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179. SOME LITTORAL FORAMINIFERA 
FROM SUNSET BAY, COOS COUNTY, OREGON 

MILDRED RIECHERS DETLING 
Museum of Natural History, University of Oregon 

ABSTRACT 

Thirty-on e species a nd var ieties f r om tide pools in Sun
set Bay. Coos County, Oregon. are discussed. The fauna 
has affinities to those of t h e Arctic a nd many species are 
found at scattered loca liti es south to Peru . Many of them 
also have wide verti cal ranges in the Tertiary of the west 

coast. 

INTRODUCTION 

The fauna represented here has been collected from 
tide pools on a wave-cut terrace at Sunset Bay, about 
three miles south of Coos Bay, in southwest Oregon. 
The pools are formed in up tilted sandstones of Eocene 
origin. The character of the bottom gives minute or
ganisms ample opportunity to flourish . The relatively 
soft, rough sandstone gives algae and sessile animals a 
toe-hold ; these organisms in turn give protection to 
foraminifers as well as immature and adult forms of 
myriads of arthropods, mullusks, echinoderms and 
worms. The nature of the rock formation at Sunset 
B~y blocks the heaviest wave action that would other
wise scour any life off the rocks . 

The tide pools from which these collections were 
made are exposed only at the lowest tides . Since these 
tides usually o<;cur in the early morning or evening 
hours, it is safe to say that the temperature of the 
water seldom, if ever, rises above 11 °C., the year-round 
temperature of the Pacific Ocean in the Coos Bay area. 

Some idea of the relative abundance of most of the 
species described is incorporated in the descriptions, 
but no exact counts are included . It is outside the 
province of this taxonomic study to include such data ; 
rather this is to be considered a preliminary report, of 
possible value as a basis for further work in the group. 

N early all the ,species described and figured are 
found in the intertidal zone north and / or south of 
Sunset Bay; however, Sunset Bay was the only place 
located in the course of this study where they all oc
curred together. 

Most of the species included in this study are de
scribed by Cushman and Todd (1947) as occurring off 
the coast of Washington. The Sunset Bay fauna has 
affinities to faunas of the Arctic (Cushman, 1948, Loe
blich and Tappan, 1953 ), and many species occur at 
widely scattered places south to Peru (Cushman and 
McCulloch, 1939, 1940) . Several species have wide 
vertical ranges, occurring throughout Tertiary forma
tions in Alaska, Washington, Oregon and California " 

(Cushman and Gray, 1946; Detling, 1946; Cushman, 
Stewart and Stewart, 1949). 

The hypotypes and figured specimens are deposited 
in the Museum of Natural History, University of Ore
gon , Eugene. The drawings are by the author. 

SYSTEMATIC DESCRIPTIONS 

Family LITUOLIDAE 

Gen us Haplophragmoides Cushman, 1910 

Haplophragmoides columbiense Cushman 

PIa te 7, figure 1 

H aplophragmoides columbiense CUSHMAN, 1925, Contr. 
Cushman Lab . Foram. Res., vol. 1, pt. 2, p. 39, pI. 
6, figs. 2a, b.-CUSHMAN and MCCULLOCH, 1939, 
Allan Hancock Pacific Exped ., vol. 6, no. 1, p. 72, 
pI. 5, figs . 8-1O.-CUSHMAN, 1944, Cushman Lab. 
Foram. Res ., Spec. Publ. 12, p. 11, pI. 2, fig. 1.
CUSHMAN and TODD, 1947, ibid., Spec. Publ. 21, 
p. 4, pI. 1, fig. 6. 

Diameter of hypotype, 0.54 mm. ; thickness, 0.09 mm. 
Rare in Sunset Bay tide pools. This species has been 
found in the eastern Pacific from Cordova, Alaska, to 
the coast of Colombia (Cushman and McCulloch, 
1939) . 

Family VAL VULINIDAE 

Gen us Eggerella Cushman, 1933 

Eggerella ad vena (Cushman) 

Plate 7, figure 2 

Verneuilina polystropha HERON-ALLEN and EARLAND, 
(not REUSS), 1913, minute form, Proc. Roy. Irish 
Acad., vol. 31, pt. 64, p. 55 (part), pI. 4, figs . 3-5 
(not figs. 1,2). 

Verneuilina advena CUSHMAN , 1921, Contr. Can ad. 
BioI. , no. 9, (1922), p. 9. 

Eggerella advena (CUSHMAN). CUSHMAN, 1937, Cush
man Lab. Foram. Res., Spec. Publ. 8, p . 51 , pI. 5, 
figs. 12-15.-1948, ibid., Spec. Publ. 23, p. 32, pI. 
3, fig. 12.-LoEBLICH and TAPPAN, 1953, Smith
sonian Mise. CoIl., vol. 121, no. 7, p. 36, pI. 3, 
figs . 8-10. 

Length of hypotype, 0.38 mm.; breadth, 0.18 mm. 
Other specimens vary from 0.25 to 0.50 mm. in length. 
Common in tide pools at Sunset Bay. Cushman and 
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McCulloch (1939) record it in the eastern Pacific from 
Cordova, Alaska, to Peru. 

Family MILIOLIDAE 

Genus Pateoris Loeblich and Tappan, 1953 

Pateoris hauerinoides (Rhumbler) 

Plate 7, figures 3-5 

(For references, see LOEBLICH and TAPPAN, 1953 , 
Smithsonian Misc. Coli., vol. 121, no. 7, p. 42.) 

Diameter of hypotype, 0.70 mm. Other specimens 
.' 

range to 0.85 mm. in diameter. This species with its 
gleaming white test is one of the more conspicuous 
and abundant forms in the tide pools. Live specimens 
are characterized by a pinkish color of the chambers, 
apparently a result of color in the protoplasm. There 
appears \ to be endless variety in the manner in which 
the last chambers are arranged. The immature stages 
are readily distinguished by the complete lack of aper

tural tooth. 

Gcnus Quinqueloculina d'Orbigny, 1826 

Quinqueloculina sp. A 

Plate 7, figure 6 

Test smooth, entirely porcellaneous, compressed, 
long oval in outline; periphery rounded, sutures slightly 
depressed; wall thin, gleaming white, in life faint pink; 
ilperture with a rim and a protruding bifid tooth. 

Length of figured specimen, 0.89 mm.; breadth, 0.51 
mm.; thickness, 0.25 mm. Specimens range in length 
from 0.50 to 1.05 mm. Fairly common. 

Quinqueloculina sp. B 

Plate 7, figure 7 

Test smooth, porcellaneous, compressed, nearly cir
cular in outline; periphery rounded, sutures slightly 
depressed; wall white; aperture with a slight rim and 
a protruding bifid tooth. 

Length of figured specimen, 0.55 mm.; breadth, 0.45 
mm.; thickness, 0.28 mm. Specimens vary in length 

from 0.40 to 0.75 mm. Common in Sunset Bay tide 
pools. 

? Quinqueloculina sp. C 

Plate 7, figure 8 

Test porcellaneous, matte, smooth with shallow lon
gitudinal grooves covering the surface, circular in out
line; periphery somewhat angled; test wall thick and 
opaque; 4 or 5 chambers visible on one side, 3 or 4 on 
the other; sutures slightly depressed; aperture with a 
simple tooth. 

Length of figured specimen, 0.78 mm.; breadth, 0.75 

mm.; thickness, OJ3 mm. Rare in Sunset Bay tide 
pools. 

DETLING- LITTORAL FORAMINIFERA. OREGON 

Family OPHTHALMIDIIDAE 

Genus Cornuspira Schultze, 1854 

Cornuspira involvens (Reuss) 

Plate 7, figure 9 

(For references, see CUSHMAN, 1929, Bull. 104, U. S. 
Nat. Mus., pt. 6, p. 80.) 

Diameter of hypotype, OJ 7 mm.; thickness, 0.10 
mm . Specimens vary from 0.28 to 0.40 mm. in diam
eter. Comparatively rare at Sunset Bay. 

Family TROCHAMMINIDAE 

Genus Trochammina Parker and Jones, 1859 

Trochammina charlottensis Cushman 

Plate 7, figure 10 

Trochammina charlotten-is CUSHMAN, 1925, Contr. 

Cushman Lab . Foram. Res., vol. 1, no. 2, p. 39, 
pI. 6, fig. 4.-CUSHMAN and MCCULLOCH, 1939, 
Allan Hancock Pacific Exped., vol. 6, no. 1, p. 
104, pI. 11, figs. 5, 6.-CUSHMAN and TODD, 1947, 
Cushman Lab. Foram. Res., Spec. Pubi. 21, p. 10, 
pI. 1, fig . 12 . 

Diameter of hypotype, 0.65 mm.; thickness, 0.22 
mm. Relatively rare in Sunset Bay tide pools. The 
gray color is uncommon among the arenaceous forms. 

Trochammina inflata (Montagu) 

Plate 7, figure 11 

Nautilus infiatus MONTAGU, 1808, Test. Brit., Suppl., 
p. 81, pI. 18, fig. 3. 

Rotalina infiata (MONTAGU) . WILLIAMSON, 1858, Rec. 

Foram. Great Britain, p. 50, pI. 4, figs. 93, 94.
PARKER and JONES, 1859, Ann. Mag. Nat. Hist., 
ser. 3, vol. 4, p. 347, fig. F .-WILLIAMSON, 1865, 
Pop. Sci. Rev., vol. 4, p. 174, pI. 8, fig. 8. 

Trochammina infiata (MONTAGU) . W. B. CARPENTER, 
PARKER and JONES, 1862, Int. Foram., p. 141, pI. 
11, fig. 5.-H. B. BRADY, 1884, Rep. Voy. Chal
lenger, Zoology, vol. 9, p. 338, pI. 41, figs. 4a-c.
CUSHMAN and MCCULLOCH , 1939, Allan Hancock 
Pacific Exped ., vol. 6, no. 1, p. 102, pI. 11, fig. 2. 

Diameter of hypotype, 0.45 mm.; thickness, 0.16 
mm. Rare at Sunset Bay, and found occasionally in the 
Pacific Ocean from Alaska to Ecuador in shallow water 
(Cushman and McCulloch, 1939), and on both sides of 
the north Atlantic (Cushman, 1944). 

Trochammina rotaliformis W righ t 

Plate 7, figure 12 

Trochammina infiata (MONTAGU) vaL BALKWILL ·and 
WRIGHT, 1885, Trans. R. Irish Acad., vol. 28 (Sci

ence), p. 331, pI. 13, figs. 11, 12.-CTTASTER, 1892, 
First Rep . Southport Soc. Nat. Sci . (1890-0, p. 58 . 
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Trochammina rotaliformis WRIGHT, in HERON-ALLEN 
and EARLAND, 1911, Journ. Roy. Micro. Soc. , p. 
309.-CUSHMAN, 1920, U. S. Nat. Mus. Bull. 104, 
pt. 2, p. 77, pI. 16, figs. 1, 2.-CUSHMAN and Mc
CULLOCH, 1939, Allan Hancock Pacific Exped., . 
vol. 6, no. 1, p. 107, pI. 12, fig. 2.-CUSHMAN, 
1948, Cushman Lab. Foram. Res., Spec. Publ. 23, 
p. 42, pI. 4, figs. 16a-c.-LoEBLICH and TAPPAN, 

1953, Smithsonian Misc . Coli., vol. 121, no. 7, p. 
51, pI. 8, figs . 6-9. 

Diameter of hypotype, 0.53 mm.; thickness, 0.15 
mm. Common in tide pools at Sunset Bay, and occurs 
off Greenland, Alaska, and Canada, south to Sechira 
Bay, Peru (Cushman and McCulloch, 1939, Cushman, 
1948, Loeblich and Tappan, 1953). 

Trochammina discorhis Earland 

Plate 7, figure 13 

Trochammina discorbis EARLAND, 1934, Discovery Re
ports, vol. 10, p. 104, pI. 3, figs . 28-31.-CUSHMAN 
and MCCULLOCH, 1939, Allan Hancock Pacific Ex
ped., vol. 6, No.1, p. 106, pI. 11, fig. 1O.-CUSH
MAN and TODD, 1947, Cushman Lab. Foram. Res., 
Spec. Publ. 21, p . 10, pI. 1, fig . 13. 

Diameter of hypotype, 0.38 mm.; thickness, 0.18 
mm. Other specimens range in diameter from 0.22 to 
0.38 mm. Not too common in Sunset Bay tide pools. 

Family LAGENIDAE 

Genus Oolina d'Orbigny, 1839 

Oolina melo d'Orhigny 

PIa te 7, figure 14 

Oolina melo D'ORBIGNY, 1839, Voyage dans I'Amerique 
meridionale; Foraminiferes, vol. 5, pt. 5, p. 20, pI. 
5, fig. 9.-LoEBLICH and TAPPAN, 1953, Smithson
ian Misc. CoIl., vol. 121, no. 7, pp. 71, 72, pI. 12, 
figs. 8-15. 

Entosolenia squamosa (MONTAGU) var. catenulata 
WILLIAMSON, 1848, Ann. Mag. Nat. Hist., ser. 2, 
vol. 1, p. 19, pI. 2, fig. 20; 1858, Recent Forami
nifera of Great Britain, p. 13, pI. 1, fig. 31. 

Entosolenia squamosa (MONTAGU) var. scalariformis 
WILLIAMSON, 1848, Ann. Mag. Nat. Hist., ser. 2, 
vol. 1, p. 20, figs. 21, 22. 

Lagena squamosa (MONTAGU). BRADY, 1884, Rep. 
Voy. Challenger, vol. 9, (Zoology), p. 471, pI. 58, 
figs. 28-31. 

Lagena catenulata (WILLIAMSON). CUSHMAN, 1923, 
U. S. Nat. Mus. Bull. 104, pt. 4, p. 9, pI. 1, fig. 11. 

Entosolenia hexagon a WILLIAMSON var. scalarHormis 
WILLIAMSON. CUSHMAN, 1948, Cushman Lab. 
Foram. Res., Spec. Publ. 23, p. 64, pI. 7, fig . 6. 

Length of hypotype, 0.33 mm .; breadth, 0.25 mm. 
Rare in Sunset Bay tide pools. 

Genus Fissurina Reuss, 1850 

Fissurina lucida (Williamson) 

Plate 7, figure 15 

EntosoLenia marginata (MONTAGU) var. Lucida WIL
LIAMSON, 1848, Ann. Mag. Nat. Hist., ser. 2, vol. 
1, p. 17, pI. 2, fig. 17. 

Entosolenia Lucida (WILLIAMSON). CUSHMAN and 
GRAY, 1946, Cushman Lab. Foram. Res., Spec. 
Publ. 19, p. 30, pI. 5, figs. 16-18.-CUSHMAN and 
TODD, 1947, ibid., Spec. Publ. 21, p. 20, pI. 3, fig. 
11; 1947, Contr. Cushman Lab. Foram. Res., vol. 
23, pt. 3, p. 65, pI. 15, fig. 22. 

Fissurina Lucida (WILLIAMSON). LOEBLICH and TAP
PAN, 1953, Smithsonian Misc. CoIl., vol. 121, no. 
7, p. 76, pI. 14, fig. 4. 

Length of hypotype, 0.30 mm.; breadth, 0.19 mm.; 
thickness, 0.14 mm. Rare in Sunset Bay tide pools. 
Cushman and Todd (1947) record it from the coast of 
Washington, and Cushman and Gray (1946) from the 
Pliocene of Timms Point in California. 

Family NONIONIDAE 

Genus Nonion Montfort, 1808 

Nonion grateloupii (d'Orhigny) 

Plate 7, figure 16 

Nonionina grateloupii n'ORBIGNY, 1826, Ann. Sci. Nat., 
vol. 7, p. 294, no. 19.-CUSHMAN, 1922 . Publ. 311, 
Carnegie Inst., Washington, p. 55, pI. 9, figs. 7, 8. 

Nonion grateloupi (D'ORBIGNY). CUSHMAN, 1930, Bull. 
104, U. S. Nat. Mus., pt. 7, p. 10, pI. 3, figs. 9-11; 
pI. 4, figs. 1-4.-1939, U. S. Geol. Survey Prof. 
Paper 191, p. 21, pI. 6, figs. 1-7.-CUSHMAN and 
MCCULLOCH, 1940, Allan Hancock Pacific Exped., 
vol. 6, no. 3, pp. 153, 158, pI. 17, fig. 2. 

Length of hypotype, 0.33 mm.; width, 0.24 mm.; 
thickness, 0.10 mm. Rather rare in collections from 
tide pools at Sunset Bay. Distributed on the west 
coast off Alaska, northern and southern California, to 
Ecuador (Cushman and McCulloch, 1940). 

Genus Nonionella Cushman, 1926 

Nonionella miocenica Cushman, var. stella 

Cushman and Moyer 

Plate 7, figure 17 

Nonionella miocenica CUSHMAN, var. stella CUSHMAN 
and MOYER, 1930, Contr. Cushman Lab. Foram. 
Res., vol. 6, p. 56, pI. 7, fig. 17.-CUSHMAN, 1939, 
U. S. Geol. Survey Prof. Paper 191, p. 34, pI. 9, 
fig. 1O.-CUSHMAN and MCCULLOCH, 1940, Allan 
Hancock Pacific Exped., vol. 6, no. 3, p. 162, pI. 
18, fig. 2. 

Greatest diameter of hypotype, 0.28 mm. ; breadth, 
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0.19 mm.; thickness, 0.12 mm. Fairly common. Cush
man and McCulloch (1940) describe this variety as 
occurring from Cordova, Alaska, in 2 fm. to off Guada
lupe Island, Mexico, in 50 fm . 

Gen us Astrononion Cushman and Edwards, 1937 

Astrononion gallowayi Loeblich and Tappan 

Plate 8, figure 1 

Astrononion stellatum CUSHMAN and EDWARDS, 1937, 
(not Nonionina stellata TERQUEM, 1882), Conte 
Cushman Lab. Foram. Res., vol. 13, p. 32, pI. 3, 
figs. 9-11.-CUSHMAN and MCCULLOCH, 1940, 
Allan Hancock Pacific Exped., vol. 6, no. 3, p. 
168, pI. 18, fig. ll .-CUSHMAN and TODD, 1947, 
Cushman Lab. Foram. Res., Spec. Publ. 21, p. 13, 
pI. 2, fig. 15.-CUSHMAN, 1948, ibid., Spec. Publ. 
23, p. 56.-F. L. PARKER, 1952, Bull. Mus. Compo 
Zool. Harvard, vol. 106, no. 9, p . 410, pI. 5, figs . 

2, 3. 
Astrononion stelligerum (D'ORBIGNY). CUSHMAN, 1948, 

Cushman Lab. Foram. Res. , Spec. Publ., no. 23, 
p . 55, pI. 6, fig . 6. 

Astrononion gallowayi LOEBLICH and TAPPAN, 1953, 
Smithsonian Misc . CoIL, vol. 121, no. 7 (publ. 
4105), pp. 90-92, pI. 17, figs . 4-7. 

Diameter of hypotype, 0.43 mm.; thickness, 0.18 
mm. Rare in Sunset Bay tide pools. Cushman and 
McCulloch (1940) record this species near the Chan
nel Islands off California, and close to Guadalupe Is
land, Mexico. 

Genus Elphidiul11 Montfort, 1808 

Elphidiul11 d. E. incertul11 (Williamson) 

Plate 8, figure 2 

Diameter of figured specimen, 0.34 mm .; thickness, 
0.13 mm. Very common in Sunset Bay tide pools. 
There appear to be two size groups. The smaller sizes, 
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0.27-0.35 mm. in diameter, are most numerous, and 
have from 8 to 10 chambers in the last whorl. The 
large specimens, averaging 0.50 mm. in diameter, are 
rare, perhaps one in 50, and characteristically have 12 
chambers in the last whorl. 

ElphidiUl11 subarcticul11 Cushman 

Plate 8, figure 3 

Elphidium subarcticum CUSHMAN, 1944, Cushman 
Lab. Foram. Res., Spec. Publ. 12, p. 27, pI. 3, figs. 
34, 35 ; 1948, ibid ., Spec. Pub I. 23, p . 58, pI. 6, 
fig. 12.-F. L. PARKER, 1952, Bull. Mus. Compo 
Zool. , Harvard, vol. 106, no. 9, p. 412, pI. 5, fig . 9. 
-LOEBLICH and TAPPAN, 1953, Smithsonian Misc. 
Coli., vol. 121, no. 7, p. 105, pI. 19, figs . 5-7. 

Diameter of hypotype, 0.55 mm.; thickness, 0.23 
mm. Specimens vary in diameter from 0.45 to 0.77 
mm. Common at Sunset Bay. Loeblich and Tappan 
(1953) describe a row of pores, but no slit, at the base 
of the apertural face. This condition appears to occur 
in the Sunset Bay specimens when the base coincides 
with a suture in the preceding coil. This species occurs 
off the coast of New England (Cushman, 1944) and 
northern Alaska (Loeblich and Tappan, 1953). 

Genus Elphidiella Cushman, 1936 

Elphidiella nitida Cushman 

Plate 8, figure 4 

Elphidium hannai CUSHMAN and GRANT, var. 1927, 
Trans. San Diego Soc. Nat. Hist., vol. 5, p. 78, pI. 
8, fig. 2. 

Elphidiella hannai (CUSHMAN and GRANT) . CUSH
MAN, 1939 (part), U. S. Geol. Surv. Prof. Paper 
191, p. 66, pI. 19, fig . 2 (not fig. 1) .-CUSHMAN 

.and MCCULLOCH, 1940, Allan Hancock Pacific 
Exped., vol. 6, no. 3, p . 177, pI. 20, fig . 11.
CUSHMAN and TODD, 1947, Cushman Lab . Foram. 
Res ., Spec. Publ. 21 , p. 15, pI. 2, fig. 22. 

EXPLANA nON OF PLATE 7 
FIGS. 

1. 
2. 

3-5 . 

6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

HaplophragmCYides columbiense Cushman. X 50. a, side view; b, apertural view . .. ... .. .... .. . 
Eggerella advena (Cushman). X 35 . a, side view; b, apertural view ..... ..... . ...... . 
Pate.oris hauerinoides (Rhumbler). X 23. a, b, opposite sides; c, apertural views ; 5, irregularly 
shaped individual. ...... ... .. .. ... .. .......... ... ............... .. ..... .. ......... ... .. .. .... .. .... .... .... .. ..... .. .... . .. 
Quinqueloculina sp . A. X 28. a , b, opposite sides; c, apertural view. .. .... .. .. ... ..... .. .. . . .. .... . . .. .... . 
Q. sp. B. X 33. a, b, opposite sides; c, apertural view. ...... .. ... .. ... .. .. ... .. ... .. .. ..... .. ...... , . .. .. . 
?Q. sp. C. X 18. a, side view; b, apertural view. .. .... .. .... .... .. ........ ...... .. .. .. .. .. ........ ... . 
Cornuspira involvens (Reuss) . X 60. a, side view; b, apertural view ...... ................... .. .... .. 
Trochammina charLottensis Cushman. X 35. a, dorsal view; b, ventral view; c, edge view. 
T. infiata (Montagu) . X 42 . a, dorsal view; b , ventral view; c, apertural view ...... .. .. ...... . . .. .. .. 
T. rotaLiformis Wright. X 30. a, dorsal view; b, ventral view; c, edge view . ............ .. ..... ..... .......... .. 
T. discorbis Earland . X 60. a, dorsal view; b, ventral view; c, apertural view .... .. ... .. ... .... ... .. .. .. . 
Oolina melo d'Orbigny. X 60. a, side view; b, apertural view. . .... ... .. ... ... .. .. .. ...... .. .. 
Fissurina Lucida (Williamson) . X 56. a, sid e view; b, apertural view . .. ... ..... .. ... .... i .. . .. .... .. .... ... ... .. 

N onion gratelou pii (d'Orbigny). X 60. a, side view; b, apertural view ......... .... ... .. .. .. ...... .. .. ... .. 
N,onionella miocenica Cushman, var. stella Cushman and Moyer. X 68. a, side view; b, apertural 
vIew. 
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Elphidiella nitida CUSHMAN, 1941, Contr. Cushman 
Lab. Foram. Res., vol. 17, pt. 2, p. 35, pI. 9, fig. 
4.-LoEBLICH and TAPPAN, 1953, Smithsonian 
Misc. ColI., vol. 121, no. 7, p. 107, pI. 19, figs. 11, 12. 

Diameter of hypotype, 0.78 mm.; thickness, 0.33 mm. 
Very common in Sunset Bay tide pools. The occur
rence of ,"the fine granules present on the apertural 
face and on the periphery of the preceding whorl just 
in front of the aperture" (Loeblich and Tappan, 1953), 
was only occasional on the specimens from Sunset Bay. 
Fewer than 10 percent of the individuals possessed the 
character. Cushman and McCulloch (1940) record 
this species from a continuous series of stations from 
off Cordova, Alaska, to Cedros Island, Mexico. Fossil 
evidence of this species appears in the Pleistocene at 
Cape Blanco, Oregon and the Pliocene in the Humboldt 
in northern California (Cushman, Stewart, and Stew
art, 1949). 

Family BULlMINIDAE 
Gt:nus Buliminella Cushman, 1911 

Buliminella elegantissima (d'Orbigny) 

Plate 8, figure 5 
Bulimina elegantis.fima D'ORBIGNY, 1839, Voy. Amer. 

Merid., vol. 5, pt. 5, "Foraminiferes," p. 51, pI. 7, 
figs. 13, l4.-WILLIAMSON, 1856, Rec. Foram. Gt. 
Britain, p. 64, pI. 5, figs. 134, 135.-H. B. BRADY, 
1884, Rep. Voy. Challenger, Zoology, vol. 9, p. 
402, pI. 50, figs. 20-22. 

Buliminella elegantissima (D'ORBIGNY). CUSHMAN, 1919, 
Proc. U. S. Nat. Mus., vol. 56, p . 606.-CUSHMAN 
and TODD, 1947, CushI?an Lab. Foram. Res., Spec. 
Publ. 21, p. 15, pI. 3, fig. I.-CUSHMAN and Mc
CULLOCH, 1948, Allan Hancock Pacific Exped., 
vol. 6, no. 5, pp. 236-238, pI. 29, fig. 4. 

Length of hypotype, 0.40 mm. Rare in Sunset Bay 
tide pools. This species has been recorded from all the 
present oceans and as a fossil throughout most of the 
Tertiary. 

Genus Robertinoides Hoglund, 1947 

Robertinoides (?) charlottensis (Cushman) 

Plate 8, figure 6 
Cassidulina charlottensis CUSHMAN, 1925, Contr. Cush

man Lab. Foram. Res., vol. 1, pt. 2, p. 41, pI. 6, 
figs. 6, 7. 

R obertina charlottensis (CUSHMAN). CUSHMAN and 
F. L. PARKER, 1936, Contr. Cushman Lab. Foram. 
Res., vol. 12, pt. 4, p. 97, pI. 16, figs. 12a, b. 

Robertina californica CUSHMAN and F. L. PARKER, 
1936, ibid. ,. figs. 14a, b. 

Robertinoides charlottensis (CUSHMAN). LOEBLICH and 
TAPPAN, 1953, Smithsonian Misc. ColI., vol. 121, 
no. 7, pp. 108-110, pI. 20, figs . 6, 7. 

Length of hypotype, 0.65 mm.; breadth, 0.35 mm. 
Rare. According to Loeblich and Tappan (1953), the 
generic status of this species is in doubt because of 
possible misinterpretation by d'Orbigny of his material 
designated by him to be Robertina. The latter genus 
is characterized by a virguline aperture. Hoglund 
(1947) described Robertinoides as having a double 
aperture. If d'Orbigny's illustration and description 
are proved to be inaccurate, the two generic names 
may be synonymous. In the Sunset Bay specimens the 
aperture is an L-shaped slit, running vertically into 
the face of the last chamber, and horizontally in the 
suture at the base of the chamber. 

Genus Angulogerina Cushman, 1927 

Angulogerina fluens Todd 

Plate 8, figure 7 

A ngulogerina angulosa (WILLIAMSON). CUSHMAN, 1948 
(not Uvigerina angulosa WILLIAMSON, 1858), 
Cushman Lab. Foram. Res., Spec. Publ. 23, p. 66, 
pI. 7, fig. 8. 

Angulogerina fiuens TODD, 1947, in CUSHMAN and 
TODD, Contr. Cushman Lab. Foram. Res., vol. 23, 
pt. 3, p. 67, pI. 16, figs. 6, 7.-CUSHMAN and Mc-
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Buccella · inusitata Andersen. X 28. a, dorsal view; b, ventral view; c, edge view. 
Poroeponides lateralis (Terquem). X 17. a, dorsal view; b, ventral view; c, apertural view. 
Cassidulina limbata Cushman and Hughes. X 32 . a, ventral view; b, apertural view. 
Cibicides lobulatus (Walker and Jacob). X 34. a, dorsal view; b, ventral view; c, apertural view. 
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CULLOCH, 1948, Allan Hancock Pacific Exped., 
vo!' 6, no. 5, p. 288, pI. 36, fig. I.-LOEBLICH and 
TAPPAN, 1953, Smithsonian Misc. Col!., vol. 121, 
no. 7, p. 112, pI. 20, figs. 10-12 . 

Length of hypotype, 0.45 mm .; breadth, 0.20 mm. 
Rare . 

Family ROT ALIIDAE 

Genus Diseorbis Lamarck, 1804 

Diseorbis eolumbiensis Cushman 

Plate 8, figure 8 

Discorbis columbiensis CUSHMAN, 1925, Contr. Cush
man Lab. Foram. Res., vol. 1, pt. 2, p. 43, p!. 6, 
fig . 13.-CUSHMAN and TODD, 1947, Cushman Lab. 
Foram. Res., Spec. Publ. 21, p. 20, pI. 3, figs . 14-16. 

Diameter of hypotype, 0.32 mm.; thickness, 0.12 
mm.; specimens range to 0.60 mm. in diameter. Com
mon on eelgrass and algae in Sunset Bay tide pools. 

Diseorbis omatissima Cushman 

Plate 8, figures 9, 10 

Discorbis ornatissima CUSHMAN, 1925, Contr. Cush
man Lab. Foram. Res., vol. 1, pt. 2, p. 42, pI. 6, 
figs. 11, 12.-CUSH~AN and TODD, 1947, Cushman 
Lab. Foram. Res., Spec. Pub!. 21, p. 20, p!. 3, 
figs. 18, 19. 

Diameter of hypotype, 0.70 mm.; thickness, 0.34 
mm. One of the more common species in these collec
tions . Many individuals occur in pairs, attached by 
their flat ventral sides. When separated, the individu
als frequently show the ventral surfaces and internal 

chamber walls dissolved away, leaving cavities filled 
with numerous progeny, each composed of 2 chambers 

(Plate 8, fig. 10). 

Diseorbis sanjuanensis Cushman and Todd 

Plate 8, figure 11 

Discorbis sanjuanensis CUSHMAN and TODD, 1947, Cush
man Lab. Foram. Res., Spec. Publ. 21, p. 21, pI. 3, 

fig. 21. 

Diameter of hypo type, 0.85 mm.; thickness, 0.20 
mm. Rather rare in Sunset Bay tide pools. Very com
mon in region of San Juan Islands, Washington (Cush
man and Todd, 1947). 

Genus Eponides Montfort 1808 

Eponides eo1umbiensis (Cushman) 

Plate 8, figure 12 

Pulvinulina columbiensis CUSHMAN, 1925, Contr. Cush
man Lab. Foram. Res ., vol. 1, pt. 2, p. 43, pI. 7, 

fig. 1. 

Eponides columbiensis (CUSHMAN). CUSHMAN and 

DETLING- - LITTORAL FORAlVllNIFERA. OREGON 

TODD, 1947, Cushman Lab . Foram. Res., Spec. 
Publ. 21, p. 22, pI. 4, fig. 1. 

Diameter of hypotype, 1.15 mm.; thickness, 0.67 
mm. This is one of the most numerous and striking 
species in these tide pool collections. 

Gen us Bueeella Andersen, 1952 

Bueeella inusitata Andersen 

Plate 8, figure 13 

Eponides frigidus (CUSHMAN). CUSHMAN and TODD, 
1947 (not Pulvinulina frigida CUSHMAN, 1922), 
Cushman Lab. Foram. Res., Spec. Publ. 21, pI. 3, 
fig . 20.-CUSHMAN, 1948, ibid. , no. 23, p. 71, p!. 8, 
fig. 7. 

Buccella inusitata ANDERSEN, 1952, Journ. Washington 
Acad. Sci., vo!' 42, no. 5, p. 148, figs. 10-11.
LOEBLICH and TAPPAN, 1953, Smithsonian Misc. 
Col!., vo!' 121, no. 7, p. 116, pI. 22, fig. 1. 

Diameter of hypotype, 0.50 mm.; thic.kness, 0.27 
mm. Rather common in , tide pools at Sunset Bay. 

Genus Poroeponides Cushman, 1944 

Poroeponides 1atera1is (Terquem) 

Plate 8, figure 14 
Rosalina lateralis TERQUEM, 1878, Mem. Soc. Geo!. 

France, ser. 3, vo!' 1, Mem. 3, p. 25, pI. 2, fig. 11. 
Pulvinulina lateralis (TERQUEM). H. B. BRADY, 1884, 

Rep. Voy. Challenger, Zoology, vo!' 9, p. 689, p!. 
106, figs. 2,3. 

Eponides lateralis (TERQUEM). CUSHMAN, 1931, Bull. 
104, U. S. Nat. Mus., pt. 8, p . 47, p!. 10, fig . 5. 

Poroeponides lateralis (TERQUEM) . CUSHMAN, 1944, 
Cushman Lab. Foram. Res., Spec. Publ. 12, p. 34, 
pI. 4, fig. 23.-F. L. PARKER, 1948, Bull. Mus. 
Compo Zool., Harvard, vol. 100, no. 2, pI. 1, figs. 
17a, h. 

Length of hypotype, 1.20 mm.; breadth, 0.76 mm.; 
thickness, 0.55 mm. The figured specimen is the only 
individual of this species found in the collections from 
Sunset Bay. It is so unmistakable that it was included 
in this study. This species is common in tropical and 
subtropical waters, and very abundant off the south 

coast of New England where the influence of the Gulf 
Stream is marked (Cushman, 1931). Cushman (1944) 
records this species from European waters . The type 
is from the Pliocene of the Isle of Rhodes . 

Family CASSIDULINIDAE 

Genus Cassidulina d'Orhigny, 1826 

Cassidulina limbata Cushman and Hughes 

Plate 8, figure 15 

Cassidulina laevigata BAce, 1912 (not D'ORBIGNY), 
U. S. Geol. Surv ., Bull. 513, p. 43. 
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Cassid1l1ina limbata CUSHMAN and HUGHES, 1925, 
Contr. Cushman Lab. Foram. Res ., vol. 1, no. 5, 
p. 12, pI. 2, figs. 2a-c.-CuSHMAN, 1927, Bull. 
Scripps Instit. Oceanography, Tech. Ser., vol. 1, 
no. 10, p. 166, pI. 6, fig. 4.-CUSHMAN and GRAY, 
1946, Cushman Lab. Foram. Res., Spec. Publ. 19, 

p. 42, pI. 7, figs. 14-16. 

Diameter of hypotype, 0.55 mm.; thickness, 0.30 
mm. Fairly common in tide pool material. Very abun
dant in the Pliocene of California (Cushman and 

Hughes, 1925). 

Family ANOMALINIDAE 

Genus Cibicides Montfort, 1808 

Cibicides lobulatus (Walker and Jacob) 

Plate 8, figure 16 

(For earlier references, see CUSHMAN, 1931, Bull. 
104, U. S. Nat. Mus., pt. 8, p. 118, pI. 21, fig. 3.)
CUSHMAN, 1944, Cushman Lab. Foram. Res., Spec. 
Publ. 12, p. 36, pI. 4, figs. 27, 28.-CUSHMAN and 
GRAY, 1946, ibid., no. 19, p. 45, pI. 8, fig. 14.-CUSH
MAN, 1948, ibid., no. 23, p. 78, pI. 8, fig. 14. 

Diameter of hypotype, 0.50 mm.; thickness, 0.11 
mm. Common, attached to eelgrass and algae in tide 

pools. This species has a wide range, both as a living 
and as a fossil form. In lif e it has a pinkish color. 

Family PLANORBULINIDAE 

Genus Planorbulina d'Orbigny, 1826 

Plan orbulina acervalis H. B. Brady 

Plate 8, figure 17 

Planorbulina acervalis H. B. BRADY, 1884, Rep. Voy. 
Challenger, Zoology, vol. 9, p. 657, pI. 92, fig. 4.

CUSHMAN, 1915, Bull. 71, U . S. Nat. Mus., pt. 5, 
p. 29, pI. 14, fig . I.-CUSHMAN, 1931, Bull. U. S. 
Nat. Mus., pt. 8, p. 130, pI. 25, fig. I.-CUSH
MAN and GRAY, 1946, Cushman Lab. Foram. Res., 
Spec. Publ. 19, p. 46, pI. 8, fig. 20. 

Diameter of hypotype, 0.85 mm. Rare in Sunset 

Bay tide pools. 

LITERATURE CITED 

CUSHMAN, ]. A., (1918-1931), The Foraminifera of the 
Atlantic Ocean : Bull. 104, U. S. Nat. Mus., pts. 
1-8, 1064 pp . 

---, (1944), Foraminifera from the shallow water 
of the New England coast: Cushman Lab. Foram. 
Res., Spec. Publ. 12, 37 pp. 

---, (1948), Arctic Foraminifera : Ibid., Spec. Publ. 
23, 79 pp . 

--- and GRAY, H. B., (1946), A foraminiferal fauna 
from the Pliocene of Timms Point, California: 
Ibid., Spec. Publ. 19, 46 pp. 

--- and HUGHES, D. D., (1925), Some later Terti

ary Cassidulinas of California: I bid., Contr., vol. 
1, pp. 11-16. 

--- and MCCULLOCH, 1., (1939), A report on some 
arenaceous Foraminifera: Allan Hancock Pacific 

Exped., vol. 6, no. 1, 113 pp. 

--- and ---, (1940), Some Non:onidae in the 
collections of the Allan Hancock Foundation: 

Ibid., no. 3, pp. 145-178. 

---, STEWART, R. E., and K. c., (1947), Five papers 

on Foraminifera from the Tertiary of western Ore
gon: Oregon Dept. Geol. and Mineral Industries, 
Bull. 36, parts I-V, 111 pp. (1949), Parts VI-VIII, 

pp. 113-208. 

--- and TODD, R., (1947), Foraminifera from the 
coast of Washington: Cushman Lab. Foram. Res., 

Spec. Publ. 21, 23 pp. 

DETLING, M. R., (1946), Foraminifera of the Coos Bay 
lower Tertiary, Coos County, Oregon: Journ. Pal
eontology, vol. 20, no. 4, pp. 348-36I. 

HOGLUND, H ., (1947), Foraminifera in the Gullmar 
Fjord and the Skagerak: Zoo I. Bidrag U ppsala, 
vol. 26, 328 pp. 

LOEBLICH, A. R., and TAPPAN, H., (1953), Studies of 
Arctic Foraminifera: Smithsonian Misc. ColI., vol. 
121, no. 7, 150 pp. 



32 HOFKER-l'ALl\U~IUNELLA l'ALi\U~I~AE BERMUDEZ 

CONTRIBUTIONS FROM THE CUSHMAN FOUNDATION 
FOR FORAMINIFERAL RESEARCH 

VOLUME IX, PART 2, APRIL, 1958 

180. THE TAXONOMIC STATUS OF 
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The Hague, Holland 

ABSTRACT 

The ,; ll'u c lul'e of l'almerinella is a nalyzed and its rela

l iOI1,;h i p to Ceratubuliminlt is suggested. 

DISCUSSION 

Specimens of Palmerinella palmerae Bermudez, the 
type species of Palmerinella, collected from 2-5 fms. off 
Havana, Cuba, were sent to me by Dr. Bermudez. 

A study of the specimens reveals that the taxonomic 
status of this species and also of the genus have been 
much misunderstood . Bermudez (1934, p. 83, text figs. 
1-31 established the genus and describt;d this species. 
Later (Bermudez, 1952) he placed it in the subfamily 
Planulininae. Cushman (1950, p. 33) also considered 
that it was related to Planulina. 

The planispiral test is composed of clear calcium 
carbonate having very large pores not only on the 
sides of the chambers but also on the periphery. The 
sutures are distinct, very slightly depressed, and slant
ing. The periphery is. rounded. The chambers are 
slightly involute, leaving the umbilical area free, this 
area being filled with clear material perforated by 
some large pores . The chambers are narrow with 
about 12-14 in the adult test in the last formed whorl. 

The lumen of each chamber is divided into several 
parts by a very characteristic tooth pIa te which bor
ders the originally loop-shaped aperture, extends along 
this aperture (which later is almost closed) around 
the upper border and then down again along the op
posite border. Then it again extends upward towards 
the periphery where it ends. Thus, near the base of 
each apertural face a sling of clear poreless material is 
found, growing up from each proximal septum and 
ending in a fringed thin lamellum at one side of the 
chamber, whereas it forms near to the peripheral part 
of each chamber a rounded part, forming the second 
sling. At the base of this doubling plate openings 
occur which pass into each former chamber; these 
openings piercing thus the septal part are . bordered 
with a thickened rim. Since each complicated tooth
plate near to the axial part of each chamber forms a 
sling also, and since this sling connects with a part of 
the septal wall underneath which runs upward , in a 
longitudinal section of the test we find at the axial part 
of each chamber that upward bending part of the 
toothplate, forming something like a secondary cham-

berlet in that section near to the wall of a former 
whorl. 

In the earlier w.horls, surrounding the proloculus, the 
toothplate is much more primitively built, being here 
only a simple rounded tooth plate running from the 
base of each chamber over the peripheral part of the 
single septal opening, the former aperture; this struc
ture is strongly reminiscent of what has been found in 
the genlls Ceratobulimina (Hofker, 1951, p. 318-319, 
text figs. 215-217). In Cera to bulimina toothplates may 
form more complicated slings very much resembling 
those found here in Palmerinella. 

These structures clearly show that Palmerinella is 
not closely related to Planulina but forms one of the 
end forms of development in the Ceratobuliminidae. 

Ceratobulimina itself shows very fine pores, whereas 
Palmerinella has distinct and rather coarse pores; but 
they are protopores as well. Such an increase of pore
diameter during the development of a group o( Fo
raminifera is welJ known. We find this phenomenon in 
the development of the Globigerina-group, where all 
older forms and also the more primitively built forms 
show fine pores, whereas the more developed species 
increasingly show coarser pores, especially during the 
development in the Tertiary. In groups in \yhich 
toothplates have developed, in the ancient forms these 
toothplates are of a simple type, whereas in the more 
advanced and later forms they become complicated. 

Another striking instance is found in Bolivina where 
the Jurassic forms have very fine pores and a simple 
toothplate. In addition they have aragonite tests. 
During the Cretaceous this primitive form continues 
but in the Tertiary the pores may become rather 
coarse, except in the initial chamber, and the tooth
plates and apertures become more complicated. In 
the genus Reussella all Cretaceous species show very 
fine pores, simple apertures and toothplates but in the 
later Tertiary the pores become coarse and the tooth
plates and apertures develop into very complicated 
structures. In the Siphoninidae also a similar develop
ment occurs. In primitive Pulsiphonina and in Sipho
ninella the pores are fine but in Siphonina they grad
ually become coarse. In addition the apertures, which 
are simple in Pulsiphonina, are more complicated. In 
each species of the genus Gavelinella the pores gradu
ally increase in size with time but they all start with 
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TEXT FIGURES A-E 
Palrnerinella palrnerae Bermudez. a, whole test, side 

view. X 57. b, test with broken end-chamber, aper
tural face. X 57. c, transverse section, showing pro
loculus, first chambers with primitive toothplates, and 
later chambers with complicated toothplates and mul
tiple apertures (septal openings). X 160. d, part of 
section of chamber, showing toothplate and multiple 
septal openings. X 160. e, part of longitudinal (hor
izontal) section, with the toothplates in the chambers 
and. the folding axial parts of the toothplates, suggest
ing secondary chamberlets. X 160. 

very fine ones (Hofker, 1957, p. 371, fig. 424). In the 

final development of the group (youngest Cretaceous 

and Tertiary) the tests become planispiral and the 

pores are rather coarse even in the early stages of a 

species (Gavelinonion). Palrnerinella also is an in

stance of this rule of development. The tests in Ceta

tabulirnina are always brownish and are built of ara

gonitic material contrarily to those of Palrnerinella. 

In C eratobulirnina the pores are fine, in P alrneri"nella 

coarse. In the oldest forms of Ceratobulirnina the 

toothplates are simple and then gradually become more 

complicated until the highly developed toothplate of 

Palrnerinella is reached. In addition, the tests of C era

tabulirnina are trochoid while those of Palrnerinella 

are planispiral. A similar development is seen in the 

Epistomariidae where the primitive forms have simple 

toothpla tes and fine pores while the test is typically 

aragonitic. In Epistomaria the tooth pia te has be

come much more complicated, the apertural characters 

much more highly developed, and the pores rather 

coarse. In addition, the walls are almost completely 

calcareous (Hofker, 1953, p. 135, fig. 4) . 
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ABS'l'RACT 

The structure of Colomia is discussed a nd its relation
ship to ConorlJoides suggested. 

DISCUSSION 

Cushman and Bermudez (1948, p. 12) established 
the genus Colomia for typical sugar-loaf-like tests 
which occur in the lower Maestrichtian of central 
Europe and America. Their description (Cushman, 
1950, p. 265) is as follows: 

"Test conical; earliest chambers indistinct, later ones 
uniserial, circular in transverse section, interior with 
vertical columns or tubular structures connecting walls 
of adjacent chambers; wall calcareous, perforate; aper
ture in the adult terminal, a slightly arcuate, narrow 
opening in the middle of the apertural face." 

Cushman placed this genus in the Buliminidae and 
supposed it to be closely related to Ungulatella. 

In the description the first chambers are mentioned 
as indistinct but in a clarifier they are readily distin
guished. In the microspheric generation a small pro
loculus is followed by a set of three chambers which 
in shape very closely resemble those of Conorboides 
mitra (Hofker) and other species of the genus Conor
boides. A set of two chambers follows usually fol
lowed in turn by a second set of two chambers in one 
whorl; the following chamber is the first uniserial one. 

In the trochoid part of the microspheric test the 
apertures are those of Conorboides, with the typical 
toothplate. In the uniserial chambers the aperture be
comes terminal, areal, and slit-like, in the middle of 
the basal wall. Each successive aperture forms an 
angle of about 80 0 with the preceding one, indicating 
that though the chambers are uniserial their arrange
ment in respect to the axis of the test is that of a 
trochoidly coiled test with about 4-5 chambers in a 
whorl. Two adjacent walls are connected by the tooth
plate, the tubular structure mentioned in the descrip
tion, and this toothplate has its ventral edge attached 
to one of the long sides of the aperture while its free
folded part crosses the axis of the aperture. The di
ameter of the proloculus of the microspheric tests is 
12-14/-t. 

In the megalospheric generation the test begins with 
a large proloculus having a diameter of about 40/-t, fol
lowed by a whorl of two chambers. These chambers 

~e 
TEXT FIGURE 1 

Colomia cretacea Cushman, microspheric specimen. 
X 160. a. Complete test showing triserial and biserial 
sets of chambers with toothplates near axis of test, 
followed by uniserial chambers with toothplates in 
center. Optical section. b. Part of the same test, 
turned 90 0 in respect to a. c. Same test, turned 90 0 in 
respect to b. d. Same test, from above, showing the 
arrangement of chambers. e. Same test, apertural view, 
aperture with two septal foramina (former apertures) 
seen below, to demonstrate the arrangement of the 
uniserial chambers in a who'rl of nearly 5 chambers. 

show the usual conorboid aperture and toothplate at 
the axis of the test. The uniserial set of chambers 
follows. In these chambers the septal foramina and 
toothplates are arranged at angles of about 65 0

, thus 
point to an original coiling of about five chambers in 
a whorl. 

The walls of the test show the peculiar brownish 
color of typical Conorboides, Hogh~ndina and Cerato
bulimina (aragonitic tests) and not the white or hya
line texture of the walls of the Buliminidae (calcareous 
tests). In the outer walls very fine pores are found, 



CONTRIBUTIONS FROM THE CUSHMAN FOUNDATION FOR FORAMINIFERAL RESEARCH 35 

TEXT FIGURE 2 
Calamia cretacea Cushman, megalospheric specimen 

from the same sample. X' 160. a. Complete test from 
the side, in oil, showing the proloculus, the tooth
plates; in the last-formed chamber part of the wall is 
removed to show the foramen and the tooth plate sur
rounding it. b. Basal view, with last-formed aperture 
and the foramen of the former chamber, making an 
angle with the last-formed aperture. c. Initial side, 
showing the proloculus, two trochoidal chambers and 
some uniserial chambers. d. Part of test wall, with 
the densely placed fine pores. 

as in Can~rbaides and related genera. With polarized 
light the tests of Canarbaides and Calamia show identi
cal features. All these characteristics definitely point to 
a relationship with Cana1"baides and not to Bulimina. 

Canarbaides mitra was described from the lower 
Cretaceous. In this species the first part of the test 
(Hofker, 1951) show~ 5 chambers in a whorl, but adult 
specimens have a somewhat dome-shaped test with 
only two chambers in a whorl. The aperture remains 

axial. Calamia thus is merely a more advanced Can
arb aides in which the biserial chambers have become 
uniserially arranged. This arrangement always goes 
hand in hand ~ith the formation of areal apertures, as 
in Rectabalivina. 

The description and figures given here are drawn 
from specimens of Calamia cretacea Cushman from the 
lower Maestrichtian of Gerhardsreuter Graben near 
Siegsdorf, Bavaria, Germany. They were kindly sent 
to me by H. Hagn. 

Egger (1899, p. 29, pI. 14, fig. 29) described this 
species from the Gerhardsreuter Schichten near Starz
miihle as Textularia turris ? with the following char
acterIstics: "0,25-0,50 mm.; Zuckerhut; kleine An
fangskammer; die Kammern breiten sich gegen dem 
Rand rundlich aus; Rand der Schale schliesst mit der 
letzten Kammer kantig ab; zarte Horizontalleisten; 
Miindung Querspalt in der Endoberslache." 

Cushman found this species in the Upper Cretaceous 
of Havana, Cuba. Bandy (1951, p. 512, pI. 75, figs. 11, 
12) described a similar species, Calamia californica, 
with slightly different characteristics from the Upper 
Cretaceous of the Carlsbad area in California. He also 
mentions the triserial early chambers. 
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ABSTRACT 
The rhizopod fauna of the Salton Sea contains twenty 

foraminiferal species. four of which are new . and three 

species. of Tohec amoebina. All species are illustrated and 

the n e w ones are nanled and desc ribed. 

INTRODUCTION 
The writer recently completed a detailed environ

mental study of the Salton Sea ; the results and conclu
sions of this investigation will be published shortly in 
another periodical. However, in order to make the 
data immediately available to students of Rhizopoda, 
the location of the stations where collections were made 
(Figure 1) and the frequency distribution of the 
species (Appendix) are given in this paper. 

During the field work, samples of approximately 500 
grams of bottom sediment were collected. In order to 
detect living specimens the samples were preserved in 
isopropyl alcohol at the time of collection and later 
stained with an organic dye (rose Bengal) as outlined 
in the procedure specified by Walton (1952). The 
samples were then weighed and washed with a 250-
mesh screen (opening 0.062 millimeter) to eliminate 
the clay fraction of the sediment. After washing, the 
silt and sand fractions were dried and treated with 
carbon tetrachloride to float the Rhizopoda which were 
then filed in vials for later study. Residues from the 
floatation were discarded as they contained only a few 
tests filled with fine-grained sediment. 

Representative splits of the concentrates, large 
enough to fill a counting slide, were obtained by us~ng 
a microsplitter of a modified Otto (1933) type. Fre-

quency counts of 150 to 400 individuals, including Jiv
ing and dead specimens, were made for each sample. 
In a few samples, when specimens were rare, less than 
150 individuals were counted. During the counting the 
number of specimens of each species was recorded and 
later computed as percentage of the total number of 
Foraminifera in the sample. Species of Thecamoebina 
were not included as they are restricted to fresh water 
(Stations 1,2,3 on the Alamo River) . The percentage 
values are given in the appendix. This method Was 
used because it is the most accurate presentation for 
comparison with similar studies by other investigators. 
The foraminiferal number (i.e . number of Foraminifera 
per gram of sediment) was computed in order to per
mit correlation of the total number of Foraminifera 
present in samples of comparable size. 

The foraminiferal number, F. N., was obtained in 
the fonowing manner: the foraminiferal sample was 
split evenly until a fraction containing about 500 spec
imens was obtained; care was taken to note the num
ber of splits. The exact number of individuals in the 
last split was then counted and the foraminiferal num
ber was obtained by the formula: 

Number of specimens count~d x 2n 

F. N. = ... - . --
Weight in grams of sediment in :the sample 

(In the formula the exponent n represents the num
ber of splits) 

A total of 103 bottom samples was collected and 
treated as explained in the preceding paragraphs. 

Research and library facilities were provided by the 

EXPLANATION OF PLATE 9 
FIGS. PAGE 

FORAMINIFERA 

1,2,3 . Textularia earlandi Parker, X 124; 1, side view, hypotype, USC No. 4618; 2, apertural 
view; 3, side view, hypotype, USC No. 4619. ... .... .. ..... .... ....... ... 41 

4,5,6,7. Ammobaculites salsus Cushman and Bronnimann, X 124; 4, side view, hypotype, USC No. 
4584; 5, side view, hypotype, USC No. 4585; 6, apertural view; 7, side view, hypotype, 
USC No. 4586. ..................... ..... .. ... ... ..... ..... ............ ... .................. 37 

8,9. Bathysiphon sp., X 42; 8, side view; 9, apertural view, hypotype, USC No. 4587. 37 
13,14,15,16. Reophax nana Rhumbler, X 124; 13, side view, hypotype, USC No. 4609; 14, apertural 

view; 15, side view, hypotype, USC No. 4610; 16, side view, hypotype, USC No. 4611. 40 
17. Saccammina sphaerica Sars, X 124; hypotype, USC No. 4612. ......... ....... 40 

THECAMOEBINA 

10,11,12. Difflugia urceolata Carter, X 124; 10, apertural view; 11, side view, hypotype, USC No. 
4596; 12, side view, hypotype, USC No. 4597. · ...... ......... . ...... 41 

18,19. Pseudodifflugia gracilis Schlumberger, X 124; 18, sid e view; 19, apertural view, hypotYP,e, 
USC No. 4621. .. ... .... .. ..... ... . .... ... ....... .. . .... ....... .. 42 

20,21,22 . Difflugia oblcmga Ehrenberg, X 124; 20, side view, hypotype, USC No. 4602 ; 21, apertural 
view; 22, side view, hypotype, USC No. 4603 . ...... ...... 41 
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Allan Hancock Foundation at the University of South
ern California. Thanks are given to the Western Gulf 
Oil Company for permission to publish the manuscript. 

SYSTEM A TICS 

The following is an alphabetized reference list of the 
living and fossil species of Foraminifera and Jheca
moebina encountered in Salton Sea sediments. Usually, 
the original and one subsequent reference are given for 
each species which has been described previously. In
cluded are the descriptions of three new species and a 
new variety. The illustrations were drawn by the 
author. The type specimens are deposited in the pale
ontological collections at the University of Southern 
California. 

FORAMINIFERA 

Anullobaculites salsus Cushman and Bronnimann 

Plate 9, figures 4, 5, 6, 7 

1948. Ammobaculites salsus CUSHMAN and BRONNI
MANN, Contrib. Cushman Lab. Foram. Research, 
vol. 24, pt. 1, p. 16, pI. 3, figs. 7-9. 

1953. Ammobaculites salsus PARKER, PHLEGER and 
PEIRSON, Cushman Foundation Foram. Research, 
Special Pub. 2, p. 5, pI. 1, figs. 17-25. 

This species was originally described from inshore 
mud, brackish water, Mangrove swamp, Trinidad, 
B.W.!. It has also been reported by Parker et al. from 
bay and marsh facies,in the San Antonio region, Texas. 
It occurs only in shallo~ water along the coast of the 
Salton Sea. Living and dead specimens were recorded. 

Hypotypes.-USC Nos. 4584, 4585, 4586. 

Bathysiphon sp. 

Plate 9, figures 8, 9 

This species resembles B. arenacea, but the wall is 
much thinner. One dead specimen was found in the 
delta of New River. ' Length . of specimen, 1.85 mm.; 
width, 0.60 mm. 

Hypotype.-USC No. 4587. 

Bolivina striatula Cushman 

Plate 11, figures 13, 14, 15, 16 

1922. Bolivina striatula CUSHMAN, Carnegie Inst. 
Washington Pub. 311, p. 27, pI. 3, fig. 10. 

1953. Bolivina stria tula, PARKER, PHLEGER and PEIR
SON, Cushman Foundation Foram. Research, 
Special Pub. 2, p. 6, pI. 4, figs. '1, 5. 

This species was originally described from shallow 
water of the Tortugas region, Florida . Bandy (1954) 
reported it from shallow water cf the Gulf of Mexico. 
Parker et al. also mentioned the presence of that spe
cies in their open gulf shallow water facies. In the 
Salton Sea it occurs with high percentages in fairly 
"deep" water (30 feet). Both living and dead speci
mens are abundant. 

Hypotypes.-USC Nos. 4588, 4589. 

Buliminella elegantissima (d'Orbigny) 

Plate 11, figures 7, 8, 9 

1839. Bulimina elegantissima D'ORBIGNY, Voy. Amer. 
Merid., vol. 5, pt. 5, "Foraminiferes," p. 51, pI. 
7, figs. 13, 14. 

1953. Buliminella elegantissima BANDY, Journal Pale
ont., vol. 27, p. 176, figs. l4a, b. 

This species was originally described from the south
western coast of South America, from recent coastal 
sands. It is widespread in shallow water. The Salton 
Sea specimens appear to be smaller than usual. Large 

. populations occur where there is a great abundance of 
nutrients. Living and dead specimens are very common. 

Hypotypes.-USC Nos. 4590,4591. 

Calcituba simplex Arnal, n. sp . 

Plate 10, figures 4, 9 

Test, a simple tube, irregular in diameter, more or 
less curvilinear, seldom branching; wall, calcareous im
perforate; apertures, simple round openings at the ends 
of the branches. Length of specimens may vary from 
0.30 to 1 mm. 

There is a large amount of variation in the shape of 
the test; however, it remains simple as compared to 
the type species, Calcituba polymorpha Roboz (1884), 
hence the specific name. This species has been found 
living at intermediate depths in the Salton Sea (15 to 
40 feet). 

Holotype.-USC No. 4592. Paratype.-USC No. 
4593. 

-------------------------------------------------------------

FIGS. 

1,2,3. 

4,9. 
5,6,7,8. 

10,11,12. 

13,14,15 . 

EXPLANATION OF PLATE 10 

FORAMINIFERA 
Massilina protea Parker, X 124; 1, apertural view; 2, side View, hypotype, USC No. 4598; 
3, side view, hypotype, USC No. 4601. ........ .. . . 
Calcituba simplex Arnal, n . sp ., X 124; 4, holotype, USC No. 4592; 9, paratype, USC No. 4593. 
Quinqueloculina rhodiensis Parker var. incondita Arnal, n. var., X 124; 5, apertural view; 6, 
side view; 7, side view, holotype, USC No. 4606; 8, side view, paratype, USC No. 4607. 
Quinqueloculina rhodiensis Parker, X 124; 10, apertural view; 11, side view; 12, side View, 
hypotype, USC No. 4605 ... .... .... .... .... ...... ..... . 
Quinqueloculina bellatula Bandy, X 124; 13, apcrtural view; 14, sid e view; 15, side View, 
hypotype, USC No. 4604. . .. ......... . 
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Elphidium gunteri Cole 

Plate 12, figures 9, 10 

1931. Elphidium gunteri COLE, Florida State Geol. 
Survey Bull. 6, p. 34, pI. 4, figs. 9, 10. 

1953 . Elphidium gunteri PARKER, PHLEGER and PEIR

SON, Cushman Foundation Foram . Research, 
Special Pub. 2, p. 8, pI. 3, figs. 18, 19. 

This species was originally described from a Pliocene 
marl from Florida. No living individual was found in 
the Salton Sea; the specimens found in the sediments 

. are reworked from nearby outcrops of the Borrego for-
mation, of which this species is one of the faunal 
elements. 

Hypotype.-USC No. 4594. 

Elphidiunl tumidum Natland 

Plate 12, figures 7, 8 

1938. Elphidium tumidum NATLAND, Bull. Scripps 
Inst. Ocean. Tech. Ser., vol. 4, no. 5, p. 144, pI. 
5, figs. 5,6. 

smooth, very finely perforate; aperture a very low 
arched opening at the base of the last septal face, vis
ible only under water. Diameter, 0.15 to 0.30 mm.; 
thickness, 0.06 to 0.10 mm. 

This species is similar to N oniona exponens Brady, 
Parker and Jones (888) but differs in having a lobu
late periphery and more globular chambers. It is one 
of the ' species of the Borrego formation. Specimens 
found in the Salton Sea' are reworked. 

Holotype.-USC No. 4599. Paratype.-USC No. 
4600 . 

Quinqueloculina bellatula Bandy 

Plate 10, figures 13, 14, 15 

1950. Quinqueloculina akneriana D'ORBIGNY var. bella
tula BANDY, Journal Paleont., vol. 24, p. 273, pI. 
41, figs. la-c. 

This species was originally recorded from the Pleis
tocene sediments of Cape Blanco, Oregon. It is living 
and abundant in shallow water of the Salton Sea at 

1955. Elphidium tumidum WALTON, Journal Paleont., most of the stations. 

vol. 29, p. 1007, pI. 101, figs . 8, 9. Hypotype.-USC No. 4604. 

Living and dead specimens of this species were found 
at many stations and in great abundance along the 
coasts of the Salton Sea. Walton recorded it from a 
marsh on the coast of Baja California a~d also in shal
low littoral waters. The species was originally de
scribed from shallow depth 00 meters) in Avalon 
Bay, Santa Catalina Island, Southern California. 

Hypotype.-USC No. 4595. 

Massilina protea Parker 

Plate 10, figures 1, 2, 3 

1953 . Massilina pro tea PARKER, in PARKER, PHLEGER 
and PEIRSON, Cushman Foundation Forani. Re
search, Special Pub. 2, p. 10, pI. 2, figs. 1 to 4, 
and text p. 10, fig . 2. 

. This very irregular and variable species was origi

nally described from marsh and bay stations in the 
San Antonio region, Texas. In the Salton Sea, it oc
curs in very low percentage in stations along the coast . 
Living and dead specimens were observed. 

Hypotypes.-USC Nos. 4598, 460l. 

Nonion saltonensis ArnaI, 11. sp. 

Plate 12 , figures 11, 12, 13 

Test small for the genus, planispiral with a tendency 
to be evolute; periphery lobulate; umbilical region 
large and slightly depressed; chambers ' globular, in
creasing very slightly but very regularly as added, 8 
to 11 chambers in the last whorl, chambers of the 

previous whorl showing slightly in well preserved spec
im ens; sutures radial depressed, not limbate; wall 

Quinqueloculina rhodiensis Parker 

Plate 10, figures 10, 11, 12 

1826. Quinqueloculina co;tata D'ORB.JGNY (nomen nu
dum), Ann. Sci. Nat., vol. 7, p. 301, no. 3. 

1953. Quinqueloculina rhodiensis PARKER, in PARKER, 
PHLEGER and PEIRSON, Cushman Foundation 
Foram. Research, Special Pub. 2, p. 12, pI. 2, 
figs. 15-17. 

This species was originally described as Recent from 
the Mediterranean Sea. Parker et al. found it in the 
marshes of the Rockport area near San Antonio, Texas. 
It is fairly widespread in the shallow waters of the 
Salton Sea, where it represents always small percent
ages. Living and dead specimens were observed . 

Hypotype.-USC No. 4605. 

Quinqueloculina rhodiensis Parker 

var. incondita Arnal, n. var. 

Plate 10, figures 5, 6, 7, 8; plate 11, figure 1 

Variety differing from the typical by being not quite 
as elongate in shape and having a definite neck. Length, 
0.35 to 0.45 mm.; width, 0.18 to 0.25 mm. 

This variety occurs at many stations with the typi
cal species. It has been found living in shallow water 
at several stations. It is intermediate in outline be
tween Q. crassa d'Orbigny (1850) and Q. costata d'Or
bigny but has a more developed neck than either one. 

Holotype.-USC No. 4606. Paratype."'-USC No. 
4607. 
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Quinqueloculina subdecorata Cushman 

Plate 11, figures 3,4, 5 

1918. Quinqueloculina subdecorata CUSHMAN, U. S. 
Geol. Survey Bull. 676, p. 71, pI. 29, figs. 3a-c. 

Specimens of this species are identical with the type 
which was described from the Miocene of Florida. 
Only dead specimens have been observed. This species 
may have been living in the Salton Sea, as numerous 
individuals have been observed, but it has not become 
adapted to the present conditions in the lake. 

lIypotype.-USC No. 4608. 

Reophax nana Rhumbler 

Plate 9, figures 13, 14, 15,16 

1913. Reophax nana RHUMBLER, Ergeb. Plankton Ex
ped. Humbolt Stiftung, vol. 3, pt. 2, p. 471, pI. 
8, figs. 6 to 12. 

1953. Reophax nana PARKER, PHLEGER and PEIRSON, 
Cushman Foundation Foram. Research, Special 
Pub . 2, p. 13, pI. 1, fig. 11. 

This species was originally described from the Recent 
in shallow water off Brazil. Other records are from 
Long Island Sound (Parker, 1952) and the San Antonio 
region in Texas. In the Salton Sea, living and dead 
specimens occur in shallow water and in the deltas of 
the New and Alamo Rivers. 

Hypotypes.-USC Nos. 4609, 46lO, 4611. 

Saccammina sphaerica Sars 

PIa te 9, figure 17 

1872 . Saccammina sphaerica SARS, Christiana, For
hanell, Norge, Aar 1871, p. 250. 

Two specimens have been found at one station in 
the marshes of the delta of New River. It was recorded 
previously from Recent sediment in a Norwegian fjord. 

Hypotype.-USC No. 4612. 

Streblus beccarii (Linne) val. sobrinus (Shupack) 

Plate 12, figures 1, 2, 3 

1934. Rotalia beccarii (LINNE) var. sobrinus SHU PACK, 
Am. Mus. Novitates no. 737, p. 6, fig. 4. 

ARNAL-SALTON SEA RHIZOPODA 

1954. Streblus beccarii var. sobrinus BANDY, U. S. 
Geol. Survey Prof. paper 254-F, p. 138, pI. 30, 

. figs . 7a-c. 

This species, originally described from the Recent of 
western Long Island, has also been recorded by Bandy 
from the shallow water of the Gulf of Mexico. A few 
specimens, apparently reworked from outcrops of the 

Borrego formation, have been found at one station on 
the eastern shore of the Salton Sea. 

This species has been placed under the generic name 
of Streblus, as it has a single dorsal wall structure in 
cross section. This and the presence of pillars and 
plugs differentiate the genus Streblus from the genus 
Rotalia, of which the type species, Rotalia trochidi
jormis, has a multiple dorsal wall structure m cross 
section. 

Hypotypes.-USC Nos. 4613, 4614. 

Streblus beccarii (Linne) val. tepidus (Cushman) 

Plate 12, figures 4,5,6, and 17 

1926. Rotalia beccarii (LINNE) var. tepida CUSHMAN, 
Carnegie Inst. Washington, Pub. 344, p. 79, pI. 1. 

1951. "Rotalia" beccarii var. tepida PHLEGER and 

PARKER, Geol. Soc. America Memoir 46, pt. 2, 
p. 23, pI. 12, figs . 7a, b. 

1954. Streblus beccarii var. tepidus BANDY, U. S. Geoi. 
Survey, Prof. paper 254-F, p. 138. 

This species was originally described from Recent 
sediments in San Juan Harbor, Puerto Rico. Many 
records exist in the literature as well as the above men
tioned publications. Natland (unpublished doctoral 
dissertation, University of California at Los Angeles) 
also noted its presence in the Pleistocene of the Ven
tura Basin, California. It is a shallow water species 
well adapted to brackish waters. 

Reasons for the generic position have been given in 
the discussion of Streblus beccarii var. sobrinus. Liv
ing and dead specimens are found in great abundance 
at most of the stations. However, the largest percent
ages occurred in the central part of the Salton Sea . 

Hypotype.-USC No. 4615. 

EXPLANATION OF PLATE 11 
FIGS. 

1. 

2,6. 
3,4,5. 

7,8,9. 

lO, 11, 12 . 

13,14,15. 

16. 

Quinqueloculina rhodiensis Parker var. incondita Arnal, n. var., X 124; abnormal speCimen, 
hypotype, USC No. 4622. . . .. ..... ... .... . 

. Miliolidae, X 124; abnormal specimens not specifically identifiable. 
Quinqueloculina subdecorata Cushman, X 124; 3, apertural view; 4, side view, hypotype, 
USC No. 4608; 5, side view of another specimen. . ... .............. . 
Buliminella elegantissima (d'Orbigny), X 124; 7, side view, hypotype, USC No. 4590; 8, 
apertural view; 9, side view, hypotype, USC No. 459l. ...... .... .... . 
Triloculina sidebottomi (Martinotti), X 90; lO, apertural view; 11, side view; 12, side view, 
hypotype, USC No. 4620. . ...... .................. ..... . 
Bolivina striatula Cushman, X 124; 13, side view, hypotype, USC No. 4588; 14, apertural 
view; 15, side view, hypotype, USC No. 4589. . .. ... .. .......... ...... ... .. . 
Bolivina probably B . striatula, X 124; specimen showing etching of the apertural end . . : . ..... .. . 
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Streblus irridescens Arnal, n. sp. 

Plate 12, figures 14, 15, 16 

Test, small, trochospiral, plano-convex, ventral side 
flat or slightly concave, umbilical region filled with fine 
raised processes extending halfway along the sutures; 
chambers slightly inflated, increasing very slightly but 
very regularly as added; three whorls making up about 
20 chambers visible on the dorsal side, only last whorl 
made up of 7 chambers visible on the ventral side; 
sutures depressed on both sides, curved and meeting 
the periphery tangentially on the dorsal side, sutures 
sigmoid on the ventral side; wall smooth, very finely 
perforate, irridescent; aperture a low arched opening 
extending to the umbilicus. Diameter, 0.25 to 0.30 
mm.; thickness, 0.10 to 0.16 mm. 

This species resembles Rotalia hozanensis Nakamura 
(1937), but the periphery is less lobulate and the dor
sal sutures are more curved. Adult specimens show 
very little variation in size. The irridescence of the 
test is very characteristic . 

Holotype.-USC No. 4616. Paratype.-USC No. 
4617. 

Textularia earlandi Parker 

Plate 9, figures 1, 2, 3 

1952. Tex tularia earlandi PARKER, Mus. Compo Zool. 
Bull., vol. 106, no. 10, p. 458. 

This species was originally described from Recent 
sediments near Monaco, France. Walton (1955) re
ported it from the coastal marshes of Todos Santos 
Bay, Baja California . In the Salton Sea, living and 
dead specimens of this species were observed in some 
coastal stations and in the marshes of the New and 
Alamo River deltas. 

Hypotypes.-USC Nos .. 4618, 4619. 
• 

Triloculina sidebottomi (Martinotti) 

Plate 11, figures 10, 11, 12 

1920. Sigmoilina sidebottomi MARTINOTTI, Atti. Soc. 
Iql. Sci. Nat., vol. 59, pI. 2, fig. 29, text figs. 
59-61. 

1953 . Triloculina sidebottomi PARKER, PH LEGER and 
PEIRSON, Cushman Foundation Foram. Research, 

Special Pub. 2, p. 14, pI. 2, figs. 25-28, text figs. 
3,4. 

A few dead specimens have been found at one sta
tion on the western shore of the Salton Sea . This 
species was originally described from Recent sands on 
a beach of Tripoli, Libya. 

Hypotype.-USC No. 4620. 

THECAMOEBINA 

Genus Diffiugia Leclerc 

Genus description (after Kudo, 1954).-Test vari
able in shape, but generally circular in cross-section, 
composed of cemented sand grains, diatoms and other 
foreign bodies, aperture terminal. 

Diffiugia oblonga Ehren berg 

Plate 9, figures 20, 21, 22 

Test pyriform, flask-shaped, or ovoid; neck variable 
in length, aperture terminal, typically circular; test 
composed of angular sand grains and diatoms (after 
Kudo, 1954, pp. 482-483). The discussion of Bolli and 
Saunders (1954) demonstrated that this species, erro
neously described as a foraminifer, should be placed in 
the thecamoebian genus Difflugia. 

Parker (1952) noted the preserice of this fresh water 
organism in the Connecticut River and it occurs in the 
Guadalupe River, in the San Antonio area, in Texas. 
Living and dead specimens were observed in the 
marshes of ' the New and Alamo River deltas. 

Hypotypes.-USC Nos. 4602, 4603. 

Diffiugia urceolata Carter 

Plate 9, figures 10, 11, 12 

A large ovoid, rotund test, with a short neck and a 
rim around the aperture, (after Kudo, 1954, pp. 483). 
As mentioned by Bolli and Saunders (1954), this spe
cies was erroneously described as a foraminifer on 
several occasions. 

Cushman and Bronnimann (1948) recorded this 
organism from inshore mud, brackish water, Mangrove 
swamp, Trinidad, B.W.!. Parker (1952) recorded it 
from the Connecticut River adjacent to Long Island 

EXPLANATION OF PLATE 12 
FIGS. 

1, 2,3 . 

4,5,6. 

7,8. 
9, 10. 

11 , 12, 13 . 

14,15,16. 

17. 

PAGE 
Streblus beccarii (Linne) var. sobrinus (Shupack ), X 124; 1, dorsal View, hypotype, USC 
No. 4613; 2, apertural view; 3, ventral view ; hypotype, USC No. 4614. ........... ............ ... . 40 
Streblus beccarii (Linne) var. tepidus (Cushman), X 124; 4, dorsal view; 5, ventral view; 
6, apertural view, hypotype, USC No. 4615 . .... ... .. .... .. . .. .... .. ..... ...... ... ...... 40 
Elphidium tumidum Natland, X 124; 7, apertural view; 8, side view, hypotype, USC No. 4595 . 39 
Elphidium gunteri Cole, X 124; 9, side view ; 10, apertural view, hypotype, USC No. 4594. 39 
Nonion saltonensis Arnal, n. sp., X 124; 11, side view, paratype, USC No. 4600; 12, side 
view; 13, apertural view, holotype, USC No. 4599 . .... ..... ... . ...... . ...... ...... .... 39 
Streblus irridescens Arnal, n. sp ., X 124; 14, dorsal view, holotype, USC No. 4616; 15, ventral 
view; 16, apertural view, paratype, USC No. 4617. . ... ..... .. .. 41 
Streblus beccarii (Linne) var. tepidus (Cushman ) , X 124; specimen showing etching of the test. 40 
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Sound, and in the Guadalupe River, San Antonio 
regIOn, Texas. In the Salton Sea, this fresh water 
species is restricted to New River stations. 

Hypotypes.-USC Nos. 4596, 4597. 

Genus PseudodifHugia Schlumberger 

Genus descriptio'li (after Kudo, 1954) .-Test ovoid, 
usually rigid, with sand grains and foreign bodies, cir
cular or elliptical in cross-section, aperture terminal. 

PseudodifHugia gracilis Schlumberger 

Plate 9, figures 18, 19 

Test yellowish or brownish, subsphaerical with sand 
grains, aperture round without a neck (after Kudo, 
1954, p. 487). This species fits well the above generic 
and specific description, however it may be a new 
variety because of its crenulated aperture. A few spec
imens were found at one station in the marshes of the 
New River delta. 

Hypotype.-USC No. 462l. 
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APPENDIX - FREQUENCY DISTRIBUTION OF FORAMINIFERA 

Name of Species 

1 Ammobaculites salsus 
2 Bathysiphon sp. 
3 Bolivina striatula 
4 Buliminella elegantissima 
5 Calcituba simplex 
6 Elphidium gunteri 
7 Elphidium turnidurn 
8 Massilina protea 
9 Nonion saltonensis 

10 Quinqueloculina bellatula 
11 Quinqueloculina rhodiensis 
12 Quinqueloculina rhodiensis var. 
13 Quinqueloculina subdecorata 

incondita 

14 Reophax nana 
15 Saccammina sphaerica 
16 Streblus beccarii var. sobrinus 
17 Streblus beccarii var. tepidus 
18 Streb Ius irridescens 
19 Textularia earlandi 
20 Triloculina sidebottomi 

Total Foraminifera 
Number of species 
;' living to total 
Foraminiferal , Number 

Name of species 

1 Ammobaculites salsus 
2 Bathysiphon sp. 
3 Bolivina striatula 
4 Buliminella elegantissima 
5 Calcituba simplex 
6 Elphidi urn gunte ri 
7 ~lphidiurn tumidum 
8 l'1assilina protea 
9 Nonion saltonensis 

10 Quinqueloculina bel1atula 
11 Quinqueloculina rhodiensis 
12 Q. rhodiensis var. incondita 
13 Q. subdecorata 
14 Reophax nana 
15 Saccammina sphaerica 

14 
1 

3 
4 

19 

16 
4 
3 

15 

3 

3 
38 

21 
1 

1 2 

32 50 
16 

:;16 50 

32 

6 2 
4 2 
o o 
1 1 

17 18 

x 

2 1 2 
7 12 11 

2 3 1 
15 20 22 

x 

22 10 30 
2 6 5 
8 
4 1 

Station number 
3 5 6 7 8 9 10 11 12 13 

1 1 x 

7 8 11 11 15 2 2 
1 6 4 52 9 1 

20 9 1 1 5 
80 77 10 66 32 10 11 22 11 20 

8 5 6 1 9 5 12 12 36 2l 
44 1 2 3, x 1 4 
x 3 3 1 3 

x 

1 

16 13 63 29 43 63 8 40 

2 
x x 

9 120 178 254 112 340 412 281 491 180 88 
2 4 5 9 4 8 10 7 9 8 7 
o 47 14 16 52 2 20 10 x 3 1 
1 57 70 105 8 1946 582 430 379 118 410 

Station number 
19 20 21 22 23 24 25 26 27 28 29 

1 1 1 
1 

9 3 9 7 2 15 2 2 9 13 1 
11 5 6 2 2 1 1 

1 3 1 
3 2 2 2 

14 18 8 5 45 5 54 7 1 7 47 

1 
34 37 36 29 16 25 12 42 16 9 

3 3 1 2 1 1 9 2 1 2 
1 2 2 2 1 

3 5 1 

16 Streblus beccarii var. sobrinus ---r-----.,=--~-~-..,__:_-~-~.---_._,,________,_.,______=~-:_;:_-_::_c_-__;_;_-__,_--
17 S. beccarii var. tepidus L9 25 36 47 28 21 25 39 48 24 51 28 33 65 69 50 
18 S. irridescens 3 
19 Textularia earlandi 1 1 
20 Triloculina sidebottomi 

Total Foraminifera 
Number of species 
% living to total 
[i'oraminiferal Number 

1 

200 
9 
2 

768 

1 

9 11 
12 0 

131 422 

1 

326 369 
9 8 
o 0 

294 887 

1 

225 236 132 129 83 150 167 123 
8 8 S 9 8 6 7 4 
000 o 3 1 o o 

205 12 9 188 328 47 27 8 9 

Station number , 
_________ Na_m_e __ of __ s_~_c_i_e_s ________ ~3~O~,~31~~32~~33~~3~4~~3~5~~3~6 __ ~3~7 __ ~3~8 __ ~3~9 __ ~40~_=lli~~4=2~~4~3~~4~4~ 45 

1 Ammobaculites salsus 
2 Bathysiphon sp. 
3 Bolivina striatula 
4 Buliminella elegantissima 
5 Calcituba simplex 
6 Elphidi um gunteri 
7 Elphidium turnidum 
8 Massilina protea 
9 Nonion saltonensis 

10 Quinqueloculina bellatula 
11 Q. rhodiensis 
12 Q. rhodiensis var. incondita 
13 Q. subdecorata 
14 Reophax nana 
15 Saccammina sphaerica 
16 Streblus beccarii var. sobrinus 
17 S. beccarii var. tepidus 
18 S. irridescens 
19 'rextularia earlandi 
20 Triloculina sidebottomi 

Total Foraminifera 
Number of species 
~ living to total 
Foraminiferal ' Number 

Note: x means l ess than 1 % 

1 4 

13 1 18 4 4 20 2 8 19 16 1 1 2 29 7 7 
4 1 3 2 11 6 7 2 2 
3 L 2 5 2 

4 1 2 
46 40 5 29 17 25 27 21 2 25 36 17 5 9 

1 3 3 1 
8 18 19 8 11 16 31 8 24 19 20 2 

1 6 3 1 3 12 18 9 
1 2 2 

3 1 1 
1 2 5 

33 59 50 41 53 80' 73 55 33 56 29 42 37 39 79 

3 2 

24 86 115 110 98 5 60 62 141 154 69 101 93 168 121 .137 
_4:::-----:'3'-----7-9 _~7'--~7---'2=------"'J'------ 5 8 7 
o 0 2 33 25 0 0 1 5 13 

6 9 
32 9 

1 10 70 160 41 1 6 11 44 61 23 3 96 271 145 149 
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Station number Name of species 
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 

1 Ammobaculites salsus 
2 Bathysiphon sp. 

x x 

3 Bolivina stria tula ~9,--_-,-7 _~S_-------::4,----------,2=-------,1,,---",,,3-=-S_--,7_----,7 ___ -=-26;::'-_T-2_---=_---=l::00::----=-13'C-----,,,1~3 
4 Bulimine11a elegantissima 21 1 1 1 4 2 2 9 8 
5 Calcituba simplex 8 1 2 3 2 1 
6 Elphidium gunteri 6 2 
7 Elphidi um tumid um -----=8=----=4'------=1::.::o_-=2c:::.6_""'-S.=..2 _~3-'-7 _~S"-------=2=------'1=-:6'----=2'-"9 8 6 15 18 7 3 
8 Massilina protea 
9 Nonion saltonensis 

10 QuinquelQculina be11atula 
11 Q. rhodiensis. 
12 Q. rhodiensi.s var. incondita 
13 Q. subdecorata 
14 Reophax nana 
15 Saccammina sphaerica 

1 1 
8 34 23 11 21 1 1 
2 5 10 5 18 1 

2 
3 

11 17 6 17 21 18 
1 6 2 4 5 6 

30 
x 

16 Streblus beccarii var. sobrinus ----,;-::---=-=----=-=-___;=----,;:-;:--~2~____;;_;;____-----r=-___;=--~-."."._-__;_:;:-__,__;o.--_,_, __ ___,_,:;______;;_=_ 

17 S. be ccarii var. tepidus ~8 3L---L79L-~21=----_L3=-2 _~2=-2 _-=1-'='.8_LS-'-7_-"S!:.2_-'-7-'-7_-'-7-=1_-"'S""2_--'6""3_-=4""S_-=4"'6=---=4",l,--~S=O 
18 S. irridescens 
19 Textularia earlandi 
20 Triloculina sidebottomi 

Total Foraminifera 
Number of species 
% living to total 
Foraminiferal Number 

x 

134 149 216 90 142 87 
3 5 9 7 8 7 
o 0 3 42 26 42 
6 54 1536 169 36 12 

89 101 82 108 153 248 124 186 178 186 
6 5 327 868 8 7 
o p 003 6 34 2 6 19 
2 13 1 33 36 215 570 640 1100 390 

Station number 
Name of species -6r.2'--r63'--r64r-~65~~66r-~6~7-76~8~76~9~~7~0~~7'1-~7~2--~7~3-~7~4--~7~5--~7~6--~7=7 

1 Arnrnobaculi tes salsml ~1",--________________ 3,--_______ -=2,--_____ _ 
2 Bathysiphon sp. 
3 Bolivina striatula 2 9 8 9 f3 4 22 2 2 5 33 
4 Bulimine11a elegantissima -~1-~1--:1~0:------''---~2 -~1-----':!1'--~7;-----------"----~--;:'29~' -d:?9--
5 Calci tuba simplex 4 5 
6 Elphidium gunteri U 2 1 2 25 r; 2 
7 Elphidi um tumidum ~42:;---6T,6;----:1;-;:5:;------;:5;----:;1-;:;0--:;1-;;-1--;;-1~0 --6r-----;;-;20;;---4f='.;1;-'4--;:';i:-' ~3;i=4---:;176--;;2-=-0-"2~1-TC47;:;-
8 Hassilina protea 
9 Nonion saltonensis 2 1 

10 Quinque 10 c ulina be lla t ula ~9;;---'5-i3 --;:;2~4---::1~8,----:1,-----;;2-;:;-0--;2;-;;0:------;:7;---1"3~----:;-1"2 --;:;2~3---;3~3:----:2;:;-3;;------;:c20;:;----;;2T6 
11 Q. rhodiensis 2 3 2 4 5 12 1 1 3 2 1 1 
12 Q; rhodie n s is va r. incondita -:;-1------O;l'---------'=--------~1'-------->2:-----=;l;---=------~---;2~'----1:;--=-----=-

13 Q. subdecorata 3 3 
14 Reophax nan a -«----------,--..,-------:;1:--~'----------------

IS Saccammina sphaerica 
16 Streblus beccarii var. sobrinus 1 7 
17 S. be ccarii var. tepi.dus --::;-31;;-----=2':':0--:3"'8,------6"7:;------;:c7S,,-------n8-=-0--;:;S-;05---:3"'4--4.-;9CO------:;-13±-------=37S---;3"'(3;--'4--=1;------:;-21::----::-1'6---::2"6 
18 S. irridescens 
19 Textularia earlandi 
20 Triloculina sidebo t tomi 

Total ?oraminiiera 
Number of species 
;, living to total 
Foraminife ral Numbe r 

162 91 
10 7 
43 12 

650 610 

106 99 
7 5 
o a 

212 24 

2 

81 133 235 152 116 64 77 103 99 285 219 
5 4 9 9 4 6 6 876 9 
o 0 0 4 x o· 0 40 20 1 0 
2 26 179 430 19 50 40 8 246 608 ' 11 29 

Station number Name of species 
78 79 80 81 El2 83 84 85 86, 87 88 89 90 91 92 93 

1 Arnrnobaculites salsus --'2~ ______________________________ _ 
2 Bathysiphon sp. 
3 Bolivina striatula 1 27 13 26 5 IS 1 18 12 2 3 1 2 
4 BulimineHa elegantissima ---=----=+8-~'---=>'--~1:----=f-4--='-------=2'O:2:--=67-----=-3---'.;6---:1,...;6~----'J=------::-1-=-0 
5 Calcituba simplex 1 1 2 
6 Elphidium gunte ri ---'2=---1:::-· ---------""---------'1:=--=-----=1-----::3:-------------:3=-----,1=----1 

7 Elphidium tumidum 20 15 22 8 9 35 5 IS 27 1 --'1=5_-"3=4_-=2-'...7_..::.24=---=-28==-----=43<-
8 Massilina protea 
9 aonion saltonensis 3 2 1 1 

10 Quinq uelo culina be 11a t ula --,2=-:7,:----=1'78 _-=2..<.3 ___ ---=1""5'---=:2 2::-_=1;:;.6_-=2~S-~3<;:0'----'4"-13'------=-2 8;o---=1:f9_~1'_!_7---'2~2;,--1=:6:;...----=1-=-2 
11 Q. rhodiensis 2 6 2 5 5 t( 4 2 2 1 8 5 2 
12 Q. rhodiens i s var. inc ondita ~=---"---------~--:::-2 ---".-----='------="---=---'=----=1'---------''----~''---.:::.. 

13 ~. subdecorata 1 5 6 
14 ReCiphax nana 
15 Saccamnlina sphaerica 
16 Streblus beccarii var. sobrinus 
17 s. be ccarii var. tepid us ~46'. -;759;;---;:;-20;:;---;:;-79;:;------.--43:;----:;:3:::-3 --;:;5:::-0 -'4;75 --:;3-=-3-----.--4--:;3:;:;-7-'4"2-'4T4---::2~3-'4-:;0--:3c=-1 
18 S. irridescens 
19 Textularia earlandi 
20 Triloculina sidebottomi 

Total Foraminifera 
Number of species 
% living to total 
Foraminiferal Number 

Note: x m eans less tha n 1 % 

161 165 
6 6 

38 0 
44 127 

o 
12 

94 142 165 129 
3 5 9 9 
o a x 6 
2 29 269 210 

75 126 360 
8 6 7 
o 

64 
20 o 
18 38h 

94 228 143 151 102 167 
6 S 7 887 
o 0 27 o 18 " 0 

21 113 338 133 h81 253 
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Name of species Stat ion number 
94 95 96 97 98 99 100 12A 13A 141 

1 Ammobac ulites salsus x 1 3 
2 Bathysiphon sp. 
3 Bolivina striatula 9 31 20 34 11 4 5 3 2 
4 Buliminella elegantissima 'i 8 3 7 3 4 1 
5 Calcituba simplex 1 1 
6 Elphidium gunteri 2 2 
7 Elphidium tumidum 23 9 8 3 7 6 36 33 . 35 29 
8 Massilina protea 
9 Nonion saltonensis 1 

10 Quinqueloculina be11atula 25 47 9 18 18 19 21 16 
11 Q. rhodiensis 1 1 5 5 1 3 
12 Q. rhodi ensis var. incondita 4 7 2 4 
13 Q. subdecorata 8 1 1 1 
14 Reophax nana x 
15 Saccammina sphaerica 
16 Streblus beccarii var. sobrinus 
17 S. beccarii var. te,pidus 38 18 42 77 52 58 29 30 35 44 
18 s. irridescens 3 . 
19 Textularia earlandi x 1 
20 Triloculina sidebottomi 

Total Foraminifera 134 156 183 75 29 94 132 140 88 117 
Number of species 7 8 9 3 5 5 10 9 6 8 
% living t o total 22 a 3 a 0 a 0 2 20 11 
Foraminiferal Numbe r 68 328 282 1 1 19 26 195 tl2 133 

Note: x m ean s l ess than 1 'I< 
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183. THE TAXONOMIC POSITION 
OF THE GENUS PSEUDOEPONIDES UCHIO, 1950 

J. HOFKER 

The Hague, Holland 

ABSTH.ACT 
The structure of Pseudoeponides is discussed and its 

close relationship to Streblus suggested . 

viously because of the dorsal secondary foramina . 
Uchio (1951, p. 38) states: "This new genus also 
quite resembles Eponides Montfort, 1808, respecting 
outline of the test, but the latter has no supplementary 
apertures. Judging from the structure of the test and 
aperture, this new genus may derive from Epistomina 
Terquem, 1883." 

DISCUSSION 
Uchio (1950, p. 190, text fig . 16) described from the 

Pliocene of Japan the genus P seudoeponides with the 
type species P. japonicus. In the same year the same 
form was also described by Kuwano (1950, p. 315, 
text figs . 3, 10) under the name of Epistomaria 
(Epistomariella) miurensis. Oinomikado (1951, p. 17) 
stated, however, that the latter species was a syno)1ym 
of the former. Thanks to the kindness of T. Uchio it 
was possible to study beautifully preserved specimens 
of this interesting genus, which was placed by Bermu
dez (1952, p. 150) in the subfamily Epistomininae ob-

On the dorsal side of our specimens all the chambers 
are visible and have slanting sutures. This feature 
apparently gave Uchio the impression of a relation
ship with Eponides. Where the sutures of two cham
bers of the former whorl meet at the middle of a 
chamber of the next whorl, a small, entirely sutural 
opening is seen which in later chambers is somewhat 
lengthened but in the first set of chambers is rounded. 

TEXT FIGURE 1 
"Pseudoeponides" japonicus Uchio. X 160. a . Dorsal side, with the sutural toothplate-foramina. 

b. Ventral side, with the protoforamina and the lips partly covering the umbilicus and with the small 
deuteroforamen of the last-formed chamber also visible. c. Transverse section, showing the toothplates 
in each chamber running from the protoforamina towards the toothplate-foramina on the dorsal side 
and attached to the dorsal wall proximally to the septal deuteroforamina, which are also visible in 
most chambers. d. Apertural face, with the deuteroforamen in the chamber wall of the last-f~rmed 
chamber; through the hyaline walls may be seen the toothplates and some septal foramina which are 
actually the deuteroforamina of former chambers. e, f, g. Three successive sections started at the 
ventral side and ground horizontally through the center of the test, sectioning the toothplates of the 
last-formed whorl of chambers : e. most superficial section ; f. second section, showing that deeper 
into the chamber the toothplates become more flattened; g. the larger part of the chambers is ground 
down and the dorsal walls are already visible together with the ends of the toothplates which run 
toward the dorsal toothplate foramina and surround them at their marginal border. 
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Ucbio (1951, pI. 3, fig. 1) erroneously figured th ese 
openings as areal. They are, however, marginally sur
rounded by a typical poreless area of the chamber walI 
in which they are formed and, therefore, have no sim
ilarity to those found in H oglundina which are proto
foramina placed ventrally and marginally. 

On the ventral side of his species, Uchio describes and 
figures typical protoforamina at each suture of the cham
bers, such as are found in Discopulvinulina Hofker and 
Streblus Fischer as shown by Hofker (1951, figs. 338, 
342). Since these ventral protoforamina do not occur 
in the genus Eponides it is evident that the genus 
Pseudoeponides cannot be related to it. It is there
fore of great interest to try to ascertain the correct 
position of P seudoeponides in the classification . 

The ventral wall shows the typical structure of the 
genus Streblus. Not only do the characteristic loop~ 
'shaped ventral protoforamina occur but also the pore
less area around them and the poreless plate covering 
part of the umbilicus, which is not present in Epon
ides. On the dorsal side the sutures are more slanting 
than in most species of Streblus except for S. tepidus 
(Cushman) and to a somewhat less extent typical S. 
beccarii (Linne). Moreover, a large area marginal of 
the typical dorsal openings mentioned above is free of 
pores. Such an area is also found in all species of 
Streblus although the openings connected with this 
area are absent in that genus. It should be pointed out 
that Cushman erroneously considered Streblus, 1817, 
a synonym of Rotalia, 1804. Since the type species of 
Rotalia is R. trochidiformis Lamarck, 1804, only a very 
few species belong to that striking genus. Most of the 

species hitherto described as belonging to R otalia do 
not show the characteristics of the type species. 

Thin sections show that the ventral protoforamen is 
connected to a toothplate which runs straight through 
the lumen of each chamber towards the dorsal wall 
where it ends proximally to the septal foramen (deu
teroforamen) and forms the marginal wall of the dorsal 
supplementary foramen (toothplate foramen). But 
the toothplate differs decidedly from that of H og
lundina or Epistomaria and resembles very closely the 
one seen in Streblus. In Streblus the toothpla te like
wise runs from the ventral protoforamen towards th e 
dorsal side, but does not reach the dorsal wall. It ends 
proximally to the deuteroforamen (septal foramen) as 

in Pseudoeponides. 

Thus, the only difference between Pseudoeponides 
and Streblus is found in the position of the toothplate. 
In the latter genus it extends slightly more vertically, 
reaching the dorsal wall just at the suture, whereas in 
P seudoeponides it extends towards the inner spiral wall 
of each chamber and does not reach the dorsal wa ll. 
All the other features : -the hyaline walls, fine pores, 

TEXT FIGURE 2 

Streblus beccarii (Linne). X 160. a . Small, juve
nile specimen, dorsal side, showing the poreless areas 
of the dorsal walls homologous with those of "Pseudo
eponides." b. Transverse section through a micro
spheric test with the toothplates and the septal fora
mina in the same position as in "Pseudoeponides." 
c. Ventral part of large test, last-formed chambers 
showing protoforamina, poreless lips and deuterofora
men of last-formed chambers very much like those of 
"P seudoeponides." 

pOSItion of the pores, ventral loop-shaped protofora
mina, shape of the tooth plates (a hollow tube not 
closed at one side), narrow ventral sutural deutero
foramen and its position in respect to the toothplate
are characteristic of Streblus. 

Pseudoeponides, therefore, is a Streblus in which the 
whole chamber is very slightly turned from the dorsal 
to the ventral side along its longitudinal axis so that 

the toothplatc ends at its dorsal wall and the poreless 
area becomes prominent. 

Toothplate-foramina have been traced in many spe
cies and they occur often at the dorsal sides of the 
chambers. They are found in R obertinoides Hoglund, 
Epistomaria Galloway, and Bulimina d'Orbigny. The 
restudy of Uchio's species has led the writer to the 
conclusion that it would be more correct to assign it 
to the genus Streblus and to call it in future S. japon
';C1IS (Uchio). In that case the diagnosis of the genus 
Streblus should be emended and somewhat broadened . 
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The author found several other species of Pseudo
eponide.f in the Pliocene and Pleistocene at localities in 
Holland and Belgium. These wilI be described in a 
later paper. 
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VOLUME IX, PART 2, APRIL, 1958 

RECENT LITERATURE ON THE FORAMINIFERA 

Below are given some of the more re"ent works on 
the Foraminifera that have come to hand. 

ABRAMAVICIVTE. s. Keletas Duomenu Apie Lietuvos 
Tsr Virsutines Kreidos StratigrafUa Remiantis For
a miniferu Faunos Tyrimais .,- Trudy Akad. Nauk Li
tovskoj SSR. ser. B. no. 3. 1957. P. 97-107. tables 1-4 . 

BECKNIANN. J. P. Chiloguembelilla Loeblich and Tap-
pan a nd .related Foraminifera from the Lower Terti
ary of Trinidad. B. W. T. --U. S. Nat. Mus. Bull. 215. 
Dec. 30. 1957. p. 83-95. pl. 21 . text figs. 14-16 (fig
ures. range chart).-Sixtcen species and subspecies. 3 
species and 2 subspecies new. are described and illus
trated and their ranges in the Paleocene to lower Oli
gocene of Trini?ad plotted. 

BESAIRIE. HENRI. La geologie de Madagascar en 
19 57.-Madagascar Service Geologique. 1957. p. 1-15~ 

(mimeographed). 3 maps.-Nume rous Foraminifera 

listed. 

BOLLI. HANS M. The genera Praeglobotrulleana. Ro-
talillora. Globotruneana. and Abathomphalus in the 
Vpper Cretaceous of Trinidad. B. VV'. I.-V. S. Nat. 
Mus. Bull. 215. Dec. 30. 19 57. p. 51-60. pIs. 12-14. text 
fig . 10 (range chart).-Fourteen species. 4 new. are 
described and illustrated . Chart shows stratigraphic 
range in Trinidad of these 14 species and 16 others. 
Probable evolutionary relationships between species 
are discussed. 

The g'enera Globigerilla and Globorotalia in the Paleo
cene-lower Eocene Liza rd Springs formation of Trin
idad. B. W. I.-V. S. Nat. Mus. Bull. 215, Dec. 30. 
1957. p. 61-81. pIs. 15-20 . text figs. 11-13 (range chart. 
evolution c hart. graph).-Eig'ht zones based on plank
tonic species and one zonule based on an arenaceous 
facies are recognized. Changes in coiling direction as 
well as appearance and exti n c tion of species support 
the zonal separation and indicate possible hiatuses. 
Thil·ty-eight species and subspecies. 9 species and 4 
subspecies new and 1 given a new name. are described 
and illustrated and their rang'es in the Lizard Springs 
plotted. Their probable evolutiona ry relationships are 
discussed and some occurrences of the Lizar'd Springs 
zones outside Trinidad are noted. 

Planktonic Foraminifera from the Oligocene-Miocene 
Cipero and Lengua form a tions of Trinidad. B. W. I. 
-V. S. Nat. Mus. BUll. 215. Dec. 30 . 1957 . P. 97-123. 
pIs . 22 -29. text figs. 17-21 (graph. range chart. map 
a nd section. corr'elation table. figures).-Eleven zones 
in the Cipero and 2 in the Lengua are based on plank
tonic species. Type section of the Cipero is re-defined. 
Corre lat ion of the Cipero and L eng'ua with other areas 
is indicated. Sixty spec ies and subspecies. 16 species 
and 5 subspecies n ew. are illustrated and described 
or listed. and their stratig r a,phi c ranges in the Cipero 
a nd Lengua ]110tted . The spec ies he lon ;:;- in 15 g'pnera. 
one n e w: Glohorotaloilil's (type spec ies n. l'ariahilis 
n . sp.). 

Planktonic Foraminife ra from the Eocene Navet and 
San' Fernando formations of Trinidad. B. W. I.-V. S. 
Nat. Mus. Bull. 215 . Dec. 30. 1957. P. 155-172. pIs. 
35 -39. text figs. 25. 26 (maps. range chart).-Seven 
zones in the Navet and one in the San Fernando are 
based on planktonic species. Forty-four species. 6 

n ew. in 11 genera are illustrated and recorded a nd 
their ranges in the Navet and San Fernando plotted . 
Notes on probable evolutionary relationships ,and pre
ferred coiling directions are in cluded. 

BOLLI. HANS M.. LOEBLICH. ALFRED R.. JR. . and 
TAPPAN. HELEN. Planktonic foraminiferal fam
ilies Hantkeninidae. Orbulinidae. Globorotaliidae. and 
Globotruncanfdae.-U. S. N a t. Mus. Bull. 215. Dec. 
30. 1957. p. 3-50. pIs. 1-11 . text figs. 1-9 (graphs. 
outline drawings. map. range chart).-Revised classi
fication of the globigerine planktonic genera in which 
a n estimate is made of the relative importance of the 
va rious features that form the bases for fan-iily. sub
fa mily. genus. and species classification. Terms used 
in describing test sha pe. structures. apertures. and 
wall are defined and illustrated. Five evolutionary 
trends are discussed . Stratigraphic ranges of 32 gen
e ra are shown. These 32 genera. 5 new. are descl'ibed 
and illustrated by their t ype species and a few add i
tional forms. of which 7 are new. Twenty-four ad
ditional generic names are considered. 23 placed in 
synonymy and 1 a homonym . The ' 4 families are s ub
divided into 7 subfamilies. of which 4 are new: Plano
malininae. Hastigerininae. and Cassigerinellinae in 
the Hantkeninidae and Catapsydracinae in the Orbu
liniclae. New genera are : Clavigerinella (type species 
C. akersi n. sP.). Globigera\lsis (type species G. kug
lcri n. sP.). PortieulaSI}baera (type species Globiger'ina 
mexicana Cushman). CataI)sydrax (type species Globi
gerina dissimilis Cushman and Bermudez). a nd Aba
thomllhalus (type spec ies (llobotnlllcana mayaroensis 
Bolli). 

BRADSHAW. JOHN S. Laboratory stUdies on the rate 
of growth of the foramin ifer. "Streblus becearii 
(Linne) val'. tepida (Cushman)" .-Jour. Paleontology. 

v. 31. no. 6. Nov. 1957 . P. 1138-1147. text figs. 1-5 
(sketch and graphs).-inte r·esting' results of experi
ments on precise effec ts of temperature and salinity 
on growth rate and reproductive activity. 

BROTZEN. FRITZ. and POZARYSKA. KRYSTYNA. 
The Paleocene in central Poland.-Acta Geol. Polon
ica. v. 7. 19 57. p. 273 - 280.-Lists of Foraminifera. 

CARTER. D. J. The distribution of the foraminifer 
Alliatina exeentrica (di N a poli Alliata) and the new 
genus Alliatinella.-Palaeontology (Pal. Assoc. Lon
don). v.I. pt. 1. Nov. 1957 . P. 76-86. pl. 14. text figs. 
1. 2.-Geographic distribution of A. execntriea is ex
tended to Anglo-Belgian basin where its extermina
t ion may mark the P liocene-Pleistocene boundary. 
Alliatin('lla (type species A. l!'('(lgl'al'('nsis n. sP.) dif
fe rs from Alliatina in be ing t rochospirally co iled and 
having aceessory chambe r s only on ventral side. 
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CHANG. LI-SHO. A restudy of "Clavulina subangularis 
Ishizaki" and its stratigraphic significance in Taiwan. 
-Formosan Sci.. v. 11. no. 3. Sept. 1957. p. 111-117, 
pis. 1. 2. text figs. 1. 2. (map. thin section sketches), 
tables 1. 2.-Two species from middle Miocene to 
lower Pliocene beds are combined and placed as syno
nyms of Clavulinoides szaboi. 

COLOM. GUILLERMO. and MURAOUR. PIERRE. Les 
Fossiles du Miocene Inferieur (Burdigalien) de Basse
Kabylie (Microfaune by G. COLOM).-Publ. Serv o 
Carte Geol. Algerie (n. ser.). Bull. no. 8. 1956. p . 
217 -249, pis. 1-8. tables 1. 2.-A pelagic fauna listed 
and some of the species illustrated. 

FUJITA, YUKINORI. and ITO. SHICHIRO. A study of 
the foraminiferal assemblages from the Miocene for
mation, Date district. Fukushima Prefecture. Japan 
(in Japanese with abstract and species descriptions in 
English).-Journ. Geol. Soc. Japan. V. 63. no. 744. 
Sept. 1957. pp. 497-513. pI. 10. text figs. 1-4 (map, 

section. graphs).-Quantitative analysis of the Foram
inifera. ecologic interpretation. and subdivision of the 
Date formation into members. Part of the fauna. in
cluding 10 new species. is illustrated. 

HAMILTON, EDWIN L. The last geographic frontier: 
the sea floor.-Sci. Monthly. V. 85. no . 6. Dec. 1957, 
P. 294-314 . text figs. 1-1 3.-Excellent summary and 
interesting reading. 

HILTERMANN. HEINRICH. and KOCH. WILHELM. 
Revision del' NeoflabeIlinen (Foram.) I. TeiI: Neo
fiabellina rugosa (d' Orb.) und ihre Unterarten .-Geo!. 
Jahrb .. Band 74. July 19 57. P. 269-303. pis. 7-14, text 
figs. 1-5. table 1.-Diagnosis of the species and ex
cellent photographs. Three subspecies are recognized . 

Die geologischen Aufschltisse des Schachtes Graf Bis
marck 10 del' Deutschen Erdol-Aktiengesellschaft in 
Gelsenkirchen im Ruhrgebiet. IV: Biostratigraphische 
Ergebnisse im Schacht Graf Bismarck 10 mittels 
Foraminiferen.-Geol. J ahrb . . Band 74. July 1957. P. 
327-331. 1 range c hart.-Distribution and abundance 
shown for 12 of the most significant species and sub
species in the Upper Cretaceous part of the section. 

HO. C. S .. TSAN. S. F . . and TAN. L. P. Geology and 

coal deposits of the Chichitashan area. Nantou . Tai
wan.-Bull. Geol. Survey 'l'aiwan. No.9. Dec. 1956, p. 
1-64. pI. 1 (geol. map and sections). text figs. 1. 2 
(maps), tables 1-3. - Smaller Foraminifera listed from 

several Tertiary formations. 

IKEBE. NOBUO. Cenozoic Biochronology of Japan. 
Contributions to the Cenozoic Geohistory of J apan . 
Part l.-Journ. Instit. Polytechnics. Osaka City Univ .. 
V. 1 . no. 1. ser. G. Geoscience. March 1954. p. 73-86, 
text figs. 1-5. tables 1. 2.-Ranges of larger Forami
nifera in terms of the Indonesian letter classification. 

KANUMA. MOSABURO. and SAKAGAMI. SUMIO. 

Mesoschubertella. a new Permian Fusulinid genus 
from Japan. - Trans. Proc. Pal. Soc. Japan. n. ser . . 
No. 26. June 15. 1957 . p. 41-46. pI. 8. 1 text fig.
Two new species are included in the new genus. 

LEHMANN. E. P . Statistical study of Texas Gulf Coast 
Recent foram iniferal facies.-Micropa leontology. V. 3. 

no. 4, Oct. 1957. p. 325-356. p is. 1-3, text figs. 1-10, 
tables 1-G.-Faunal analysis by statistica l methods 

reveals presence of 12 facies ' in the Matagorda Bay 
area. Distribution of facies agrees with physiographit! 
and oceanographic features. The determining ecologic 
factors probably are salinity. organic content of sed
iments, turbulence. and biologic competition. Excel
lent photographs in stereo-pairs. 

LOEBLICH. ALFRED R.. JR. The foraminiferal genus 
Hab'I)hYsellla and two new tropical Pacific species.
Proc. U. S. Nat. Mus .. V . 107. no. 3385, Jan. 9. 1958. 
p. 123-126. pI. 1. 

LOEBLICH. ALFRED R .. JR.. and TAPPAN. HELEN. 
Correlation of the Gulf and Atlantic Coastal Plain 
Paleocene and lower Eocene formations by means of 
planktonic Foraminifera.-Journ. Paleontology. V. 31. 
no. 6. Nov. 1957. p. 1109-1137, text figs. 1~5 (range 
charts . correlation table).-Age determinations are 
made on the basis of and some changed corre lations 
result from recognition of 4 zones and 2 subzones of 
planktonic species and genera. 

Morphology and taxonomy of the foraminiferal genus 
Pararotalia Le Calvez. 1949.-Smithsonian Misc. 
CoIl. . V. 13 5. no. 2. Dec. 3. 1957. P. 1-24. pIs. 1-5. 
text figs. 1-5 (stratigraphic range chart and outline 
drawings).-Emenaation of the genus and of 6 species. 
and erection of 4 new species. 

Planktonic Foraminifera of Paleocene and early Eocene 
age from the Gulf and Atlantic Coastal Plains.-U. S. 
Nat!. Mus. Bull. 215. Dec. 30, 1957. P. 173-198. pIs. 
40-64. text figs. 27. 28 (range chart. correlation table). 
-Forty-three species. 13 new and 3 indeterminate, 
are described and illustrated and their occurrences and 
ranges indicated. Families Orbulinidae. Globorotali
idae, and Heterohelicidae are represented. Correlation 
table of formations is included. 

Eleven new genera of Foraminifera.-U. S. Natl. Mus. 
Bull. 215. Dec. 30. 1957. p. 223-232. pIs. 72. 73. text 
fig. 30.-Hemisphaeralllmina (type species H. batalleri 
n. sP. ). Zotheculiftda (type species Textularia lirata 
Cushman and Jarvis). Berthelinella (type species Fron
dicularia paradoxa Berthelin). Tentifrons (type species 
T. barnardi n . sP.). Aeolostreptis (type species Bulimi
nella vitrea Cushman and Parker), Sigmavirgulina 
(type species Bolivina tortuosa Brady). Sejunctella 
(type species S. earlandi n. sP.), EurYcheilostollla (type 
species 1<;. altispira n. sP.). Sestronophora (type spe
cies S. arnoldi n. sP.). Favocassidulina (type species 
Pulvinulina favus Brady). and Paromalina (type spe
cies P. bilateralis n. sP. ). \Vebbinelht Rhumbler. 1904, 
found to be an attached polymorphinid, is emended. 
Seven new species are described. and 8 others illus
trated. 

The foraminiferal genu s Cruciloculina d ·Orbigny. 1 839. 
-U. S. Natl. Mus. B ull. 215, Dec. 30. 1957, p. 233-
235. pI. 74.-Five species. 3 new. 

MATSUI. MASARU. On the Pepe-shiru formation in the 
Kanayama coal-field. Central Hokkaido (in Japanese 
with English abstract).-Journ. Geol. Soc. Japan. V. 

63. No. 740. May 1957. P. 317-322. pI. 8. text figs. 
1-3 (maps. section). tables 1. 2.-Six species of Fo
raminifera illustrated from this Oligocene formation. 

l\10NTANARO CALLITELLI. EUGF.NIA. A revision of 
the foraminiferal fami ly Heterohelicidae.-U. S. Natl. 
Mus. Bull. 215. D ec. 30, 1957, p. 133-154. pis. 31-34. 
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-Emendation of t he family, " ' ith 14 genera removed 
to other fam ilies: P lectofrondicu)ariidae; Boliviniti
n ae a nd Eouvigerininae of the Buliminidae; and Uvi
gerinidae. The r e m a ining 9 genera comprise the fam
ily, which is separated into Gu e m belitriinae, new s ub
f a mily, a nd H eteroh elicin ae. Guembelina is suppressed 
as a synon y m of Heterohelix. P seullotextularia is 
cm ended. Nolloillanulis is probah:y an a rthropod ap
pendage. Racemiguembelina n. gen. (type species GUIlI
belina fructicosa Eggerl . Genera are illustrated, in 
most cases by their type species. 

NAGAPPA, YEDATORE. Direction of coiling in Globo-
rotalia as (in aid in corr el ati on. - Micropaleontology. 
v. 3 . no. 4. Oct. 195 7. P. 393-39 7. pI. 1. text figs. 1-8. 
-In a study of one species, from 5 stratigraphi c sec
t ions in West Pakistan. coil ing direction s hifts to pre
dominantly dextra l. tljen back to s inistral. near the 
Eocene-Paleocene boundary. 

NEMKOV. G. 1. Morfologicheskie Osobennosti StroenUa 
Rakoviny Nummulitov I Ikh Znache nie Dlja Sistem
atiki. - Moscow. Moskov. geol.-raz. instit.. Trudy, v. 
29 . 19 56. P. 147-159 , text figs. l-l1.-Internal a nd 
externa l stru ctures of nummulites. 

OKAMOTO, KAZUO. and TAl. YOSHIRO. Miocene 
smaller Foraminifera from the T a matukuri Group in 
the area south of Izumo City. Sh ima ne Prefec ture (in 
J apanese w ith English a bstractl.-J ourn . Geol. Soc. 
J apan. v. 63, no. 741, June 19 57. p. 340-3 56. text figs. 
1. 2 (map, section), tables 1. 2. - Qu a ntitative study 
of rich middl~ Miocene assem,blages. Ecologic in ter
pretation permits the subdivi sion of the formation 
in to a lower part deposited under s h a llow littora l con 
ditions a nd a n upper pal't deposited under open sea 

conditi ons. 

PAZDRO. OLGA. On some problems in micropaleontology 
(in Polish) .-Przeglad Geol. , No. 11, 19 57, P. 489-498. 
text figs . 1-4 (graphs). 

POYARKOV. B. V. Abou t som e Foraminifel' a from the 
Famenian and Tourna i an deposits of West Spurs of 
Tjan-Shan (in Russian).-Leningrad U niv . , V estnik, 
No. 1 2, Ser. Geol. Geogr., no. 2, 19 57, P. 26-41 , m ap. 

tables. 

POZARYSKA. KRYSTYNA. and URBANEK, ADAM. 
Sur i' evolution de Lag'cna sulcatifol'mis n. SP. dans Ie 
C r etace Superieur en Polo:,me (in Polish with French 
summarY).-Acta Palaeont. Polonica, v.I. no. 2, 
1956, p. 11 3-1 34, text figs. 1-8.-Stat istical analysis 
of the species in four horizons in a si ngle basin. rang
ing in age fro m lower Maestric h t ian to upper Danian, 
s hows evolution from nearly spherical to e longate 

forms. 

REISS, Z. Notes on Foraminifera from Israel. 1. Re-
m ar'k s on Truncorotalia aragonensis caucasica (!3laess
nerl. II. I.oxostomoilles, a new Late Cretaceou s and 
Early Tertiary genu s of Foramini fera. III. Sigalia, a 
Il ew genus of Foraminifera.-Bull. Research Council 
of Israel, sel'. B, B io I. a nd Geol., v. 6B, no. 3-4 , Oct. 
1957, p . 239 -244.-T. aragoncnsis caucasica an Eo
cene marker and T. velascoensis a Paleocen e marker. 
I.oxostollloilll's (type spec ies Bolivina aIllllini P lum
m e r ). Silmlia (type species Gum!lI'lina Ilethtf'nsis Sigal). 

HIGASSI. DAN ILO. Faune Sannoisienne du Pont de 

Naves (Hte-Savoie).-162me Annee Arch . Sci. P hys . 
Nat. Geneve, v. 10 , fasc. 2, 1957. p. 171-184. t ext figs. 
1. 2 (map, photograph).-A meager fauna is lis ted 
a nd illustrated. 

SACAL. V I NCENT, and DEBOURLE. AN DR:¢. Fora-
miniferes d ' Aqui taine. 2" partie. Peneroplidae a V ic
toriellidae.-Soc. Geol. France Mem. 78. 1957, p. 1-88. 
pIs . 1-35.-Excellent photographs of 345 species and 
varieties, of which 11 a re new. from beds ranging' be
tween M iocene and {JpperCr·etaceou s. 

SCHOTZNEROV A -HA VELKOVA. VENCESLA VA. Vor-
kommen von Miozen-sedimenten im tal del' · P unkva 
ostlich von Blansko (in Czech with German sum
mary).-Casopis pro :Min. Geol., roc. II, no. 3, 1957 . 
p. 318-33 1, photos 1-5. text figs. 1-3 (map. columnar 
section, graph ). 

S I PLE, GEORGE E. Carolina Geol. Soc. Guidebook fOI' 
t he South Carolina Coastal P la in Field Trip, Novem
ber 16-17, 1957 , Open-file report, Novembe r 1957, p. 
1-51 (mimeographed), text figs . 1-3 (maps), table 1 
(correlation table).-Includes numerous lists of Fo
mmini fera identified by S. M. HERRICK fro m Ter
tiary and Upper Cretaceous formations. 

SMITH, BERNICE YOUNG. Lower Tertiary Foraminif-
era from Contra Cost a County, California .-Univ. 
Calif. P ubl. Geol. Sci., v. 32, No.3 , Sept. 11, 19 57, 
P. 1 27-241, pis. 17-32, t ext figs . 1-5 (maps, columnar 
sections, distribution charts). - One hundred eighty
one species and varieties. 11 species and 9 varieties 
new. recorded and illustrated fro m Paleocene a nd Eo
cene formations. Notes on paleoecology and correla
tion with California zones. 

TAPPAN, HELEN. New Cretaceous index Foraminifera 
from northern A laska.-U. S. Natl. Mus. B ull. 215, 
Dec. 30, 1957, pc 201 - 222. pis. 65-71, t ext fig. 29 (cor
relation chartl.-Thirty-fou r new species inc luded in 
24 gen era, 3 new: Psamminopelta (type species P. 
bows heri n. sp.), Nanushukella (type species N. umia
tensis n. sP.), and Pallaimol'phina (type species P. 

l"uckel'ae n. sP.). 

TERNEK, ZATI. The lower Miocene (Burdigalian) for-
mations of the Adana Basin. their relations with 
other formations, a nd oil possibilities .-Bull. Min. 
Research E xp)or., Insti t. Turkey , No. 49 . 19 57, p. 60-
80, pis. 1-3 (maps, sectioilS), photos f-6. t ext figs. 1-12 
(sections).-Foraminifera listed. 

TODD, RUTH. Fora minifera from Carter C r eek, north-
eastern Alaska.- U . S. Geo!. Survey Prof. Paper 
294 -F , 19 57 (Jan. 13, 19 58). P. 223 -235, pis. 28, 29, 
text figs. 81, 82 (maps), tables 1, 2.-A small fauna 
(38 species of w,hich 4 are new a nd 9 indet erminate) 
from the Arctic coast, interpreted as a moderately 
deep deposit and of Miocene or Pliocene age. 

TROELSEN, J . C. Some planktonic For a m inifera of the 
type Danian and their stratigraphic importance.
U. S. Nat!. Mus. B ull. 215, Dec. 30. 1957, P. 125-131 , 
pI. . 30, text figs. 22 -24 (m ap, section, distribution 
table).-On the bas is of quantitative a n a lys is of 4 
species (3 from the M idway) th e Dani a n is conside r ed 
basa l Cenozoic'. 

TS,\N . S. F ., YANG, Y . T .. a ncl LIN, F . Y. Geology or 
the Fengh u angshan coal fielcl. Nantou , 'rai \vull. - B ull. 



52 TODD-RECENT LITERATURE ON THE FORAMINIFERA 

Geol. Survey Taiwan. no. 9. Dec . 1956. p. 65-80. pI. 1 
(geol. map and sections). text fig. 1 (map). table 1. 

-Smaller Foraminifera listed from two Miocene 
formations. 

WADE. MARY. Morphology and taxonomy of the foram-
iniferal family Elphidiidae.-Washington Acad. Sci. 
Jour .. v. 47. no. 10. Oct. 1957. p. 330-339. text figs. 
1-4.-Internal structures of Elphidium discussed and 
illustrated. and Elphidiella suppressed as a synonym. 
One species "of Parrellina from the Miocene of South 
Australia described as n ew. 

WOOD. ALAN. The type-species of the genus Girvanella 

(ca.,lcareous algae).-Palaeontology (Pal. Assoc. Lon
don). v. 1. pt. 1. Nov. 1957. P. 22-28. pis. 5. 6. text fig. 
1 (graphs).-Re-study of Ordovician topotype mater1al 
formerly considered to belong in the Foraminifera. 

WOODRING. W. p. Geology and paleontology of Canal 
Zone and adjoining parts of Panama.-U. S. Geol. 
Survey Prof. Paper 306-A. Nov. 15. 1957. p. 1-145. 
pis. 1-23. text figs . 1-4 :-Includes lists of smaller 
Foraminifera identified by H. H. 'RENZ and P. J. 
BERMUDEZ from late Eocene and early Oligocene 
beds. together with brief notes on their significance, 

RUTH TODD 
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