granular calcite with some adventitious
material, perforate; aperture simple, basal.
L.Carb.

Endothyranopsis Cuaiatines, 1955, *398, p. 1 [*In-
volutina crassa Brapy in Moorg, 1870, *1306,
p. 379, 382; OD] [=Globoendothyra REYTLINGER,
1958, *1564, p. 57 (nom. nud); Globoendothyra
REYTLINGER in RAUZER-CHERNOUsovA & FURSENKoO,
1959, *1509, p. 196 (type, G. pseudoglobulus)].
Test free, subglobular to nautloid, biumbilicate,
planispiral and involute but with slight axial rota-
tion resulting in somewhat asymmetrical test;
chambers broad, low; sutures somewhat depressed,
radial; wall finely granular, perforate, may have
some adventitious material, surface smoothly fin-
ished; aperture low, interiomarginal, equatorial
arch. L.Carb., Eu.-Asia(USSR, Bashkiri). FicG.
266,1,2. *E. crassa (Brapy), Wales; Iab, side,
apert. views of lectotype; 2, equat. sec., X4l

(*2117)- Fic. 266,3. E. sp.; axial sec.,, X35
(*398). Fic. 266,4-6. E. pseudoglobulus
(REYTLINGER), Visean, USSR(Bashkiri); 4a,b,

side, apert. views, X22 (*1509); 5,6, axial equat.
secs., approx. X140 (*2008).

[Differs from Bradyina in its slight axial rotation and in
having a simple arched aperture, rather than one or more
rows of pores across the apertural face. It differs from
Endothyra in its included adventitious matter and wall
perforations, whereas Endothyra has a 2-layered, imper-
forate wall.]

Chernyshinella Lipina, 1955, *1143, p. 47 [*Endo-
thyra glomiformis LipiNa, 1948, *1141, p. 254;
OD] [=Granuliferella E. J. ZeLLER, 1957, *2104,
p. 694 (type, G. granulosa)]. Test enrolled, slight-
Iy asymmetrical, coiling plectogyral, few volu-
tions, umbilicate; chambers few to whorl and
relatively large: septa oblique, continuing cham-
ber curvature and not sharply delineated from
outer chamber wall, which is single-layered, rela-
tively thick, and granular: aperture low, narrow,
equatorial interiomarginal slit.  [Differs from
Endothyra in having a single-layered wall, and
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Fic. 268. Endothyridae (Bradyininae; I-3, Brady-
ina) (p. C353).

from Endothyranopsis in its fewer, more inflated
chambers in each whorl, and plectogyral coiling.]
L.Carb.(Tournais.), USSR-N.Am.-Japan. Fic.
267,1-3. *C. glomiformis (Lipina), USSR; Ia,b,
ext. views, X72 (*1509); 2, equat. sec., X70

C353

(*1143); 3, axial sec., X35 (*649). Fic. 267,
4,5. C. granulosa (ZeLLER), L.Miss., USA (Utah);
axial and equat. secs., X100 (*2104).

Subfamily BRADYININAE Reytlinger, 1950
[Bradyininae RexyTLINGER, 1950, p. 38]

Test planispiral, involute; wall of granu-
lar calcite, complex interior; chambers al-
ternating, with small chamberlets visible ex-
ternally by row of openings along sutures;
aperture multiple, areal, and interiomargi-
nal. Carb.

Bradyina von MoLLer, 1878, *1295, p. 78 [*B.
nautiliformis  (=Nonionina rotula EicHwALD,
1860, *691, p. 349); SD Cusunran, 1927, *433,
p. 189]. Test free, robust, planispiral, involute,
few chambers and whorls; chamberlets or canals
formed by converging septal lamellae or infolding
of outer wall to form septa, chamberlets ex-
tending into umbilical region; wall calcareous,
microgranular, perforate, with distinct radial
lamellae; primary interiomarginal aperture, with
additional large areal pores forming cribrate aper-
ture, and supplementary septal pores opening into
septal chamberlets. L.Carb.(Miss.)-U.Carb.(Penn.),
Eu.-N.Am. Fic. 268,1-3. *B. rotula (EicH-
waLbp), L.Carb.(Visean), USSR; 1ab, side, apert.
views; 2,3, equat., axial secs., X 14 (*1509).

Glyphostomella CusHaian & Waters, 1928, *535,
p. 53 [*dAmmochilostoma? triloculina CusHMAN &
WaTers, 1927, *534, p. 152 (=Bradyina holden-
villensis HarrLTon, 1927, *879, p. 18); OD]
[=Pseudobradyina ReyTLINGER, 1950, *1560, p.
45 (wpe, P. pulchra)). Test planispiral, in-
volute, few (usually 3) chambers to whorl, in-

Fic. 269. Endothyridae (Bradyininae; I-5, Glyphostomella) (p. C353-C354).
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Fic. 270. Endothyridae (Bradyininae; 1-3, Janischewskina) (p. C354).

creasing rapidly in size; septal chamberlets simi-
lar to those of Bradyina; wall calcareous, alveolar,
granular, perforate; aperture consists of one to
many straight or curved narrow slits at base and
in face of final chamber, and supplementary su-
tural slits opening into septal chamberlets. [The
synonymy of Ammochilostoma? triloculina Cush-
MAN & WaTeRrs, 1927 (Sept.) with Bradyina hol-
denvillensis HarLton, 1927 (July) was noted by

WarTtHIN (1930, *2040, p. 23).] U.Carb.(Penn.),
USA-USSR. Fic. 269,1,2. *G. holdenvillensis
(HarLToN), Penn., USA(Tex.); lab, side, apert.
views of holotype of Ammochilostoma? triloculina
CusHMAN & WaTers, X50; 2a,b, large paratype
of A.? wriloculina, X50 (*2117). Fic. 269,3,
G. sp., equat. sec., X24 (*535). F1c. 269.4,5.
G. pulchra (RevtLiNGER), U.Carb., USSR; 4ab,
side, apert. views, X28; 5, equat. sec., X36
(*1509).

Janischewskina Mikuayrov, 1935, *1259, p. 40
[*]. typica; OD] [=Yanischewskina MikHaYLOV,
1939, *1260, p. 59 (nom. null.); Samarina Rau-
zER-CHERNOUSOVA & REYTLINGER in  RAUZER-
CHERNOUsova, BELYAEV & REYTLINGER, 1940,
*1508, p. 53 (type, S. operculata)]. Test free,
planispiral, involute; septal chamberlets formed
by infolding of outer wall as in Bradyina; wall
calcareous, fibrous, but without radial lamellae of
Bradyina; aperture cribrate, in apertural “shield”
and with secondary sutural openings. [Janischew-
skina differs from Bradvina in its less complex wall
and cribrate aperture in a ‘“shield,” but without
a definite interiomarginal opening.] L.Carb.
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(Visean), USSR. Fic. 270,1-3. *]. typica;
lab, side, apert. views, X14; 2,3, equat., axial
secs., X25 (*1509).

Family ARCHAEDISCIDAE Cushman,
1928

[nom. transl. CuerNysHEvA, 1948, p. 151 (ex subfamily
Archaediscinae CusuMmaN, 1928, p. 209)] [=—Asteroarchae-
discinae MIKLUKHO-MAKLAY, 1957, p. 37]

Proloculus followed by tubular second
chamber, involute in early stage, later strep-
tospirally or planispirally coiled; outer wall
layer of radial calcite, inner layer finely
granular; aperture at end of spiral chamber.
L.Carb.-Perm.

Archaediscus Brapy, 1873, *189, p. 286 [*4. kar-
reri; OD (M)] [=dArchaediscoum RHUMBLER,
1913, *1572b, p. 389 (obj.) (nom. van.); Neodis-
cus A. D. MIKLUKHO-MakLay, 1953, *1262, p.
129 (type, N. muilliloides); Propermodiscus A. D.
MIKLUKHO-MaKLAY, 1953, *1262, p. 128 (type,
Hemigordius ulmeri Miknavyrov, 1939, *1260, p.
61); Paraarchaediscus Orrova, 1955, *1399, p.
621 (type, P. dubitabilis); Asteroarchaediscus A. D.
MiIkLUKHO-MAKLAY in Kiparisova, et al., 1956,
*1040, p. 10 (type, Archaediscus baschkiricus
KrestovNikov & TEeopborovitcH, 1936, *1055, p.
87): Rugosoarchaediscus A. D. MIKLUKHO-MAK-
Lay, 1957, *1266, p. 37 (type, Archaediscus
akchimensis GrozpiLova & Lesepeva, 1954, *831,
p. 53)]. Test free, lenticular; proloculus followed
by streptospirally coiled, long, undivided tubular
second chamber, evolute, tending to become more
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Fic. 271. Archaediscidae; 1-6, Archaediscus (p. C354-C355).

nearly planispiral with growth; wall calcareous,
finely fibrous, with noticeable thickenings at sides
of test, no outer imperforate layer observed; aper-
ture at open end of tube. [Different generic names
have been given to forms with varying degrees of
symmetry of test thickening and relative amount
of planispiral development. These are here re-
garded as specific distinctions only.] L.Carb.-

Perm., Eu. Fic. 271,1-4. *A. karreri, Carb.,

Eng.; Ia,b, side, edge views of syntype; 2, syntype

in which later planispiral development can be

distinguished; 3, axial sec. of syntype; 4, equat.

sec. of syntype; all X64 (*2117). Fic. 271,5.

A. milliloides (MikLukHO-MAKLAY), U.Perm.,

Caucasus; axial sec. of holotype, X17 (*1262).

Fic. 271,6. A. ulmeri (MixnayLov), L.Carb.
(Visean), USSR; X80 (*1262). Fic. 272,12.
A. dubitabilis (Orrova), U.Tournais., Saratov;
1, ext, X40; 2, axial sec. of holotype, X100
(*1399). Fic. 272,3. A. baschkiricus KRgs-
TOVNIKOV & TEoporoviTcH, M.Carb.(Bashkir.),
USSR (Kolva); axial sec., X100 (*1509). Fic.
2724. A. akchimensis GrozpiLova & LEBEDEVA,
L.Carb.(L.Bashkir.), USSR; axial sec., X100
(*831).

Brunsia Miknayrov, 1939, *1260, p. 58 [*Spirillina
irregularis voN MOLLER, 1879, *1295, p. 41; OD]
[=Neoarchaediscus A. D. MIKLUKHO-MAKLAY in
Kiparisova, et al,, 1956, *1040, p. 11 (type,
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Archaediscus incertus GRrRozDILOVA & LEBEDEVA,
1954, *831, p. 60); Planoarchaediscus A. D.
MiIkLUKHO-MAKLAY in KipaRIsova, MARKOVSKII
& RapcHenko, 1956, *1040, p. 10 (type, Archae-
discus spirillinoides Rauzer-CHERNousova, 1948,
*1505, p. 12); Hemiarchaediscus A. D. MIKLUKHO-
Makray, 1957, *1266, p. 36 (type, H. planus);
Quasiarchaediscus A. D. MIKLUKHo-MaxkLAY, 1960,
*1274, p. 150 (type Q. pamirensis) ). Test discoidal,
consisting of proloculus followed by coiled nonsep-
tate tubular chamber, which in early stage is plecto-
gyral as in Archaediscus and in later stage is
planispiral; wall calcareous, perforate, without
lateral thickening; aperture at open end of tubu-
lar chamber. L.Carb.(Visean)-U.Carb.(Namur.),
Eu.(USSR)-Asia(USSR). Fic. 272,5. B. plana
(MikLUKHO-MAKLAY), Pamir region; axial sec. of
holotype, X100 (*1266). Fic. 2726. B. in-
certa (GrozpiLova & LEBEDEvA), Baskir region;
holotype, X100 (*1509). Fic. 272,7,8. B.
pulchra MiknHayrov, Ukraine; equat. and axial
secs., X100 (*1509). Fic. 272,9. *B. irregu-
laris (voNn MOLLER), holotype, X135 (*700).
Fic. 272,10,11. B. spirillinoides (RauzerR-CHER-
Nousova), Kazakh.; 10, axial sec. of holotype;
11, equat. sec. of paratype, X75 (*1505). Fic.
272,12. B. pamirensis (A. D. MIKLUKHO-MAKLAY),
Visean, Pamir region; holotype, horiz. sec., X180
(*1274).
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Fic. 272. Archaediscidae; 1-4, Archaediscus; 5-12, Brunsia; 13-15, Permodiscus (p. C355-C358).

[Brunsia differs from .drchaediscus in being plectogyral
only in the early stage, and planispiral in the later stage,
and in lacking the pronounced lateral thickening of the
wall. Brunsia was originally described as being agglu-
tinated calcareous, with a cribrate aperture. The type-
species is Spirillina irregularis voN MOLLER, by original
designation. Later MyarLyuk  (*1332, p. 26) stated that
Spirillina?  irregularis was calcareous, with a very thin
perforate wall and not agglutinated, hence she did not
regard it as belonging to Brunsia, as that genus had been
described.  In a later publication, Grozpiova & LEBEDEVA
(1954, *831, p. 29) cited Brunsia pulchra MiKHAYLOV as
renotype species. As the type-specics can never be changed
once it has been fixed, the genus Brunsia must include
S. drregularis voN  MOLLER, whose specimens were de-
scribed from thin sections which show an early irregular
coil and later planispiral one, with distinctly fibrous or
porous wall (the original figures being similar to those
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of S. subangulata voN MOLLER, type-species of Forschia).
Both undoubtedly have the granular calcareous fibrous or
radially striate walls of the majority of the Endothyracea
which are also characteristic of the Tournayellidae and
Archaediscidae. True Spirillina does not appear in the
Carboniferous. The cribrate aperture described by Mik-
HavLov apparently refers to the coarse perforations seen
in the walls of S. irregularis, and does not represent a
true aperture in these nonseptate forms. We regard B.
irregularis and B. pulchra as congeneric. In addition,
Neoarchaediscus, Planoarchaediscus, and Hemiarchaediscus
are regarded as synonymous, their differences being re-
garded as of specific importance only.]

Permodiscus DuTkevicH in CHERNYSHEVA, 1948,
*336, p. 154 [*P. vetustus; OD] [=Permodiscus
MikHayLov, 1939, *1260, p. 49 (nom. nud.); Mul-
tidiscus A. D. MIKLUKHO-MakLAY, 1953, *1262,
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p. 130 (type, Nummulostegina padangensis LANGE, p. 37 (type, L. ovalis)]. Similar to Archaediscus,
1925, *1091, p. 271); Lensarchaediscus PoRCHNyA- with massive lateral thickening of wall, but
KovA in A. D. MikLukHO-MakLAY, 1957, *1266, planispiral throughout. L.Carb.-U.Perm., USSR-

Fic. 273. Lasiodiscidae; 1-3, Lasiodiscus; 4-6, Howchinia; 7-11, Monotaxinoides; 12, Lasiotrochus
(p. C358).
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Malay Arch.(Sumatra). Fic. 272,13, *P. vetus-
tus, L.Carb.(Visean), USSR; X100 (*1262).
Fic. 272,14. P. ovalis (Porcunyakova), U.Carb.
(Namur.), USSR(Fergana); axial sec. of holotype,
X100 (*1266). Fic. 272,15. P. padangensis
(LANGE), M.Perm., Sumatra; X12 (*1091).

Family LASIODISCIDAE Reytlinger,
1956

[Lasiodiscidae REYTLINGER, 1956, p. 74]

Test planispiral to conical, proloculus fol-
lowed by unsegmented tubular chamber;
wall calcareous, with microgranular layer
and radially built vitreous layer, latter con-
centrated as umbilical fillings perforated by
canal-like fissures in advanced forms but
consisting only of bridges across spiral su-
ture in simple forms; aperture at open end
of tubular chamber, with supplementary su-
tural openings. L.Carb.-U.Perm.

Lasiodiscus REercher, 1945, *1517, p. 525 {[*L.
granifer; OD]. Test free, consisting of proloculus,
followed by planispirally enrolled tubular second
chamber, one of surfaces ornamented by hyaline
tubercles of radially fibrous thickening, and op-
posite side with tubular chamberlets, opening
into main enrolled chamber by apertures along
spiral suture; test calcareous, imperforate, finely
granular, dark in transmitted light, tubercles vitre-
ous. [Magnification of the illustrations has been
computed from the size of the specimens, as a
discrepancy is found in the stated magnifications
of the photographs and text figures with the
stated size in the original publication.] M.Carb.-
U. Perm., Eu. (Greece - Cyprus - USSR).
Fic. 273,1-3. *L. granifer, U.Perm., Cyprus; I,
holotype, oblique sec. passing near proloculus,
% 145; 2,3, reconstr. equat. and axial secs., X85
(*1517).

Howchinia CusuMan, 1927, *431, p. 42 [*Patellina
bradyana HowcniN, 1888, *965, p. 544; OD]
[=Monoctaxis Vissarionova, 1948, *2009, p. 190
(type, Tetrataxis conica var. gibba voN MOLLER,
1879, *1296, p. 71) (mon Monotaxis BENNETT,
18303 nec Huust, 1898; nec Hampson, 1900)].
Test free, conical, consisting of nonseptate tube
coiled in high spire around slightly depressed
umbilical region filled with microcrystalline cal-
cite; spiral suture depressed, bridged by many
small extensions of shell matter, leaving spiraling
series of small pits between them; wall calcareous,
minutely granular; aperture extending from um-
bilicus to periphery. L.Carb.(Visean), Eu.(Eng.-
USSR). Fic. 273,4,5. *H. bradyana (How-
cHiN), Eng.; 4, sectioned hypotype, X105; Sa-c,
side, edge and apert. views of neotype, X105
(*2117). Fic. 273,6. H. gibba (voN MOLLER),
USSR; X 80 (*2009).

[The specimen of Howchinia bradvana here figured is that
designated by Davis (1951, *564) as lectotype (BMNH-
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P40403) from the Carboniferous limestone, Tipalt, D
Zone, Old High Shd., Tipalt, Northumberland, England,
lat. 54°59/537 N., long. 2°30746”W. However, as it is
not from the original type lot it must be considered as
2 neotype.]

Lasiotrochus ReicHeL, 1946, *1517, p. 531 [*L.
tatoiensis; OD]. Test free, small, similar in struc-
ture to Lasiodiscus, but with conical form due
to high trochospiral enrollment of tubular cham-
ber; tubular chamberlets from outer margin re-
curving toward proloculus, umbilical region filled
by hyaline tubercles which have developed into
distinct pillars of transparent calcite; wall cal-
careous, finely granular, umbilical pillars vitreous.
[The genus was originally described from a single
section of the type-species. Possibly additional
material may show this to be a synonym of Lasio-
discus.) L. Perm.-U. Perm., Eu. (Greece) - USSR
(Azerbaidzhan). Fic. 273,12. *L. tatoiensis,
U.Perm., Greece; long. sec. of holotype, X140
(*1517).

Monotaxinoides Brazunikova & YARTsEva, 1956,
*205, p. 65 [*M. wransitorius; OD) [=Eolasio-
discus REYTLINGER, 1956, *1562, p. 75 (type, E.
donbassicus)]. Test discoidal, concave on one
side with proloculus followed by planispirally
coiled nonseptate tubular second chamber; wall
calcareous, with finely granular dark inner layer
and clear, radiate vitreous outer layer that be-
comes thickened on concave side; aperture at open
end of tube. |Eolasiodiscus was described as hav-
ing supplementary fissure-like openings along the
spiral suture, as seen in the figured equatorial sec-
tion. It seems probable that this appearance is
due to cutting of the radiate layer by the section.
Eolasiodiscus 1s here regarded as synonymous
with Monotaxinoides. 1t is apparently transi-
tional between Howchinia and Lasiodiscus.] L.
Carb.-U.Carb., Eu.(USSR). Fic. 273,7,8. *M.
transitorius, L.Carb., Donets Basin; 7, axial sec. of
holotype; 8, equat. sec. of paratype; both X100
(*205). Fic. 273,9-11. M. donbassicus (Reyr-
LINGER), M.Carb., Donets Basin; 9, equat. sec. of
holotype; 10, axial sec.; 11, tang. axial sec.,
all X174 (*1562).

FUSULINACEA
By M. L. THoMPsoN

[1llinois State Geological Survey, Urbana]

INTRODUCTION

Foraminifers of the superfamily Fusulina-
cea are mostly robust representatives of the
order characterized by distinctive complex
internal structure of their spindle-shaped,
spheroidal, or discoid calcareous tests (Fig.
274). Extraordinarily profuse in many rock
formations, they are an exclusively late
Paleozoic group of fossils. In the century
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Fic. 274. Exterior views of fusulinaceans showing
typical shapes of shells. 1. Discoid; *Nummulo-
stegina velebitana ScuuserT, Perm., Yugo., Ia?b,
side and edge views of holotype, X20 (*2120B).
2-4. Fusiform: 2, Fusulina girtyi (DUNBAR &
ConDRA), M.Penn., USA(IIl.), holotype, X3.3
(*1922); 3, *Waeringella spiveyi THompson, U.
Penn., USA(Tex.), paratype, X6.7 (*1922); 4,
Triticites ventricosus (Meex & Haypen), L.Perm.,
USA(Kans.), holotype, X6.7 (*1926). 5.
Spheroidal: *Verbeckina verbeeki (Geinitz), U.
Perm., Sumatra, topotype, X 6.7 (¥1922).

and a half during which they have been
under study by paleontologists, several
dozen workers have contributed to our
knowledge of their shell morphology, tax-
onomy, stratigraphic distribution, and evo-
lution.

The fusulinaceans had their beginning
in late Mississippian time, and the last mem-
bers did not survive to the close of Permian
time. Within this relatively short span of
their collective existence, they developed
into many biologic branches.

For classification of the whole assemblage,
different students have proposed that the
fusulinaceans should be ranked as an inde-
pendent order, treated as a suborder,
grouped in three rather disparate super-
families, divided into seven families and
21 subfamilies, and recognized as contain-
ing more than 150 genera and subgenera
with many hundreds of species. Many of
these taxonomic units are not considered in
the Treatise to be valid, since numerous
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nominal genera of fusulinaceans undoubted-
ly are synonymous with others. It is evi-
dent that these foraminifers became very
highly diversified, yet as a whole seem to be
classifiable appropriately as a superfamily.
Because members of various major fusulin-
acean groups are found associated in cer-
tain deposits of a given age, it is judged
that several lines of evolution developed
simultaneously within the superfamily.

In terms of well-preserved entire speci-
mens, fusulinaceans far outnumber the
representatives of any other single inverte-
brate group in Pennsylvanian and Permian
strata of many areas. In some of these, well-
preserved entire fusulinaceans probably ex-
ceed in number, and possibly in volume,
the combined remains of all other types of
invertebrates in this part of the upper Paleo-
zoic.

The fusulinaceans were sensitive to their
physical environment and mostly are closely
restricted to certain lithologic units of the
Pennsylvanian and Permian. Although ex-
ceedingly abundant in various stratigraphic
units, in some of which fusulinaceans may
compose more than half the bulk of the
rock, they are found in many places asso-
ciated with very few other types of fossils.
At numerous stratigraphic levels in the
Pennsylvanian and Permian, the same gen-
eral types of invertebrate faunas immedi-
ately precede and immediately follow the
units in which prolific fusulinaceans are
found. This order of faunal arrangement
and association is especially noticeable in
the central United States.

Fusulinaceans have been recognized in
more than 80 distinct stratigraphic units of
Pennsylvanian age in New Mexico. Many
of the fusulinacean-bearing rock divisions
occur over areas hundreds of square miles
in extent. About an equal number of fusu-
linacean-bearing units have been found in
the Pennsylvanian of the northern mid-
continent region and in Texas. In the mid-
continent region, some fusulinacean-rich
strata are distributed over even larger geo-
graphic areas than those in New Mexico,
and some seem to be continuous with New
Mexico units that extend outward from the
edges of Pennsylvanian land areas in the
Rocky Mountain region.

Although fusulinaceans are abundant and
occur in many widespread zones in the Per-
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mian of the United States, most fusulina-
cean faunas of this system are more re-
stricted in geographic distribution than are
those of the Pennsylvanian, presumably ow-
ing largely to the physical nature of the
Permian seas.
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MORPHOLOGY
GENERAL DESCRIPTION OF SHELL

The fusulinaceans are referred to the
order Foraminiferida and are therefore as-
sumed to have been one-celled animals. As
with many of the foraminifers, the individ-
ual shells of fusulinacean species are re-
markably similar in almost all respects. Ex-
ternally, the shells of many species closely
resemble each other. Internally, however,
structures may be markedly different in
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different forms. The shells of primitive
species are relatively simple, but those of
some more advanced forms are among the
most complex of all foraminifers. The fusu-
linaceans occur geologically only a short
time after the earliest foraminifers having
unquestionably calcareous shells, and they
died out considerably before development
of the prolific Mesozoic foraminiferal fau-
nas dominated by groups having calcareous
shells. Most of the calcareous, as well as
arenaceous types of other foraminifers, are
classified on the basis of external shell
structures, but classification of the fusulin-
aceans is based largely on internal shell
features that generally can be determined
only from thin or polished sections. The
few other groups of Foraminiferida that are
classified largely on the basis of internal
shell structures, such as nummulitids and
orbitoidids, occur in the upper part of the
geologic section, and the terminology ap-
plied to their shell structures is mostly not
applicable to shell features of the fusulina-
ceans, and conversely. Although some terms
applied to fusulinacean shell structures are
also used for other foraminifers, much of
the terminology used in describing fusulina-
cean shells is restricted to this superfamily.
The terms are included in the glossary
given in the general description of foram-
iniferal morphology (p. €58).

Some of the structural features of fusu-
linacean shells can be interpreted from ex-
ternal observations, but many are complete-
ly internal. Two sections cut through the
beginning chamber reveal most internal
features of the shell. One of these is cut
along the axis of coiling and is called an

axial section (Fig. 275,1-3a, 4,5,6b). The

Fic. 275. (Facing page.) Axial, sagittal, and paral-
lel sections of fusulinaceans. 1. *Neoschwag-
erina craticulifera (Scuwacer), U.Perm., China;
slightly oblique axial sec. of holotype, X16.3
(*1922). 2. Yangchienia tobleri Tuompson, U.
Perm., Sicily; axial sec.,, X163 (*1922). 3.
*Wedekindellina euthysepta (HensesT), M.Penn.,
USA(IIl.); 34, axial sec. of holotype; 35, sagittal
sec. of paratype; both X20 (*1922).—4. Triti-
cites ventricosus (MEEK & Haypen), L.Perm., USA
(Kans.); axial sec., topotype, X8 (*1926). 5.
Lepidolina elongata (GusLer), U.Perm., Cambodia;
axial sec. of submature specimen, X8 (*838).
6a. Parafusulina nosonensis THoMPsON & WHEELER,
L.Perm., USA(Calif.); parallel sec. of paratype
showing cuniculi, X8 (*1922). 6b. Parafusulina
wanneri (ScHUBERT), Perm., Timor; axial sec. of
holotype, X8 (*1923).
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Fic. 276. Sagittal, tangential, and parallel sections

of fusulinaceans. la. Parafusulina nosonensis
THonMPsoN & WHEELER, L.Perm., USA(Calif.); tang.
sec. of paratype showing septal fluting, X8 (*1922);
14. Parafusulina gracilis (Meek), L.Perm., USA
(Calif.); tang. sec. showing septal fluting and
cuniculi, X8 (*1934). 2. *Neoschwagerina
craticulifera (Scawacer), U.Perm., China; parallel
sec. of paratype, X16 (*1922). 3. Schwagerina
fax THonPsoN & WHEELER, L.Perm., USA(Calif.);
sagittal sec. of syntype, X8 (*1922).——. Lepido-
lina elongata (GusLer), U.Perm., Cambodia;
parallel sec., X 12 (*838).

© 2009 University of Kansas Paleontological Institute
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other, cut at right angles to the axis of coil-
ing, is called a sagittal section (Fig. 275,35,
276,3). The terminology applied to sections
cut through areas other than these two de-
pends on directions of their orientation and
position. A section cut normal to the axis
of coiling but not through the beginning
chamber is termed a parallel section. One
cut parallel to the axis of coiling but not
through the beginning chamber is termed
a tangential section (Fig. 276,1). Sections
cut in directions not parallel to the axis of
coiling or normal to it are referred to as
oblique sections. For thorough observation
of all structural features of a species, it is
necessary to study numerous axial and
sagittal sections and numerous parallel,
tangential, and oblique sections cut through
different parts of the shell and at various
angles. It is also desirable to observe the
external nature of the shell.

An external view of the fusulinacean shell
shows a relatively smooth surface broken
by shallow, closely spaced external furrows
(Fig. 274). These furrows extend from
end to end of the shell and mark the tops
of the partitions between the chambers,
termed septa (Fig. 276,3). Adjacent ex-
ternal furrows come together as they reach
the axial poles. The surface is interrupted
by an abrupt wall, termed the antetheca
(Fig. 274), which forms the front wall of
the last chamber and is punctured by nu-
merous small openings, called septal pores
(Fig. 277,2,3a). In many fusulinaceans the
antetheca is arcuate anteriorly, or is plane.
In others it is folded or corrugated into
somewhat irregular to uniformly spaced
waves, termed fluting (Fig. 2754; 276,1;
278). The fluting is more pronounced in the
lower part of the antetheca than in its upper
portion.

Thin sections of the fusulinacean shell
reveal highly complicated internal struc-
tures, all of which are considered in the
classification and identification of species.
The beginning chamber, termed the pro-
loculus (Fig. 275, 276, 282), of most forms
is spherical to subspherical in shape, and
several coils or volutions of chambers are
developed about it. The antetheca does not
possess an aperture, and accordingly the
cell depended on the septal pores for com-
munication with the exterior of the shell.
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Frc. 277. Spirothecal and septal structures of fusulinaceans. 1. Schwagerina rutschi TrHompsoN, L.
Perm., Sumatra; Ia, part of sagittal sec. showing lower and upper keriotheca of spirotheca; 15, part of
sagittal sec. showing coarse and fine alveoli in lower and upper keriothecal layers of spirotheca; Ic, tang.
sec. of spirotheca showing cross sections of coarse and fine alveoli of lower and upper keriothecal layers,
respectively; all X40 (*1915).——=2. Triticites ventricosus (Meexk & Haypex), L.Perm., USA(Kans.);
part of axial sec. showing numerous closely spaced septal pores in outer volution, X30 (*1922). 3.
Schwagerina campensis ThonpsoN, L.Perm.(Camp Cr. Sh.), USA(Tex.); 3a, part of sagittal sec. of spiro-
theca showing septal and chomatal pores, alveoli, lower and upper keriothecae, and tectum; 34, part of
axial sec. showing tunnel, chomata, and chomata pores; both X200 (*1924).
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Fic. 278. *Parafusulina wordensis DUNBAR & SKIN-
NER, L.Perm.(Word F.), USA(Tex.); acid-etched
silicified specimens showing prominent septal flut-
ing which produces regularly arranged chamberlets,

X5 (*1922).

Communication between adjacent cham-
bers inside the shell was aided by resorp-
tion of a tunnel (Fig. 277,35) at the base
of septa in the central part of the shell of
many fusulinaceans, and by resorption of
several tunnels or small circular foramina
(sing., foramen) at the base of septa
throughout the length of the shell in others.
Ridges of dense calcite, termed chomata
(sing., choma) (Fig. 275,2; 277,3b), were
built along the margins of the single tunnel

© 2009 University of Kansas Paleontological Institute
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in most fusulinaceans, and ridges of dense
calcite (parachomata) were developed be-
tween adjacent foramina in forms having
multiple foramina. Seemingly simultaneous
formation of the chomata or parachomata,
excavation of the tunnel or foramina, and
deposition of dense calcite (axial fillings)
(Fig. 279) in the axial regions occurred in
some fusulinaceans. The internal surfaces
of the chamber of many fusulinaceans, par-
ticularly in the subfamily Fusulininae, are
lined with a layer of dense calcite formed at
or near the same time as that in which the
tunnel was excavated, and near the time
the chomata and axial fillings were de-
posited. This lining of the chambers com-
prises layers designated as tectoria (sing.,
tectorium) (Fig. 280).

The wall above the chamber is referred
to as the spirotheca (Fig. 277) because of
its spiral arrangement. In primitive forms
it consists of a thin, dense, primary layer
(tectum) (Fig. 280, 281) that is later cov-
ered above and below by layers of tectoria.
In more advanced forms, the tectum is
supplemented by various other layers, in-
cluding a transparent layer (diaphanotheca)
or a thick layer of honeycomb-like structure
(keriotheca) (Fig. 277, 280, 281). Each
chamber has only a front and top wall of
its own, for it uses the front wall of the
preceding chamber as its posterior wall,
and the tops of the chambers in the pre-
ceding volution as its floor. The structure
of the spirotheca plays an important part in
classification and differentiation of fusu-
linaceans. Ridges, termed septula (sing.,
septulum) (Fig. 275,1; 276,2, 290), extend

Fic. 279. Axial fillings in fusulinacean shells.
1. *Pseudowedekindellina prolixa SHENG, M.Penn.
(Penchi Ser.), China; axial sec. showing dense axial
filling, X14 (*1729). 2. *Quasifusulina longis-
sima (voN MoLLer), U.Carb.(Cs), USSR(Tsarev
Kurgan); axial sec. showing solid axial filling,

x10.5 (*1922).
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down from the lower surface of the spiro-
theca in the subfamily Neoschwagerininae
so as partly to subdivide the chambers.
Numerous specimens of Schwagerina
campensis obtained from the Camp Creek
Shale of Texas were gray in color when
collected. Of the many specimens sectioned,

6
Fic. 280. Spirothecal structures of fusulinaceans, all
X100 (*1922). 1. Profusulinella regia THOMP-
soN, M.Penn., USA(Tex.); three-layered spirotheca.
2. Fusulina sp., M.Penn.(Garcia F.), USA(N.
Mex.); four-layered spirotheca. 3. *Fusulina
cylindrica Fiscuer pE WarLpHEIM, Low.U.Carb.
(Myatschkovo, USSR; spirotheca composed of tec-
tum, diaphanotheca, and discontinuous lower tec-
torium.——4. Triticites irregularis  (Sta¥r), U.
Penn.(Winterset Ls.), USA(Iowa); spirotheca com-
posed of tectum and alveolar keriotheca. % T
mooret Dunsar & Conbpra, U.Penn.(Graham F.),
USA(Tex.); like fig. 4. 6. Schwagerina furoni
Tuaompson, U.Perm.(Bamian Ls.), Afghan.; thick
spirotheca composed of tectum and keriotheca, with
inserted pycnotheca continuous above septa. [Ex-
planation: d, diaphanotheca; %, keriotheca; /¢, lower
tectorium; 7, tectum; uf, upper tectorium; and p,

pycnotheca.]
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all were found to be filled with calcite. On
heating to temperatures just short of cal-
cining, the specimens became red to brown.
The structural features of the shell became
greatly accentuated, and the septa, septal
pores, keriotheca, and surface of the spiro-
theca became well defined. In most of
them, the fibrous-like structures of the spiro-
theca were seen to penetrate the tectum and
pass on through the chomata deposits. Both
surfaces of the septa and walls of the septal
pores are covered by thin layers of reddish
oxides. It seems evident that these surfaces
were coated by iron-bearing deposits before
the chambers were filled with crystalline
calcite. Similarly, it can be observed that
thin layers of oxidized deposits cover sur-
faces of the spirotheca and completely line
insides of the clear celllike structures
(alveoli) (Fig. 277,3), continuing around
the lower surfaces of their bordering walls.
Although these films of iron oxide com-
pletely line the alveoli, they do not occur
over their lower ends, indicating that the
alveoli were open spaces when the films
were deposited. Furthermore, thin films
of oxide line the inside or completely fill
the continuations of alveoli as they pass
through the tectum and overlying chomata.
It might be argued that these films formed
on parts of the outer area of secreted calcite
crystals. However, if the clear areas were
calcite pillars, the oxide films lining the
alveoli should also be found over the lower
ends of the prisms. Other evidence that the
spirotheca was perforate is observed in con-
tinuity of the oxide films in the alveoli with
those that occur as coatings on the septa,
linings of the septal pores, and coatings on
top of the chomata, all of which almost cer-
tainly were open spaces shortly after death
of the animal.

Similar oxidized coatings within the wall
of the fusulinacean shell have been observed
and photographed by Hengest (*896). He
did not state whether these specimens were
dissolved by weathering and replacement,
however, or whether they contained solid
calcite fillings. Dunsar (*639) has ob-
served that specimens of Parafusulina alask-
ensis contain fillings of iron oxides in alveoli
of the spirotheca, but the degree of replace-
ment of associated fossils by oxides was
not discussed. SkINNER & WiLDE (*1796)
have observed similar features in Fusulina
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Fic. 281. Diagram of spirotheca showing pendant-like walls of alveoli, choma with chomatal pores, and
septal pore, based on exceptionally well-preserved specimens of Schwagerina campensis THomPsoN, L.Perm.
(Camp Cr. Sh.), USA(Tex.) (*1924).

from Desmoinesian rocks of Texas. These
authors also observed and photographed
porosity in the wall of Millerella.

The tectum has been interpreted by some
to be a rindlike layer of the shell above the
keriotheca, and the alveoli have been con-
sidered to end at the tectum. Since the
alveoli and their bordering walls are almost
perfectly displayed in specimens of Schwag-
erina campensis which I have studied, it is
possible to demonstrate the cause for the
seemingly solid nature of the dense tectum.
I have been unable to show by photographs
the structures of the tectum because its
pores are very minute and partly filled with
red oxides. An accompanying diagrammatic
sketch is given from a highly magnified
tectum, however (Fig. 281). It is evident
that even though the tectum is not a solid
layer, its density is due to a sharp reduc-
tion in size of pores of the keriotheca and
a simultaneous and comparable sharp in-
crease in thickness of the pore walls. Per-
haps most important for study of thin sec-
tions, pores of the tectum are considerably
smaller in diameter than thickness of the
sections, and therefore observation is nearly
always through several of the pore walls.

It has been noted by several students of
fusulinaceans that structure of the kerio-
theca is more evident in the lower area of

the spirotheca than in its upper part. In
the lower area, the alveoli walls are thick
and widely spaced, whereas in the upper
part they are thin and closely spaced. Many
specimens show a faint line of demarcation
between the lower, coarser part of the kerio-
theca and its upper, finer part. Oxidized
specimens demonstrate that the line of de-
marcation parallel to the tectum and located
slightly below the keriothecal top is a line
that marks the lower ends of the tubelike
fine alveoli at the point where they open
into the larger alveoli below.

The terminology here employed for dif-
ferent parts of the fusulinacean spirotheca
is the same, in general, as that commonly
used in recent years by most students of the
superfamily. Although the tectum (roof)
is not a complete covering as it was thought
to be when proposed, and the keriotheca
(honeycomb wall) lacks a truly honeycomb-
like nature, the alveoli being tubes instead
of pits or cavities, these terms have become
well established in the literature, and most
of them are reasonably descriptive of the
spirothecal structures.

The pendant shape of the walls of the
alveoli, as displayed in some thin sections,
is due to their downward thickening as they
approach the lower surface of the spirotheca.
Correspondingly, the alveoli become con-
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stricted downward as their walls increase in
thickness. Some of the abnormal down-
ward thickening of the alveoli walls ob-
served in thin sections is due partly to their
oblique intersection with the thin sections.
Growth of the fusulinacean wall after its
inception does not seem difficult to under-
stand, accepting the general concept that
the wall was porous (*1924) (Fig. 277,10,
3a,b). The spirotheca of Schwagerina camp-
ensis is divisible into three parts that are
distinguishable largely because of variation
in size of the alveoli and thickness of their
surrounding walls. The terms applied to
them are, from top to bottom, tectum, up-
per keriotheca composed of small alveoli
with thin walls, and lower keriotheca, com-
posed of large alveoli with thick walls (Fig.
281). It seems probable that the walls of all
fusulinaceans have the same three layers.
The alveoli of many fusulinaceans are too
small for observation, and in others it seems
possible that the upper and lower kerio-
theca appear in thin sections as a single
layer because the upper one is too thin
to be distinguished from the lower.

The differences between details of struc-
tures of the diaphanotheca and those of the
keriotheca are not clearly understood. Fur-
thermore, it seems possible that the central
single layer of Profusulinella may be com-
parable in structure to the diaphanotheca
and tectum of the Fusulininae and to the
tectum and keriotheca of the Schwagerini-
nae (Fig. 281).

PROLOCULUS

All fusulinaceans are multichambered.
The chambers can be divided into first
chamber (proloculus) and chambers of the
coiled part of the shell (Fig. 282). In most
fusulinaceans the proloculus is spherical to
subspherical in shape, and proloculi of con-
specific specimens generally are closely simi-
lar in size. Some forms have a proloculus
only a few microns in diameter, whereas
in others, it is more than 1 mm. in diameter.
Although the proloculus of most forms is
spherical, or nearly so, in some it is irregu-
larly subspherical or even irregularly rec-
tangular in shape. Almost all forms pos-
sessing irregular proloculi are large and
have large proloculi. Although the irregu-
lar proloculi are much larger than the aver-
age size of those for the entire superfamily,
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some specimens of a given species char-
acterized by large proloculi may have a
spherical proloculus or one that is ellip-
soidal, rectangular, or somewhat irregular.

Dunear & HenBesT (*643) and others
have discussed the shape of the proloculus
of fusulinaceans and have proposed several
hypotheses as to the cause for its spherical

Fic. 282. Initial chambers (proloculi) of fusulina-
cean shells illustrated by species of Parafusulina,
Permian, all “Fr. Indochina” except 5, from Japan;
proloculus pore, if present in section, directed down-
ward. 1. P. padangensis (Laxce); almost spheri-
cal proloculus with slightly thickened wall near
pore, X 10. 2. P. gigantea (DEPRAT), axial sec.
showing spherical proloculus but not intersecting
pore, X20. 3. P. parumvoluta (DEPRAT); pore
at base of depressed funnel, X23.5——4. P. dong-
vanensis (Corax1); subspherical proloculus with de-
pressed area around pore, X27. 5. P. japonica
(GunBEL): subquadrate proloculus with depressed
area around pore, X30. 6. P. gigantea (DE-
PRAT); rectangular proloculus with cone around
pore, X20 (*1922).
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to subspherical shape. One of these suggests
that the cell around which the proloculus
was formed may have had a different sur-
face tension than fluids outside the area of
the proloculus, which would tend to give
the cell a globular form and produce a
spherical proloculus. The smaller the fluid
globule, the more nearly spherical should be
its shape, and this accords with the more
nearly spherical shape of small proloculi as
compared with larger ones. It should be
pointed out, however, that specimens of sev-
eral forms having abnormally large pro-
loculi may possess almost perfectly spherical
proloculi. It cannot be demonstrated that
the proloculus of fusulinaceans enclosed the
entire embryonic cell, the nucleus, or an
area of multiple nuclei. Mvyers (*1336,
*1337) has observed formation of the pro-
loculus in several living foraminifers. In
some, the proloculus surrounded the em-
bryonic cell but in others only the nucleus
of the cell, and in still others it surrounded
a budlike protrusion on a side of the cell.
The beginning chamber or beginning part
of the shell of many other animals is spheri-
cal to subspherical. The cause of the spheri-
cal shape of this initial chamber or begin-
ning stage of the shell in multicellular ani-
mals is not known, but it may be similar
to that which developed the spherical pro-
loculus of most fusulinaceans.

The wall of the proloculus is dense and
uniform throughout its thickness, and in
general structure it resembles closely that
of the dense wedge-shaped layer of the septa
of some forms. Its structure does not re-
semble that of the walls of immediately fol-
lowing chambers, except in forms having
walls composed of a single thin layer, and
the proloculus with a wall composed of a
single thin layer. The proloculus wall in
most fusulinaceans is thicker than that of
the beginning chamber of the coiled part of
the shell.

The proloculus wall is broken by a single
circular opening, called proloculus pore
(Fig. 282), that opens into the first cham-
ber of the coiled part of the shell. The
aperture of the proloculus in some speci-
mens has a simple unmodified margin that
is continuous with the surface of the pro-
loculus wall. In some specimens the margin
of the aperture is bordered by a short tube-
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like structure that extends into the prolocu-
lus. In many others the aperture is not
bordered by a tubelike structure, but the
surface of the wall immediately surround-
ing the aperture is depressed and the aper-
ture is at the base of a shallow funnel.
Various shapes and configurations of pro-
loculi of fusulinaceans are shown on Fig-
ure 282.

Scattered specimens of many species of
fusulinaceans contain two proloculi, around
each of which one or more volutions of
normal-appearing chambers are developed,
and around both of which a normal set of
spirally arranged chambers is secen. Rare
specimens contain three proloculi. The full
size of these specimens is not noticeably
different from that of other conspecific as-
sociated specimens having a single prolocu-
lus. Specimens provided with double pro-
loculi have been illustrated by many work-
ers since those illustrated by Starr in 1909
(*1830). Double or triple proloculi seem
not to be confined to any particular group
of fusulinaceans, though observed most com-
monly among Fusulininae and Schwager-
ininae.

Several hypotheses as to why some shells
contain two or three proloculi have been
suggested. The most generally accepted idea
is that young individuals became joined to
continue as a single individual, though the
cause for such union is not known. It may
have been for mutual benefit under condi-
tions of adverse food supply, or union may
have been merely an accident caused by
close crowding of embryonic forms, such as
may occur during encystation.

Characters of the proloculus have a bear-
ing on the subject of dimorphism in fusu-
linaceans. Dimorphic reproduction in this
group has been postulated by many work-
ers, and attempts often have been made to
demonstrate the presence of microspheric
forms (representing sexual generation) and
megalospheric forms (asexual generation).
In many cases cited all gradations in size
of proloculi have been found in a single
suite of specimens, and the range of volume
of the proloculus is no greater than the
range in size of other features in specimens
having equal-sized proloculi. Some most
convincing evidence of dimorphism among
fusulinaceans has been presented by Dun-
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BAR, SKINNER, & Kixg (*647), based on
studies of Parafusulina. Giant individuals
with minute proloculi and highly asymme-
trical early volutions occur in association
with smaller individuals which bear large
proloculi and differing internal shell struc-
tures. The giant specimens are rare among
relatively abundant smaller specimens.
Giant specimens of Parafusulina possessing
minute proloculi do not show a distinct
single tunnel, but associated smaller speci-
mens provided with large proloculi have
a well-developed tunnel. DUNBAR & SKINNER
(*646) described giant specimens of several
forms of Polydiexodina that contain minute
proloculi and asymmetrical early volutions,
and these are associated with more abundant,
smaller specimens with large proloculi and
symmetrical volutions. The smaller speci-
mens possess multiple tunnels, whereas the
giant specimens lack tunnels. These giant
individuals have tunnel-like paths, however,
that penetrate the septal walls and provide
for internal communication. Rare specimens
having minute proloculi and highly asym-
metrical early volutions have been found in
association with abundant normal-appearing
specimens of species of Fusulina and of
Triticites. The outer parts of shells of these
two types seem identical in other respects.
It is supposed by some that the specimens
characterized by minute proloculi represent
the microspheric generation and that the
more abundant specimens with large pro-
loculi represent the megalospheric genera-
tion. The preponderance of specimens con-
sidered to represent the asexual generation
is noticeable. Only one type of shell has been
identified for most species of fusulinaceans.
It is not certain that the fusulinaceans dis-
play dimorphism.

CHAMBERS

The proloculus aperture opens into the
first chamber of the coiled part of the shell.
The first coiled chamber of most specimens
is smaller in cross section than the prolocu-
lus, but in most specimens it is distinctly
elongate in the direction of the axis of coil-
ing of the outer volutions. In some speci-
mens having an unusually large proloculus,
the aperture opens into a somewhat irregu-
lar chamber that almost completely sur-
rounds the proloculus. This large irregular
chamber generally does not contain as large
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a volume as that of the proloculus, and its
walls conform in structure more closely to
the walls of the succeeding chambers (Fig.
283). In some specimens, the first chamber
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Fic. 2583, Irregular circum-proloculus chamber ob-
served 1n some fusulinaceans. 1. ~Lepidolina
multiseprata (Deprat), U.Perm., Cambodia: la.b,
axial sec. of holotype, sagittal sec. of paratype,

X10 (¥1922).
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I't6. 284, Variation in chamber height and coil-
ing in ontogeny of fusulinaceans. 1. Nipponi-
tella Haxzawa, Perm.(Maiva Gr.), Japan: Ia, N.
auricula Haxzawa, axial sec. of syntype showing
extreme uncoiling, X6 (¥1922); 15, *N. explicata
Haxzawa, parallel sec. of paratype, X6 (*1922).
2. *Puraschwagerina  gigantea (Wnite), L.
Perm.(Wolfcamp.), USA(Tex.), sagittal sec. of
paratype showing contrast between juvenile and
mature parts of shell, X6 (¥1922). 3. *Ro-
bustoschwagerina tumida (Liknarev), Perm.(Dar-
vaz Ser.), USSR(Darvaz); sagittal sec. of paratype
showing relatively large proloculus surrounded by
two or three volutions with very low height of
chambers followed by greatly increased height in
mature  parts of the shell, X6 (71276)——.
Pseudoschuwagering muongthensis (Deprat), L.
Perm.. N.Victnam(Tonkin): axial sec. showing ab-
rupt increase in chamber height beginning in fourth
whorl, XY (*387A).
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of the coiled part of the shell is much
larger than that of the immediately suc-
ceeding chamber.

Beyond the proloculus, the fusulinacean
shell is composed of numerous chambers
coiled about the proloculus in such a fashion
that the axis of coiling in most forms coin-
cides with the greatest diameter of the
shell, commonly defined as length of the
shell.  Similarly, the greatest diameter at
right angles to the axis of coiling is com-
monly defined as width of the shell. In
some, length of the shell in the axis of coil-
ing 1s about equal to the width, and in
others the axis of coiling is the shortest
diameter. Almost all chambers of the coiled
part of the shell are much shorter in the
direction of coiling than their width meas-
ured parallel to the axis of coiling. The
chambers are widest in the center of the
shell and are reduced to near-zero width at
the poles. Starting with the first few cham-
bers of the first volution, the chambers grad-
uvally increase in height. This increase is
almost uniform throughout most of the
shell in many fusulinaceans, but chambers
of the last one or two volutions of gerontic
individuals in  many forms are lower
than those of the immediately preceding
volutions. In forms of some genera, par-
ticularly of Pseudoschwagerina and Para-
schwagerina, the chambers of the first few
volutions are low; in the following one or
two volutions their heights increase rap-
idly, and the outer volutions are highly in-
flated (Fig. 284,2-4). However, the last one
or two volutions of gerontic individuals of
these genera decrease in height slightly. In
a few aberrant genera (e.g., Codonofusiella,
Nipponitella), the inner volutions increase
in height gradually, but the outer volutions
are uncoiled and highly flared or subrect-
linear (Fig. 284,1).

Most specimens of all genera of Schu-
bertellinae have minute proloculi and the
first one to three volutions are tightly coiled,
their axis of coiling being at large angles to
the axis of coiling of the outer volutions.
The first part of this asymmetrically coiled
part of the shell is slightly evolute, and it
does not attain a form ratio of unit value.
Early members of the Fusulininae also have
highly asymmetrical early volutions, par-
ticularly species of Pscudostaffells and early



species of Profusulinella. The cause of this
asymmetrically coiled nature of the juvenile
shell is not known. The asymmetrical coil-
ing of the juvenile part of giant specimens
associated with Parafusulina and Polydiexo-
dina, discussed by Dunear, SKINNER & King
(*647), is seemingly similar to that in more
primitive forms of Profusulinella and some
of the Schubertellinae (Fig. 299.1a-d)). How-
ever, specimens of Schubertellinae distin-
guished by asymmetrical coiling are not
large, and many such forms are not asso-
ciated with specimens having symmetrical
early volutions and markedly larger proloc-
uli. No evidence is found that these primi-
tive fusulinaceans exhibiting minute pro-
loculi and asymmetrical early volutions
represent the microspheric generation of
dimorphic forms. The proloculus is uneven-

ly ellipsoidal in some forms (Fig. 285).

ANTETHECA AND SEPTA

The anterior wall of the last chamber
(antetheca) becomes the septum between
the last two chambers when an additional
chamber is developed. In primitive forms
of Millerella the antetheca is curved anteri-
orly immediately below its top and is curved
posteriorly near its base, resulting in septa
that are strongly arcuate. In most of the
more highly developed forms of the family
Ozawainellidae, the antetheca is plane and
perpendicular to the outer wall of the cham-
ber. Also, members of the family Verbee-
kinidae have plane perpendicular antetheca
and septa.

Except in Psendostaffella and very primi-
tive forms of Profusulinella, the septa of
members of the subfamily Fusulininae are
corrugated or fluted to some extent. The
fluting in primitive forms is confined to
broad undulations in the extreme polar re-
gions and to the basal part of the septa. In
more highly developed forms, the plication
of the septal walls progressively moves from
the poles toward the center of the shell
and progressively moves up toward the tops
of the septa. The salient of the fold in the
antetheca corresponds in position to the re-
entrant in the fold of the preceding septum.
In forms with closely spaced septa or sufh-
ciently strong septal fluting, adjacent septa
are brought into contact at these points, re-
sulting in enclosed areas (chamberlets) at
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Fre. 285, Axial and sagittal sections of fusulinacean

shells. 1. Polydiexodina Duxgpar & SkiNNER, U.

Perm.; la, P. afghanensis Tuontpsox, Bamian L.,

Afghan., axial sec. of holotype showing ellipsoidal

proloculus and adjacent volutions, X 6.7 (¥1922):

1b, *P. capitanensis Duxpar & SKINNVER, Capitan

Ls., USA(Tex.), sagittal sec. of paratype, X6.7
(%1922},

base of the chambers that open upward
(Fig. 278). In primitive forms of Fusulini-
nae the fluting is sufficiently intense to bring
adjacent septa into contact only at their
lower margins and only in the extreme polar
regions where the chambers are shortest.
Primitive forms of Schwagerininae (e.g.,
Triticites), also have septal fluting devel-
oped only in the extreme polar regions (Fig.
275,4). Highly developed forms of the
Fusulininae and Schwagerininae have close-
ly and highly fluted septa throughout the
length of the shell, and the fluting brings
the septa into contact at opposing folds even
above the tunnel. In some members of the
Schwagerininae (e.g., many forms of Para-
schwagerina and most forms of Pseudofusu-
lina) the septa are plicated to the top of the
septa. In many species of these genera the
fluting forms chamberlets that extend more
than half the height of the chambers. In
highly developed forms of Schwagerina and
all species of Parafusulina and Polydiexo-
dina, the salient fold of the fluting extends
forward a great distance and the antetheca
or septum of the following chamber bends
downward near to or even behind the great-
est forward projection of this salient (Fig.
276, 278). Therefore, the re-entrant of the
later antetheca or septum is impounded
against the salient of the preceding septum,
as illustrated in the accompanying diagram
(Fig. 286). In the polar regions of many
forms of Parafusulina the salient extends
forward as much as the combined length of
the following two chambers.

In species of Parafusulina and Polydiexo-
dina the extended salients, combined with



Fia. 286. Diagram illustrating inferred development
of cuniculi in Parafusulina and Polydiexodina

(¥1922).

impounded re-entrants of the following sep-
tum, produce a tunnel-like structure run-
ning transverse to the axis of coiling at each
crest and trough of the fluting in the ante-
theca. Interruptions formed by the down-
turned edge of septal salients in the earlier
volutions are resorbed or excavated so as to
form a continuous tunnel-like path through-
out the earlier part of the shell; this path
has been termed cuniculus by Dunsar &
SkinNer (*646) (Fig. 286). The cuniculi
are bordered by edges of opposing salients
and re-entrants to give the appearance of
septa running transverse to the axis of coil-
ing. The bordering walls of the cuniculi
are highly sinuous in primitive forms that
have only moderately fluted septa. They are
almost straight in forms having intensely
fluted septa (Fig. 287).

DunBAR & SKINNER (*644) were the first
to observe cuniculi in Parafusulina and Poly-
diexodina. The structure of the cuniculus
has been discussed further by Dunsar &
Hengest (*643). It was suggested by these
workers, and later by Thontpson (*1921),
that foramina are developed by the up-
turned edges of the salients in the antetheca.
Further observations seem to demonstrate
that salients in the antetheca do not form
foramina but turn downward to the top
surface of the preceding volution. The lower
margins of the salients are later resorbed
to develop the continuous tunnel-like cuni-
culus. In the carlier parts of the shell of
Parafusulinag, only the margins of the sali-
ents remain along the borders of the cuni-
culi (Fig. 287). It 1s evident that excava-
tion of the cuniculi developed into the
auxiliary tunnels of Polydiexodina by coa-
lescence of several cuniculi. The necessity
of widening passageways seemingly was
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due to the extreme length of the shells of
Polydiexodina.

The antetheca of the shell contains nu-
merous septal pores (Fig. 277,2).

So far as can be determined, none of the
fusulinaceans had an aperture or foramina
in the antetheca; they depended largely or
entirely on the septal pores and wall pores
for external communication. The antetheca
of many fusulinaceans is fluted, and it has
seemed quite impossible to determine the
total number of septal pores in the ante-
theca. The relative abundance of septal
pores is judged to have no connection with
the stage of evolution of the individual (Fig.
303, 3a,c). Whether the number of septal
pores is constant among individuals of a
species is not known, but the more highly
fluted types of fusulinaceans seem to have
more abundant septal pores than those with
less fluting.

Primitive fusulinaceans characterized by
a Profusulinella-type spirothecal structure
have a septal structure almost identical to
that of the spirotheca. All evidence indi-
cates that the spirotheca and antetheca were
deposited simultaneously, for none of the
many thousand fusulinacean sections ex-
amined by me reveals an incompletely built
last chamber. The antetheca of the last
chamber of primitive Ozawainellidae,
Schubertellinae, and Fusulininae is com-
posed only of tectum that seemingly is iden-
tical in structure to the tectum of the spiro-
theca except for the presence of septal pores.
Both the anterior and posterior surfaces of
the septa are later covered by tectoria which
appear to be simultaneously developed with

cuniculi

rudiments of salients

Fic. 287, Rudiments of salients of septa left after

excavation of cuniculi in the test of Parafusulina

nosonensis Tuonipson & WareLer, L.Perm.(Nosoni

1), USA(Calif.), shown in part of tang. sec. of
paratype, X30 (71922).



the tectorial lining of the chamber, with the
chomata, and with the axial fillings if they
are present.

In highly developed genera of the Fusuli-
ninae (e.g., Fusulinella, Fusulina, Wede-
kindellina) the tectum and diaphanotheca
of the spirotheca are deflected downward
to form the septum, but the diaphanotheca
decreases in thickness rapidly downward
from the top of the septum. Also, the dia-
phanotheca of the spirotheca of the follow-
ing chamber extends a short distance down
the anterior side of the septum. The devel-
opment of tectoria on the septa of these
genera is similar to that of the more primi-
tive genera discussed above. However, the
tectoria of the more highly developed forms
of Fusulina are thin and discontinuous or
they may be entirely absent.

The tectum of the spirotheca of Schwag-
erininae is deflected downward to the base
of the antetheca. The keriotheca of the
spirotheca of members of this subfamily ex-
tends only a short way down the septa. At
the point of downward deflection of the
tectum at the top of the antetheca, a dense
layer is developed on the posterior side of
the tectum in most forms. This layer, desig-
nated pycnotheca by Duxear & HexsEsT
(*643), seems to wedge in between the an-
terior edge of the keriotheca and the tectum
(Fig. 280,6). It extends to the base of the
antetheca, gradually decreasing in thick-
ness. The structure of the pycnotheca is
similar to that of the wall of the proloculus
in being dense and uniform. The uniform-
ity of the pycnotheca is broken only by the
septal pores. The keriotheca does not re-
semble the pycnotheca closely and a sharp
line of demarcation appears where they
come in contact. The pycnotheca is thickest
immediately above the tunnel and thins to-
ward the poles. In many forms of Schwag-
erininae that have thin septa, the pycnotheca
is so tenuous that it cannot be distinguished
from the thin tectum, or it is absent. In
other Schwagerininae, the pycnotheca is
distinctly thick just below its upper surface
but cannot be distinguished from the tectum
in the lower part of the septum. It has been
suggested that the pycnotheca developed
from the keriotheca, but its structure strong-
ly suggests that it was formed by thicken-
ing of the tectum.
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Fic. 288. Structural features of fusulinacean spiro-
theca and septa illustrated by Neoscheuagerina YaBe,
U.Perm.. and Cancellina Haypex, U.Perm., with
thick spirotheca, and T'erbeckina Starr, U.Perm.,
with thin spirotheca. 1. N. ovalis (Mixato &
Hoxjo), Akasaka Ls., Japan(Gifu Pref.): slightly
tang. axial sec. showing radially diverging alveoli of
keriotheca in basal parts of septa, X40 (=1257).
2. *C. primigena (Havpex), Iran: part of
sagittal sec. showing keriothecal lavers on both sides
of septa, X100 (*1922).——3. ~1". verbeeki (Gel-
NITZ), Sumatra: part of sagittal sec. showing struc-
ture of spirotheca. X40 (71922).
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The antetheca of members of the Verbee-
kininae and Neoschwagerininae is formed
by the downward deflection of the tectum
of the spirotheca. In forms with thick spiro-
theca, the keriotheca of the spirotheca ex-
tends down both sides of septa almost to
their base, and keriothecal structures can
be observed almost to the base of the septa
(Fig. 288,2). In genera having a thin kerio-
theca (e.g., Verbeekina) this layer extends
only a short distance down both sides of a
septum (Fig. 288,3).

The lower margins of the septa of many
fusulinaceans, as seen above the tunnel or
above the foramina in sagittal sections, are
distinctly thicker than the upper part of the
septa, resulting in a pendant-shaped cross
section. Their cross section, however, is not
pendant-shaped in the outer few chambers.
The thickening of the lower margins of the
septa is due largely, if not entirely, to de-
posits similar to the chomata, parachomata,
and tectoria that are laid down during or
shortly after excavaton of the tunnel or
foramina.

SPIROTHECA

The structure of the spirotheca, which
furnishes one of the most reliable criteria
for differentiation and classification of many
fusulinaceans, is highly complicated, and its
evolution has been determined within many
branches of the group (Fig. 277, 280). The
anterior-posterior profile of the top of the
spirotheca of most forms turns downward
sharply immediately adjacent to the septa,
resulting in distinct external septal furrows.
The upper surface across the central part
of the chamber of most tests conforms close-
ly with the curvature of the volution.

The spirotheca of the most primitive
genus, Millerella, is composed of a central
thin dense layer, the tectum, and adjoining
less dense but thicker structureless layers,
the upper tectorium above and the lower
tectorium below. The spirothecal structure
of most early Middle Pennsylvanian genera
is similar to that of Millerella. This type of
structure is best developed in Profusulinella
and is reterred to as a Profusulinella-type
of wall (Fig. 280,1). A transparent layer,
the diaphanotheca, is developed below the
tectum in forms more highly advanced
biologically than Profesulinella, resulting in
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a four-layered spirotheca. This sort of spiro-
theca is referred to as a Fusulinella-type of
wall (Fig. 280,2). The spirotheca in the
outer part of the last volution of mature and
submature specimens of Millerella, Profusu-
linella, and other primitive forms is com-
posed of a single thin layer. It is evident
that the tectoria are deposited later, and
that the primary spirothecal structure is
composed of a single layer, the tectum. In
torms of Fusulinella, Fusulina, and other
genera having a Fusulinella-type of spiro-
thecal structure, the last few chambers of
both mature and immature individuals have
a spirotheca composed of tectum and dia-
phanotheca. Seemingly, the primary struc-
ture of the spirotheca of these forms is
composed of a tectum and diaphanotheca
(Fig. 280,3). The tectoria are of later or
secondary origin, developed contempora-
neously with the chomata and axial fillings
and with excavation of the tunnel.

The spirotheca of the Schwagerininae is
composed of a tectum and a lower, thicker
layer, the keriotheca. Such spirothecal struc-
ture is referred to as a Triticites-type of
spirotheca (Fig. 280,4-6).

Although it seems that the entire spiro-
theca of a chamber was deposited simul-
taneously with deposition of its antetheca,
all evidence indicates that the spirotheca
continued to grow in thickness after com-
pletion of its original form. The keriotheca
of the last chamber is thinner in most shells
than in immediately preceding chambers.
In submature specimens the keriotheca of
the last chamber seems to be thinner than
that of the same part of the shell in mature
specimens. Thus, the keriotheca of any
chamber seemingly continued to increase in
thickness with later growth of the individ-
ual.

Thin sections of the keriotheca show
numerous dark lines normal to its surfaces,
and these are separated by larger trans-
parent areas. Sections cut tangent to the
surface of the spirotheca show that the trans-
parent areas (alveoli) are columnar in cross
section, somewhat irregular to circular in
outline, and are surrounded by the darker
thin areas (Fig. 277,1c). Most students have
interpreted the alveoli as cell-like openings
in the keriotheca, and the darker thin zones
as the enclosing walls of the openings. The
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keriotheca of many Schwagerininae is divis-
ible into a lower layer with coarse alveoli
(lower keriotheca) and an upper layer of
smaller alveoli (upper keriotheca) (Fig.
277,1a,c). Several smaller alveoli of the up-
per area are replaced by a single large al-
veolus below, into which they grade.

GusLer (*837, *838) has interpreted the
keriotheca as a masonry-like structure, in
which the alveoli are coarse crystals of cal-
cite cemented with a more fine-grained cal-
cite impregnated with organic material, the
latter less transparent material serving as
“mortar.” The tectum was interpreted by
GuBLER as composed of fine-grained calcite
and included organic material.

The spirotheca has been judged by most
other workers to be porous. The alveoli de-
crease in size upward and at least part of
them in some forms seem to pass through
the tectum. Many thin sections of speci-
mens show fine clear areas that pass
through the upper surface of the spirotheca,
as indicated in figures published by Haypen
(*885), Thompson (*1915, *1921, *1924),
DunBaR & SKINNER (*646), and Dunear &
Hengest (*643). Some illustrations pub-
lished by Dunsar & SkiNNER (*646) and
Dunsar & Hensest (*643) indicate that
fine, rodlike transparent structures penetrate
the entire wall and even continue through
the chomata.

Hengest (*896) has stained numerous
types of fusulinaceans and has observed
structures of the spirotheca that suggest por-
osity. Stained specimens of Fusulininae re-
veal porelike structures that pass through
all layers of the spirotheca and the chomata
(Fig. 277,3; 281). As the tunnel is well de-
veloped immediately adjacent to the chom-
ata, a necessity for such openings is not ob-
vious. Also, the tunnel is developed when
the tectoria are deposited.

The diaphanotheca of some highly devel-
oped forms of Fusulininae shows a finely
striated structure that seems comparable to
the alveoli of the Schwagerininae. Most
Fusulininae do not show a porous structure,
but the pores may be too small to observe.
Pores have not been noted in the tectum of
fusulinaceans having a Profusulinella-type
of spirotheca, even in species represented
by abnormally large mature shells. It seems
important that in large specimens of Suma-
trina the spirotheca is composed of a single
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Fic. 289. Thin spirotheca of Sumatrina Vorz, U.
Perm., consisting of a single dense layer. la. S.
longissima (DepraT), Cambodia (type-sp. of Pseu-
dolepidolina), part of sagittal sec., X45; 1b, *S.
annae VoLz, Sumatra, part of axial sec. of holotype,

X30 (*1922).

thin layer, but pores have not been observed
even in the outer part of the shell (Fig.
289).

The porosity of the spirotheca has been
especially stressed in recent years by WHITE
(*2056), Dunear & SkiNNER (*646), and
Dunsar & Hensest (*643). The imper-
forate nature of the spirotheca was especial-
ly stressed by GusLer (*837, *838). Dun-
BAR & SkKINNER presented the following
three points to refute GUsLER’s postulate
that the alveoli represent clear calcite ce-
mented with finer-grained calcite-bearing
organic material: (1) The crystallographic
orientation of the calcite in several adjacent
alveoli of at least some specimens corre-
sponds to the orientation of the calcite im-
mediately on the inside of the chamber, in-
dicating that the alveoli were filled with
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parachomata
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septula

Fic. 290. Alveolar structure of spirotheca and septula in Neoschuwagerina Yape, U.Perm., and Yabeina

Deprat, U.Perm.

1. N. haydeni DurkevicH & Knasakov, Bamian Ls., Afghan.; part of axial sec.
showing divergent alveoli extending through spirotheca into basal part of septula, X100 (#1922).

2. *Y.inouyel (DEPRAT), Japan(Akasaka Ls.); part of axial sec., enlarged (¥1922).

calcite at the same time as the inside of the
chamber was filled during fossilization.
Therefore, the alveoli seemingly were open
spaces during the life of the animal, and
they were filled with calcite coincidently
with filling of the inside of the chamber;
(2) the tectum shows dark and light bands,
indicating that its structure somewhat re-
sembles keriothecal structure and that the
tectum is not a homogeneous layer on which
the calcite prisms of the keriotheca were
formed, as postulated by GusLer; (3) Duw-
BAR & SKINNER observed in deformed speci-
mens from Nevada that at points of com-
pression of the keriotheca, dark lines of the
keriotheca are close together and at points
of tension the dark lines are much farther
apart. This suggests that the alveoli were
compressible in the compressed areas, and
they were points of weakness in areas of
tensional stresses. Therefore, the alveoli
seemingly were hollow spaces during this
carly period of deformation and before com-
plete fossilization.

As pointed out by DuxBar & SKINNER,
the alveoli of all fusulinaceans are smaller
in diameter than the thickness of most thin
sections, and consequently it is difhicult to
observe the crystallographic structure of the
materials in a single alveolus. Some fusu-
linacean shells collected from surface sam-
ples have hollow chambers, but shells have
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not been observed that also have hollow
alveoli. Many fusulinacean shells have been
studied in which the inside of the chambers
are filled with chalcedony, but alveoli in the
shells seem to be filled with calcite and lack
chalcedony.

The more primitive members of both
Neoschwagerininae and Verbeekininae have
a spirotheca in which the lower layer con-
tains alternating dark and less dense areas
that resemble closely the structure of the
keriotheca of the Schwagerininae. The less
dense tubelike features are referred to as
alveoli. In the Verbeekininae, the alveoli
are about normal to the surfaces of the
spirotheca but are more easily identified
near the lower surface. In primitive mem-
bers of the Neoschwagerininae, the kerio-
theca is thicker than in the Verbeekininae,
and the alveoli are slightly broader. Also,
in Neoschwagerininae the keriothecal struc-
ture extends to the base of the septula. In
forms of Neoschwagerina having a thick
keriotheca, the alveoli diverge as the base
of the septula is approached. In some forms
this divergence seemingly occurs without
the introduction of additional alveoli, and
both the alveoli and intervening dark areas
merely increase in width.

The structure of the septula has been
diagrammatically illustrated by many work-
ers, including Scnwacer (*¥1706), STAFF
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(*1831), DrpraT (*584, *586, *587), LkE
(*¥1120), and GusLer (*838). The addition
of alveoli in the lower part of the septula
has not been indicated in any of these illus-
trations. Axial sections of Yabeina katoi
from Akasaka, Japan, indicate that the trans-
verse septula in some parts of the shell,
especially near the poles in outer volutions,
contain four or five alveoli in this upper
area and may have three or four short
alveoli added in their lower areas where
the alveoli fan out to the edges of the sep-
tula (Fig. 290). This does not prove that
alveoli are added in the lower part of the
septula, for those extending down from the
tectum may intersect the plane on the thin
section near their lower ends and merely
seem to pinch out between the alveoli that
follow the plane of the section down from
the tectum.

Thin, dense, diaphragm-like partitions
that extend across the chambers of Pseudo-
fusulina at various angles and in various
parts of the chambers are termed phreno-
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thecae. The structure of the phrenothecae
resembles that of the tectum and seemingly
is broken at irregular intervals by small
openings similar to the septal pores. The
phrenothecae are concave upward in some
parts of the chambers and are concave
downward in other parts. Most commonly,
their edges are attached to the septa, but
they may be attached to the floor or roof
of the chamber. In forms such as Pseudo-
fusulina  huecoensis Dunpar & SKINNER,
having less well-developed phrenothecae,
they are confined to the lower part of the
chambers and are best developed in the re-
gion of the tunnel (Fig. 291). That they
are primary parts of the shell structure is
indicated by their occurrence in all speci-
mens of some species collected from widely
separated localities. Phrenothecae occur in
most, if not all, species of Pseudofusulina,
but are found only rarely in species of
Schwagerina, as defined in the Treatise. At
some localities, shells of Pseudofusulina con-
tain abundant phrenothecae, but numerous

Fic. 291. Phrenothecae of fusulinaccans illustrated by Pseudofusuling Dunpar & SKiNNER, L.Perm.

I.

P. nelsoni (Duxsar & SKINNER), Hucco Ls., USA(Tex.): axial sec. with phrenothecae chiefly adjacent to

tunnel, X10 (¥1922). 2,

“P. huecoensis Dunpar & SkinNtr, Hueco Ls., USA(Tex.): axial sec. of

holotype, X 10 (¥1922).

© 2009 University of Kansas Paleontological Institute
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Fic. 292, Scptula and parachomata of specialized fusulinaceans illustrated by Yabeina Deprat, U.Perm.,
Lepidolina Leg, U.Perm., and Sumatrina Vorz, U.Perm. 1. *Y. inouyei (DepraT), Akasaka Ls., Japan:
La, axial sec. of holotype showing primary and secondary transverse septula, especially in outer volutions,
X105 15, sagittal sce. of paratype showing primary and secondary axial septula, X 10 (*¥1922) ——2. *L.
multiseptata (DepraT), Cambodia (2a4), Akasaka Ls., Japan (24): 2a, part of axial sec. showing transverse
septula and parachomata, X45; 24, part of sagittal sec. showing long primary septula with short sec-
ondary ones between them, XH45 (¥1922). 3. *S. unnae Vorz, Sumatra: tang. sec. showing transverse
and axial septula, X30 (*1922).
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associated shells belonging to other genera
(e.g., Pseudoschwagerina, Schuwagerina)
lack them. The function and origin of
phrenothecae are not known.

SEPTULA

The lower surface of the spirotheca of
members of the Neoschwagerininae con-
tains ridges (septula) that hang down into
the chambers. The septula of primitive
members are transverse to the axis of coil-
ing, but highly developed members have
two sets of septula, one of which is trans-
verse and the other parallel to the axis of
coiling. Septula transverse to the axis of
coiling are termed transverse septula, and
those parallel to the axis are termed axial
septula (Fig. 292).

The septula of Cancellina are represented
by broad, short, downward protrusions of
the keriotheca that correspond in position
with the parachomata on the base of the
chamber. The alveoli of the keriotheca of
this genus extend to the base of the septula
without obvious divergence (Fig. 293). The
parachomata are in contact with the septula
immediately adjacent to the septa, where
the parachomata are highest and septula are
longest. The septula are very broad and
short in the center of the chamber, and the
parachomata are low. The transverse sep-
tula of other Neoschwagerininae are long
enough to reach the tops of the parachomata
completely across the chambers, except for
a small circular opening in the center of the
chamber above the parachomata. The alveo-
li of the keriotheca continue to the base of
the transverse septula in Neoschwagerina
and Yabeina, and the alveoli diverge out-
ward as they approach the base of the sep-
tula. In many sections it seems that alveoli
may have been added in the lower part of
the septula between the diverging alveoli
that extend from the tectum of the kerio-
theca (Fig. 290,1). Short transverse septula,
termed secondary transverse septula, occur
above the foramina in the outer volutions
of Yabeina and throughout the shell of
higher forms. These secondary transverse
septula  resemble the primary transverse
septula in all respects except that they are
shorter and narrower (Fig. 292). As septula
are added, the individual primary septulum.
as well as secondary septula, become nar-
rower. The transverse septula of highly de-
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parachomata

transverse septulg

foramen

Fic. 293. Spirotheca, rudimentary transverse sep-
tula, and parachomata shown in axial sec. of
*Cancellina primigena (Haypex), U.Perm., Iran;
septula comprise pendant extensions of keriotheca
from roofs of chambers opposite parachomata

(dark) on floors of chambers, X100 (¥1922)

veloped Neoschwagerininae (e.g., Lepido-
lina, Sumatrina) are very thin and do not
contain recognizable alveoli.

Axial septula are lacking in Cancellina;
they first appear in the outer volutions of
Neoschwagerina. In Afghanella, Sumatrina,
Yabeina, and Lepidolina, several axial sep-
tula are introduced between the septa. The
axial septula of Yabeina and Lepidolina are
irregular in length, and their lower margins
do not reach the tops of the chambers of the
preceding volutions. The axial septula of
Afghanella and Sumatrina are short and
uniform in length. The upper part of the
chambers is divided by the transverse and
axial septula into numerous rectangular
cubicles.

The structure of the septula of more
primitive forms of the Neoschwagerininae
(e.g., Cancellina, Neoschwagerina) resem-
bles closely that of the keriotheca between
the septula (Fig. 293). In Yabeina, the
width of the septula corresponds closely to
the thickness of the keriotheca. The spiro-
theca of Lepidolina consists of a single dense
layer, and the septula are composed of a
single dense layer without any recognizable
alveoli. Also, the spirotheca of Sumatrina
is composed of a very thin, dense layer and
the alveoli are very thin (Fig. 289).
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Some paleontologists have suggested that
the thin, dense septula of highly developed
Neoschwagerininae are formed by isolation
of the walls of alveoli, and that the cubicles
between opposing pairs of septula are com-
parable in structure to the alveoli of more
primitive forms. The evolutionary trend
of the Neoschwagerininae indicates that re-
duction in thickness of the septula corre-
sponds to reduction in thickness of the
spirotheca and that the septula are not the
bounding walls of enlarged alveoli.

Both the structure and shape of the sep-
tula differ considerably among the Neo-
schwagerininae. The septula of Yabeina and
Lepidolina are variable in length and are
sinuous to irregular in shape, but the sinu-
osity is not regular or uniform (Fig. 292).
Both the transverse and axial septula of
Sumatrina are uniform in length and they
are spaced regularly in both directions. The
septula of the inner volutions of Afghanella,
Sumatrina, and Lepidolina are thicker in
their lower margins than near their upper
margins. However, the septula in the outer
few chambers of these genera are about the
same in thickness throughout their heights,
and it seems evident that the thick lower
margins of the septula of carlier volutions
are developed by secondary deposits.

The biologic cause or purpose of the sep-
tula is problematical. It has been suggested
that they serve as strengthening supports
for the shell. However, the first Neo-
schwagerininae to develop septula have a
ratio of shell material to open chamber
space that is far in excess of most other
fusulinaceans, as well as of many other shell-
bearing animals. Furthermore, the fusu-
linacean shell seemingly was filled with cell
substance of the animal throughout its de-
velopment, and there is no evident source
of stresses on the shell. Also, the spirotheca
of Sumatrina is exceedingly thin and fragile,
but the septula are shorter and do not seem
capable of giving as much support for the
shell as those found in more primitive forms
having much thicker and stronger walls
(Fig. 289,292.3).

TUNNEL AND FORAMINA

So far as has been demonstrated, the only
communication between the inside of the
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fusulinacean shell and the exterior is by
means of the numerous septal pores in the
antetheca. After the shell developed a few
chambers beyond the antetheca of a given
chamber, communication with eatlier parts
of the shell was facilitated by resorption of
the lower surface of the septum so as to
form a single opening, the tunnel, several
widely spaced openings, multiple tunnels,
or a series of small, closely spaced elliptical
openings, foramina. About the same time
as the development of these openings at the
base of the septa, the fusulinacean laid down
dense deposits of calcite in several parts of
the shell. In forms having a single tunnel,
ridges of dense calcite, the chomata, were
deposited at the sides of the tunnel. Dense
deposits similar in structure to the chomata
completely lined the inside of the chambers
of members of Fusulininae and of primitive
members of the Ozawainellidae and Schu-
bertellinae. These linings form the tectoria
of the spirotheca and septa in forms having
Profusulinella- and Fusulinella-type of wall
structure. Dense deposits (axial fillings)
completely fill the chambers in the polar
regions of Wedekindellina, highly devel-
oped forms of Fusulina, and all forms of
Ouasifusulina (Fig. 2753a; 279).

Primitive members of the Schwagerininae
have a single tunnel and massive chomata
but no other type of secondary deposits.
Highly developed members of this subfam-
ily have small or indistinct chomata and
heavy axial fillings. The most highly de-
veloped genus of the subfamily, Polydiexo-
dina, has multple tunnels that lack bor-
dering chomata, and axial fillings are well
developed (Fig. 275,34,65).

Foramina occur in all members of the
Verbeekininae, and all members have para-
chomata developed to some extent between
adjacent foramina. The parachomata of
Eoverbeckina are poorly developed and ex-
tend only a short distance from the septa
in the outermost volutions of mature speci-
mens. The parachomata are discontinuous
in the earlier volutions of Verbeekina but
extend completely across the chambers in
outer volutions of mature specimens. All
species of more advanced genera have para-
chomata developed completely across the
chambers. Axial fillings occur in some ad-
vanced forms of both subfamilies. Also,
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secondary deposits cover the septa and some
parts of the surfaces of the spirotheca of
many forms.

The secondary deposits are best devel-
oped in chambers having a tunnel or fora-
mina, which seems to mean that these struc-
tures are related in origin. The excavated
shell material may have been used to form
the secondary deposits. Many specimens
have secondary deposits that are too mas-
sive to have been obtained entirely from
the excavated tunnel or foramina, and, ac-
cordingly, part of the deposits must have
come from other sources. The upper tec-
torium of many shells occurs on the floor
of the tunnel, and it must have been partly
formed after excavation of the tunnel. This
theory is supported by the absence of sec-
ondary deposits in chambers into which the
tunnel does not extend.

With few exceptions, most secondary de-
posits resemble one another closely in struc-
ture. In Yangchienia, a clear layer occurs
above the tectum of the spirotheca and is
overlain by a thick layer of dense calcite
similar to the tectoria of other fusulinaceans.
Neither of these upper layers occurs on the
floor of the last chamber; obviously, they
are deposited as secondary layers on the
floor of the chambers. The chomata of
many fusulinaceans are stratified in struc-
ture, indicating that they were laid down
in stages.

The tunnel and foramina of fusulinacean
shells were developed by resorption of the
lower parts of the septa, for they do not oc-
cur in the antetheca at any stage of growth
of the individual. The only logical explana-
tion of their development is that they fur-
nished means of communication between
carlier chambers, which may have been
more needed after the septal pores were
partly sealed by secondary deposits on the
septa. The purpose served by the secondary
deposits is not known.

EVOLUTIONARY TRENDS
GENERAL CONSIDERATIONS

Fusulinacean shells seem to have changed
in structural features more rapidly than
has been recognized in most other large
groups of fossils. That the shell structures
of these foraminifers changed both rapidly
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and markedly 1s made evident by compar-
ing Millerella from basal Pennsylvanian
beds with complex forms from the Per-
mian, such as Yabeina and Polydiexodina.
At first glance these extreme members of
the fusulinaceans bear little resemblance,
but most of the changes that took place in
the shells of forms intermediate between
the simple and complex can be identified
in the geologic order of their occurrence.
During their relatively short geologic his-
tory, several larger divisions and about 72
genera represented by more than 1,000 spe-
cies developed.

Many evolutionary trends of the fusulina-
ceans can be distinguished with assurance,
but it should be stressed that much is yet
unknown concerning details of the de-
velopment within the group. The fusuli-
naceans had their beginning near the end
of the Mississippian, and only two genera
are recognized in oldest Pennsylvanian
rocks. Very shortly after the beginning of
Pennsylvanian time, however, several ma-
jor divisions of the fusulinaceans evolved
and these are recognizable in both the
Eastern and Western Hemispheres. There-
fore, the fusulinaceans developed along
several lines of evolution rather early in
their history.

In many provinces that contain abundant
fusulinacean faunas distributed throughout
great thicknesses of rocks, the fusulinaceans
are so closely spaced in stratigraphic se-
quence that one may observe almost con-
unuous changes which took place within
certain groups. Among many large assem-
blages, changes in shell structure are not
only of identical nature, but are found to
appear in the same relative geologic order
in widely separated areas throughout both
hemispheres. Some branches reached ulu-
mate stages of development along certain
lines in early Pennsylvanian time, others
reached similar stages in early Permian
time, and still others did not reach similar
stages until the latter half of the Permian.
Therefore, it seems evident that many of
these changes were due to evolutionary
trends inherent within the division.

Gradual changes in shell structure of
fusulinaceans in some areas may have been
due largely to introduction of more favor-
able environmental conditions;  other
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changes originating in other areas may
represent adaptation to gradually develop-
ing adverse conditions. Whatever may have
been the causes of some changes in shell
structures, certain types of progressive al-
teration took place in almost all groups, re-
gardless of locality or geologic time. Some
of these major changes are summarized
below.

(1) Shells became larger. The most
primitive fusulinaceans are minute, measur-
ing only a fraction of a millimeter in maxi-
mum diameter. Almost all highly devel-
oped fusulinaceans are relatively large; in-
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Fic. 294. Development of shell shape and size of
fusulinaceans belonging to the Ozawainellidae and
Fusulinidae (Fusulininae), numbers at upper right
of each figure denoting relative (not actual) mag-
nifications. 1. *Millerella marblensis, M.Penn.
(Marble Falls Ls.), USA(Tex.). 2. M. pressa,
L.Penn.(Kearny F.), USA(Kans.). 3. Paramil-
lerella pinguis, L.Penn.(Bloyd Sh.), USA(Ark.).
—4. P. circuli, L.Penn.(Belden F.), USA(Utah).
— 5. P. sp., L.Penn.(Amsden F.), USA(Wyo.).
—6. Eoschubertella galloway:, M.Penn.(Boggy
F.), USA(Okla.). 7. Profusulinella regia, M.
Penn., USA(W.Tex., Powow Canvon). 8. Fusu-
linella acuminara, M.Penn.(Fra Cristobal F.), USA
(N.Mex.). 9. Fusulina mysticensis, M.Penn.
(Worland Ls.), USA(Towa). 10. F. eximia, M.
Penn.(Cooper Cr. Ls.), USA(Towa) (*1922).

Protista—Sarcodina

deed, the volume of some advanced forms
exceeds that of the most primitive fusulina-
ceans by several thousand times.

(2) Shells changed in shape from dis-
coidal to spherical, fusiform, or elongate-
subcylindrical. The most primitive genus
of the fusulinaceans is discoidal; the axis of
coiling of its slightly evolute shell is the
shortest diameter through the proloculus.
Except for a few aberrant genera, most
fusulinaceans have involute shells. The
length of the axis of coiling of most of
them increased more rapidly than other di-
ameters of the shell, and most groups de-
veloped the greatest shell dimension along
the axis of coiling.

(3) Shell walls became more complex.
The most primitive genus has a thin wall
of simple structure. Later fusulinaceans
have thicker walls of more complex struc-
ture (except in several later aberrant gen-
era that contain thin structureless walls).

(4) The antctheca and septa tended to
become fluted. Those of primitive fusulina-
ceans are straight, but many highly devel-
oped fusulinaceans have antetheca and
septa that progressively become more irreg-
ular or highly fluted.

These general trends are common to
most fusulinaceans. Many other progressive
developments of shell structure were re-
stricted to parts of the group. Some of the
more important of these are (1) develop-
ment of septula in the Neoschwagerininae;
(2) reduction of the chomata in the Fusuli-
ninae and later in the Schwagerininae; (3)
development of parachomata both in the
Verbeekininae and Neoschwagerininae; and
(4) development of axial fillings in the
Fusulininae, later in the Schwagerininae,
and stll later in the Verbeekininae and
Neoschwagerininae. Some of these changes
seem to mark definite evolutionary trends;
others probably reflect a combination of
factors which may not be related to evolu-
tionary trends.

SIZE AND SHAPE OF TEST

The primitive members of all subfamilies
and nearly all genera are smaller than most
of the highly developed members. The size
of individuals of most types of animals is
partly dependent on local environmental
conditions, such as food supplv, and the
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average size of mature specimens in one
locality may be somewhat different from
the average size of mature specimens in
another. Therefore, a small difference in
size alone is not considered a basis for spe-
cific differentiation. Pronounced increase
in shell size is recognized within most
groups of the fusulinaceans. Primitive
Schubertellinae were minute (0.4 o 1.3
mm. maximum diameter) and so were later
Permian members (1.3 to 3.0 . maxi-
mum diameter).

Primitive fusulinaceans are minute (with
maximum diameter as small as 0.4 o 0.9
mm.). but most late forms are relatively
large (up to 16 mm. in maximum diam-
eter). Marked increase in length is especial-
ly noticeable among the Schwagerininae,
from early Triticites (2 to 3 mm.) to very
large Polydiexodina and Parafusulina (as
large as 60 mm.); the relative size increase
in this group, however, is no greater than
that of the fusulinaceans in general. Early
Neoschwagerininae (e.g., Cancellina) are
small (about 3 mm.), but late members
(e.g., Yabeina) are large (at least 16 mm.).
Figure 294 illustrates the ranges in size of
some Ozawainellidae and some Fusulinidae
(Fusulininae).

Although the general trend of fusulina-
ceans was toward Increase in size of the
shell, some forms seemingly developed
from slightly larger ancestors.

The classification of fusulinaceans is
based partly on shape of the shell, even
though external form, taken alone, is not
sufficient for recognition of many genera.
The most primitive fusulinaceans are dis-
coidal in shape, and the general trend of
most later groups is toward a longer axis of
coiling. The general shell profile of Miller-
ella to advanced members of Fusulina ex-
hibits progressive change from discoidal,
slightly evolute ozawainellids (e.g., Miller-
ellsy to spherical or irregular-elongate
members of this family (e.g., Rauserella)
and Staffellidae (e.g., Sphaerulina). Schu-
bertellinae evolved from an ellipsoidal shell
(e.g., Eoschubertella) to very elongate-
fusiform or irregular shapes. Fusulininae
developed from subspherical tests (e.g.,
Pseundosiaffella) to highly elongate-fusiform
or irregular forms (e.g., Fusulina, Quasi-
fusulina). Out of fusiform shells of primi-
tive Triticites, the Schwagerininae pro-
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duced the highly elongate-subcylindrical
shells of Parafusulina and Polydiexodina.
Most early Verbeekininae are subspherical
in shape, but very advanced forms (e.g.,
Pseudodoliolina) are elongate-ellipsoidal in
shape. The genus Brevaxina has a sub-
spherical shell and strongly umbsilicate axial
regions, its development and shape being
inharmonious with the general trend
among fusulinaceans. The most primitive
form of the Neoschwagerininae is inflated-
ellipsoidal in shape; advanced forms are
elongate-subcylindrical to strongly inflated-
fusiform in shape. Some subfamilies, par-
ticularly the Verbeekininae and Neo-
schwagerininae, possibly are biphyletic, and
the similarity of internal structures, as well
as shape of the shell, may indicate parallel
development.

Although a general tendency among
fusulinaceans was toward development of
an elongate shell, possible reversals can be
pointed out. A few forms of Schwagerini-
nae, particularly Tizzicites in the Penn-
sylvanian and Pseudoschwagerina in the
Permian, have subspherical mature shells.
The inner volutions of Pseudoschwagerina
have far greater length along the axis
of coiling, and it is solely the outermost
volutions that control the subspherical shape
of the mature shell. The subspherical or
inflated forms of Triticites occur strati-
graphically above elongate forms, but it
cannot be demonstrated that the former
were derived from the latter.

Brevaxina has a short axis of coiling and
umbilicate axial regions. Other members
of the Verbeekininae are spherical or elon-
gate in the direction of the axis of coiling.
Evolutionary trends within this subfamily
are obscure; probably the assemblage is
biphyletic, FEoverbeckina and Verbeekina
having come from one ancestral form and
Brevaxina, Misellina, and Pseudodoliolina
having descended from another.

SPIROTHECA

Rather definite trends in evolutionary
development of the spirotheca are seen
among fusulinaceans. These trends took
slightly different paths and rates of change
in different divisions of the superfamily.
The spirotheca of the more primitive fusu-
linaceans, such as Millerella, was originally
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AI1-4. Schubertellinae; I, primitive Eoschu-

bertella; 2, highly developed Eoschubertella; 3, typical Schubertella; 4, highly developed Schubert-

ella.

BI1-7. Fusulininae; I, Pseudostaffella; 2, Profusulinella regia; 3, Fusulinella? primaeva; 4, Fusu-
linella juncea; 5, Fusulinag n. sp. (intermediate): 6, Fusulina cylindrica; 7, Gallowayinella (idealized).
C1-3. Schwagerininae; 1. Triticites irregulariss 2, T. moorel; 3, Schwagerina furoni.

DI-3, Verbeekini-

nae; 1, Verbeekina verbeekis; 2, Misellina; 3, highly developed Pseudodoliolina (¥1922).

formed above the last chamber as a single
thin dense layer. With growth of addition-
al chambers in an individual, this thin
layer was covered above and below by sec-
ondary layers of tectoria. The evolutionary
trend of most fusulinaceans was to develop
a thicker primary wall. Secondary deposits
are lacking in many specialized forms.

Among Ozawainellidae, the spirotheca
developed from a simple wall structure like
that of Millerella to a wall composed of a
thin indistinct upper primary layer (tec-
tum), a lower, less dense primary layer
(diaphanotheca), and secondary layers of
upper and lower tectoria. Some advanced
forms of the group seem to have a spiro-
theca composed of a tectum and a less
dense structureless lower layer.

Primitive Schubertellinae have a spiro-
theca like that of Paramillerella or Miller-
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ella. Highly developed forms have a spiro-
theca composed of a tectum and a relatively
thick lower clear layer, but late Permian
members of the group have a spirotheca
throughout the shell that is composed of
only a thin dense layer. The evolution of
the wall of the Schubertellinae is diagram-
matically shown in Figure 295 (Al to A4).

Evolution of the spirotheca of the Fusu-
lininae seems to be similar to that of the
Schubertellinae, but changes took place
geologically much more rapidly than in the
Schubertellinae. The three-layered spiro-
theca of Pseudostaffella and Profusulinell
(Fig. 295,B1,2) developed into the four-
layered spirotheca of Fusulinella (Fig. 295,
B+#). This type of spirothecal structure
characterizes all forms of Fusulina, with
gradually increasing thickness of the dia-
phanotheca and decreasing thickness of the
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upper and lower layers. In advanced forms of
Fusulina (e.g., F. cylindrica, Fig. 280,3; 295,
B6), the diaphanotheca is thick and has a
structure somewhat like that of the kerio-
theca of higher forms, the upper tectorium
being absent or thin and the lower tec-
torium discontinuous. Later forms of Fusu-
lininae (e.g., Quasifusulina, Gallowayinella)
have a thin spirotheca (Fig. 295B7). Gal-
lowayinella has a spirotheca seemingly com-
posed of a single dense thin layer. The
general trend of fusulinaceans characterized
by this wall structure (Fig. 280,3; 295,B1-
B7) reached a peak of development in
Pennsylvanian (Desmoinesian) time, but
advanced genera range into the Permian
period.

Schwagerininae were introduced in rocks
of early Missourian age (Pennsylvanian) in
North America by Trzicizes. Although the
ancestral form of Triticites is not definitely
known, seemingly it was closely allied to
Fusulinella. The spirotheca of Triticites is
composed of a tectum and thick keriotheca
having clearly visible alveoli. The structure
of the spirotheca remained the same in
later members, but the keriotheca increased
in thickness and the alveoli became coarser
(Fig. 280,4-6; 295,C1-C3).

The evolution of the spirothecal struc-
ture of the Verbeckininae and Neo-
schwagerininae was somewhat similar to
that of the Schwagerininae, except that late
genera of both groups possess a spirotheca
composed of only a single dense layer (Fig.
295,D1-D3).

It seems evident that evolutionary devel-
opment of the spirotheca of the fusulina-
ceans was toward a thickening of the lower
primary layer, the diaphanotheca or kerio-
theca. All major groups followed the same
general pattern of evolution of the spiro-
theca independently and at different times,
and this trend seems to have been inherent
within the entire superfamily.

ANTETHECA AND SEPTA

The antetheca and septa of the most
primitive fusulinaceans are unfluted from
end to end. They are also unfluted through-
out the shell in all members of the Oza-
wainellidae, Verbeekininae, and Neo-
schwagerininae. Septal fluting developed
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at different rates in the Schubertellinae,
Fusulininae, and Schwagerininae.

The septa of primitive Schubertellinae
are unfluted. A few highly developed Per-
mian forms of Schubertellinae have septal
fluting developed throughout the length of
the shell. The septa of Schubertellinaz re-
mained unfluted for a long time and never
reached a high stage of development, even
in the upper Permian.

The septa of the most primitive Fusulini-
nae (Pseudostaffella) are unfluted through-
out the length of the shell. Profusulinella
has septa fluted only in the extreme polar
regions. Septal fluting developed rather
rapidly and uniformly in the Fusulininae,
from Pseudostaffella, without septal flut-
ing, to upper Desmoinesian Fusulina, with
highly fluted septa throughout the length
of the shell, and still further to Quasifusu-
lina with closely fluted septa.

The development of septal fluting in
Schwagerininae was rapid. In North Am-
erica, the Schwagerininae were first devel-
oped in early late Pennsylvanian time and
are represented by Trizicites, having septa
fluted only in the polar regions. Before mid-
dle late Pennsylvanian time the septa of
some forms were fluted throughout the
length of the shell. Triticizes 1s first known
in the mid-continent region in the basal
part of the Missourian Series, but the forms
there probably are not the most primitive
of the genus. More primitive forms of
Trizcites are known from the middle
Oquirrh Formation of the Wasatch Moun-
tains of Utah and from the lower part of
the Upper Carboniferous as designated by
Ravuzer-CHERNOUSOVA, BELvAEV & REeyr-
LINGER (*¥1508) in the Samara Bend area
of Russia. Highly evolved Permian mem-
bers of the group (e.g., Parafusulina, Poly-
diexodina) have intensely fluted septa
throughout the length of the shell.

Evolution of septal fluting closely paral-
lels that of shape of the shell. Septal fluting
is not developed in some groups having
discoidal or spherical shells, such as the
Staffellidaec  and Verbeekinidae. It first
began to form in other groups after the
shell assumed a fusiform shape, and reached
its highest development 1in subeylindrical
shells. In genera that acquired a fusiform
shell only after the shell structures had be-
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come very complex, as in Sumatrina, septal
fluting was never developed.

OTHER TRENDS

SEPTULA

The appearance and progressive modifi-
cation of septula in the Neoschwagerininae
comprise one of the most definite evolu-
tionary developments among the fusulina-
ceans, but septula are restricted to this
group (Fig. 292, 293). Their development
can be traced from the short, broad, trans-
verse septula of Cancellina to the elongate
set of broad transverse septula and simple
axial septula of Neoschwagerina, and still
furcther to the complex sets of transverse
and axial septula of Yabeina and Lepido-
lina. Complicated sets of transverse and
axial septula are found in Afghanella and
Sumatrina, but the position of these gen-
era within the division is not definitely
known. The complexity of their septula
does not accord with their geologic occur-
rence associated with primitive forms of the
group, such as Cancellina and Neoschwag-
erina. Their ancestral forms are unknown.

CHOMATA

The chomata of fusulinaceans with a
single tunnel changed with their progres-
sive development, but it is not certain that
the changes took definite trends. The
chomata of many primitive forms of Fusu-
lininae are massive and large, and the tec-
toria are correspondingly thick. As the
group became more advanced, the chomata
became less massive and the tectoria be-
came thinner. In late members of the group
the chomata are feebly developed in the in-
nermost volutions and are absent or in-
distinct in the outer part of the shell. The
subfamily Schwagerininae experienced a
similar reduction in the chomata. This gen-
eral reduction in the massiveness of the
chomata in late Fusulininae and late
Schwagerininae is in reality a reversal of
their development in early members of the
group, which had small chomata; the chom-
ata gradually became more massive as the
early fusulinaceans evolved.

PARACHOMATA

Structural features that are progressively
developed in the Verbeekininae and well
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defined in all members of the Neoschwager-
ininae are the parachomata (Fig. 292, 293).
These are feeble in the outer volutions of
Eoverbeekina and occur only adjacent to
the septa of inner volutions of Verbeckina
but extend across the chambers of outer
volutions. Advanced forms of Verbeekini-
nae have distinct parachomata throughout

the shell.

AXIAL FILLINGS

Dense deposits of calcite occur in the
axial regions to some extent in all major
divisions of the Fusulinacea except the
Ozawainellidae (Fig. 279). They are best
defined in late members of these divisions.
Heavy axial fillings occur in Wedekindel-
lina near the middle of the stratigraphic
range of the Fusulininae, but it seems
probable that Wedekindellina is a special-
1zed member of an early branch of the
group. The appearance of heavy axial fill-
ings in late forms of Fusulininae and
Schwagerininae coincides with reduction of
the chomata. Both of these features are of
secondary origin, and when one is well de-
veloped the other is absent or feeble. Axial
fillings are inconspicuous in late forms of
the Verbeekininae and Neoschwagerininae.

Some investigators of the fusulinaceans
have concluded that development of axial
fillings is not constant even among con-
specific specimens. Observations do not
bear out these statements. It is difficult to
cut axial sections exactly along the axis of
coiling, and in forms having thin zones of
axial fillings many axial sections fail to
intersect these fillings. Accordingly, one
may not realize the presence of axial fillings
in such specimens unless they are seen
during the sectioning procedure. Critical
observations of many forms indicate that
axial fillings are about equally massive in
all conspecific specimens.

PHYLOGENY

The phylogeny of the fusulinaceans is
interpreted from a combined view of their
stratigraphic occurrence and progressive
changes of their shell structures. Many
fusulinaceans are so closely spaced strati-
graphically that it is possible to observe de-
tails of progressive development, and their
phylogeny can be interpreted with consid-
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erable assurance. Some other groups ate
most common in relatively isolated locali-
ties, and their exact stratigraphic relation-
ships to fusulinaceans of other areas are not
yet determined. In such cases it is neces-
sary to rely largely on degree of similarity
of shell structures. The genus Misellina,
for example, which represents the early
part of one branch of the subfamily Ver-
beekininae, lacks a recognized closely simi-
lar ancestor and its relationship to other
members of the Verbeekininae is doubtful.
The ancestry of Afghanella and Sumarrina
is likewise open to question. Both re-
semble other members of the Neoschwager-
ininae in many respects, but obviously they
have reached a stage of evolution far in ad-
vance of associated primitive members of
the major group (e.g., Cancellina, Neo-
schwagerina).

ECOLOGY

Considerable evidence is available to in-
dicate that fusulinaceans were uncommon-
ly sensitive to their physical surroundings.
They seem to have been restricted to off-
shore open-water environments, and their
shells occur as fossils most commonly in
limestones or highly calcareous shales, and
less commonly in sandstones. Also, fusu-
linaceans are not considered to be in-
digenous in coarse clastics or in close as-
sociation with evaporites. In the Permian
of the Texas-New Mexico area, certain
limestones can be traced laterally from areas
in which fusulinacean faunas are prolific to
areas characterized by brackish-water types
of faunas, and likewise to areas where the
limestones grade into dolomites and evapo-
rites. The fusulinaceans disappear laterally
in the section long before the approach to
regions of evaporites. Also, fusulinaceans
are not found in direct assoctation with
fossil forms of invertebrates of the types
that live today in brackish-water or near-
shore environments.

Fusulinaceans occur abundantly in sand-
stones at some localities. Several such oc-
currences are in upper Desmoinesian sand-
stones of southern Oklahoma and northern
Texas. Fusulinacean shells have been found
at a few places in these sandstones con-
centrated in the troughs of undulating
structures interpreted as ripple marks, but
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it is not certain that they were indigenous
to the ripple-mark surfaces. Also, fusulina-
cean shells have been observed with their
elongated axes arranged in spiral patterns
that make them appear to have been af-
fected upon final settling to the bottom
by turbulent currents and swirling eddies
or whirlpools. At some outcrops thick lime-
stones contain abundant fusulinaceans with
highly elongate shells, most of them ori-
ented in the same direction. Such occur-
rences have been observed in the Permian
of Timor (*1923) and in the Permian of
the Island of Letti (*1693), where oriented
shells of fusulinaceans compose more than
50 per cent of great thicknesses of lime-
stones. Similar occurrences of oriented
fusulinacean shells are found in some Penn-
sylvanian and Permian limestones of North
America and in the Tethyan Permian reef-
like limestones of western United States
and western Canada. This orientation of
the shells of fusulinaceans suggests the
presence of submarine currents in these
places at the time when the shells were de-
posited. In no case has it been possible
to determine whether the fusulinaceans
were dead or alive when their tests became
thus oriented.

The most convincing evidence of the
normal offshore, open-water habitat of the
fusulinaceans is furnished by studies of
the sedimentary cycles in the Pennsylvanian
rock column of the northern mid-continent
region. Moore (*1307, p. 25) divided the
complete Pennsylvanian sedimentary cyclo-
them into ten units, the lower two and
uppermost one of which are of continental
origin. The intervening seven units are
marine, and fusulinaceans occur most
abundantly in the middle unit of the
marine part of the cyclothem. The fusulina-
ceans seem to have lived offshore in open
seas and they penetrated continental basins
farthest when the seas reached their great-
est advancement. A fusulinacean-bearing
unit at any given place typically is under-
lain by rocks formed by the advancing sea
and overlain by sediments of the retreat-
ing sea. The sedimentary cycle in the
Lower Permian (Wolfcampian) of Kan-
sas, Oklahoma, and Nebraska differs some-
what from that in the Pennsylvanian
(*1308), but, as in Pennsylvantan cyclo-
thems, the fusulinaceans occur in and near
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the central part of the marine phase of the
sedimentary cycle.

OCCURRENCE
GEOGRAPHIC DISTRIBUTION

Fusulinaceans are almost world-wide in
geographic distribution, for they have been
found on all continents except Australia
and Antarctica. The most northerly known
occurrence is on Ward Hunt Island north
of Ellesmere Island, Canada (*1928). They
also have been found in northeastern
Greenland (*878, *1949, *647A) and at
several places on Spitzbergen (Svalbard)
(*1832, *1918). The most southerly re-
corded occurrence of fusulinaceans in the
Western Hemisphere is in Patagonia of
southern Chile (*306), and the most
southerly occurrence in the Eastern Hemi-
sphere is on North Istand of New Zealand
(*958). Some of the thicker marine se-
quences of upper Paleozoic rocks from
which fusulinaceans have not been found
are the Permian deposits of Australia, Tas-
mantia, and Madagascar.

The accompanying outline map (Fig.
296) shows some of the principal locali-
ties from which fusulinacean faunas of
Pennsylvanian and Permian ages have been
described or reported. This shows that
fusulinaceans are more widely known in
the Northern than in the Southern Hemi-
sphere. It should be pointed out, however,
that other types of upper Paleozoic faunas
are about equally more widely known in
the Northern Hemisphere than in the
Southern Hemisphere. Furthermore, large
parts of the land areas of the Southern
Hemisphere are covered by permanent ice
and snow and are practically unknown
geologically.

Fusulinaceans occur in Pennsylvanian
and Permian rocks on many of the Arctic
islands of Europe and throughout most of
the north-south distance across European
Russia and Siberia, in the Viséan of Ger-
many, in the Pennsylvanian of Spain, and
in the Permian of the Carnic Alps, Velebit
Mountains of Yugoslavia, Sicily, Aegean
Islands of Greece, and Crimea.

Fusulinaceans have been described from
Tunisia in Africa where they occur in Up-
per Permian rocks.
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Fusulinaceans are widespread in Asia
and in islands of the Indian and Pacific
Oceans. They occur in the Pennsylvanian of
Mongolia, China, Japan, and possibly Viet-
nam. They are present in the Permian at
numerous places in the western part of the
Eastern Hemisphere, including Pamir, Ar-
menia, Iran, Turkey, Syria, Afghanistan,
Karakorum region, northern India, Malaya,
Thailand, Vietnam, western, southern, and
northern China, northeastern, southeastern,
north-central, and extreme western Siberia,
Japan, and many of the islands of the In-
dian Ocean area, including Sumatra, Timor,
Letti, and North Borneo. They also have
been found in several localities in the Salt
Range of West Pakistan.

In the Western Hemisphere, fusulina-
ceans occur in rocks of Pennsylvanian age
in large areas of the United States from
Pennsylvania on the east to California on
the west. Pennsylvanian fusulinaceans of
similar age are known from Peru, Brazil,
Bolivia, and southern Chile.

Permian fusulinaceans are widespread in
North America, being known throughout
much of the far western United States,
Rocky Mountain area, south-central United
States, and the mid-continent region. Out-
side of the United States, Permian fusulina-
ceans occur in western and northern Can-
ada, Greenland, Alaska, across much of
Mexico, Central America, Venezuela,
Colombia. Peru, Bolivia, and Patagonia of
southern Chile (*639A).

It is evident that fusulinaceans occur
over a large part of the present land areas
of the globe. Because they seem to have
been unusually sensitive to their physical
surroundings, their widespread occurrence
suggests that climates of the world during
Pennsylvanian and Permian times may
have been more uniform than they are to-
day. It is fully realized, however, that the
fusulinaceans were bottom-dwellers beyond
shallow waters where they probably lived
at depths that were moderately uniform in
temperature and other physical conditions
at almost all latitudes.

This may account for the same general
nature of the Middle Pennsylvanian fusu-
linacean faunas found in southern South
America, extreme northern Canada, and
southern United States, without having



Foraminiferida—Fusulimna—Fusulinacea

even to consider the present extremes of
climatic conditions in nearby land areas of
these different regions.

STRATIGRAPHIC DISTRIBUTION

Comparison of fusulinacean faunas from
many localities in North America, Europe,
and Asia indicates that most larger groups
developed along closely similar biological
trends and in about the same stratigraphic
order in all areas (Fig. 297). Species have
been found very useful as index fossils for
stratigraphic correlations in local areas. The
ranges of genera are applicable for inter-
regional and intercontinental correlations.
Many primitive generic groups have long
stratigraphic ranges in both hemispheres
and are not recognized to be of much value
for correlation. The stratigraphic ranges
of some more highly specialized genera
seem to be closely similar in all areas where
studied in the Americas, and their strati-
graphic limits seem to be approximately the
same in the Eastern Hemisphere. At least
it can be demonstrated that the stratigraphic
ranges of these genera in Europe and Asia
are in the same order as in North America
and South America.

Fusulinacean faunal zones are defined by
the predominance of generic groups or re-
striction of their stratigraphic range. The
recognized zones are designated by the
names of genera chosen as indices, in up-
ward order: (1) Millerella, (2) Profusuli-
nella, (3) Fusulinella, (4) Fusulina, (5)
Triticites, (6) Pseudoschwagerina, (7)
Parafusulina, (8) Polydiexodina, (9) Ver-
beekina, and (10) Yabeina.

ZONE OF MILLERELLA

Millerella is the most common genus of
fusulinaceans found in Lower Pennsylvan-
ian rocks of North America, and this part
of the section is referred to as the fusulina-
cean Zone of Millerella. The genus had its
beginning at an earlier time and it ranges
into post-Lower Pennsylvanian deposits of
North America, which are excluded from
the Zone of Millerella because they also
carry more advanced forms of fusulina-
ceans. Millerella occurs in Europe and prob-
ably in Asia, but its range there is not
known.
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ZONE OF PROFUSULINELLA

The genus Profusulinella is restricted in
North America to rocks of early Middle
Pennsylvanian age, and this part of the
rock column is referred to as the Zone of
Profusulinella. In sections of the north-
western Urals and Samara Bend of the
Volga in USSR, Profusulinella is asso-
ciated with fusulinaceans similar to those
found in the Pennsylvanian beds of North
America. Also, the Profusulinella-bearing
part of the column in Europe is overlain by
rocks containing a fusulinacean fauna that
in broader aspects resembles the fusulina-
cean assemblage occurring immediately
above the Zone of Profusulinella in North
America. A similar occurrence of Profusu-
lmella 1s found in upper Carboniferous
rocks of China. It is therefore evident that
the Zone of Profusulinella is represented in
both hemispheres.

ZONE OF FUSULINELLA
The upper part of the lower Middle

Pennsylvanian succession in North America
is dominated by faunas of Fusulinella and
is termed the Zone of Fusulinella. Although
Fusulimella has a stratigraphic range higher
in the section, the higher fusulinacean fau-
nas that contain Fusulinella are dominated
by the genus Fusulina, and the top of the
Zone of Fusulinella is placed in North
America just below the lowest occurrence
of Fusulina. Fusulinella is widespread in
Europe and Asia, and it occurs in rocks
stratigraphically above the Zone of Pro-
fusulinella, at least in areas where Pro-
fusulinella has also been recognized.

ZONE OF FUSULINA

The genus Fusulina occurs throughout
upper Middle Pennsylvanian rocks of
North America above the Zone of Fusuli-
nella, and this part of the section is re-
ferred to as the Zone of Fusulina. The lower
boundary of the zone coincides with the
top of the Zone of Fusulinella. The range
of Fusulinella overlaps into the Zone of
Fusulina in Europe, as it does in North
America. The upper stratigraphic limit of
Fusulina in Europe seems higher than west
of the Atlantic, for Fusulina is reported to
be associated with Triticites in the USSR
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(Samara Bend and Moscow regions). Fur-
thermore, the highest forms of Fusulina in
Russia are more advanced biologically than
the highest forms of Fusulina in North
America. Therefore, the range of Fusulina
in Europe probably includes more of the
stratigraphic column than in North Amer-
ica. Fusulina is widespread geographical-
ly in China, and its upper and lower limits
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in both North and South China seem to be
equivalent to late Middle Pensylvanian in
age.

ZONE OF TRITICITES

The genus Triticites dominates fusulina-
cean faunas of the Upper Pennsylvanian
Serics in North America, and this part of
the section accordingly is referred to as the

® Permian

+ Pennsylvanian

EQUATORIAL SCALE OF MILES
CI) IO’OO 20‘00 3000

Fic. 296. Distribution of Pennsvlvanian (Upper Carboniferous) and Permian fusulinaceans indicated by
general localities from which they have been described or reported (*2120B).
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Zone of Triticites. The zone is distributed
from Nevada in the west to Ohio in the
east and contains some of the most prolific
fusulinacean faunas of North America.
Rocks referable to the Zone of Triticites
have not been recognized in Central or
South America or with certainty in Asia
but are widespread in the central part of
European USSR, where they may be
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equivalent in age only to the lower part of
the Zone of Triticites in North America. All
evidence indicates that Triticites reached
its greatest development in North America
and its extreme limits as well as inter-
mediate forms are best known here. The
upper limit of the Zone of Triticites corre-
sponds to the base of the Permian, as de-
fined in North America, but the range of
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Rugosofusulina 68, Neofusulinella sz

Paraschwagerina 69, Yangchienia 52

Mesoschubertella 70. Afghanella 54 prep——
Acervoschwagerina 71, Cancellina S e —
Biwaella 72. Lepidolina 58 o—
Kwantoella 73, Presumatrina S —
Ogzawainella 74, Sumatrina 60—
Boultonia 75, Rugososchwagerina wmm Western and Eastern Hemispheres O e ——
Schwagerina = Western Hemisphere only 6‘1—
Parafusulina —— Eastern Hemisphere only 66
FEoverbeekina

Toriyamaia ‘

Nummulostegina

Pisolina EASTERN EUROPE

Sphaerulina Visean ”INamulE‘::ashkirianl Moscovian Gzelian [Orenb'g L. u.
Dunbarula ‘

Minojapanclla L, CARB. | M. CARB, U. CARB. PERMIAN
Palaeofusulina

Nipponitella WESTERN EUROPE

Nagatoella Visean NamurianT Westphalian ‘ Stephanian

Orientoschwagerina

Robustoschwagerina L. CARB. UPPER CARBONIFEROUS PERMIAN
Zellia

Fic. 297. Stratigraphic distribution of fusulinacean genera as recorded in Treatise text devoted to systematic
descriptions. Attention is drawn to the fact that many ranges are plotted as spanning all of one or more
stratigraphic divisions, whereas the actual ranges, if precisely known, may be appreciably shorter (Moore,
n). An alphabetically arranged list of genera follows.

Acervoschwagerina—3+

Afghanella—70

Akiyoshretl:

Bartramella—I1

Biwaella—35

Minojapanella—47
Misellina—60
Nagatoella—50
Nankinella—3
Neofusulinella—68

Boultonian—38
Brevaxina—S5+
Cancellina—71
Codonofusiclla—56
Dunbarinella—25
Dunbarula—46
Eoschubertella—4
Eoverbeekina—11
Fusiella—5
Fusulina—16
Fusulinella—7
Gallowayinella—67
Hidacla—13
Towanella—21
Kansanella—20
Kwantoella—36
Leella—o4
Lepidolina—72
Mesoschubertella—33
Millerella—2

Neoschwagerina—62
Neostaffella—17
Nipponitella—49
Nummulostegina—43
Oketaella—27
QOrientoschwagerina—S1
Ozawainella—37
Palacofusulina—48
Paraboultonia—57
Paradoxiella—065
Parafusulina—40
Paramillereila—1
Paraschwagerina—32
Pisolina—4+
Plectofusulina—I2
Polydiexodina—58
Presumatrina—73
Profusulinella—38
Pseudodoliolina—61
I'sendofusulina—29

Pseudofusulinella—23
Pseudoschwagerina—30
Pseudostaffella—9
Pseudowedekindellina—10
Quasifusulina—24
Rauserella—55
Reichelina—66
Robustoschwagerina—52
Rugosofusulina—31
Rugososchwagerina—75
Schubertella—238
Schwagerina—39
Sphaerulina—i45
Statfella—18
Sumatrina—74
Taitzehoella—I4
Toriyamaia—4i2
Triticites—26
Verbeekina—59
Verella—22
Waeringella—19
Wedekindellina—15
Yabeina—63
Yangchienia—069
Zellia—53
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Triticites extends into Lower Permian

rocks.
ZONE OF PSEUDOSCHWAGERINA

The genus Pseudoschwagerina (Schwag-
ering of authors prior to 1936) is consid-
ered by most paleontologists as an index
to the Lower Permian. The genus ranges
throughout most of the Wolfcampian in
North America, and accordingly these rocks
are designated as the Zone of Pseudo-
schwagerina. Unul recently, the lowest
known occurrence of Pseudoschwagerina
in the Wolfcampian of the mid-continent
region was in the Grenola Formation, about
300 feet above the base of rocks considered
Permian. Undescribed specimens of Pseu-
doschwagerina now have been obtained in
the Americus Limestone of Kansas (about
200 feet above the base of Wolfcampian
strata in this region). Pseudoschwagerina
is common in uppermost Wolfcampian
rocks in the Hueco Mountains of Texas.

The so-called Schwagerina limestones of
reports on Asia, Europe, and North Amer-
ica are really Pseudoschwagerina lime-
stones; the use of fossil names for rock units
1s not good practice, as demonstrated by the
erroneous stratigraphic use of Schwagerina
for so many years.

Rocks of the Zone of Pseudoschwagerina
occur in many widely separated areas, in-
cluding Arctc Islands of the Eastern
Hemisphere, European USSR, Austria,
Sumatra, China, Japan, southeastern Asia,
much of central and western USA, Peru,
Bolivia, and possibly Greenland.

ZONE OF PARAFUSULINA

Stratigraphic limits of the genus Para-
fusulina overlap slightly those of Pseudo-
schwagerina, but in North America Para-
fusulina dominates the fusulinacean faunas
of Leonardian and lower Guadalupian
strata. This part of the American Permian,
classed as Lower Permian, 1s referred to as
the Zone of Parafusulina. In the Western
Hemisphere, rocks referable to the Zone of
Parafusulina occur in Colombia, Vene-
zuela, Guatemala, southern and northern
Mexico, western Texas, southern New
Mexico, Washington, California, Oregon,
British Columbia, and Alaska. The distri-
bution of Parafusulina in the Eastern
Hemisphere is not well known, largely
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owing to the lack of illustrations in early
reports of thin sections that are necessary
to recognize the genus. Many species of
Parafusulina may have been described, but
from available information they cannot
be referred to that genus with certainty.
However, Parafusulina has been recognized
in the Carnic Alps, Salt Range of West
Pakistan, southern China, Japan, Kara-
korum region, and the western edge of the
Ural Mountains.

ZONE OF POLYDIEXODINA

The genus Polydiexodina is restricted in
North America to rocks of late Guadalup-
ian age which are referred to as the fusuli-
nacean Zone of Polydiexodina. This zone
immediately overlies the Zone of Para-
fusuling in many places in North America.
However, Polydiexcdina has not been found
in the Eastern Hemisphere at all localities
immediately above rocks containing Para-
fusuling. In southern China, rocks bearing
typical faunas of the Zone of Parafusulina
are overlain by beds that carry a Tethys Sea
type of fauna, including Verbeekina and
Neoschwagerina. In Afghanistan, southern
Turkey, and northern Iraq, Polydiexodina
occurs associated with Verbeekina and sev-
eral early members of Neoschwagerininae,
including Neoschwagerina. Therefore, it
seems possible that the Zone of Polydiexo-
dina in North America is equivalent in age
to at least part of the Tethyan Zone of
Verbeekina. Polydiexodina occurs both in
Asia(Darvaz region of USSR, Burma, Tur-
key, Iraq, Syria, Iran) and Europe (Aegean
Islands of Greece). In the Aegean Islands,
a questionable form of Polydiexodina is as-
soclated with a typical fauna of the Zone

of Verbeekina.

ZONE OF VERBEEKINA

The lower part of the Tethys Sea fusuli-
nacean faunas of the Eastern Hemisphere
is typified by the genus Verbeeckina, and
this part of the stratigraphic section is re-
ferred to as the Zone of Verbeekina. Rocks
referable to this zone are widespread in a
relatively narrow belt extending from the
Mediterranean area of southern Europe
across Asia to Japan. Rocks that contain a
lower Tethyan fusulinacean fauna have
been discovered at many outcrops in this
area, including localities in Sicily, Greece,
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Turkey, Iraq, Iran, Arabia, Afghanistan,
Thailand, Laos, western and southern
China, Sumatra, and Japan.

The stratigraphic relationship between
this faunal zone in the Eastern Hemisphere
and the Zone of Polydiexodina in North
America is not known. The association
of Polydiexodina with Verbeckina in
Afghanistan, in southern Turkey, and
northern Iraq, and possibly in Greece, and
the occurrence of Verbeekina faunas strati-
graphically above typical Parafusuling
faunas in southern China, strongly suggest
that the Zone of Polydiexodina in North
America is at least partly equivalent in age
to the Zone of Verbeekina.

Ammonoids indicate that the Sosic Beds
of Sicily are early Guadalupian (Wordian)
in age (*1280). The Sosio Beds contain
several fusulinacean genera that occur in
other areas in the Zone of Verbeckina, and
therefore it seems probable that this Tethys
Sea faunal zone 1s in part slightly older
than the Zone of Polydiexodina in North
America.

ZONE OF YABEINA

The genus Yabeina occurs in some of the
highest fusulinacean-bearing Permian rocks
in the Eastern Hemisphere and has been
found in British Columbia, Washington,
and Oregon in the Western Hemisphere.
Yabeina has been identified at numerous
localities in the Eastern Hemisphere, in-
cluding Tunisia, Crimea, South China,
Cambodia, Thailand, and Japan. At several
places Yabeina is known to occur strati-
graphically above faunas of Verbeekina.
Furthermore, the biologic stage of develop-
ment of Yabeina and Lepidolina suggests
that they are younger than early Neo-
schwagerina. Rocks of Late Permian age
that contain faunas of Yabeina and Lepido-
lina are referred to the Zone of Yabeina. It
seems probable that the Zone of Yabeina
represents the youngest fusulinacean-bear-
ing rocks in the Eastern Hemisphere, and
that the fusulinaceans became extinct in
the narrow belt of Tethys that extended
from Oregon in North America, westward
across the northern Pacific region to south-
ern Asia, and farther west at least to Tu-
nisia in the Mediterranean area.

Protista—Sarcodina

SYSTEMATIC DESCRIPTIONS

Superfamily FUSULINACEA
von Moller, 1878

[nom. correct. LorsLicH & TappaN, 1961, p. 287 (pro
superfamily Fusulinoidea Cmiry in Piveteau, 1952, p. 179)]
——[In synonymic citations superscript numbers indicate
taxonomic rank assigned by authors (Ysuperfamily, 2family
group); dagger(t) indicates partim]——[!=Orthoklino-
stegiat EiMer & Fickert, 1899, p. 685 (mom. nud.),
—Z>Rotaliaridiat RHUMBLER in KOUKENTHAL & KRUMBACH,
1923, p. 88; = Fusulinaceae MIKLUKHO-MAKLAY, 1957, p.
96; =!Neoschwagerinaceae MIKLUKHO-MaKkLAY, 1957, p.
109; ='Fusulinidea PokornY, 1958, p. 220; =1Verbeckina-

cea MIKLURHO-MaRLAY, 1958, p. 7; =Verbeekinidea
MIKLUKHO-MAKLAY, RAUZER-CHERNOUSOVA &  ROSOVSKAYA,
1958, p. 17]

Shell discoidal, spherical, fusiform, or
subcylindrical in shape, most commonly
irregularly fusiform, calcareous, perforate;
planispiral except for aberrant members
and for early volutions of some primitive
members. Axis of coiling mostly coincident
with maximum diameter of test. Proloculus
small and spherical, with single proloculus
pore located flush with surface or at base
of conical depression. Spirotheca com-
posed of one or several layers. Antetheca
composed of single layer or of several lay-
ers, vertical in attitude, anteriorly arcuate
and plane, or plicated to fluted at base in
end zones, throughout length of shell, or
throughout height and along entire length,
fluting less intense at top of antetheca and
in center of shell; antethecal pores (septal
pores) abundant in most but seemingly ir-
regularly distributed. Chambers numerous
and short. Tunnel, tunnels, or foramina
resorbed at center and at base of septa or
as multiple tunnels throughout length of
shell.  Secondary deposits in form of
chomata, parachomata, tectoria, or axial

fillings (*1295). U.Miss.-U.Perm.

Family OZAWAINELLIDAE
Thompson & Foster, 1937

[mom. transd. A. D. MikLUKHO-MakLAy, 1958, p. 13 (ex
subfamily Ozawainellinae THoMpsoN & Foster, 1937, p. 132)]
[=Reichelininae A. D. MikLukHO-MaKLAY, 1959, p. 630]

Shell umbilicate to spherical or elongate,
evolute in early forms, involute or irregu-
larly uncoiled in later ones, axis of coiling
short or long, first few volutions discoidal,
others spherical to unevenly elongate; spiro-
theca composed of tectum with upper and
lower tectoria in early forms but diaphano-
theca occurring below tectum and above
lower tectorium in later ones; septa plane;
shell generally planispiral but may be asym-
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Reichelina Leella

Fic. 298. Ozawainellidae; 1, Ozawainella; 2, Paramillerella; 3, Reichelina, 4, Millerella; 5, Leella
(p. €396-C397).

© 2009 University of Kansas Paleontological Institute
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Toriyamaia

Fic. 299. Ozawainellidae; 1, Rauserella; 2, Toriyamaia (p. C397).

metrical, discoidal in at least part of shell
with coiling axis in shortest diameter; tun-
nel singular (*1929). U.Miss-U.Perm.

Ozawainella Twoxreson, 1935, #1912, p. 114
[*Fusulinella angulata Coraxiy, 1924, =354, p.
74; OD]. Test discoidal, involute, with angular
periphery; wall as in Millerella: chomata mod-
erate to massive (*1913, *1929). L.Perm.-U.Perm.,
Arctic Is.-Asia-Eu.-N. Am. Fic. 298,1. *0.
angulata  (Coraxt), L.Perm., N.Vietnam:; Ila-c,
axial secs. of holotvpe, X45; Id, axial sec. o
paratype, X+45: le, tang. sec. of paratype, X50
(*1922).

Leella Duxsar & SkINNER, 1937, *646, p. 603 [*L.
bellula;  OD]. Shell symmetrical throughout
growth, discoidal in early volutions, becoming
inflated-fusiform at maturitv: spirotheca of tec-
tum, diaphanotheca, and upper and lower tectoria:
septa plane; chomata asvmmetrical, high, and
narrow (*646). U.Peim., N.Am. Frc. 298.5.
*L. bellula, Capitan Ls., USA(Tex.): axial sec.
of holotype, X25 (¥1922).

Millerella TrHoatesox, 1942, *1919, p. 404 [*)L.
marblensis: OD]. Shell minute. involute to partly
evolute, axis in smallest diamcter through pro-
loculus:  spirothcca of tectum  with upper and

© 2009 University of Kansas Paleontological Institute

lower tectoria; septa arcuate forward; chomata
indistinct to massive, their periphery narrowly
rounded (*1919, *1922, #1925). U.Miss.-U.Penn.,
?L.Perm. (Millerella Z.), N.Am.-Eu.-Asia.
Fic. 298,4a,b. *M. marblensis, M.Penn.(Marble
Falls Ls.), USA(Tex.); 4a, axial sec. of holotype,
X100 (*1922); 4b, sagital sec., X100 (*1926).
Fic. 298,4c. M. pressa Tuonpson, L.Penn.
(Kearny F.), USA (Kans.); axial sec. of holotype,
X100 (*1922). [See also Fig. 294,1,2.]
Paramillerella Tuoxipson, 1951, *1925, p. 115
[*Millerella? advena Tuontpson, 1944, #1920, p.
427; OD) [=?Staffella (Eostaffella) RAUZER-
CHERNoUsova, 1948, #1505, p. 14 (type, S. (E.)
parastrurver; OD); ?Mediocris Rozovskava, 1961,
*1593, p. 20 (tvpe, Eostaffella mediocris Vissario-
~Nova, 1948, *2009A, p. 222; OD)]. Shell dis-
coidal, minute, slightly evolute to involute; polar
ends slightly umbilicate to rounded; spirotheca
of tectum with upper and lower tectoria; chomata

massive (*1920, *1925). U.Miss.-M.Penn., N.
Am.-Asia-Eu. Fic. 2982a. *P. advena
(TrHoxtpsox),  L.Penn.(Morrowan), USA(NW.

Ark.); axial sec. of holotype, X100 (*1926).
Fic. 2982b. P. ampla (ThHonpsox), L.Penn.
Kearny F.), USA(Kans.); axial sec. of holotype,
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X75  (*1922). Fic. 298,2c. P.  circuli
(Trompson), L.Penn.(Belden F.), USA(Utah);
axial sec. of holotype, X100 (*1926). FiG.
298,2d. P. pinguis (Tuompson), L.Penn.(Bloyd
Sh., USA(Ark.); axial sec. of holotype, X75
(*1920). [See also Fig. 294,3-5.]

Rauserella Dunsar, 1944, *638, p. 37 [*R. erratica;
OD]. Early volutions discoidal, later ones irregu-
larly subcylindrical and coiled at large angle to
early volutions; mature shell small; septa plane;
wall of tectum with upper and lower tectoria in
inner volutions, of tectum and diaphanotheca in
outer volutions (*638, *1012, *1047). U.Perm.,
N.Am.(Tex.-Mex.)-Japan. Fic. 299,1. *R. er-
ratica, Delaware F., Mex.(La Difunta); Ia, axial
sec. through proloculus, X25; 15, sagittal sec.
through proloculus, X25; Ic, parallel sec., X25;
1d, axial sec. through proloculus showing erratic
coiling, X25 (*1922).
Reichelina Erk, 1941[1942], *709, p. 249 [*R. ¢ri-
broseptata; OD]. Shell small, discoidal, divisible
into 3 parts, first 1 or 2 volutions evolute, next 3
involute, with narrowly rounded periphery, outer
part of last volution somewhat uncoiled; spiro-
theca composed of tectum and diaphanotheca;
tunnel triangular in cross section, with flat bot-
tom tangent to sharp edge of preceding volution;
chomata broad, extending from tunnel to polar
area, seermningly becoming thicker toward um-
bilicus (*709). U.Perm., SW.Asia(Turkey)-Japan-
China-USSR. Fic. 298,3. *R. cribroseptata,
Turkey; 3a, axial sec. of holotype, X70 (¥1926);
3b, tang. sec. of paratype, X70 (*1926).
Toriyamaia Kavatera, 1956, *1013, p. 251 [*T.
laxiseptata; OD). Shell small, elongate-fusiform
t subcylindrical, with bluntly to broadly rounded
polar ends; first 1 or 2 volutions discoidal, evo-
lute, and coiled at right angles to outer cylindrical
volutions; mature shape of shell reached in about
first 4 volutions; proloculus minute, spherical;
spirotheca thin, composed of tectum and less
dense, structureless lower layer; septa very broad-
Iy spaced, unfluted, only 7 to each volution in
outer part of shell (*1013). Perm., Japan. Fic.
299.2. *T. laxiseptata, Kozaki F., Kyushu; 2a,
axial sec. of holotype, X25; 25, sagittal sec. of
paratype, X25; 2¢, axial sec. of paratype, X25;
2d, part of sagittal sec. showing structure of
spirotheca, X100 (*¥1013).

Family STAFFELLIDAE
Miklukho-Maklay, 1949

(nom. transl. A. D. AMikLukHO-Makiay, 1957, p. 96 (ex

subfamily Staffellininae A. D. MikLukHO-Maxiay, 1949, p.

46, nom. imperf.)] [=—Staffellinidie A. D. MIKLUKHo-

Mareay, 1957, p. 96 (mom. imperf.); =Staffellidac A. D.

MIKLUKHO-MAKLAY, 1958, p. 11; =Staffellinae Rozovskara,

1950, p. 378; =Suffelininae Poxorny, 1958, p. 23
(nom. van.))

Shell small, spherical to discoidal, with
umbilicate or flush axial ends; septa strong-
ly arched forward, closely spaced, and
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totally unfluted from end to end; tunnel
singular, bordered by distinctly asymmetri-
cal chomata except in terminal part of last
volution; walls composed of upper and
lower layers that are in turn underlain and
overlain by secondary deposits in most
forms, except for outer part of last volution
(*1261). [The shells of most fossil forms
have been replaced by silica and other min-
eral matter.] L.Penn.-Perm.

Staffella Ozawa, 1925, *1401, p. 24 [“*Staffella
sphaerica voN MOLLER” (=“Fusulinella sphaerica
ABIcH” voN MoLLEr, 1878, *1295, p. 114,
—*Fusulina sphaerica AicH, 1859, *1A, p. 439,
528); OD]. Test subspherical at maturity, discoidal
in early volutions; wall as in Nankinella; septa
plane (*1912, *1922). U.Carb.(M.Penn.)-Perm.,
Eu.-Asia-E.Indies-S.Am.-C.Am.-N.Am. Fic.
300,2a,6. S. moellerana Tuompson, U.Perm.
(Djulfa Beds), Armenia; 24, ext. view, X10; 25,
axial sec., X15 (*1922). Fic. 300,2¢. S. ex-
pansa TaompsoN, M.Penn.(Marble Falls Ls.),
USA(Tex.); axial sec. of holotype, X50 (¥1922).

[The fact that Ozawa (*1401, p. 24) in designating
Staffella sphaerica as the type-species of Staffella errone-
ously cited voN MOLLER as the author of this species can-
not be construed under stipulations of the Zoological
Code (1961) to refer to fossils in the hands of von
MorLLer (1878, *1295, p. 114) which he designated as
Fusulinella sphaerica Asicu  (1858) [1859), —Fusulina
sphaerica AsicH, 1858 [1859]. Dunsar (1933, *637A, p.
131; 1940, *637B, p. 138) and subsequently TrompsoN
(1935, *1912, p. 113) were mistaken in judging that
specimens described and illustrated by voN MOLLER, rather
than ABicH's Fusulina sphaerica, must be recognized in
defining characters of Staffella. In the first place, it is a
named species, whatever its authorship and date, not
specimens identified by some later worker as belonging
to this species, that governs fixation of the type-species of
a nominal genus. Ozawa’s (1928, *1401C, p. 131) cita-
tion of the type-species of Sraffella as ‘‘genoholotype,
Fusulina sphaerica ABICH 1s germane only as an indi-
cation of his intent, because the original publication con-
taining an explicit type-species designation is sole au-
thority and evidence for distinguishing it (Zool. Code, 67,
fy. THoMmeson (1935, *1912, p. 113) concluded that vox
MOLLER's  Fusulinella  sphaerica and  AsicH's  Fusulina
sphaerica are congeneric, both belonging to Staffella, but
in his opinion they are not at all conspecific; therefore,
in order to avoid homonymy of specific names he pub-
lished Staffella mocllerana as designation for voN MOLLER’S
specimens. S. moellerana THOMPSON is not the type-species
of Staffella, despite Ozawa’s admission, quoted by DuNBaAR
(1940, *637B, p. 138), that he based his choice of type-
species on a spheroidal form treated in von MOLLER'S paper;
it is Ozawa's action (1925) in designating Staffella
sphaerica (=Fusulina sphaerica ApicH, 1859) as the type-
species that governs. This is not subsequently alterable by
him or anvone else.]

Nankinella Leg, 1933[1934], *1120, p. 14 [*Staf-
fella discoides Leg, 1931, *1119A, p. 286; OD]
[=Hayasakaina Fuynioto & Kawapa, 1953,
*756, p. 119 (type, H. kotakiensis; OD)]. Test
discoidal, with umbilicate axial areas, periphery
angular to rounded in early part, angular at
maturity; wall of tectum and diaphanotheca
mineralized in all known forms, their original
construction unknown; septa plane; chomata dis-
tinct (*756, *1120, *1922). L.Penn.-U.Perm., N.
Am.-Eu.-Asia. Fic. 300,/a. N. sp., M.Penn.
(Green Canyon Ls), USA(Tex., Powwow Can-
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yon); outline drawing, X40 (*1922). Fic. of holotype, X50 (*¥1922); Ic, tang. sec. of para-
300,1b,. N. plummeri ThHompsoN, M.Penn. type, X50 (*1922). Fic. 300,1d. *N. dis-
(Marble Falls Ls.), USA(Tex.); 15, axial sec. coides (Lee), Perm.(Chihsia Ls.), China(Nan-

Staffella

Fic. 300. Staffellidae; 1, Nankinella; 2, Staffella (p. C397-C399).

© 2009 University of Kansas Paleontological Institute
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C399

Pisolina

Fic. 301. Staffellidae; 1, Sphaerulina; 2, Pisolina (p. C399).

king); tang. sec. of holotype, X 15 (*1922).
Fic. 300,le-g. N. kotakiensis (Fuymoto & Ka-
wapA), L.Perm.(Omi Ls.), Japan(Niigata Pref.);
le, near-centered axial sec., X40; If, eccentric
axial sec., X40; Ig, axial sec., X40 (*756).
Nummulostegina Scuusert, 1907, *1685, p. 212
[*N. velebitana ScuuserT, 1908, *1686, p. 377;
SD]. ‘Test subdiscoidal, planispiral, periphery
narrowly rounded; septa plane but other internal
features poorly known (*1008, *1685). Perm.,
Eu. Fic. 274,1ab. *N. velebitana, Yugo.;
la,b, lateral and apert. views of holotype, X20
(*1922).
Pisolina Lee, 1933[1934], *1120, p. 19 [*P. ex-
cessa; OD]. Shell small, spherical throughout;
spirotheca composed of tectum and ?keriotheca,
possibly as in Szaffella; septa widely spaced, plane;
tunnel singular, chomata distinct; proloculus
large (*1120). Perm., Asia(China-Armenia).
Fic. 301,2. *P. excessa, Wushan Ls., China (Mit-
sang Gorge); 2a, axial sec. of holotype, X15;
20, sagittal sec. of paratype, X 15 (*¥1922).
Sphaerulina Leg, 1933[1934], *1120, p. 16 [*S.
crassispira; OD]. Minute, mature shell spherical
and slightly umbilicate, composed of about 10
volutions, planispiral throughout, first 3 or 4
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volutions discoidal; spirotheca composed of tec-
tum and alveolar ‘Pkeriotheca; septa plane
(*1120). Perm., Asia(China). Fic. 301,1. *S.
crassispira, Kweichow; Ia, axial sec. of holotype,
X30; 10, axial sec. of paratype, X30 (*1922).

Family FUSULINIDAE von Maller, 1878

[Fusulinidae von MoLLEr, 1878, p. 133] [All names cited
are of family rank]——[=Fusulinina Lankester, 1885, p.
848; —Fusulininae Drrace & HErouarp, 1896, p. 148;
—Fusilinidae CaLkins, 1926, p. 356 (nom. null.); =Fusuli-
nida Haecker, 1894, p. 185 (nom. wvan.)] [=Nautiloida
Scuurtze, 1854, p. 53 (partim) (nom. nud.); =Schwager-
inidae DunBar & Hensest, 1930, p. 363; —=Schubertellidae
A. D. MIKLUKHO-MAKLAY, RAUZER-CHERNOUsOvA & Rozovska-
vA, 1958, p. 17; =Schubertellinidae A. D. MIKLUKHO-
MAKLAY, RAUZER-CHERNOUSOVA, & Rozovskava, 1958, fig. 2
on p. 7 (nom. null.)]

Shell spherical, fusiform or subcylindri-
cal, most commonly irregularly fusiform;
calcareous, perforate, planispiral, except for
aberrant genera, and early stages of a few
genera. Spirothecal structure of several
sorts, including (1) tectum with upper and
lower tectorium (2) tectum and diaphano-
theca with upper and lower tectorium: (3)
tectum and diaphanotheca, with discontinu-
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Schubertella

Protista—Sarcodina

Boultonia 2a

Fic. 302. Fusulinidae (Schubertellinae; I, Codonofusiella; 2, Boultonia; 3, Schubertella) (p. C400-C401).

ous upper or lower tectorium; (4) tectum
and structureless lower layer; and (5) tec-
tum with alveolar keriotheca. Axis of coil-
ing generally coincident with maximum
diameter of shell. Antetheca composed of
single layer that is plicated or fluted in
various degrees ranging from unfluted to
intensely fluted throughout length of septa.
Septal pores found in all forms. Tunnel
singular in most, with chomata along bor-
ders of tunnel, multiple tunnels in some.
Secondary deposits commonly present, in-
cluding chomata, axial fillings, and tectoria
(*1295). U.Carb.(M.Penn.)-U.Perm.

Subfamily SCHUBERTELLINAE Skinner, 1931

[Schubertellinae SxkixNer, 1931, p. 257 (Althougzh introduced
conditionally, this name with authorship and date given
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is valid; Zoological Code, 1961, Art. 17,8)] [All names
cited are of subfamily rank]——[=Boultoniinae SKINNER &
WiLpe, 1954, p. 437; =Schubertellininae Rozovskava, 1950,

p. 376 (nom. van.))

Shell minute, elongate-fusiform, ellip-
soidal or irregular in shape, first few volu-
tions coiled at large angle to outer ones;
spirotheca composed of (1) tectum with
upper and lower tectoria or (2) tectum with
diaphanotheca and tectoria, or (3) tectum
with lower layer only, or (4) consisting of
single thin layer; septa plane in primitive
forms, fluted in end zones of more advanced
forms, and fluted throughout length of shell
in some advanced members: tunnel singu-
lar; chomata small or distinct (*1295,
*1929). U.Carb.(M.Penn.)-U.Perm.

Schubertella STaFF & Webekinp, 1910, *1832, p.
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112, 121 [*S. transitoria; OD] [=Depratella
Ozawa, 1928, *1402, p. 9 (wpe, Neofusulinella
giraudi DepraT, 1915, *587A, p. 11; OD)]J.
Shell fusiform, first 1 to 3 volutions discoidal,
coiled at large angle to outer volutions; spirotheca
of tectum with lower layer or of single thin layer
only; septa unfluted; chomata large, highly asym-
metrical (*1402, *1918, *1922). U.Penn-U.Perm.,
N. Am.-S. Am.-Eu.-Asia-Arctic Is.-E. Indies.

Frc. 302,3a. *S. transitorza, L.Perm., Spitz.
(Tempel Bay); axial sec. of topotype, X383
(*1922). Fic. 302,36, S. mulleriedi THonp-

sON & MiLLER, L.Perm.(Paso Hondo F.), Mex.
(Chiapas); axial sec. of syntype, X20 (*1922).
Fic. 302,3c. S. kingi DUNBAR & SKINNER, L.
Perm.(Hueco Ls.), USA(Tex.); axial sec. of
syntype, X50  (*1922). Fic. 302,3de. .
giraud: (DEPRaT), L.Perm., Laos(Cammon); 3d,
axial sec. of holotype, X45 (¥1922); 3e, tang. sec.
of paratype showing lack of septal fluting, X45
(*1922).

Boultonia LeE, 1927, *1119, p. 10 [*B. willsi;
OD]. Shell minute, elongate-fusiform, first 1 or
2 volutions discoidal, coiled at large angle to

outer fusiform volutions; spirotheca of tectum
and faintly porous lower layer: septa fluted
throughout; chomata asymmetrical throughout

fusiform part of shell (*1119, *1795). Perm., Asia
(China-Cambodia)-Eu.(Aus.)- USA (Wash.-Nev.-
Tex.). Fic.  302,2a. *B. aulls, L.Perm.
(Taiyuan Ser.), N.China; axial sec. of holotype,
X53 (¥1922). Fic. 302.2b,c. B. guadalupen-
sis SKINNER & Wirpg, L.Perm.(Parafusulina Z.,
Bone Spring Ls.), USA(Tex.); 2b, axial sec. of
holotype, X40; 2¢, sagittal sec. of paratvpe, X40
(*1795).

Codonofusiella DunBar & SKINNER, 1937, *646, p.
606 [*C. paradoxica; OD)]. Shell minute, first 4
volutions tightly coiled, outer ones irregularly
uncoiled to rectilinear, first 1 or 2 volutions
planispiral around minute proloculus with short
axis of coiling and coiled at large angle to next
2 or 3 fusiform-elongate volutions; spirotheca
thin: septa also thin, intensely fluted throughout
fusiform and later rectilinear uncoiled part of
shell: chomata distinct but not massive (*646).
U. Perm., USA(Tex.)-Can.(B.C.)-Japan-Asia(Tur-
key-Cambodia-Crimea). Fie. 302,1. *C. para-
doxica, Capitan Ls., Tex.; la, external view of
paratype: 16, sagittal sec. of holotype; I¢, axial sec.
of paratype; all X22 (¥1922).

Dunbarula Ciry, 1948, #*342, p. 108 [*D. mathicui,
OD]. Shell ellipsoidal to subevhindrical, with
rounded polar ends; spirotheca composed of
tectum and thin, finely porous diaphanotheca:
septa fluted throughout length of shell and to
tops of chambers, septal pores closely spaced and
arranged 1n pattern  (*342, *#1926).
[Shell structure like that of Rauserella except for
fluted septa.} Perm., N.Afr. Fic. 3033, #D.
mathiewi, S. Tunisia; 3a, axial sec. of topotype
showing diagonal arrangement of septal pores,

diagonal
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X40; 30, part of sagittal sec. showing structure
of spirotheca, X150; 3¢, part of axial sec. of 3a
showing diagonal arrangement of septal pores,
X130 (¥1926).

Eoschubertella Tuoxpson, 1937, #1918, p. 123
[*Schubertella lata LEe & CHEN in Leg, CHEN &
Cuu, 1930, #1121, p. 111; OD]. Shell small,
inflated-ellipsoidal to fusiform; first 1 or 2 volu-
tions coiled at large angle to outer ones; spiro-
theca composed of tectum with upper and lower
tectoria; septa plane; tunnel broad for shell size,
bordered by low chomata (*1121, *1918). U.
Carb. (M.Penn.), N.Am.-Asia-Eu.-S.Am. Fic.
303,4. *E. lata (Lee & CuHex). Huanglung Ls.,
China(Lungtan); axial sec. of holotype, X30
(*¥1922). [See also Fig. 294,6.]

Fusiella LEe & CHEY, in Leg, CHEN & Cuu, 1930,
#1121, p. 107 [#F. typica: OD]. Shell small,
elongate-fusiform; first 1 or 2 volutions discoidal,
coiled at large angle to outer fusiform volutions,
axial fillings distinct; spirotheca composed of
tectum with upper and lower tectoria (*1121,
*1922). U.Carb. (M. Penn.), N.Am.-USSR-Asia
(China)-Japan. Fic. 303,1. *F. typica, Huang-
lung Ls., China(Lungtan); Ia, axial sec. of holo-
tvpe, X30; 1b, sagittal sec. of paratype, X30
(#1922).

Mesoschubertella Kavuata &  Sakacani, 1957,
#1014, p. 42 [*M. thompsoni SAKAGAMI in
Kaxuara & Sakacarn, 1957; OD]. Shell minute,
inflated-fusiform, with form ratio of about 1:1.5,
lateral slopes distinctly convex, mature shells of
4 or 5 volutions 1-2 mm. long and 1 mm.
wide, 1nner 2 or 3 volutons evolute and coiled
at large angle to outer ones; spirotheca com-
posed of tectum and alveolar keriotheca, seem-
ingly with coating on its lower surface; septa
unfluted; chomata asymmetrical and distinct,
tunnel singular (¥1014). L.Perm., Japan.
Fic. 303,2. *M. thompsoni Sakacari, Amanouchi
Ls., Yagooki; 2a,b, axial secs. of paratype and
holotvpe, X30; 2¢, tang. sec. of paratype, X30;
2d, part of axial sec. of holotype showing struc-
ture of spirotheca, X100 (*1014).

Minojapanella Frynioro & Kaxtara, 1953, *755,
p. 150 [*M. elongata; OD]. Shell minute, highly
elongate-fusiform, first 1 or 2 volutions discoidal
around large, spherical proloculus and coiled
at large angle to outer 5 or 6 greatly elongated,
fusiform  volutions; spirotheca thin, indistinct;
septa closely spaced, intensely fluted throughout
fusiform part of shell, axial fillings in at least
outer 5 volutions but not massive: tunnel singu-
lar but not clearly defined (*755, #*1926). [Shell
of only known species not well preserved and

Fic. 304.2.
*M. elongara, Chichibu Ser.; 2a,c, axial secs. of
holotype and topotype, X 30, XH40; 2, sagital
sec. of topotype, X40: 2d, tang. sec. of paratype
showing septal fluting, X150 (¥1926).

Paraboultonia Sxinyer & WiLpe, 1934, #1795, p.

poorly understood.] Perm., Japan.
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441 [*D. splendens; OD) [=PTavajzites Turtax-
skava, 1953, *1955, p. 22 (type, Fusulina ?pseu-
do-prisca var. delicata Corant, 1924, #354, p. 180;
OD)]. Shell small, eclongate-subeylindrical —at
maturity, with blunt polar ends and uncoiled to
rectilinear at gerontic stage, first 1 or 1.5 volu-

vt ; 19\_
Fusiella 1b

Protista—Sarcodina

tions discoidal and coiled at right angle to outer
fusiform volutions; spirotheca thin, composed of
tectum and diaphanotheca; septa thin, intensely
fluted throughout length, cuniculi at base of
septa developed in outer part of shell; tunnel
singular, narrow, with erratic path, not observed

Dunbarula

Fic. 303. Fusulinidae (Schubertellinae: 1, Fusiella; 2, Mesoschubertella; 3, Dunbarula; 4, Eoschubertella)
(p. C401).

© 2009 University of Kansas Paleontological Institute
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in outer part of shell (¥1795, *1946). [Presence of X40; Ic, tang. sec. of paratype showing cuniculi,
axial fillings is strongly suggested in several of X100 (*1795). Fic. 304,l1d. P. delicata
SKINNER & WILDE's type-specimens of this genus (Corant), type-sp. of Tavajsites, China(Yunnan);
(Fig. 304,16; *1795, pl. 44, fig. 2,3).] U.Perm., slightly oblique axial sec., X100 (*354).

N.Am.-Asia(China). Fic. 304,1g-c. *P. splen-  Paradoxiella SkinNErR & WiLpg, 1955, *1797, p.
dens, Bell Canyon F., USA(Tex.); la, sagittal scc. 934 [*P. pratri; OD]. Shell minute, composed
of paratype, X40; 15, axial sec. of holotype, of sevcral planispirally coiled volutions followed
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Minojapanella 2d

Fic. 304. Fusulinidae (Schubertellinae; 1, Paraboultonia; 2, Minojapanella) (p. C401-C403).

© 2009 University of Kansas Paleontological Institute
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Fic. 305. Fusulinidae (Schubertellinae; 1, Paradoxiella) (p. C403-C404).

by uncoiled, rapidly expanding flared portion that
is virtually tangential to final coil of shell; spiro-
theca thin, consisting of tectum and diaphano-
theca; septa composed of same elements as spiro-
theca, but with thick epithecal layer on anterior
and posterior surfaces near center of shell, septa
intensely fluted throughout, developing what seem
to be cuniculi, septal pores numerous (*1797).
[Descriptive terms have been proposed for ori-
entation of shells belonging to this genus (e.g.,
sagittal view, dorsal view, vertical axial section,
inclined axial secction, horizontal axial section,
and many other possible directional sections).
Such terms are not generally applicable to fusu-
linids but are employed for many other foramini-
fers (see Glossary).] U.Perm., USA(Tex.).
Fic. 305,1. *P. pratti, Bell Canyon F.(Lamar Ls.):
la,b, sagittal and vert. axial secs. of paratypes,
X 30; Ie,d, horiz. axial secs. of paratype and
holotype, X30 (*1797).

Subfamily FUSULININAE von Moller, 1878

[Subfamily Fusulinidae (sic) Bitschur in Bronn, 1880, p.
213 (nom. transl. ex family Fusulinidae von MoiLEr, 1878)]

——[All names cited are of subfamily rank]——[=Fusu-
lininae Brapy, 1884, p. 74; —Fusulincllinae STaFF & WEDE-
kinp, 1910, p. 112; —Pseudotriticitinae Putrva, 1948, p.

112; =Quasifusulininae Purrya, 1956, p. 407; =Pseudo-
statfellinae Putrya, 1956, p. 395; —Hemifusulininae Putrya,

© 2009 University of Kansas Paleontological Institute

1956, p. 467; =Eofusulininae Rauzer-CHERNousova & Rozov-
SKAYA in  MIKLUKHO-MAKLAY, Rauzer-CHerNOuUsOvA &
Rozovskava, 1958, p. 17]

Shell spherical to elongate-fusiform or
irregularly subcylindrical, early volutions
coiled at large angle to outer ones in primi-
tive genera, planispiral throughout in
others; spirotheca generally composed of
tectum with upper and lower tectoria, but
many genera with diaphanotheca below
tectum, and few having spirotheca of single
dense, thin layer; septa plane in most primi-
tive genera, first becoming fluted in polar
regions and later becoming fluted com-
pletely across shell and to top of antetheca;
tunnel singular, chomata massive to slight

(*1295). U.Carb.(M.Penn.)-U.Perm.

Fusulina Fiscuer pE WarLpHENM, 1829, *7204, p.
330 [*F. cylindrica FiscHER DE WaLDHEDNM, 1837,
*720B, p. 126; SD Meex & Havpex, 1865, *1252,
p. 13] [=Hemifusulina vox MoLLER, 1877,
#1294, p. 146 (type, H. bocki vox MOSLLER, 1878,
#1295, p. 76; SD); Hemifusina voN MOLLER,
1877, =1294, p. 144 (nom. null.); Schellwienia
StarF & Wepekivp, 1910, *1832, p. 109,
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C405

Fic. 306. Fusulinidae (Fusulininae; 1-7, Fusulina) (p. C404-C406).

113 (obj.); Beedeina Garroway, 1933, *762, p.
401 (type, Fusulinella girtyi DunBarR & CONDRA,
1927[1928], *640, p. 76; OD); Pseudotriticites
Putrya, 1940, *1491, p. 62 (type, Fusulina? don-
bassica Putrya, 1939, *1490B, p. 139; OD);
?Eofusulina Rauzer-CHERNousova, 1951, *1507,
p. 268 (type, Fusulina triangula Ravzer-CHER-
Nousova & BerLvaev, 1936, in RAauzerR-CHERNOU-
sova, BELvaEv & REYTLINGER, 1936, *1507, p.
185; OD); Dagmarella SoLovieva, 1955, *1812,
p. 945 (type, D. prima; OD); Dutkevichella
Putrya, 1956, *1494, p. 460 (type, Fusulina
dutkevichi Putrya, 1937, *1490A, p. 68; OD);
?Eofusulina (Paraeofusulina) Putrya, 1956, *1494,
p. 458 (type, E. (P.) trianguliformis; OD)]. Shell
fusiform to subcylindrical, planispiral in all volu-

© 2009 University of Kansas Paleontological Institute

tions; spirotheca of tectum and diaphanotheca
with upper and lower tectoria; septa fluted
throughout but more intense and higher near
polar ends, axial filling in late forms; chomata
massive to weak (*762, #1294, #1491, *1812,
*1832, *1917, *2083). U.Carb.(M.Penn.-U.Penn.)
(Fusulina Z.), N.Am.(USA-Can.-Greenl.)-S.Am.
(Peru - Brazil - Chile) - Asia (China-Japan)-USSR-
Eu.(Spain) . Fic. 306,1. F. girtyi (DUNBAR &
Coxpra), M.Penn.(Brereton Ls.), USA(Ill.); axial
sec., X10 (*1922). Fic. 306.2. F. sp., M.
Penn.(Garcia F.), USA(N.Mex.); tang. sec., X10
(*1922). Fic. 306,3. F. minima SCHELLWIEN
(=Hemifusulina bocki von MOLLER, 1878), Mos-
cov., USSR(Tver); axial sec. of holotype, X15
(*1922). Fic. 306,4. F. donbassica (PUirya),
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Moscov., USSR{(Donets Basin); axial sec. of syn-
type, X 12 (*1491). Fic. 306,5. *F. cylin-
drica FiscHER DE WaLDHEIN, Moscov.(Myach-
kovo Ls.), USSR (Myachkovo Quarry); 5a,6, axial
secs. of topotypes, X 15, X20; 5¢, part of sagittal
sec. of topotype, X100 (*1922) (see also Fig.
280,3). Fic. 306,6. F. mysticensis THomp-
soN, M.Penn.(Worland Ls.), USA(Iowa); axial
sec. of syntype, X 10 (*¥1922) (see also Fig. 294,

9). Fic. 306,7. F. prima (SoLovieva), Moscov.
(Kachir Horizon), USSR (Noura-Taou); axial
sec. of holotype, X35 (*1812). Fic. 328A,2.

F. triangula Rauzer-CHERNOUsova & BELYAEV,
Moscov. (Podolsk Horizon), USSR (Skar-Yu River,
Sib.); axial sec. of holotype, X10 (*1507). [Sce
also Fig. 274,2. F. girtyi; 280,25 294,10.]

[Eofusulina, according to illustrations and authors’ de-
scription, has an elongate-fusiform to irregular shell,
loosely coiled throughout, composed of large proloculus
and 3 or 4 inflated volutions; septa fluted throughout
length, fluting extending to tops of chambers; septal spac-
ing unknown; spirotheca thin, composed of tectum, dis-
continuous middle layer and discontinuous lower layer;
axial fillings throughout all parts of shell except terminal
part of last volution; tunnel wide in 2nd and 3rd volu-
tions; chomata absent, except in Ist and possibly 2nd
volution. The characters indicated are essentially those of
Fusulina as shown by its type-species, F. cylindrica. Ac-
cordingly, Eofusulina is here considered to be a probable
synonym of Fusulina.)

Akiyoshiella Torivama, 1953, *1941, p. 251 [*4.
ozawai; OD]. Shell small, elongate-fusiform,
planispiral except for highly asymmetrical end
regions of some gerontic individuals, loosely coiled
throughout; spirotheca like Fusulina; septa nu-
merous, highly and narrowly fluted throughout
length of shell so as almost to form cuniculi;
chomata heavy and spreading to massive axial
fillings that spread onto septa and spirotheca
(*1930, *1941). U.Carb.(M.Penn.), Japan-N.Am.
(Can.). Fic. 307,3. *A. ozawai, Akiyoshi Ls.,
Japan (SW. Honshu); 34, axial sec. of holotype,
X20; 35, tang. sec. of paratype showing asym-
metry of outer volutions, X20 (*1926).
Bartramella VErvILLE, THoMPsoN & LokkEe, 1956,
*2004, p. 1278 [*B. bartrami, OD]. Shell small,
elongate-subcylindrical to  fusiform, planispiral
and symmetrical throughout; spirotheca com-
posed of tectum and lower porous layer; septa
thin, narrowly and highly fluted throughout shell
length and to tops of chambers, axial fillings mas-
sive in all volutions; chomata high asymmetrical,
with steep slope on tunnel sides, extending to
join with axial fillings toward polar areas (*2004).
M.Penn., USA(Nev.-N.Mex.-Idaho). Fic. 307,
1. *B. bartrami, Ely Ls., Nev.; axial sec. of holo-
type, X20 (*2004).

Fusulinella von MoLLEr, 1877, *1294, p. 144 [*F.
bocki von Moérrer, 1878, *1295, p. 104; SD
DouviLrg, 1906, *617, p. 584] [=dAtetsuella
Oxinura, 1958, *1386, p. 251 (tpe, Ad. ima-
murai; OD]. Shell small, planispiral, and fusi-
form; spirotheca composed of tectum and dia-
phanotheca with upper and lower tectoria; septa
fluted only in polar regions; chomata massive

Protista—Sarcodina

(*1294, *1386, *1922). U.Carb.(M.Penn.), N.Am.
(USA-Can.-Mex.)- S.Am.(Peru-Chile)-Asia(China
Japan)-USSR-Spitzb.-Greenl. Fic. 307,2a. F.
juncea THompson, Cuchillo Negro F., USA(N.
Mex.); axial sec. of paratype, X20 (*1922).——
Fic. 307,26, F. imamurai (Oxintura), Atetu Ls.,
Japan(Okayama Pref.); part of axial sec., X250
(*1386). F1c. 307,2¢c. *F. bocki voN MBSLLER,
USSR (Tver, Kresty); axial sec. of topotype, x40
(*1922). Fic. 307,2d. F. iowensis THomp-
soN, Cherokee equiv., USA(lowa); axial sec. of
holotype, X20 (*1910). Fic. 307,2e. F.
famiuda Trompson, Cuchillo Negro F., USA(N,
Mex.); part of sagittal sec. of paratype showing
4-layered spirotheca, X100 (*1922). [See also
Fig. 294,8.]

Gallowayinella Cuen in DunBar & SKINNER, 1937,
*333, p. 571 [nom. correct. TuomPson, herein (pro
Gallowaiinella Cuen, 1937, nom. subst. pro Gal-
lowaiina CHEN, 1934, *331, p. 237, =Gallowayina
CHEN, 1934, nom. correct., non Gallowayina ELLIs,
1932, *699, p. 1)1 [*Gallowaiina meitienensis
Cuen, 1934, *331, p. 237; OD]. Shell elongate-
subcylindrical to inflated-fusiform; spirotheca con-
sisting of single dense layer; axial fillings massive,
confined to axial zone; septa narrowly and highly
fluted throughout (*331, *333). U.Perm., Asia
(S.China). Fic. 308,4. *G. metienensis, Mei-
tien Ls., Hunan; 44,5, axial secs. of holotype, X 15,
x40 (*¥1922).

[Decision as to the correct name of this genus depends on
determination of the status of the original spelling in
relation to regulations contained in Art. 32,a,i, of the
Code. The spelling Gallowaiina, in which the terminal
letter of the name Galloway (refemng to Professor J. J.
GALLOWAY) is changcd to ‘i, may be construed as an
inadvertent error in spelling this surname as a base for
the generic name. If this is agreed to, as seems most
reasonable, then Gallowaiina CHEN, 1934, is an incorrect
original spelling which has neither separate status in
nomenclature nor enters into homonymy (Art. 32,c).

is automatically correctable to Gallowayina, in which form
it is a junior homonym of Gallowayina Eruis, 1932, and
a substitute name is called for. Gallowaiinella CHEN in
Dunsar & SKINNER, 1937, is such a name, but it is de-
fective in the same ways as Gallowaiina, since it contains
the same, presumably inadvertent, error in changed spell-
ing of the surname. This may be emended to Galloway-
inella and this form seems to be most acceptable. Other-
wise, it would be necessary to recognize the validity of
Gallowaiina, since it differs by a single letter from Gallo-
wayina (Art. 56,a).)

Hidaella Fuyinoro & Ico, 1955, *754, p. 45 [*H.
kameii; OD]. Shell small, elongate-fusiform o
subeylindrical, with 5 to 7 volutions, central por-
tions slightly inflated, axial length approx. 3 mm.
and axial width approx. 1.3 mm., first 2 or 3
volutions tightly coiled, outer ones inflated; spiro-
theca composed of thin, dense tectum, diaphano-
theca, and less dense upper and lower tectoria,
surface of spirotheca undulating throughout
length; tunnel singular, chomata massive and high
(*754). U.Carb., Central Japan. Fic. 308,1.
*H. kameii, Ichinotani F., Hida Mountainland;
la, parallel sec. of paratype; 15, axial sec. of
holotype; 1Ic, tang. sec. of paratype; all X20
(*754).

Neofusulinella DepraT, 1912, *585, p.

1549 [*N.
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Fic. 307. Fusulinidae (Fusulininae; 1, Bartramella; 2, Fusulinella; 3, Akiyoshiella) (p. C406).
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Fic. 308. Fusulinidae (Fusulininae; I, Hidaella: 2, Palaeofusulina; 3, Neofusulinella; 4, Gallowayinella
(p. C406-C409).
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lantenoisi DEPRAT, 1913, *586, p. 90); OD (M)]
[non N. praecursor DEPRAT, 1913 (SD GaLLoway
& RYNIKER, 1930, *¥765, p. 23)]. Shell small, plani-
spiral throughout, inflated-fusiform, early volutions
discoidal; spirotheca composed of tectum and lower
transparent layer without obvious alveoli; septa
fluted in end zones; chomata narrow to massive
(¥765, *1910, *1922, #1929, *1934). U.Perm.,
“Fr. Indochina”-China-Japan. Fic. 308,3. N.
lantenoisi DEPRAT, Laos; tang. sec. of holotype,
x20 (1922).

[When Deprat (1912, *585, p. 1549) proposed the name
Neofusulinella he stated that it was for a form from the
Permian limestones at Bam-Na-Mat, between Sam-Neua
and Luang- -Prabang, writing as follows “"Neofusulinella.
"ai trouvé dans les calcaires rapportés de Bam-Na-Mat
(entre Sam-Neua et Luang-Prabang), par M. Mansuy, un
autre Fusulinidé constituant indiscutablement un genre
nouveau. Malgré le grande nombre de caractéres
gcnenques qui la rapprochent de Fusulinella, 1'allongement
oblige 3 faire de cette forme un genre nouveau auquel
convient 1'appellation de Neofusulinella. S'——fThus
it is clear that Neofusulinella was proposed for a described
but unnamed form from the Permian limestones of Laos.
It then became our problem to decide what this form
was called when given a formal specific name. No men-
tion was made by DepraT in 1912 of specimens from
Indochina which he described in 1913 (*586, p. 40-44) as
Neofusulinella praccursor and N. schwagerinoides. DEPRAT'S
1913 paper contains the following: ‘‘Neofusulinella nov.
gen. J'ai signalé il y a quelque temps un nouveau genre
de Fusulinidée dans les calcaires rapportés de Ban-Na-Mat,
entre Sam-neua et Luang-Prabang (Laos) par mon ami et
collégue M. Mansuy. Depuis j'ai découvert deux autres
espéces, I'une dans les calcaires rapportés du Tran-ninh,
au N. de Xieng-khouang, par notre collaborateur le lieu-
tenant Roux, 'autre des calcaires du Cammon, recueillis
par le Commandant DussauLt dans des conditions tres
bonnes au point de vue de la situation stratigraphique.
. . . Je décrirai maintenant les trois espéces de mon nou-
veau genre. . . . Neofusulinella praecursor n. sp. se trouve
a la base du Moscovien. . . . Neofusulinella lantenoisi n.
sp. . . . se trouve dans un calcaire clair de Ban-Na-Mat
(Laos) recueilli par M. ManNsuy. Neo,‘//mlinella
c/zwagmmotdc’: n. sp. est la seule espece représentée dans
un niveau moscovien des calcaires du Cammon. . . ."——
The selection of the type-species of Neofusulinella must
be governed by the International Rules of Zoological No-
menclature in effect in 1912. Article 30,1 of these Rules
reads: ‘‘Cases in which the generic type is accepted solely
upon the basis of the original publication.” Case ¢, Article
30,1 states ““A genus proposed with a single original species
takes that species as its type. (Monotypical genera.)”” The
Rules do not state that the form must be a nominal species.
The species for which DerraT proposed Neofusulinella was
redescribed and named in 1913 as N. lantenoisi Deprat
(*586, p. 90). Garroway & RyNIkER in 1930 (¥765, p. 23)
designated Neofusulinella praccursor as the type-species of
Neofusulinella. In order for Neofusulinella praecursor to
be designated as a substitute for N. lantenoisi, plenary action
would be required by the ICZN, and no such action has been
requested.] [Note by R. C. Moore.—One cannot disagree
with THomPsoN’s statement of the record concerning Neofu-
sulinella as just given or with his conclusion that DEepraT
actually based his recognition and initial description of this
genus on the species later named N. lantenoisi. Even so, all
this is irrelevant in applying the explicit stipulations given
in Article 69(a)(ii) (3) of the Zoological Code (1961):
Prior to 1931, *‘If an author established a nominal genus
but did not designate or indicate its type-species, any
zoologist may subsequently designate as the type- species
one of the onglmlly included nominal species, or, if
there were no originul nominal species, one of those ﬁrst
subsequently referred to the genus. f no nominal
species were included at the time the genus was established,
the nominal species-group taxa that were first subsequently
and expressly referred to it are to be treated as the only
originally included species. . . . If two or more nominal
species were simultaneously referred to a nominal genus,
all are equally eligible for suhsequen( type-designation.”
Thus, in the case of Neofusulinella “‘the only originally
included species’ are N. praecursor, N. lantenoisi, and
N. schwagerinoides and cach of them is equally eligible
for designation as the type-species by a first subsequent
reviser. It happens that GarLoway & RyNIker in 1930
(*765, p. 23) selected N. praecursor, thereby fixing the
type-species in manner that is alterable only by ICZN
using its plenary powers. THompsoN has declined to
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accept advice that the Rules must be followed in this way,
holding the view (quite untenable in my opinion) that
Neofusulinella is 2 monotypic genus based on a species un-
named in DePratr’s original publication but found to be
one of three species described and named by this author in
1913. It is unnecessary to challenge THOMPSON'S curious
interpretation of Article 30 of old rules because the XV
International Congress of Zoology (London, 1958) '1bro;,aled
all such old rules whcn, in adopting the new Code, it in-
cluded the regulation “‘This Code comes into force on the
day of its publication (6 November 1961) and all previous
editions of the International Rules of Zoological Nomen-
clature are thereby superseded’’ (Art. 84). Accordingly,
the twype-species of Neofusulinella and the mode of its
fixation are incorrectly given by THoMPsON as printed above;
the correct citation should read *“*N. praccursor DEepRaT,
1913, '*‘]386, p. 40; SD Garroway & RynNIKeR, 1930, *765,
p. 237

Neostaffella A. D. MikLukHO-MakLay, 1959,

#1270, p. 630 [*Melonia (Borelis) sphaeroidea
EnRENBERG, 1842, *669A, p. 274; OD]. Shell
spherical to subspherical, polar areas flush to
deeply umbilicate; chomata distinct, septa totally
unfluted, axis of coiling of most volutions almost
parallel (*1270). [MikLukHO-MaRLAY 1n the
original diagnosis pointed out that all known
specles of Neostaffella were approximately twice
as large as most forms of Pseudostaffella, some
of which we now recognize as belonging to Neo-
staffella. The chief feature of Neostaffella is its
4-layered spirotheca, which has a diaphanotheca
below the tectum from the 3rd volution to
maturity.] U.Carb.(M.Penn.-U.Penn.}, Eu.-Asia-N.
Am. Fic. 311,2a. N. paradoxa (DUTKEVITCH),
Myachkovo Horizon, USSR(Polazna); axial sec.,
X20 (*1509A). Fic. 311,2b. N. ozawai com-
pacta (Manukarova), Podolsk Horizon, USSR
(Nytva); axial sec, X20 (*1509A). Fic.
311,2¢. *N. sphaerordea (EHRENBERG), Podolsk
Horizon, USSR (Andreyev Gorge); axial sec., X20
(*1509A).

Palaeofusulina DepraT, 1912,
prisca DepraT, 1913, *586, p. 37 (=Fusulina
pseudo-prisca Corani, 1924, *354) p. 79); SD
(SM)]. Shell small, inflated-subcylindrical to fusi-
form; spirotheca consisting of single dense layer;
septa narrowly and highly fluted throughout
(#354, *585, *586, *1137, *1728, *1922). Perm.,
Asia(Caucasia-“French Indochina”-China)-Japan-
Malay Arch. (Timor). Fic. 308,2. *P. pseudo-
prisca (Corant), “French Indochina’(Lang-nac);
2a, centered axial sec., X20; 20, sagittal sec.,
X20; 2¢, axial sec. tangent to proloculus, X20
(*354); 2d, axial sec. of holotype of P. pseudo-
prisca  (CorLant), seemingly retouched, X235
(¥1922).

Plectofusulina StewarT, 1958, *1839, p. 1056 [*P.
franklinensis; OD]. Shell minute, short, ellip-
soidal, inflated, mature shell with about 4 volu-
tions; spirotheca composed of tectum and dia-
phanotheca with upper and lower tectoria;
loculus large; septa strongly sinuous, chambers
inflated; chomata massive (*1839). Af.Penn., N.
Am.(USA). Fic. 309,1. *P.  franklinensis,
Bishops Cap Ls., Tex.; Ia, axial sec. of holotype,
X701 1b, sagittal sec. of paratvpe, X70: I¢, part
of sagittal sec. showing structure of spirotheca,

X600 (*1839).

#585, p. 1548 [*P.

pro-
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Protista—Sarcodina

upper tectorium
tectum

diaphanotheca
lower tectorium

Frc. 309. Fusulinidae (Fusulininae; I, Plectofusulina) (p. C409).

Profusulinella Rauzer-CHerNousova & BELYAEV in
Ravzer-CHERNOUsOVA, BELYAEV & REYTLINGER,
1936, *1507, p. 175, 220 [*P. pararhomboides:
OD] [=.{ljutovella Rauzer-CHERNOUsOVA in
Ravuzer-CHERNOUsovA, et al., 1951, *1509A, p.
182 (type, Profusulinella aljutorica RAUZER-
CuerNousova, 1938, #1501, p. 97: OD]. Shell
fusiform or ellipsoidal, early volutions asymmetri-
cal in some, symmetrical throughout in most:
spirotheca composed of tectum with upper and
lower tectoria; septa fluted in polar regions
(*1501, *1507, *1922). U.Carb.(M.Penn.), N.
Am.-S. Am. (Peru)-USSR-China-Japan. Fic.
310,1. P. aljutovica Rauzer-CHERNOUsOVA, Vereia
Horizon, USSR (Samara Bend, Volga River): 1a,b,
axial secs. of paratype and holotype, X 30 (*1501);
I¢, part of axial sec. showing structure of spiro-
theca, X100: Id, thin section of limestone con-
taining several sections of P. aljutorica associated
with forms of Pseudostaffella and Millerella (not
shown), depth of 515.9-518.65 meters, well no.
402, Samara Bend, USSR, X20 (*1922).—Fic.
3102, *P. pararhomboides, Moscov., USSR(N.
Urals): axial sec. of holotype, X350 (*1922).——
Fic. 310.3. P. regia Tuoarpson, USA(W.Tex.,
Powwow Canyon): part of sagittal sec. of para-
type showing spirothecal structure, X100 (*1922)
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(see also Fig. 294.7). Fic. 310,4. P. decora
TrHoxtpsoN, USA (W.Tex., Powwow Canyon); part
of axial sec. of paratvpe showing structure of
spirotheca, X100 (*1922). [See also Fig. 280,1.]
Pseudofusulinella TrHoxteson, 1951, *1925, p. 117
[*Neofusulinella  occidentalis  ThonsoNn &
WHEELER 1n THoMPsoN, WHEELER & HazzaRrp,
1946, #1934, p. 25; OD]. Shell inflated-fusiform,
volutions expanding uniformly from small pro-
loculus; spirotheca composed of upper layer, tec-
tum, and thin lower porous layer; septa closely
spaced and fluted in polar ends of shell;
fillings throughout shell, becoming thin in last
few volutions; chomata massive, asymmetrical,
with steep tunnel sides and low lateral slopes
(*1925). U.Carb.(U. Penn.)-L. Perm., N.Am.-
Japan. Fic. 311,4a-c. *P. occidentalis (THoMP-
soN & WaEeeLER), L.Perm.(McCloud Ls.), USA
(Calif.); +a, axial sec. of holotype, X20; 40,
sagittal sec. of paratype, X20: 4¢, tang. sec. of
paratype with fluted septa in polar regions, X20
(*1920). Fic. 311,4d. P. utahensis THONMPSON
& Bisserr, L.Perm.(Oquirrh F.), USA(Utah):
axial sec. of holotype, X20 (*¥1926).

Pseudostaffella  Troareson, 1942, #1919, p. 407
[*P. needhami; OD]. Shell spherical, umbilicate,
early volutions of most species asymmetrical to

axial
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Fic. 310. Fusulinidae (Fusulininae; 1-4, Profusulinella) (p. C409-C+410).
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outer ones but symmetrical in some forms; spiro-
theca composed of tectum with upper and lower
tectoria, or, in advanced forms, of tectum and
diaphanotheca with upper and lower tectoria;
septa unfluted; chomata massive, large (*1919,
#1928). U.Carb.(M.Penn.), N.Am.-S.Am.-Eu.-
Asia. Fic. 311,3a-c. *P. needhami, Cuchillo
Negro F., USA(N.Mex.); 34,5, axial secs. of para-
types, X50; 3¢, axial sec. of holotype, X50
(*1922).

Pseudowedekindellina Suene, 1958, *1729, p. 87
[*P. prolixa; OD] [=Frumentella STEWART,
1958, *1839, p. 1055 (type, F. exampla; OD)].
Shell small, highly elongate-fusiform, composed
of 4 or 5 volutions at maturity with form ratio
of shell up to 5.0; with slightly convex lateral
slopes, sharply pointed polar ends, and straight
to slightly irregular axis of coiling; spirotheca
composed of 3 layers comprising tectum with
upper and lower tectoria; septa closely fluted at
very base, plane in middle and upper part; axial
fillings rather heavy throughout length of shell;
chomata prominent, highly asymmetrical, broad
(*1729, *1839). U.Carb.(M.Penn.), Asia(China)-
USA. Fic. 311,1a,b. P. exampla (STEWART),
Bishops Cap Ls., USA(Tex.); Iab, axial secs.
of holotype and paratype, X70 (¥1839). Fic.
311,1c,d. *P. prolixa, Penchi Ser.(Hsiaoshih Ls.),
China; Ic,d, axial sec. of holotype and enlarged
part, X20, X100 (¥1729) (see also Fig 279,1).
Quasifusulina Crex, 1934, #332, p. 91 [*Fusulina
longissima von MOLLER, 1878, *¥1295, p. 59; OD]
[=Epifusulina Cuex, 1936 (fide Grasau, 1936,
*809A, p. 21, footnote) (obj.)]. Shell elongate,
irregularly subeylindrical; wall composed of tec-
tum and diaphanotheca; septa intensely fluted
throughout length, axial fillings heavy, cuniculi
possibly present in some forms (*332). U.Carb.
(U.Penn.)-L.Perm., Eu.-Asia-Can.(B.C.). Fic.
279,2. *Q. longissima (voN Morrer), U.Carb.
(Cs), USSR(Tsarev Kurgan); axial sec. of holo-
type, X 10.5 (¥1922).

Taitzehoella SHENG, 1951, *1727, p. 79 [*T. taitze-
hoensis; OD]. Shell small, caltrop-like in shape
at maturity, median part highly inflated, lateral
slopes concave, poles sharp to bluntly pointed,
coiling divisible into early stage with short
axis and endothyroid arrangement, and later stage
with straight axis of coiling oriented differently
from early stage; spirotheca thin, composed of
2 layers of tectum and lower less dense layer;
septa  straight, axial fillings slight but present
throughout entire shell: tunnel quadrate in cross
section, chomata asymmetrical, high (*1727). U.
Carb.(Moscor.), China-Greenl. Fic 312,3. #T.
taitzehoensis, Penchi Ser.: 3a, axial sec. of holotype,
X 25; 35, oblique sec. of paratype, X35 (*1727).
Verella Davratarsrava, 19510 *551, p. 194 [#7.
swarsanoficere; OD]. Shell minute, highly elon-
gate-fusiform, axis of coiling arcuate to straight
with as many as 4 volutions; proloculus large;

Protista—Sarcodina

spirotheca thin, composed of tectum and distinct
protheca, layers poorly differentiated; septa fluted
at base in outer volutions, axial fillings distinct
in all volutions except in outer part of last volu-
tion; tunnel singular, chomata asymmetrical and
distinct (#551). U.Carb., USSR. Fic. 312,4a.
*V. warsanofievie, Kaial Stage, Penza Oblast
(Kikina); axial sec. of holotype showing fluting

at base of septa, X30 (*551). Fic. 312,4b.
V. spicata DaLniatskava, Kaial Stage, Penza
Oblast(Kikina); axial sec. of holotype, X30
(*551).

Waeringella THoatpson, 1942, #1919, p. 413 [*W.
spiveyr; OD]. Shell minute, elongate-fusiform,
with inflated central area; spirotheca composed
of tectum with upper and lower layers; septa
fluted in polar regions, axial fillings heavy (*1919,
#1931). U.Penn., USA(Tex.-Utah). Fic. 312,
1. *W. spiveyi, Salem School Ls., Tex.; la, ext.
view of paratype, X10; 15, sagittal sec. of para-
type, X20; Ic,d, axial sec. of holotype and part
enlarged to show 3 layers of spirotheca, X20,
X100 (¥1922) (see also Fig. 274,3).
Wedekindellina Duvear & HexeesT in CUSHMAN,
1933, #*461, p. 134 [nom. subst. pro Wedekindia
Duxear & Hensest, 1931 (non SCHINDEWOLE,
1925)1 [*Fusulinella euthysepta Hensest, 1928,
*893A, p. 8§0; OD) [=Wedekindella Dunear &
Hensest, 1930, *641, p. 362 (obj.) (non
ScuiNDEwWOLF, 1928); Wedekindia DunBar &
Heveest, 1931, *642, p. 458 (nom. subst. pro
Wedekindella Dunear & Hewnsest, 1930) (obj.)
(non ScHinDEwoLF, 1928); Parawedekindellina
SaroNova in RaUzER-CHERNousova ef al., 1951,
*1509A, p. 240 (type, P. kamensis; OD)]. Shell
highly elongate-fusiform, axis of coiling straight,
polar ends sharply pointed; spirotheca composed
of tectum and diaphanotheca with upper  and
lower tectoria; septa unfluted, axial fillings mas-
sive throughout shell except for last part of last
volution; chomata massive and broad (*641, *642,
*643, *1610, *1922). U.Carb.(M.Penn.-U.Penn.),
N.Am(USA-Can.-Greenl.) - USSR - Japan-?China.
Fic. 3122a,b. W. kamensis (SaronNova),
Podolsk Horizon, USSR (Polazna); 2a, axial sec.
of holotype, X20; 2b, typical specimen from
Myachkovo beds at Levshino, X20 (*1509A).
Fic. 312,2c. W. matura ThHompson, M.Penn.
Youghall F.), USA(Utah); axial sec. of holotype,
X20 (*1922). Fic. 312.2d,e. *W. euthysepta
(HensEsT), M.Penn.(Stonefort Ls.), USA(IIL);
2d.e, axial sec. of holotype and part showing wall
pore at p, X40, X250 (*1922) (see also Fig.
275,3).

Yangchienia Leg, 1933[1934], *1120, p. 14 [*Y.
iniqua; OD) [=]angchienia A. D. MIKLUKHo-
Makvray, 1953, #1263, p. 21 (n#om. van.)]. Shell
small, inflated-fusiform, inner 3 or 4 volutions
discoidal, with asymmetrical to fusiform outer
volutions: spirotheca consisting of tectum and
diaphanotheca with thick lower and upper tec-
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Fic. 311. Fusulinidae (Fusulininae; 1, Pseudowedekindellina, 2, Neostaffella, 3, Pseudostaffella; 4, Pseudo-
fusulinella) (p. C409-C412).
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toria; septa unfluted; chomata massive, extending
almost to polar ends (*1269, #1911, *1922).
U.Perm.(Verbeekina Z.), Eu.(Sicily-Greece) - Asia
(China-AsiaM.-Afghan.). Fic. 313,1. *Y. ini-
qua, Chihsia Ls., China(E. of Chusanshan); Ia,

Waeringella

Protista—Sarcodina

axial sec. of holotype, X40; 1, tang. sec. of
paratype, X40 (*1922).— Fic. 313,2 Y. hay-
deni TaoyzpsoN, U.Perm.(Bamian Ls.), Afghan.;
2a, axial sec. of holotype, X20; 24, enlargement
of 2a showing chomata structure, X100 (*1922).

Fic. 312. Fusulinidae (Fusulininae; I, Waeringella; 2, Wedekindellina: 3, Taitzehoella; 4, Verella)
(p. C412).
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Fi1c. 313. Fusulinidae (Fusulininae; 1-3, Yangchienia) (p. C412-C414).

Fic. 313,3. Y. tobleri TuoxtpsoN, U.Perm.
(Sosio Beds), Sicily (Castellamare del Golpo); part
of axial sec. showing structure of spirotheca,
X100 (*1922) (see also Fig. 275,2).

Subfamily SCHWAGERININAE
Dunbar & Henbest, 1930
[nom. transl. Yaee & Haxzawa, 1932, p. 42 (ex family
Schwagerinidae Duxear & Hexsest, 1930)] [=Pseudofusu-
lininae Durkevien, 1934, p. 53; =Polydiexodininae A. D.
MikLUKHO-Makeay, 1953, p. 21]

Shell large, fusiform to irregularly cylin-

drical, planispiral, involute in most, irregu-
larly uncoiled in some; spirotheca thick,
composed of tectum and alveolar kerio-
theca; septa fluted in end zones of primitive
genera, fluted completely across shell and
to tops of chambers of more advanced
genera: tunnel singular in most forms or
multiple in one genus, axial fillings absent
to massive; chomata massive to slight (*641,
*¥1295). U.Carb.(M.Penn.)-U.Perm.
Schwagerina vox MoLLer, 1877, #1294, p. 143
[*Borelis princeps EHRENBERG, 1842, *669A, p.
274; OD (M)] [=Chusenella Leg, 1942, *1120A,
p. 171 (nom. nud.): Chusenella Hsv, 1942, *973,
p. 175 (twvpe, C. ishanensis): Triticites(Jigulites)
Rozovskava, 1948, *1590, p. 1638 (type, Triticites
jigulensis Ravzer-CHerxousova, 1938, #1501, p.

120, 157; OD); Darxina Rozovskaya, 1949, *1591,
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p. 232 (type, D. ruzhenceri; OD); Triticites
(Rauserites) Rozovskaya, 1948, *1590, p. 1637
(nom. nud.); T. (Rauserites) Rozovskaya, 1950,
*1591A, p. 30 (type, Triticites stuckenbergi Rat-
zer-CHERNousova, 1938, *1501, p. 110, 155);
Codonoschwagerina ViEx, 1959, *2005A, p. 111
(tvpe, C. thuanae; OD)]. Shell fusiform to sub-
cvlindrical; spirotheca thick and composed of
tectum and alveolar keriotheca; septa fluted
throughout length of shell, fluting intense to tops
of septa in some, only in lower parts of septa of
others, axial fllings highly variable; chomata
distinct or thin and discontinuous (*645, *973,
#1294, *1591). Perm., Eu. - Asia - N. Afr.-
N.Am.-C.Am.-S.Am. Fic. 314,1. S. fax
THoMPsON & WHEELER, L.Perm.(McCloud Ls.),
USA(Calif.); Ia, tang. sec. of syntype showing
septal fluting, X10; 10, centered axial sec. of
syntype, X 10 (71922) (see also Fig. 276,5).
Fic. 3142, *S. princeps (EHRENBERG), L.Perm.
(Mountain Ls.), USSR(Pinega Archangel): 2a,
sagittal sec. of paratype, X10; 25, axial sec. of
holotype, X10; 2¢, etched surface of paratype
showing fluting of septa across specimen, X10
(*1922). Fic. 314.3. S. jigulensis (Ravzer-
CHERNoUsova), L.Perm., USSR(Samara Bend);
axial sec. of holotype, X 15 (*19206). Fic. 314,
4. S. ruzhenceri (Rozovskava), Cs'™° Horizon,
USSR(Ural River): axial sec. of holotype. X9
(F1926): Fic. 314.5. S. gruperaensis THoNP-




Cc416 Protista—Sarcodina

soN & MiLLer, L.Perm.(Grupera F.), Mex. (*1922).
(Chiapas); axial sec. of syntype, X10 (*1922).
Fic. 314,6. S. ishanensis (Hsu), Chungkuh
Ls., China(Kuangsi); axial sec. of holotype, X 10

Fic. 328A,3. S. stuckenbergi (Rau-

zerR-CHERNOUsova), Horizon I, U.Carb., USSR
(Shiryayevo, Samara Bend) (type-sp. of Rauser-
ites); axial sec. of holotype, X 15 (*1501).

Fic. 314. Fusulinidae (Schwagerininae; 1-6, Schuwagerina) (p. C415-C416).

© 2009 University of Kansas Paleontological Institute



Foraminiferida—Fusulinina—Fusulinacea C417

Fic. 328A 4. S. thuanae (Viix), Perm., Asia(S. OD]
Vietnam) (type-sp. of Codonoschuwagerina); sec.
cut through proloculus, X5 (*20057). [See also
Fig. 277,1,3; 280,6; 281.]
Acervoschwagerina Haxzawa, 1949, *871, p. 207
[*Paraschwagerina (Acervoschwagerina) endoi; fluted

. Shell large, elongate-fusiform, surface broad-
ly irregular, with 5 or 6 volutions, first 2 or 3
ughtly coiled with elongate axis, outer volutons
greatly inflated; spirotheca thin, with structurz as
in Schuwagerina; septa broadly and irregularly
throughout length and height, flut-
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Fic. 315. Fusulinidae (Schwagerininae; I, Acervoschwagerina: 2, Biwaella) (p. C417-C418).
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ing in broad irregular contortions, with irregular

spacing and  without uniform patterns; tunnel

singular, enclosed in irregular phrenotheca, bor-
dered by asymmetrical chomata in tightly coiled
early part of shell (*871, *1926). L.Perm., Japan.

Fic. 315,1. *.4. endoi (Hanzawa), Gombo
Ls., Gifu Pref.; la, sagittal sec. of topotype show-
ing phrenotheca over tunnel, X10; 15, axial sec.
of submature topotype, X10; Ic, axial sec. of
mature topotype, X10; Id, tang. sec. of topotype
showing irregular fluting of septa, X 10 (*1926).

Biwaella Morikawa & Isonrr, 1960, *1313, p. 301
[*B. omiensis, OD]. Shell minute, elongate-fusi-
form, lateral slopes broadly convex, external fur-
rows distinct, more broadly spaced than in most
other fusulinids of similar size; axis of coiling
straight to irregularly arcuate, first 1 or 2 volu-
tons evolute and coiled at right angles to outer
fusiform volutions, shell becoming ellipsoidal at
second to third volution and then fusiform, rap-
idly attaining mature shape; spirotheca thick,
composed of tectum and thicker porous lower
layer (?keriotheca); septa widely spaced, slightly
fluted in polar regions; chomata distinct through-
out fusiform part of shell, overhanging along sides
of tunnel (*1313). L.Perm., Japan. Fic. 315,
2. *B. omiensis, Honshu Is.; 2a,b, sagittal and
axial secs. of paratype and holotype, X50 (*1313).

Dunbarinella THoMmPson, 1942, *1919, p. 416 [*D.
ervinensis; OD].  Shell moderately large, fusi-
form, with pointed polar ends; spirotheca com-
posed of tectum and keriotheca; septa highly
fluted throughout length, higher in end zones
than central region, axial fillings thick in all ex-
cept last 1 or 2 volutions (¥1919, *1926), U.Carb.
(U.Penn.)-L. Perm., N.Am.-S. Am. (Peru)-Asia
(China-Karakorum)-Japan-Eu. Fic. 316,3a-c.
*D. ervinensis, U.Penn.(Ervine Creek Sh.), USA
(Okla.); 3a, external view of paratype: 35, sagit-
tal sec. of paratype; 3¢, axial sec. of holotype; all
X10  (*1922). Fic. 316,3d. D. ecoextenta
TuontpsoN, L.Perm.(Waldrip No. 1 Ls.), USA
(Tex.): axial sec. of paratype, X 10 (*1926).
Fic. 3163ef. D. rumida (Skixxer), L.Perm.
(Neva Ls.), USA(Kans.); 3e.f, axial and sagittal
secs., X 10 (*1926).

Kansanella Troapson, 1957, #1927, p. 299 [*K.
(Kansanella) joensis; OD]. Shell large, inflated-
fusiform to elongate-fusiform; wall of tectum and
keriotheca: septa irregularly fluted throughout
length and height, axial fillings throughout shell
in clongate-fusiform species; chomata prominent
in all species, massive throughout shell in inflated
forms (*1927). U.Penn., N.Am.

K. (Kansanella) Tuoxtesox, 1937, #1927, p. 303.
Shell elongate, irregularly fusiform, axis of coiling
irregular and shifting: spirotheca thin, composed
of tectum and keriotheca: septa thin, closely
spaced, fluted throughout their length and height,
fluting irregularly spaced both vertically and hori-
zontally, axial fillings throughout most of shell:

Protista—Sarcodina

chomata distinct, broad (*¥1927). U.Penn., N.Am.

Fic. 316,1. “K. (K.) joensis, latan Ls., USA
(Mo.): la, tang. sec. of paratype showing septal
fluting, X10; 10, axial sec. of holotype, X20
(*1927).

K. (Iowanella) Tuontpson, 1957, #1927, p. 301
{*Triticites winterensis THOMPsON, VERVILLE &
LokkEg, 1956, #1932, p. 807; OD]. Shell large,
inflated -fusiform; wall structure as in Triticites,
except thin for shell size; septa irregularly fluted
throughout length and to top of chamber;
chomata massive, extending to poles in first 5 or
6 volutions (*¥1927, *1932). U.Penn., N.Am.
Fic. 316,2. *K. (1.) winterensis (THOMPSON,
VERVILLE & LokkE), Winterset Ls., USA (lowa);
2a, tang. sec. of paratype, X 10; 24, axial sec. of
holotype, X 20 (¥1927).

Kwantoella Sakacantn & Oniara, 1957, *1621, p.
251 [*K. fujimotot; OD]. Shell minute, elongate-
subeyvlindrical to  fusiform; coiling  planispiral
about large proloculus; composed of 5 or 6 volu-
tions; spirotheca composed of tectum and kerio-
theca; septa plane in most of shell, fluting con-
fined to end regions and base of septa, axial fillings
thickest in extreme ends but more massive in 2nd
to 5th volutions; chomata disunct (*1621). L.
Perm., Japan. Fic. 3174 *K. fujimoto,
Shiraiwa Ls., Ome, Tokvo Pref.: 4a.c, axial sec.
of holotype and enlarged part, X30, X100; 45,
sagittal sec. of paratype, X30 (*1621).

Nagatoella THompson, 1936, #1916, p. 196 [*Fusu-
lina  (Schellwienia)  ellipsoidalis  var. orientis
Ozawa, 1925; *1401A, p. 22; OD]. Shell ellip-
soidal, polar ends rounded; spirotheca composed
of tectum and thick keriotheca; septa fluted at
base, axial fillings thick, widespread (*1013,
*1916).  Perm., Japan. Fis. 317,3a. ~*N.
orientis (Ozawa), Akivoshi Ls., Yamaguchi Pref.;
3a, axial sec. of holotype, X10 (*¥1922). Fic.
317,3b,c. N. kobayashii Tuonipson, Akiyoshi Ls.,
Yamaguchi Pref.; 35, tang. sec. of holotype, X 10
(*1916); 3¢, axial sec., X 10 (*1013).

Nipponitella Haxzawa, 1938, *868, p. 256 [*N.
explicara; OD]. Early shell fusiform, coiled like
Triticites, gerontic stage irregularly and loosely
uncoiled; spirothecal structure like that in Trizi-
cites; septa fluted at base across fusiform part,
irregularly and highly fluted in uncoiled part,
giving forward arcuate attitude in uncoiled part
(*568). Perm., NE.Japan. Fic. 317.1. *N.
explicara, Maiyva Gr., Rikuzen Prov.; Ia, axial
sec. of paratype: lb,c, tang. secs. of paratype and
holotype: all X 10 (¥1922) (see also Fig. 284,15).
[See Fig. 284,1a, N. auricula.)

Oketaella THonpsoxn, 1951, *1925, p. 116 [*O.
fryei; OD]. Shell minute, inflated-ellipsoidal to
fusiform: proloculus large, shell loosely coiled;
spirotheca composed of tectum and alveolar kero-
theca; tunnel singular, chomata distinct (*1925,
=1926). U.Penn.-L.Pcrm., N.Am. Fic. 317.2.
#*0. frvef, L.Perm.(Oketo Sh.), USA(Kans.); 2a,
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axial sec. of holotype, X50; 2/, sagittal sec. of large, inflated-fusiform, first few volutions tightly
coiled, highly elongate, outer ones greatly inflated,

last volution slightly more tightly coiled than

those preceding; wall composed of three layers?,

topotype, X 50 (¥1926).
Orientoschwagerina  A. D. MIKLUKHO-MAKLAY,
1955, *1264, p. 573 [*O. abichi; OD]. Shell

(p. C418).

Fic. 316. Fusulinidae [Schwagerininae; 1, Kansanella (Kansanella): 2, K. (lowanetta); 5, Dunbarinella]
© 2009 University of Kansas Paleontological Institute
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spirotheca increasing in thickness only slightly

during early, tightly coiled part of shell, becoming
thinner in next 2 or 3 volutions, and then dis-
tinctly thicker in outer part of shell, keriotheca

composed of upper and lower layers; septa closely
spaced in tightly coiled inner part of shell, more
widely spaced in outer volutions; chomata distinct
in early part of shell, very faint and indistinct in
outer inflated volutions (*1264). Perm., USSR.

Fic. 317,5. *O. abichi, Transcaucasia; 5a,b,
axial sec. of holotype and enlargement of internal
part, X 15, X 40 (*1264).

Parafusulina Dunear & SkiNNER, 1931, *644, p.
258 [*P. wordensis; OD] [=Monodiexodina
SosniNa in Kiparisova ef al., 1956, *1040, p. 24
(type, Schwagerina wanneri sutschanica DUTKE-
viTcH in LIKHAREv, e al., 1939, *1138, p. 39;
OD); P. (Eoparafusulina) Coocan, 1960, *381,
p. 262 (type, Fusulina gracilis Meex, 1862,
*1257A, p. 4; OD); P. (Skinnerella) Coocan,
1960, *381, p. 262 (type, P. schucherti DUNBAR
& SkiNNER, 1937, *646, p. 672; OD)]. Shell
elongate, cylindrical to irregular in shape; spiro-
theca composed of tectum and alveolar kerio-
theca, abnormally thin for size of shell; septa
intensely fluted, forming cuniculi; axial fillings
heavy (*381, *644, *1816, *1922). Perm., S.Am.
(Peru-Colombia-Venez.) -C.Am.(Guatemala) -Mex.-
USA-N.Can.-W.Can.-Malay Arch. (Indonesia- Ma-
laya)-Japan-Asia(N.India-China). Fic. 318,la.
P. sutschanica (DUTKEVITCH), Perm.(Doliolinovaya
F.), USSR(Ussuriy Region); axial sec., approx.
X 6.8 (*¥1816). Fic. 318,15. P. gracilis (MEEK),
L.Perm.(McCloud Ls.), USA(Calif.); axial sec.,
X 10 (*1934) (see also Fig. 276,15). Fic. 318,
Ic-e. P. nosonensis THomMPsSON & WHEELER, L.
Perm.(Nosoni F.), USA(Calif.); Ic, axial sec. of
holotype; Id, sagittal sec. of paratype; Ie, tang.
sec. of paratype showing development of cuniculi;
all X10 (*1922) (see also Fig. 275,64, 276,1a,
287). Fic. 318,1f. P. schucherti DunBarR &
SRINNER, L.Perm.(Bone Spring F.), USA(Tex.);
axial sec. of lectotype, X10 (*646). [See also
Fig. 275,60, P. wanneri; 278, *P. wordensis;
282,1-6.]

Paraschwagerina DUNBAR & SKINNER, 1936, *645,
p. 89 [*Schwagerina gigantea Wwite, 1932,
*2056, p. 82: OD]. Shell inflated, fusiform, first
2 or 3 volutions tightly coiled and elongate-fusi-
form, outer volutions distinctly inflated-fusiform;
spirothecal structure as in Schwagerina; septa
highly fluted throughout (*645, *1926). L.Perm.,
N.Am.-C.Am.-Asia. Fic. 318.2. *P. gigantea
(Wuite), Wolfcamp. F., USA(Tex.); 2a, axial
sec. of holotype, X10 (*1922); 24, tang. sec.,
X 10 (*¥1926) (see also Fig. 284,2).

Polydiexodina DunBar & SKINNER, 1931, *644, p.
263 [*P. capitanensis; OD]. Shell highly elon-
gate-subcylindrical; spirothecal structure as in
Parafusulinag; cuniculi throughout shell; multiple
tunnels; axial fillings heavy (*644, *1921). U.

Protista—Sarcodina

Perm., USA(Tex.-N.Mex.)-Mex.-Eu.(Greece-Tur-
key-Yugo.-Crimea) -Asia( Afghan.-Iran-Iraq-India) -
USSR (Darvaz). Fic. 319,2ab. P. afghanensis
THonpsoN, Bamian Ls., Afghan.; 24, tang. sec.
of paratype showing numerous auxiliary tunnels,
X10; 26, enlarged part of axial sec. showing
structure of spirotheca, X100 (*1922) (see also
Fig. 285.l1a). Fic. 319,2¢. *P. capitanensis,
Capitan Ls., USA(Tex.); axial sec. of holotype,
X 10 (¥1922) (see also Fig. 285,15).

Pseudofusulina Dunear & SkINNERr, 1931, *644, p.
252 [*P. huecoensis; OD] [=Grabauina LEE,
1924, *1118, p. 51 (type, G. disca; OD); Leeina
Garroway, 1933, *762, p. 406 (type, Fusulina
vilgaris fusiformis SCHELLWIEN in DYHRENFURTH,
1909, *650A, p. 165; OD)]. Shell fusiform,
large, loosely coiled throughout; spirotheca thick,
with structure like Schwagerina; septa broadly
but highly fluted, axial fillings light in some, ab-
sent in most, phrenothecae abundant (*644, *762,
*1118, *1922). L.Perm., N.Am.-S.Am.-C.Am.-Eu.-
Asia-Japan-Asia Minor. Fic. 319,1a. *P. hue-
coensis, Hueco Ls., USA(Tex.); tang. sec. of
paratype, approx. X10 (*¥1922) (see also Fig.
291,2, holotype). FiG. 319,16, P.? disca (LEE),
Taiyuan Ser., China; axial sec. of holotype, X30
(*1922). Fic. 319,lc. P. wulgaris fusiformis
(ScHELLwiEN), USSR (Darvaz Ser.); axial sec. of
holotype, X 15 (*1922). [See also Fig. 291,1, P.
nelsoni.)

Pseudoschwagerina DunBar & SKINNER, 1936, *645,
p. 89 [*Schwagerina uddeni BEeDE & KNIKER,
1924, *105, p. 27; OD] [=Occidentoschwagerina
A. D. MikLukHo-Maxkray, 1959, *1271, p. 166
(type Schwagerina  fusulinoides SCHELLWIEN,
1898, *1644, p. 259; OD); Paravellia Ravzer-
CuerNousova, 1961, *1506, p. 9 (type, Fusulina
muongthensis DeprAT, 1915, *587A, p. 5; OD)].
Shell inflated-fusiform, first 2 or 3 volutons tight-
ly coiled, outer ones inflated; spirotheca as in
Schwagerina; septa fluted at base, closely spaced
at first, widely spaced later (*645, *1271, *1506,
*1926). L.Perm., N.Am.-S.Am.-Eu.-Asia-Malay
Arch.-Japan-Arct. Is. Fic. 320,l1a. P. roeseleri
THoMmpsoN & Hazzarp, Bird Spring F., USA
(Calif.); axial sec. of holotype, X8.3 (*1922).

Fic. 320,16, P. fusulinoides (SCHELLWIEN),
Uggowitzer Breccie, Aus.(Carnic Alps); polished
axial sec., X8.3 (*1644). Fic. 320,1c. *P.
wddeni (Beepe & Kniker), Hueco Ls., USA
(Tex.); axial sec. of holotype, X8.3 (*1922).
[See also Fig. 284,4, P. muongthensis.]

Robustoschwagerina A. D. MIKLUKHO-MAKLAY,
1959, *1271, p. 160 [*Pseudoschwagerina tumida
Lixuarev, 1939, *1138, p. 41; OD] [=Robusto-
schwagerina A. D. MixkLukHo-Makray, 1956,
*1265, p. 1154 (mom. mnud.)]. Shell large,
deeply umbilicate, highly inflated, first 2 or 3
volutions distinctly fusiform in shape, moderately
tightly coiled, and containing prominent chomata,
next 3 volutions greatly inflated, deeply umbili-
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Fic. 317. Fusulinidae (S\;hwagerinilnae: 1, Nipponitella: 2, Oketaella; 3, Nugatoella: 4, Kwantoella:
5, Orientoschwagerina) (p. C+15-C420).

© 2009 University of Kansas Paleontological Institute
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Fic. 318. Fusulinidae (Schwagerininae: 1, Parafusulina; 2, Paraschwagerina) (p. C420).

© 2009 University of Kansas Paleontological Institute
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Fic. 319. Fusulinidae (Schwagerininae; 1, Pseudofusulina; 2, Polydiexodina) (p. C420).
© 2009 University of Kansas Paleontological Institute
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Rugosofusulina

Protista—Sarcodina

Fic. 320. Fusulinidae (Schwagerininae; I, Pseudoschwagerina; 2, Zellia; 3, Robustoschwagerina; 4, Rugo-
sofusulina) (p. C420-C424, C426).

cate, with very faint chomata against widely
spaced septa, outer part of last volution more
tightly coiled and with moderately thick spiro-
theca (*1138, *1265). Perm., USSR. Fic. 320,
3. *R. tumida (Likuarev), Darvaz Ser., Darvaz;
axial sec. of holotype, X 8.3 (*1138) (see also Fig.
284,3).

Rugosofusulina Rauzer-CHerNousova, 1937, *1500,
p. 11 [*Alveolina prisca EHRENBERG, 1842, *669A,
p. 274; OD] [=Rugofusulina Duxsar in CusH-
MaN, 1940, *637B, p. 146 (nom. null.)]. Shell

© 2009 University of Kansas Paleontological Institute

irregularly fusiform; spirotheca thick, composed
of tectum and alveolar keriotheca, surface of spiro-
theca undulating in somewhat uniformly spaced
rugae; septa moderately highly and irregularly
fluted throughout length of shell; chomata slight
to heavy (*1500). L.Perm., Eu.-Asia-N.Am.
Fic. 320,4. *R. prisca (EnrexBerc), USSR
(Tsarev Kurgan); axial sec. of one of vox Mor-
LER's specimens used in defining genus, X12.5
(*1922).




Fic. 321. Fusulinidae (Schwagerininae; 1,2, Rugososchwagerina) (p. C425).

Rugososchwagerina A. D. MIKLUKHO-MAKLAY,
1959, *1271, p. 160 [*Schwagerina yabei
StaFr, 1909, #1830, p. 463; OD] [=Rugoso-
schwagerina A. D. MIKLUKHO-MakLay, 1956,
*1265, p. 1154 (nom. nud.)]. Shell inflated-fusi-
form, first 3 or 4 volutions tightly coiled, elongate-
fusiform, outer volutions greatly inflated; spiro-
theca with structure as in Schwagerina, moderate-
ly thin in early, tightly coiled part of shell and
next 1 or 2 volutions, becoming rather thick and
more coarsely alveolar in outer 2 or 3 volutions;
septa closely spaced in first 3 or 4 volutions, more
widely spaced in next 2 or 3 and then more
closely spaced again in outer 1 or 2; chomata
moderately well developed but somewhat dis-
continuous throughout most of shell, absent in
outer volution (*1271). U.Perm.(Verbeekina Z.),
Eu. (Sicily)-Asia (Iran-Iraq-Afghan.-W. China-Asia

© 2009 University of Kansas Paleontological Institute

Minor). Fic. 321,1a-c. *R. yabei (STAFF),
Sosio Beds, Sicily; la-c, tang., sagittal, and axial
secs., X8 (*1922). Fic. 321.2. R. foster:
(THoxatpsoN & MiILLER), Yanghsin Ls., W.China;
2a, axial sec. of lectotype, X8; 2b,, sagittal sec.
of paratype, X8, X16 (*1922).

Triticites Girty, 1904, *789, p. 234 [*Miliolites
secalicus Say in Janes, 1823, 9844, p. 328; OD]
[=Girtyina Starr 1909, *1830, p. 490 (wpe,
Fusulina cylindrica var. ventricosa MEEk & Hay-
peN, 1859, *1251B, p. 261: OD):; Triucites
(Montiparus) Rozovskava, 1948, #1590, p. 1637
(type, Alveolina montipara EHRENBERG, 1854,
*680, p. xxxviii; OD): Protriticites Putrys, 1948,
*1492, p. 91 (type P. globulus; OD); ?Obsoletes
Kireeva, 1950, *1040B, p. 201 (type. Fusulina
obsoleta ScueLLwiex, 1908, 1645\, p. 186;
OD); Ferganites A. D. MikLUKHO-MakLay, 1959,
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Fr1c. 322. Fusulinidae (Schwagerininae; I-5, Triticites) (p. C425-C426).

*1270A, p. 16 (type, Triticites ferganensis A. D.
MikLukHo-MakLay, 1950, *1261A, p. 61,68;
OD]. Shell fusiform to subcylindrical, planispiral
throughout; spirotheca composed of tectum and
alveolar keriotheca; septa fluted in end zones
but less highly fluted in center of shell; chomata
distinct (*789, *1270A, *1492, *1590, *1830).
U. Carb.(U.Penn.) - L. Perm., N.Am.(USA-Can.)-
?China-Japan-USSR-S. Am.(Chile-Peru). Fic.
322,1. T. globulus (Putrya), Ci"F., USSR(Eu.-
ropean); la, axial sec. of holotype, X15; 15,
apparent double wall of “Protriticites” globulus,
approx. X80 (*¥1492). Fic. 322,2. T. milleri
TrHorpsoN, U.Penn.(Hartville Ls.), USA(Wyo.);
axial scc. of syntype, X20 (¥1922). Fic. 322,
3. T. beedei Duxpar & Coxpra, U.Penn.(Ervine
Creck Ls.), USA(Kans.); axial sec. of syntype,
X 10 (*1922). Fic. 322 4. *T. secalicus (Say),
U.Penn.(Plattsmouth Ls.), USA(Neb.); axial sec.,
X10  (*¥1922). Fic. 3225. T. ohioensis
TrontpsoN, U.Penn.(Cambridge Ls.), USA (Ohio);
axial sec. of syntype, X 10 (*1922). [See also Fig.
2744, 2754, 2772, T. ventricosus; 280, +4,5.]
Zellia Kanrer & Kamper, 1937, *1009, p. 20
[*Pseudoschuwagerina  (Zellia) — heritschi  var.
heritschi; OD]. Shell inflated-subspherical, slightly
umbilicate; proloculus large, chambers expanding

’
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uniformly in first 2 or 3 volutions, then remain-
ing inflated to maturity; spirotheca thick, with
coarsely alveolar keriotheca; septa widely spaced,
plane except for slight fluting at base with nu-
merous septal pores; chomata faint (*1009).
Perm., Eu. (Aus. - Yugo.) - USSR (Darvaz)-Japan-
Asia(Vietnam-China). Fic. 320,2. *Z. herit-
schi (KanLer & Kanrer), L.Perm., Aus.(Carnic
Alps); 2a, axial sec. of paratype, X8.3: 20, tang.
sec. of holotype, X 7.5 (*¥1922).

Family VERBEEKINIDAE
Staff & Wedekind, 1910

[nom. transl. A. D. MikLukHo-MakLay, 1957, p. 110 (ex
subfamily Verbeekininae Starr & WEepekinp, 1910)] [=Nco-
schwagerinidae Dunsar in CusHMAN, 1948, p. 164]

Shell of medium size, spherical, ellip-
soidal to elongate-ellipsoidal, or distinctly
fusiform. Closely spaced foramina through
the bases of all septa. Parachomata dis-
continuous in early forms, becoming ex-
tended completely across chambers in later
forms. Axial and transverse septula hang
from spirotheca of some later genera. Axial
fillings present in most forms, becoming
prominent in some. Spirotheca composed
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of tectum and keriotheca in early members
of family but in later gerera may be com-
posed of single homogeneous layer (*1832).
Perm.

Subfamily VERBEEKININAE
von Staff & Wedekind, 1910

[Verbeckininae Stare & WEeDEKIND, 1910, p. 114] [=Dolio-
lininae GusLEr, 1935, p. 9; =)isellininae A. 1), MIKLUKHO-
Makiay, 1938, p. 9]

Shell large, subspherical to elongate-ellip-
soidal, completely involute, planispiral; early
genera with tunnel in first few volutions,
later ones with multiple tunnels, and last-
formed ones with foramina, but advanced
genera have foramina bordered by para-
chomata throughout length of shell; spiro-
theca composed of tectum and alveolar
keriotheca or of single thin layer (*1832).
Perm.

Verbeekina Starr, 1909, #1830, p. 468, 476

[*Fusulina verbeeki GemNitz in GEINITZ & VON

DER MaRck, 1876, *776A, p. 400; OD] [=Para-
verbeekinag A. D. MIkLUuKHO-Makray, 1955, #1264,
p. 574 (wpe, P. pontica): Armenina A. D.
MikLukHO-MaKLAY, 1955, #1264, p. 576 (type,
A. karinae)]. Shell spherical to slightly ellip-
soidal; symmetrical in all voluuons; foramina
throughout length of septa, parachomata dis-
continuous in inner volutions and continuous
across chambers in outer volutions; spirotheca
composed of tectum and finely alveolar keriotheca
(*1264, *1401, *1865, *1914, #1922). U.Perm.
(Verbeekina Z.), Eu.(Sicily-Greece-Yugo.)-Asla
(Asia Minor-S., SE. Asia-Indonesia)-Japan-N.Am.
(Can., B.C.-USA, Wash.). Fic. 323,1a-d. *T.
verbeeki (Geinitz), Sumatra(Boekit Besi); la,
broken topotype showing parachomata developed
only adjacent to septa in 10th volution, X §: 15,
etched surface of the same topotype (la) show-
ing development of parachomata in outer volu-
tion, X§&: Ic, central part of axial sec. of topo-
tvpe, X32; Id, axial sec. of topotype, X8 (*1922)
(see also Fig. 2745, 288,3). Fic. 323.1e. V.,
grabaui THozpsoN & FosTER, Yanghsin Ls., China
(Szechuan); axial sec. of syntype, X8 (*1922).
Fic. 323,1f. V. karinae (A. D. MIKLUKHO-
Makray), USSR(Transcaucasia); axial sec., X12
(*1264). Tic. 323,1g. V. pontica (A. D.
MikLvkmo-Makray), USSR(Crimea); axial sec.
of holotype, X 12 (*1264).

Brevaxina Scuexck & THoareson, 1940, #1646, p.
587 [*Doliolina compressa DepraT, 1915, #587A,
p. 14; OD]. Shell small, subspherical, axis of
coiling in shortest diameter through proloculus,
polar ends deeply umbilicate: spirotheca thick,
with structure as in Misellina: parachomata high.
extending more than half height of chambers:
foramina circular in section, located near lower
part of chamber, numerous (as many as 24) in
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last volution (*1646). Perm., Asia(Laos-USSR).

Fic. 323.2. *B. compressa (DEPraT), Laos
(Cammon); 24, sagittal sec. of paratype, X12;
2b, axial sec. of holotype, X 12 (*1922).

Eoverbeekina Leg, 1933[1934], *1120, p. 18 [*E.
intermedia; OD]. Shell subspherical; tunnel singu-
lar in early volutions, dividing into 2 at 5th
volution, foramina throughout length of shell in
outer volutions; narrow chomata in inner volu-
tions, rudimentary parachomata in outer volutions;
spirotheca composed of tectum and keriotheca
(*1120). Perm., C.Am.-Asia(China)-Japan.
Fic. 323,3. *E. intermedia, Chihsia Ls., China;
axial sec. of holotype, X 12 (*1922).

Misellina ScHexck & Toonpson, 1940, #1646, p.
587 [*Doliolina ovalis DepraT, 1915, *587A, p.
15; OD] [=>Moellerina ScHELLWIEN, 1898, *1644,
p. 238, 257, 281 (wype, Schwagerina lepida
ScHWAGER, 1883, *1706, p. 138) (non Moellerina
ULricH, 1886, mec Emer & TFickerrt, 1899);
Doliolina ScuerLwiex, 1902, *1645, p. 67 (type,
Schwagerina lepida (nom. subst. pro Moellerina
ScueLLwienN , 1898) (non Doliolina BoORGERT,
1894)]. Shell ellipsoidal, axis of coiling in great-
est diameter; spirotheca thick, composed of tec-
tum and thick keriotheca; foramina throughout
shell; parachomata high, extending across cham-
ber (*1644, *1645, *1646). U.Perm., SE.Eu.-SE.
Asia (Laos-China)-Japan-Malay Arch. (Sumatra)-
*NW.N.Am. Fic. 324,1. *M. ovalis (DEPRAT),
Laos(Cammon); lab, tang. and parallel secs. of
paratype, X15; Ic, axial sec. of holotype, X15
(71922).

Pseudodoliolina Yase & Haxzawa, 1932, *¥2094, p.
41 [*P. ozawai; OD] [=Metadoliolina Isuu &
Nocaxt, 1961, *978A, p. 162 (type, Pseudodoli-
olina pseudolepida gravitesta KaNntERa, 1954,
#1012, p. 12]. Shell elongate-cylindrical, uniformly
expanding, with bluntly rounded polar ends;
spirotheca thin in inner 10 volutions where it seems
composed of single thin layer, from 12th volution
to maturity spirotheca thin but can be recognized
in some specimens as composed of tectum, thin
inner layer, and middle layer with dark lines
normal to its surfaces that may be comparable
to alveoli of other fusulinids; septa plane,
composed of single, dense layer; foramina
closely spaced; parachomata narrow. high, with
circular lateral openings (*1929, *2094). U.Perm.
(Verbeekina Z.), N.Am.(W.Can.-NW.USA)-E.In-
dies-Japan-Asia(Afghan.-S., E. China-Asia  Minor)-
Eu.(Yugo.-Crimea). Fic. 324,2a,6. P. pseudo-
lepida (DepPraT), China(Szechuan); 24,6, sagittal
and axial secs., X10 (*¥1922). Fic. 324,2¢,d.
#P. ozawai, Akasaka Ls., Japan(Mino Prov.): 2¢.d,
axial and sagittal secs. of topotypes, X 20 (*1922).

Subfamily NEOSCHWAGERININAE
Dunbar & Condra, 1928

[Neoschwagerininae Duxssr & Coxbpra, 1927[1928], p. 74]
[=Sumatrininae Kagier & Kamnegr, 1946, p. 170; =Lepido-
lininae A. D. MikLtkHO-MakLay, 1958, p. 10]



C428 Protista—Sarcodina

Shell planispiral, tusiform to ellipsoidal;  transverse septula in all members, axial sep-
spirotheca composed of tectum and alveolar  tula and transverse septula in later mem-
keriotheca or of a sing!c dense layer: fora-  Dbers, secondary transverse septula in latest
mina throughout length of shell; para- members (*640, *1832). U.Perm.
chomata high, extending across chambers:  Neoschwagerina Yagg, 1903, *2083, p. 3 [*Schwag-

Fic. 323, Verbeckindae (Verbeekininac: 1, TUerbeekina: 2, Brevaxina: 3, Eoverbeekina) (p. CH427).
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Fi6. 324. Verbeekinidae (Verbeekininae; I, Misellina; 2, Pseudodoliolina) (p. C427).

erina craticulifera Scawacer, 1883, #1706, p. 140;
OD| [=Crimellina Tuaianskava, 1953, #1955,
p. 14 (type C. verae): Metaschwagerina MixaTo &
Hoxjo, 1958, #1287, frontispiece (type, M. oralis
Mixato & Hoxyo); Minoella Hoxyo, 1959, *954,
p. 124 (type, Neoschwagerina (Cancellina) nip-
ponica Ozawa, 1927, *1401B, p. 160): Gifuella
Hoxyo, 1959, #954, p. 131 (type, G. gifuensis)].
Shell large, inflated-fusiform to ellipsoidal; wall
thick, composed of tectum and alveolar kerio-
theca, alveoli to base of septula; one transverse
septulum to each foramen, reaching parachomata
adjacent to septa. as many as 3 axial septula be-
tween septa (*954, *1287, *1922, #1955). U.
Perm.(Verbeekina Z.), Eurasia(Tethyvs)-S.Eu.-N.
Afr.-S.. SE. Asia-N. Am.(NW. USA-W. Can.).
Fic. 325.1a,h. N. nipponica (Ozawa), Akasaka
Ls., Japan, Gifu Pref.: Tu, sagittal sec. of paratype,
X 10; 15, oblique sce. of holotype, X 10 (*1401B).
——Fic. 325.1cd. N. gifuensis (Hoxyo), Akasaka
Ls., Japan, Gifu Pref.; Ie, axial sec. of holotype,
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X15; 1d, sagittal sec. of paratype, X15 (*954).
Fic. 325,]le. N. haydeni DUTKEVICH &
KuaBakov, Bamian Ls., Afchan.; axial sec. of
holotype, X20 (#1922) (see also Fig. 290,1).
Fic. 325,1f. N. verae (Tuntaxskava), USSR
(Crimea); axial sec. of holotype, X15 (*1955).
[See also Fig. 275,1, 276,2, *N. craticulifera, holo-
type, paratype; 288,1, N. ovalis.)

Afghanella Tuoxpson, 1946, #1921 p. 152 [*4.
schencki; OD) [ =Pseudosumatring TUNANSKAYA,
1950, *1954A, p. 91 (tvpe, Neoschuwagerina su-
matrinaeformis GUBLER, 1935, *838, p. 123);
Avganella A. D. MikLUKII0-MakLay, 1953, #1263,
p. 21 (nom. ran.)]. Shell of medium size, in-

flated-fusiform; spirotheca thin, finely alveolar;
parachomata high: scptula thin, secondary trans-
verse septula from 4th or Sth volution to maturity,
axial septula uniform in length from 3rd volu-
tion to maturity, and as many as 4 between septa
in outer volutions (*838, *1921, *1945). U.Perm.
(Verbeekina Z. —Polvdiexodina Z.), Eu.(Greece-



C430 Protista—Sarcodina

Fic. 325, Verbeekinidae (Neoschwagerininae: 1, Neoschwagerina; 2, Cancellina) (p. C+28-C431).
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€431

Fic. 326. Verbeekinidae (Neoschwagerininae: 1,2, Afghanella) (p. C429-C431).

Crimea-Yugo.) - Asia  (Afghan.-Turkey-Pamir-La-
os)-Japan.
Ls., Afghan.: 1a,b, sagittal sec. of paratype and en-
larged part, X20, X100: Ic¢, axial sec. of holo-
type; X20 (*1922)- Fic. 326,2.
naeformis (GueLer). Laos(Pong Oua); 24,0, axial
and sagittal sees., X135 (7835).

1909, =885, p. 244 [*Neo-
schwagerina primigena Hayprx, 1909: SD Ozawa.
1925, #1401, p. 26].
soidal; spirotheca thick, coarsely alveolar, alveoli

Fic. 326,1. *4. schencki, Bamian

A. sumatri-

Cancellina Havpex,
Shell small, inflated-ellip-
extending to base of septula: parachomata high.

continuing to tops of chambers adjacent to septa:
transverse septula short and broad. one above each
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parachomata, as many as 20 foramina and para-
chomata in last volution; secondary deposits filling
extreme polar ends of chambers (*885. 71922).
U.Perm., Asia(Iran-Afghan.)-Japan. Fi6. 325.
2. *C. primigena (HaypEx), Bamian Ls., Afghan.
(2a,b), Iran (2c); 2a, oblique axial sec. of
holotype, X 17: 2b, sagittal sec. of paratype, X20;
2¢, axial sec., X20 (*1922) (see also Fiz. 288,2,
293).

Lepidolina Leg, 1933[1934], *1120. p. 21 [*Neo-
schwagerina (Sumatrina) multiseptata  DEPRAT,
1912, =384, p. 53: OD] [=Colania Lee, 1933
[1934]. <1120, p. 20 (tpe, C. kwangsiana);
Gublerina Mixato & Hoxjyo, 1939, 71288, p. 331




€432

non KixoiNg, 1948) (type, Neoschwagerina elon-
gata GusLER, 1935, *838, p. 108)]. Shell large,
inflated-fusiform; spirotheca thin, dense; septula
thin, irregular in length and shape, thickest at
their lower margins, secondary transverse septula
first appearing in inner Ist to 3rd volution, as
many as 2 between transverse septula of outer
volutions, as many as 7 axial septula in outer
volutions (*584, *1120, *1288, *1922). U.Perm.
(Yabeina Z.), Japan-SE. Asia-Eu. (Crimea).
Fic. 327,1. L. kwangsiana (L), China(Chien-
kiang, Kwangsi); axial sec. of holotype, X15
(*1922). Fic. 327,2. *L. multiseptata (De-
PRAT), Akasaka Ls., Japan, Gifu Pref. (244),
Cambodia (2¢); 2a, sagittal sec. of paratype,
X15; 25, axial sec., X15; 2¢, tang. sec., X10
(*1922) (see also Fig. 283,1, holotype, paratype;
292,2). [See also Fig. 275,5, 276,4. L. elongata.]
Presumatrina Tumanskava, 1950, *1954A, p. 77
[*Doliolina schellwieni DepraT, 1913, *586, p.
51; OD)] [=Praesumatrina A. D. MIKLUKHO-
MakLay, Rauzer-CHERNoOUsova & Rozovskava 1n
Rauzer-CHERNOUsovA & FURSENKO, 1959, *1509, p.
206 (nom. van.)]. Shell small, elongate-ellipsoidal,
with convex lateral slopes; spirotheca thin, seem-
ingly composed of single thin layer, with exten-
sions wedged down surfaces of septa and down
septula; septula system composed of 1 transverse
septulum alternating with foramina, and axial
septula system composed of 1 or possibly 2 sec-
ondary axial septula alternating with septa; trans-
verse septula extending down to join with tops
of parachomata (*586, *1954A). U.Perm., Asia
(Vietnam-S.China)-Eu.(Crimea). Fic. 328A,1.
*P. schellwieni (DEPRAT), Dong-Hoi Prov.; axial
sec., X20 (*586).

[The “‘correct vriginal spelling’’ of this nominal genus
unquestionably is Presumatrina, for the name in this form
appears in three places and no other spelling was given.
Subsequent alteration to Praesumatrina (e.g., D. Mik-
LUKHO-MAKLAY et al., 1958, *1275) constitutes an ‘‘in-
correct subsequent spelling.”’]

Sumatrina Vorz, 1904, *2024, p. 182 [*S. annae;
OD) [=Pseudolepidolina Tumanskaya, 1953,
*1955, p. 14 (type, Neoschwagerina (Sumatrina)
longissima Deprat, 1914, *587, p. 36)]. Shell
elongate-subcylindrical, most  volutions  loosely
coiled; spirotheca consisting of single dense layer;
proloculus large; secondary transverse and axial
septula uniform in length, pendant-shaped, pres-
ent throughout shell, as many as 4 secondary
transverse septula between primary septula, and
as many as 7 axial septula to each chamber; some
axial fillings in all except last part of last volution
(*587, *838, *1921, *1954A). U.Perm.(Verbeckina
Z.), S.Eu.-Asia Minor-S.Asia-Japan-Malay Arch.
(Sumatra). Frc. 328.2. S. longissima DEPRAT,
Cambodia (type-sp. of Pseudolepidolina); axial
sec., X 15 (*1922) (see also Fig. 289.1a). [See
Fig. 289, 16, 292,3, *S. annae, holotvpe, para-
tvpe.]

Yabeina Deprat, 1914, *587, p. 30 [*Neoschwager-

Protista—Sarcodina

ina  (Yabeina) inouyei DEePraT; OD (M)]
[=]abeina A. D. MikLUKHO-MakLay, 1953,
*1263, p. 21 (nom. van.)]. Shell large, inflated-
fusiform; spirotheca thin, alveolar; secondary trans-
verse septula between some primary transverse
septula, as many as 3 between primary transverse
septula in outer volutions of late forms, as many
as 9 axial septula between septa in outer volutions
of later forms (*587, *1921, *1933). U.Perm.
(Yabeina Z.), Japan-SE.Asia(China)-Malay Arch.
Eu. (Crimea)-Africa (Tunisia)-USSR (SE.Siberia)-
Can.(B.C.) - USA(Wash., Ore., Tex.) - N.Z.
Fic. 328,1. Y. texana SkiNNER & WILDE, Bell
Canyon F., USA (Tex.); lab, axial and sagittal
secs. of paratypes, X20 (*1797). [See also Fig.
290,2, 292,1, *Y. inowuyei, paratype, holotype.]

NOMINAL FUSULINACEAN
GENERA OF UNCERTAIN
STATUS

The following alphabetically arranged
nominal genera of fusulinacean foramini-
fers are those for which I have insufficient
information for analysis or thorough un-
derstanding. For such completeness as is
possible now, I record what I know about
them. These names were brought together
by M. L. Tuompson and R. Torivama in
Japan, and by A. R. LoesricH, Jr, and
Heren Tappan. Special thanks are ex-
tended to the LoesLicus for their help in
assembling and discussing this group.

Chenella A. D. MikLUukHO-MakLay, 1959, *1270,
p. 628 [*Orobias kueichihensis CHEN, 1934, *332,
p. 15; OD]. “The chenella shell is just like
that of Eostaffelloides, but the height of its volu-
tion is abruptly higher, and the wall of the body
whorls has a diaphanotheca.” [The quoted state-
ment was given in a footnote. The genus was
stated to belong in the Ozawainellinae.] Carb.,
S.China.

Codonofusiella (Lantschichites) Tumanskaya, 1953,
*1955, p. 20 [*C. (L.) maslennikovi; OD]. Lant-
schichites was elevated to generic status by Rau-
zER-CHERNousova & Fursenko (1959, *1509, p.
212), where it was also regarded as including
Paraboultonia SKINNER & WiLDE, 1954, in syn-
onymy. Trnanskava gave the following diagno-
sis: “The new subgenus Lantschichtes differs from
the genus Codonofusiella by the different form
of its shell: by its elongated, almost cylindrical
form and broadly rounded sides at the poles. The
septal folding is considerably more developed and
septa occupy almost all of a volution. Similar
features are: the small size of the shell, the endo-
thyroid structure of the early volutions, the small
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Fic. 327. Verbeekinidae (Neoschwagerininae; 1,2, Lepidolina) (p. C431-C432).
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Protista—Sarcodina

Sumatrina

Fic. 328. Verbeekinidae (Neoschwagerininae; 1, Yabeina; 2, Sumatrina) (p. C432).

dimensions of the embryonic chamber and, prin-
cipally, the same kind of straightening and ex-
pansion of the terminal volution as in the genus
Codonofusiella. Age. Upper Permian.” She com-
pares the subgenus to forms described by Schu-
BerT (1915, *1693A, p. 78) from Timor as
Fusulina weberi, which were referred by THomp-
soN (1949, *1923, p. 186) to Palacofusulina DE-
PRAT, 1912. 1 cannot determine all of the morph-
ological features of Lantschichites significant for
generic determination from TuMmanskava's illus-
trations of the type-species. U.Perm., USSR.

Darvasitess A. D. MixLukHO-Makray, 1959,
*1270A, p. 12,13,16 [*Triticites ordinatus var.
daroni A. D. MikLUKHO-MakLAY, 1949, *1261,
p. 70; OD] [=Darvasites A. D. MIKLUKHO-MaK-
LAY, 1957, *¥1267, p. 108 (obj.) (nom. nud., name
and type-species cited but no diagnosis given)].
Originally placed in Schwagerinidae. [I have seen
CHEN’s (1934) illustrations of Triticites ordinatus
but not of T. ordinatus daroni, though HEeLeN
TappaN has kindly furnished me with a transla-
tion of the description of this subspecies by A. D.
MikLUKHO-MakLAY (1949). From this it is
strongly suggested that the genus Darvasites may
be referable to Schwagerina von MOLLER, 1877.
The main feature in the original description which
would indicate some difference from the type of
Schuwagerina is the occurrence of massive chomata
in all whorls of Darvasites daroni.]) L.Perm.,
Darvaz, Asia(USSR).

Eostaffelloides A. D. MikLukHO-Makray, 1959,
*1270, p. 629 [*E. orientalis; OD]. Eostaffelloides
resembles Chenella in most respects except that
Eostaffelloides does not have an abrupt increase
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in height of the last volution and the wall of the
body whorls does not contain a diaphanotheca.

The shell is lens-shaped and measures about 0.4
mm. in axial length and 0.7 mm. in width. The
diameter of the proloculus of one specimen was
given as 0.03 mm. and heights of succeeding
volutions as 0.06 (1st), 0.11 (2nd), 0.20 (3rd),
0.37 (4th), and 0.70 (5th). The chomata are
triangular in outline. The genus originally was
placed in the Ozawainellinae. U.Perm., Asia
(USSR).

Fujimotoella Morikawa, 1952, *1312A, p. 36 [*F.
umblicata; OD]. The type-specimens of F. um-
blicata are badly crushed. They are large and
have large proloculi. The shell is loosely coiled
throughout. The septa are closely spaced and
seem to be entirely unfluted. Considerable evidence
is shown on many of the illustrations that the
axial areas are highly filled with dense calcite
which is closely similar to axial fillings in speci-
mens of Wedekindellina Dunsar & HENBEsT,
1933. The author described Fujimotroella as be-
ing like Triticites Girry, 1904, but the types
seem to be too poorly preserved for comparison
or for generic definition. Perm., Japan.

Moscoviella K. V. MikLukHo-Makray, 1952,
*1276, p. 991 [*Ozawainella mosquensis Rau-
ZzER-CHERNOUSOVA in RAuzer-CHERNoUsova et al.,
1951, *1509A, p. 136; OD] [=Moscovella
Tuompson, 1954, *1926, p. 12 (nom. van.)].
The designation of type-species was somewhat
ambiguous, as an error in typesetting placed the
line “Tip roda Reichelina cribroseptata ERk, 1941
[1942] in two places (p. 991, line 25 and line
37) erroneously indicating it as type of both
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Moscoviella and Reichelina Erx, 1941[1942], al-
though most of the article consisted of distinguish-
ing the two genera. Nevertheless, lines 16-20
(p. 991, preceding the above-mentioned error)
stated definitely that the new name Moscoviella
was there proposed for the group of Carboniferous
foraminifers, for which the type is Ozawainella
mosquensis. According to Rauzer-CHERNOUsOVA
& Fursenko (1959, *1509, p. 208) Moscoviella
is a junior synonym of Ozawainella THoNPSON,
1935. Therefore, in view of the fact that most
Russian paleontologists have not accepted Mos-
coviella as an established genus, I concur in their
decision. U.Carb., Eu.-Asia.

Parareichelina K. V. MikLUKHG-MAKLAY in RAUZER-
CHerNousova & Fursexko, 1959, *1509, p. 208
[*P. reticulata; OD)] [=Parareichelina K. V.
MiIkLUKHO-MAKLAY in A. D. MIKLUKHO-MAKLAY,
Ravzer-CHERNousova &  Rozovskaya, 1958,
*1275, p. 17 (nom. nud.)]. Paraeichelina differs
from Reichelina Erk, 1941[1942], principally in
the last stages of the uncoiled part of the shell.
The detailed differences here mainly concern
attitude of the septa. The genus originally was
placed in the Ozawainellinae. U.Perm., USSR (N.
Caucasus-Ussuriy).

Praeparafusulina Tuaraxskava, 1962, *1955A, p.
1397 [*Parafusulina pseudojaponica DUTKEVITCH
in Gorsky, 1939, *809, p. 43; OD].

Pseudoendothyra Mixnavrov, 1939, *1260, p. 54,60
[*Fusulinella struvii vox MOLLER, 1879, *1296,
p. 22; OD] [=Parastaffella RAUZER-CHERNOUSOVA,
1948, *1505, p. 14 (obj.)]. It is found that
in the original publication on Fusulinella struvii
illustrations were given of external views and
drawings of thin sections. The wall structures
are shown in part to be identical to those in
Millerella Tuonpson, 1942, and Paramillerella
Tuompson, 1951. However, no chomata are seen
in the figures of F. struvii and, indeed, no sec-
ondary deposits of any kind. Furthermore, some
of the illustrations given by MiknayLov (1939)
are copies of those published by voN MOLLER.
One thin section figured by Miknayrov (*1260,
pl. 4, fig. 4) shows a foraminifer resembling an
ozawainellid, but the section is not well centered.
The other illustrations do not seem to be of
fusulinaceans. Carb.-L.Perm., USSR-W.Eu.-Asia-
N.Am.

Putrella Ravzer-CHerxousova, 1951, *1509A, p.
319 [*Pseudotriticites brazhnikovae Putrya, 1948,
*1493, p. 98; OD]. Putrella was proposed to in-
clude specimens that RauzerR-CHErRNousova de-
scribed from the upper part of the Moscovian
stage, base of Podolsk Horizon, and uppermost
part of the Kashir Horizon. The type-species is
reported to have features like those of some
variants of highly advanced Fusulina FiscHer pE
WarpHEn, 1829, and the genus was classed in
the Fusulininae. It is my judgment that the type-
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-

Fic. 328A. Verbeekinidae (Neoschwagerininae; 1,

Presumatrina): Fusulinidae (Fusulininae: 2, Fusu-

lina); Fusulinidae (Schwagerininae: 34, Schuager-
ina) (p. C404, C415, C432).





