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Indonesian lepidocyclinids of the Nephrolepidina group have been investi-
gated on a quantitative basis. The material was derived from 42 samples, all
from North and East Borneo, and from Java and Madura. The analysis was
based on the "classical" parameters of the embryonic-nepionic stage: C, Ai,
B, DII and Dr. In addition, attention was paid to features of the other
equatorial chambers and to external morphology.

From the observations inferences could be made on evolutionary trends
because the relative stratigraphic position of most of the individual samples
could be ascertained from either associated planktonic faunas or Miogypsina
assemblages, or from both.

The data obtained on lepidocyclinids in samples from India, Fiji and
Australia, and from published reports on European representatives were
compared with the results from the Indonesian material.

The Nephrolepidina assemblages from India, Fiji and possibly those from
Australia resemble those from Indonesia very well, except one from the
Upper Oligocene of India which shows affinity to the European lepido-
cyclinids.

In the Indo-Pacific material two groups of Nephrolepidina were found to
occur together in part of the samples. The groups are separated on differ-
ences in size parameters of the embryon. In each sample the specimens with
the smaller embryons are taken together in the so-called group 1, and those
with the larger embryons form group 2. Group 1 is more frequent than
group 2; the latter seems to occur always together with group 1.

In group 1 the parameters C and Ai show a time-dependent change and
they serve to subdivide the assemblages into five successive biometric units,
called species: L. isolepidinoides, L. sumatrensis, L. angulosa, L. martini and
L. rutteni.

In group 2 no sustained change could be found in C and Ai' All assem-
1?lagesare lumped under the name L. transiens. This species is thought to be
polyphyletic, but it cannot be excluded that it represents an agglomerate of
ecophenotypes of group 1.

Considering all data known so far, it seems likely that both the European
and the Indo-Pacific lepidocyclinids derived from an American ancestral
stock. The former Tethys is suggested as the most likely migration route
until the end of the Oligocene. The "European" assemblage from India can
be regarded as the only immigrant from the West. From the Miocene on-
wards and into the Pliocene the Indo-Pacific lepidocyclinids are clearly



different from those of Europe. They have smaller embryons and progress
farther along the road of embryonic-nepionic acceleration. At comparable
C levels their embryonic Ai is distinctly larger.

Within the Indo-Pacific group 1 the lineage is twice interrupted by remark-
able 50% drops in embryon size, which do not seem to affect the course
of the correlated embryonic (Ai) and nepionic (C) acceleration.



The genus Lepidocyclina, and especially its Nephrolepidina group, has
furnished a well known example of evolution in larger foraminifera, which
was elaborated mainly by Van der Vlerk in the course of the last twenty
years. He envisaged the development of a single, world-wide lineage from
an isolepidinid ancestor to a trybliolepidinid final phase, this lineage being
based largely on assemblages from Indonesia.

The existence of a single lineage has become questionable, because a
number of Indonesian Lepidocyclina assemblages, encountered during a
preliminary investigation, were found to be heterogeneous.

More thorough research was possible as a result of the material available
from collections in the Geological Institute of Utrecht, the "Natur-
historisches Museum" in Basle and the British Museum of Natural History
in London. The material from Utrecht had been collected by L. M. R.
Rutten between 1910 and 1925. The Basle collection dates roughly from
the same period, whereas the material from the British Museum is of more
recent date.

As far as the older samples are concerned there is a lack of documentation
about the locations where they were taken and about their stratigraphical
superposition. Nevertheless this relatively poor material was considered
sufficient to clarify the question of heterogeneity.

In order to establish a better evolutionary sequence in Lepidocyclina
we relied on the principle of nepionic acceleration as a complement to the
order inferred from the accompanying planktonic and miogypsinid foramini-
feral assemblages.

Some 50 assemblages of nephrolepidinid Lepidocyclina are investigated
from Indonesian and Malaysian localities. These localities are situated in
North Borneo, East Borneo (Kutei and Sangkulirang), Middle and East
Java, and Madura. A survey map is given in fig. 1.

The external and internal morphological characteristics are described or
tabulated for each sample. For biometric purposes the "classical" para-
meters C, DI, DU, Ai and B are used. In addition the angle a is measured



as a parameter parallel to Ai. Attention is paid to whether particular internal
and external variants correspond to certain groups in the biometric data.

From the observations evolutionary trends are inferred because the
relative stratigraphic position of many individual samples could be ascertain-
ed from the planktonic faunas and the assemblages of Miogypsina found
in association with the Lepidocyclina. These results are compared with
data obtained from material from India, Fiji and Australia and with publish-
ed reports from Europe.

Finally attention is paid to general phylogeny and to taxonomy of the
Indo-Pacific species.

The name Lepidocyclina was introduced by Gumbel (1868) and Num-
mulites mantelli Morton 1833 was selected as the type species.

Especially in the first half of the 20th century more and more species
and subspecies have been distinguished in the Indo-Pacific, in America and
in Europe. For biostratigraphical purposes, larger foraminifera including
Lepidocyclina were highly valued; this led to the pseudo-chronostratigraphic
"letter stage" classification of the Indonesian Tertiary by Van der Vlerk and



Umbgrove (1927). Having recognized the separate taxonomic pos!tlon of
the Lepidocyclina group, Scheffen (1932) introduced the family of the
Lepidocy clinidae.

Only a selection of the previous literature will be reviewed, mainly that
pertaining to publications on Indonesian Lepidocyclina.

Verbeek and Fennema (1896) were the first to present a systematic study
of the Indonesian Lepidocyclinidae. They paid attention to the chamber
form in the equatorial layer and to the size of the embryon.

A large number of later studies deal with morphological features and/or
introduce new species: H. Douville (1898), Newton and Holland (1899),
Schlumberger (1900), Lemoine and R. Douville (1904), Rutten (1911,
1912,1913,1914), H. Douville (1911, 1924/25), Vaughan (1924), Van der
Vlerk (1924, 1925, 1928, 1929), Scheffen (1932), Caudri (1939) and more
recently Eames et al. (1962) and Cole (1962). Their discussions centred
mainly on which of the features could serve as a basis for a "reliable" taxo-
nomic system. In general Lepidocyclina is subdivided into four subgenera,
based on the form of the embryon: Isolepidina, Nephrolepidina, Eulepidina
and Trybliolepidina. The last name is invalid and the first one must be
replaced by Lepidocyclina s.s. Eulepidina clearly represents a separate
lineage, whereas the other three subgenera represent more or less successive
stages of the main lineage.

Tan Sin Hok (1935, 1936) was the first to emphasize the importance
of the peri-embryonic equatorial chambers for the classification and re-
cognition of evolution. His analysis of lepidocyclinid assemblages showed
a time-related increase in the degree to which the protoconch is embraced
by the deuteroconch, and an increase in the number of chambers formed
directly from the deuteroconch (ad-auxiliary chambers). He supposed that
these trends reflected the phylogenetic development of the Lepidocyclinidae
and he suggested that statistical analyses of populations should be applied
to obtain further information. Following these suggestions, Mohler (1946)
was the first to record data on numbers of auxiliary chambers, on the
diameter of the protoconch and deuteroconch, and on the shape of the
embryon.

Van der Vlerk (1957, 1959a,b, 1963,1964,1973,1974) developed the
biometrical approach still further by introducing and/or defining a number
of parameters. From all the parameters C, DI, DIl, B and Ai (or a similar
expression to indicate the degree to which the protoconch is embraced by
the deuteroconch) this author finally selected the last one of the group as
being the most reliable. In 1963 Van der Vlerk recognized that he could



not place the lepidocyclinids in the areas outside America in either the
X or the Y lineage of Grimsdale (1959) which had been based on stolon
arrangements in the equatorial chambers. Hence, he concluded that there
was only one lineage. Using only parameter Ai>without ever stating a range
of variation or standard errors to the means, he tried to show the time-
dependent change in this factor, arranging samples from the Caribbean,
Europe and Indonesia in supposedly correct stratigraphic order. A more
detailed investigation of material from East Java and Madura (Van der
Vlerk and Postuma, 1967) reveals a less smooth development of Ai> but
the significance of the fluctuations remains obscure.

Matsumaru (1971) deals extensively with Lepidocyclina in Japan. Ex-
ternal and internal morphology, and the "classical" parameters were studied
using statistical methods. He recognized three form groups in the phylo-
genetic development of Lepidocyclina. All Japanese samples cover a very
short stratigraphic interval of the Miocene and for comparison this author
only used stratigraphically older European material. He regards Ai as the
most reliable factor and C as the least useful.

Publications about European material are from Drooger and Freudenthal
(1964), Freudenthal (1966) and Meulenkamp and Amato (1972). The
first two authors found no satisfactory evolutionary development of the
parameters A, B, A + Band C. In their opinion C is the best, relatively
speaking.

Finally De Mulder (1975) subdivided the European Nephrolepidina
lineage into three successive species with species boundaries based on mean
values of C and A.

In the later literature the principle of nepionic and embryonic acceleration
is generally recognized, although the pattern may show staggering. The
characteristics of the main Lepidocyclina group outside America seem to be
rather similar and the general opinion is that all species may be considered to
belong to one lineage.

External morphology

Owing to the extensive and gliding variation in external morphology it is
hard to formulate a sound standard terminology. The shape of the test can
best be expressed in terms of the thickness-diameter ratio (T/D) and the



convexity of the central part. The mam types are all biconvex with the
additional remarks:

- scutiform, the thickness reduces rapidly towards the
periphery and there is a distinct flange.

collar: protruding flange all around the test mainly
formed by the equatorial layer.

wart-like elevations on the surface of the test. Their size
usually equals that of individual lateral chambers, but
they may be much larger.
local thickenings in the walls of adjoining lateral cham-
bers showing at the surface of the test.

Internal morphology

The different types of embryon recognized in the literature are based on
the degree to which the protoconch is embraced by the deuteroconch. Van
der Vlerk (1973) used the term "isolepidine" for Lepidocyclina types with
Ai values less than 35; for types with Ai values between 35 and 55 he used
the term "nephrolepidine". The "trybliolepidine" type is supposed to
correspond to Ai values exceeding 55.

The terminology of equatorial chamber forms is rather complicated. There
is a large variation in chamber type and size. Moreover, several types and
their intermediates may occur within the same equatorial layer. A review of
equatorial chamber types frequently mentioned in the literature is given in
figure 2. In arcuate types the height and width of the chambers are about
equal. To indicate whether two neighbouring arcuate chambers have their
chamber bases touching or whether they are slightly separated, the terms
closed or open are added. Figure 2 illustrates the arcuate types and includes



an explanation of the terms 'pointed' and 'truncated'.
Another type is lozengic, also called rhombic or diamond shaped. The

length is equal to or somewhat larger than the width. The walls are straight.
Other types are referred to as ogival, spatulate and hexagonal. In these

forms the length always exceeds the width.
This descriptive terminology of chamber forms is rather subjective. The

distinction between pointed arcuate and lozengic is minimal, as is the differ-
ence between ogival-six-sided and hexagonal. For descriptive purposes we
have numbered some of the chamber types (see fig. 2).
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a. open arcuate (arcuate-l)
b. pointed arcuate, open to closed (arcuate-2)
c. truncated arcuate (arcuate-3)
d. ogival-l
e. ogival tending to be six-sided (ogival-2)
f. lozengic, rhombic, diamond shaped with straight

walls
g. spatulate
h. hexagonal, six-sided with straight walls.

/\
/\A

/\A/\
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In accordance with the prevailing chamber type certain arrangement
patterns may be observed in the equatorial layer. These are shown in figure 3.

a. intersecting curves
b. concentric rings
c. wavy concentric
d. stellate.



a: intersecting curves, also called engine-turned pattern. The dominant
chamber type is arcuate 2 with the chamber bases close together.

b: concentric rings, in 'which chambers of the same budding step share
common walls. The equatorial chambers are truncated arcuate, spatulate
or hexagonal.

c: wavy concentric rings, a variant ofb.
d: stellate. This pattern shows a number of rays towards the periphery in

which the chambers are more elongated. In between the rays different
types of chambers may be found, but usually they are truncated arcuate.

Figure 4a shows the internal features on which countings and measure-
ments in median sections of Lepidocyclina specimens are based. The figure
also gives the terminology of the peri-embryonic chambers. The definitions
of the individual chambers are as follows:

protoconch: initial chamber (I)
deuteroconch: second chamber formed from I (II)
nucleoconch (embryon): I and II together

Fig.4a Schematic drawing showing chamber types of Lepidocyclina and position of measurements.
I. protoconch
II. deuteroconch
1. principal auxiliary chamber (PAC)
2. ad-auxiliary chamber (AAC II)
3. para-auxiliary chamber
4. accessory auxiliary chamber (AAC I)
5. closing chamber
6. n, angle expressing the degree of embracement of the protoconch by the deuteroconch.



PAC: principal auxiliary chamber formed from II, and resting on I and II
AAC I: accessory auxiliary chamber, formed from I
AAC II: ad-auxiliary chamber, formed from II
embryonic stage: consists of the two initial chambers. This stage is mor-

phologically distinct from the later chambers.
nepionic stage: consists in our Lepidocyclina forms of all chambers direct-

ly encircling the nucleoconch.
neanic stage: all later chambers.
These successive ontogenetic stages are recognized in a single plane of

growth, called the median or equatorial layer.

The parameters are:
number of ad-auxiliary chambers on the deuteroconch (AAC II).
maximum diameter of the protoconch, measured at right angles to
the line that connects the centres of I and II. The wall thickness is
excluded.
maximum diameter of the deuteroconch, measured in an analogous
way to DI.
expression for the degree of embracement of the protoconch by the
deuteroconch. The Ai measurements are taken along the inner wall.

A = 100 X length of common wall between I and II
1 total inner circumference of the protoconch

Drooger and Freudenthal (1964) made these measurements along the
outer wall (Ao)' The difference between Ai and Ao is relatively
small. De Mulder (1975) found that in practice both methods pro-
duce the same results.
represents the part of the outer circumference of the nucleoconch
covered by the auxiliary chambers

B = 100 X L length a
outer circumference of the nucleoconch

a: the outward directed angle formed by two hypothetical lines from
the centre of the protoconch through the outer attachment points
of the deuteroconch wall and the protoconch wall.

104. PROCEDURE

In preparing the available material for investigation it was sometimes
necessary to split samples into smaller portions. In other samples all the



material had to be used in order to obtain a sufficient number of specimens.
The external morphology of the specimens was described first. When-

ever striking differences in outer morphology were observed, the sample was
separated accordingly into groups. After thin-sectioning a further check on
the differences in internal morphology was carried out.

Eulepidine and microspherical forms were not taken into consideration.
The latter are extremely rare in the samples anyway.

Thin-sections were prepared in the usual way by mounting specimens on
a glass strip and removing the lateral layer from both sides with a roughened
glass slide. Removal took place under the microscope to permit good control
while grinding.

We aimed at 30 observations on each parameter per sample but there was
not always enough material to do this. For all specimens we prepared camera
lucida drawings with an approximate enlargement of 250 times.

C counts were made directly under the microscope and checked in the
drawings. Ai, B and a were derived from the drawings using a curvimeter for
Ai and B whereas a was measured with a plastic ruler with angle-protractor.
DI and Dn were measured directly under the Leitz binocular microscope
with an ocular micrometer (1 mm. divided in 100 parts) at a magnification
of100X.

1.5. STATISTICS

All data entered on standard sheets were compiled in histograms which
have a constant class interval for each parameter. Sample statistics was
applied to estimate the population parameters. Means, and standard errors
of the mean (se) were calculated. They are listed in tables 1, 2, 3, 4 and 5.

The coefficient of variation (CV) is used to compare the amount of
variation in assemblages (table 7).

CV = s X_100;
Y

s = standard deviation of parameter Y,
Y = mean value of Y

To decide whether two assemblages might have originated from popula-
tions with the same mean (variances not equal), the following t-test was
used:

(Xl - X2)
t=

J (si!NI) + (s;/N2)



For sufficiently large values of N1 and N2 (20 or more) reliable results may
be obtained even if the populations are not completely normally q.istributed.
The number of degrees of freedom is taken to be N 1 or N2 minus 1 which-
ever is the lower.

By means of bivariate analyses one can test the hypothesis that there is
no relation (correlation) between one variable and the otheL If there is a
correlation, dependent and independent variables cannot be indicated, so
regression lines are not recommended. Correlation is expressed by the
product-moment correlation coefficient (r), hereafter to be called 'correla-
tion coefficient'. The formula is:

l: (Xi - X) . (Yi - Y)

J l: (Xi - X)2 . l: (Yi _ y)2

To indicate the linear trend in a scatterfield, the line called reduced major
axis (Lm.a.) is used. In the formule y = a + bx, the slope b = + Sy/sx or -
Sy/sx' Sy and Sx being the standard deviations of y and x respectively. The
intercept of the Lm.a., a, is equal to y - b . x. The statistics used are largely
after Sokal and Rholf (1969) and Dixon and Massey (1957).

Calculations were partly carried out on the Utrecht University CDC
computer (Cyber 73) with the Algol(60) Routine Miscor, a standard pro-
gramme of the Institute of Mathematical Statistics (Utrecht University),
and partly with a desk calculator.

Planktonics and assemblages of Miogypsina were used to assess the ap-
proximate stratigraphical position of single samples.

With planktonics, we attempted to correlate our material to the standard
zonal scheme of Blow (1969). If samples did not contain index species, the
overall composition of the association formed the basis for a best fit correla-
tion.

Sustained changes in the Miogypsina lineages have proved very useful in
correlations. The successive stages of development in Miogypsina are indicat-
ed by X, V and r.

X is the number of spiral chambers of the primary spiral around the proto-
conch and deuteroconch. V relates to the degree of symmetry of the proto-
conchal spirals when two principal auxiliary chambers are present. V is
calculated from the formula V = 200 a./~, in which the angle a. corresponds
to the shorter spiral, whereas ~ is the arc length of both spirals together.



More pnmlt1ve assemblages consist of spiral forms only, more advanced
assemblages show four nepionic spirals originating from two principal
auxiliary chambers. 'Y i.s the angle between the apical-frontal line (line
through the centre of the protoconch dividing the test into two equal halves)
and the medio-embryonic line (line through the centres of protoconch and
deuteroconch). Schematic drawing fig. 4b illustrates these parameters.

Fig. 4b Miogypsina parameters. In the left drawing: 'Y= _400
, X = 7. In the right drawing: a = 800

,

(3= 2400
, V = 200 a/(3 = 66.6.

a = apical-frontal line
m = media-embryonic line.

The successive species of the Miogypsina s.s. lineage, found in our mate-
rial, and their numerical definitions are outlined below. For further details
about definitions, classification and numerical scales, the reader is n~ferred
to Drooger (1952, 1963) and Raju (1974).

M. antillea V between 70-100. In more than 50% of the specimens
V exceeds 90.

M. cushmani V between 70-100. In more than 50% of the specimens
V does not exceed 90.
V between 45-70.
V between 0-45. 50% or more of the specimens have two
principal auxiliary chambers. "1 is positive.
X smaller than 9. Less than 50% of the specimens with
two principal auxiliary chambers. "1 is negative.

Of secondary importance are the assemblages belonging to the subgenus
Lepidosemicyclina. This group differs from Miogypsina s.s. in that it has
hexagonal equatorial chambers already adjacent to the embryon. We found
only three of the four species of this group: M. excentrica, M. polymorpha
and M. bifida (Raju, 1974; Van Vessem, 1977).

M. intermedia
M. globulina
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11.1. NORTH BORNEO (SABAH)

The Lepidocyclina available from Sabah are from the Klias peninsula and
the Kinabatangan river area.

The material in the Utrecht Collections consists of a number of samples
from the so-called Boring I of the N.K.P.M. (Nederlandse Koloniale Petro-
leum Maatschappij). The drilling probably took place before 1920. The
locality is on the Klias peninsula, North-West Borneo (fig. 5). The sediments
consist of grey marls or shales with intercalations of sandstones (e.g. from
1415' to 1420').

The boring covers an interval of almost 700 feet. The available Lepidocy-
clina-bearing samples were derived from the following depths: 773' (Kll),
800' (K12), 825' (K13), 830' (K14), 1308'-1312' (K15), 1330'-1335'
(K16), 1342' (K17), 1355'-1370' (K18), 1412'-1415' (K19) and 1415'-
1420' (K20).

Rutten (1921) considered the age of the sediments to be Oligo-Miocene
and he mentioned the presence of Lepidocyclina aff. munieri, L. aff. inflata
and L. sp. He also reported Eulepidina from K18 and K19.

The foraminifera are often filled with limonite.
An assemblage of Miogypsina tani (table 6) is recognized in K18. In two

subsequent higher samples (K17, K16) only a few specimens of Miogypsina
are found (K17, 3 specimens, not in table 6). The majority of specimens
have a second principal auxiliary chamber but their 'Y values are still negative.
The assemblage might be referred to as M. ex. interc. tani-globulina.

The presence of Globorotalia kugleri and Globigerinoides primordius up
to sample K13 suggests that the interval from 1370' (K18) to 825' (K13)
belongs to the zone N4. The occurrence in this interval of Globigerinoides
trilobus, although not typical, might be due to contamination by caving. In
sample K11 the species may be autochthonous. Hence, K11 could belong
to the top of N4 or the base of N5.



II.1.2. Sg. Kinabatangan

The material was collected by C. G. Adams from an exposure (N.B. 9066)
along the Sg. (soengei = river) Kinabatangan, approximately 6 miles East
of the township of Lamag (fig. 5). The sediments are shales and sandstones
overlain by limestones. The sample is derived from the shales. According to
the map of the Geological Survey Department, British Territories in Borneo
(1955), this sample should have come from sediments of Te/f age, i.e. ap-
proximately Early-Middle Miocene.

In addition to Eulepidina the following nephrolepidine types were found
(according to unpublished notes by c. G. Adams): L. cf. sumatrensis, L.
perforata-flexulosa, L. callosa or L. verrucosa, a variety of L. inflata-acuta
and L. d. borneensis or L. cf. martini.

Planktonic species recognized are Globorotalia kugleri (resembling the
G. mendacis type), Globigerinoides primordius (not very typical) and G.
trilobus. Because of the planktonics the sample is assigned to zone N4.



The Miogypsina assemblage encountered is identified as M. tani (table 6).
Other faunal elements in the sample are fragments of corals, bryozoa and
molluscs.

11.2. EAST BORNEO

The available material was collected in the Kutei and Tarakan basins. The
present-day limits of these basins are given in figure 5. To the East the basins
are limited by the deep Makassar trough. The localities of the samples are
concentrated in the Sangkulirang, Balik Papan and Berau areas (fig. 6). All
samples were found in the Utrecht Collections.

The Kutei basin is separated from the Tarakan basin by the Mangkalihat
ridge. The basins were formed in the Early Tertiary and probably were filled
from West to Ease. The axes of maximum sediment thickness shifted to the
East in the course of time. The maximum thickness may be 8000 m in
certain places. Especially the central part of the Kutei basin shows strong
subsidence and a large deltaic system. Beyond this system normal marine
shelf and slope deposits are found (Gerard and Oesterle, 1973). Such normal
marine shelf deposits are to be expected in the Balik Papan and Sangkulirang
areas.

II.2.1. Berau area

Two Lepidocyclina-bearing samples in the Utrecht Collections are from
this area.

Sample G98. This is sample 18 from the Sg. Galongbesar, described by
Rutten (1926). His schematic maps are reproduced in figure 7 and 7a. The

Fig. 7 and 7a Details of sample localities in the
Berau area (after Rutten, 1926).



sediment consists of grey sandy marls. Rutten (1926) identified Lepido-
cyclina tournoueri from this sample.

Further faunal elements are Spiroclypeus, Rotalia, bryozoa, ostracoda and
mollusc fragments. The age according to Rutten (1926) was possibly 'the
oldest Neogene'.

Sample G149. Sample from rintis Tandjung Domaring 8 (rintis = path
cleared through the jungle, Tandjung = cape). The locality could not be
traced exactly on the map (fig. 7). It should be in the coastal area near
Domaring. The sediment consists of grey marls. The Lepidocyclina speci-
mens from this sample were identified by Rutten as L. cf. angulosa. The age
he took to be "the younger part of the Lepidocyclina-bearing Neogene".

Further faunal elements are mollusc fragments, Cycloclypeus annulatus,
Planorbulinella, Gypsina and Miogypsina. The latter assemblage was iden-
tified as M. antillea. A few specimens of M. bifida were also encountered.

II.2.2. Balik Papan area

Rutten and Rutten-Pekelharing (1911) distinguished four lithostratigra-
phic units in the Balik Papan area. They are from bottom to top the Pama-
loean beds, the Poeloe Balang beds, the Mentawir beds and the "Pliocene".
A geological sketch-map and approximate sample locations are given in
figure 8. Three samples of the Utrecht Collections could be used.

Sample BP101b. Location Sg. Blakin, South-side of the Balik Papan bay.
Marly limestones belonging to the P. Balang unit. Benthonics are rare. The
faunal elements belong mainly to Cycloclypeus, Lepidocyclina, Miogypsina
and Gypsina. Some echinid fragments are present as well. Rutten (1911)
reported the presence of Lepidocyclina (Eulepidina) formosa and L. suma-
trensis and he gave the first descriptions of L. acuta, L. flexulosa and L.
polygona. The latter species was later recognized as a junior synonym of
L. ferreroi. The age was supposed to be Miocene. The miogypsinid assem-
blage appears to belong to M. globulina (table 6).

Sample BP10S. The location of this sample is not fully clear. The original
label reads "rintis E.Sg. Penjangulan, slightly E. of Pondok III of the B.P.M.".
According to Rutten and Rutten-Pekelharing (1911) Pondok III is situated
at the "upper Mentawir" (river). Hence, it is likely that the sample was
taken from the Mentawir beds. From the material from this sample Rutten
(1911) described the new species L. glabra and the new varieties L. suma-
trensis var. minor and L. neodispansa var. minor (later identified as a junior
synonym of L. angulosa). The age was given as Late Miocene.



Further faunal elements recognized in this marly-limestone sample are:
fragments of molluscs, bryozoa, corals, Cycloclypeus and Miogypsina. The
Miogypsina assemblages appear to belong to Miogypsina intermedia (table 6),
M. polymorpha and M. bifida.

+ sample locality
o 5
I ,

Fig. 8 Geological sketch map of the Balik Papan area, indicating the approximate sample localities
(after Rutten and Rutten-Pekelharing, 1911).

Sample BPI02. Location Sg. Pamaloean near the kampong (village or
cluster of buildings) of the same name. The sediments are marly limestones
with fragments of molluscs, corals, and echinids, and benthonic foraminifera
of the genera Cycloclypeus, Lepidocyclina and Miogypsina. Rutten (1911,
1913) determined Lepidocyclina (Eulepidina) aff. formosa and L. inflata
from the Pamaloean unit. The age was estimated to be transitional between
Oligocene and Miocene.



A check on the Miogypsina revealed that an assemblage of M. globulina
was present (table 6).

11.2.3. Sangkulirang area

Seven samples are available from this area. Six are in the Utrecht Collec-
tions and one is from the Collection of Van der Vlerk.

Paleontological and stratigraphical information on the Sangkulirang
samples is extremely scarce. Rutten (1916) discussed only the facies changes
of East Kutei. In a review of Van der Vlerk and Umbgrove (1927) two
stratigraphic units are distinguished, the Gelingseh unit and "the older part
of the Sangkulirang marls". They place the Gelingseh unit above the Men-
tawir unit of the Balik Papan bay. The assumed position of the sample
localities is indicated in figur~ 9.

I
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Schematic map of East Kutei
and the Sangkulirang Bay,
with presumed position of the
sample localities.

Sample K082. From the original unpublished map of Rutten it would
seem that this sample corresponds to the K082, marked at Poeloe Senoempa
(a small island in the Sangkulirang bay). It then would be situated in the
southern limb of the Maloewi anticline (fig. 9). The age indicated on the map
is Mio-pliocene. The sediment, probably marls, contains many corals, small



molluscs, echinids, bryozoa and benthonic foraminifera, Heterostegina,
Cycloclypeus, Planorbulinella, Baculogypsina, Lepidocyclina and a rich
planktonic fauna. The fossils are filled with greenish sediment, possibly
glauconite. The presence of Globorotalia crassaformis, Sphaeroidinella
dehiscens, Pulleniatina primalis and Globorotalia dutertrei permits the
sample to be assigned to zone N19. No reworked elements were observed.

Sample K082(2). The label of the sample reads Kari Orang 82. To
avoid problems with the other sample K082 the index (2) was given. As
far as sediment and fossil content are concerned this sample is different
from K082. From the map of Rutten, the sample position is guessed to
be somewhere near the Sg. Kari Orang. The marly-limestone contains only a
few benthonic foraminifera: Lepidocyclina, Miogypsina bifida and a Mio-
gypsina s.s. assemblage which was identified asM. antillea (table 6).

Sample G457. Originating from the source area of the Sg. Gelingseh,
which must be in the Gunung Batu anticline (fig. 9). This sample has pro-
bably been collected from the so-called Sampajau marls mentioned in the
literature. The sample contains benthonic smaller foraminifera, bryozoa,
mollusc fragments, corals, Cycloclypeus, and Lepidocyclina. The plank-
tonic fauna is characterized by Globorotalia peripheroacuta (zone NIO).

Sample K0145. The location is not known; it is possibly in the Kari
Orang area. The main faunal elements in this marl are benthonic smaller
foraminifera, ostracoda, corals, Miogypsina, Lepidocyclina and planktonic
foraminifera. The miogypsinid assemblage is identified as Miogypsina antillea
(table 6). As far as the planktonics are concerned the presence of Globoro-
talia peripheroacuta indicates an NIO zonal assignment.

Sample K0143. The location is possibly again in the Kari Orang area. The
marls contained benthonic smaller foraminifera, corals, molluscs, bryozoa,
Cycloclypeus and Lepidocyclina. The planktonic association contains
Globorotalia menardii and Globigerina siakensis, which point to the interval
N12-N14. The G. menardii are rather primitive. Although the fauna is fairly
rich, the absence of Globigerinoides subquadratus is rather striking. Because
of the absence of the latter species, K0143 might be assigned to the N14
zone.

Sample S49. Originating from the Sangatta area which is south of the
Boengaloen River (fig. 6). The original label reads: W. Oeloe Sg. Melawan,
which is a southern tributary of the Sg. Sangatta. The marl contains smaller
benthonic foraminifera, fragments of molluscs, corals, echinids, bryozoa,



planktonic foraminifera, rare Lepidocyclina and two specimens of Mio-
gypsina s.s. and several of M. bifida. The two Miogypsina s.s. have nearly
symmetrical protoconchal spirals, which suggests the presence of Miogyp-
sina antillea. The planktonic fauna is in a state of poor preservation; it con-
tains Globigerinoides diminutus and G. sicanus. One has doubts about
whether the planktonic fauna is autochthonous, but if it is, it is charac-
teristic for N8.

Sample East Manjangau (E.M.). This sample, used by Van der Vlerk
(1973), was collected by Tercier in the Samarinda area. Further details about
the locality are not known. Van der Vlerk reported the following species
from this sample: Miogypsina polymorpha, Eulepidina formosa, Lepido-
cyclina acuta, L. ferreroi, L. japonica, L. martini and L. sumatrensis. Only
thin-sections of Lepidocyclina were available. According to Van der Vlerk
only the latter four species were used for thin-sectioning.

II.3. JAVA

From East Java material was available from four borings in the collections
of the Naturhistorisches Museum of Basle (Lodan I, II, Tremboel and Boe-
goel). Two surface samples were collected by the author. The East Java-
Madura samples consist of sectioned specimens of the Collection of Van der
Vlerk, investigated earlier by this author. Only part of one original sample
(Kombangan section, Madura) present in the Utrecht Collection, was prepar-
ed for examination.

II.3.1. East Java

Boring Lodan I. Three Lepidocyclina-bearing samples were available from
depths of 175 m, 220 m and 245 m. The location is near Sedan, Province of
Rembang, East Java (fig. 10). According to 't Hoen (1916) the location is in
the anticlinal structure, just South of Sedan and Lodan. The limestones and
marly limestones contain a few benthonic smaller foraminifera, mollusc
fragments, bryozoa, Gypsina, Cycloclypeus, Miogypsina and planktonic
foraminifera. The Miogypsina assemblages from the 175 m and 245m
depths are identified as M. globulina (table 6). The planktonic association
from 220 m contains Globigerinoides subquadratus, G. trilobus, G. obliquus,
Globorotalia siakensis and G. obesa. This is indicative for the N5 and N6
zones, probably N5. The presence of Globorotalia praemenardii-menardii
may be due to contamination. If the presence of Globigerinoides subquadra-
tus is also a consequence of contamination, the zonal assignment is N4 or
younger.



Boring Lodan II. The location of this boring is probably close to Lodan I.
Sediment and fossil content are largely the same as in Lodan I. Two samples
are present from the 217-220 m and 228-231 m depths. The observed
Miogypsina globulina assemblage is associated with Miogypsina excentrica
(table 6). The latter species is characterized by high V values and the pres-
ence of accessory auxiliary chambers on the deuteroconch. The planktonic
fauna does not permit a precise dating.

Boring Tremboel. The material presumably comes from the boring Trem-
boel mentioned in Soetantri et al. (1973). This boring is located in the
Tjepoe area, 14 km south-west of Blora (fig. 10). Five samples with Lepi-
docyclina were found. These are from 544 m, 544-547 m, 556 m, 562 m
and 625 m. The sediments, possibly all marls, contain a variety of smaller
benthonic foraminifera, planktonic foraminifera, Miogypsina, Planorbulinella
and Cycloclypeus.

The miogypsinid assemblages were determined as Miogypsina ex. interc.
cushmani-antillea in the samples from 544 m and 556 m, and as Miogypsina
cushmani in the samples from 562 m and 625 m, respectively (table 6).
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Because of the presence of Globigerinoides trilobus closely resembling
G. sicanus the planktonics of this boring suggest an assignment to the interval
N7 -N8. The presence of Globorotalia archeomenardii and G. periphero-
ronda might indicate N8, which is, however, not in accordance with the
absence of G. sicanus. Orbulina is absent as well.

Boring Boegoel. The location is unknown but possibly it is also in the
Tjepoe area. Lepidocyclina is present at 396 m and 420 m. The sediments
are probably limestones and marls. Other faunal elements in sample 420 m
are some benthonic smaller foraminifera, Heterostegina, Miogypsina and
planktonics. Sample 396 m contains the same elements with the exception
of Miogypsina. The Miogypsina assemblage of 420 m is identified as M.
antillea (table 6). The main planktonic elements are Globorotalia siaken-
sis, G. menardii and Globigerinoides obliquus in sample 420 m, and at
396 m G. obliquus, Globigerinella siphonifera and Globorotalia menardii.
Both assemblages are indicative for NI2-NI4. The presence of G. siphoni-
fera and the absence of Globigerinoides subquadratus may point to
N13/NI4.

Sample SRX6. This sample was taken by the author from the river bank
of the Sg. Rebjong where the road from Sedan to Ngandang crosses the
river (fig. 10). The sample locality is at the south-west side of the bridge.
The greenish, sandy-silty sediment contains fragments of molluscs, Cyclo-
clypeus, Lepidocyclina and scarce planktonics. The presence of Globorotalia
siakensis, Globigerinoides subquadratus and Orbulina suturalis indicates
correlation with the interval NI0 to N13.

Douville (1916) described an assemblage of larger foraminifera with simi-
lar characteristics collected near Ngandang. Since Ngandang is only a few
kilometres south of SRX6 we may be dealing with the same locality. Dou-
ville reported the presence of two Cycloclypeus species, Nephrolepidina
martini and Eulepidina radiata. Probably his Eulepidina refers to specimens
with a "trybliolepidine" embryon.

Sample B419A. The locality (1 km south of Gunuagwangon) is in the
anticlinal structure n,ear Jamprong, 9 km S.S.E. of Jatirogo (fig. 10). The
calcareous sandstone contains coral fragments, bryozoa, Heterostegina,
Cycloclypeus, Lepidocyclina and Miogypsina and scarce smaller benthonic
and planktonic foraminifera. The Miogypsina assemblage is assigned to M.
antillea (table 6). The presence of an assemblage intermediate between Glo-
borotalia peripheroacuta and G. praefohsi is indicative of zone NIL



11.3.2. East Java - Madura

Apart from sample Bg333, we had from this area only material prepared
earlier by Van der Vlerk. The sample localities are given in fig. 11.

Sample h494 (= Be2194), Mlangi (East Java). No information was avail-
able about the sediment and the faunal assemblage. On the basis of plank-
tonics the sample was assigned to the Globorotalia opima opima Zone (Van
der Vlerk and Postuma 1967). This would correspond to Zone N2 in the
Blow zonation.
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Sample h285, Krandji (East Java). Again there is no further information.
Van der Vlerk and Postuma placed the sample in the Globorotalia opima
opima Zone. In terms of the Blow zonation this would be N2.

Sample Bg333, Kombangan (Madura). Only an assemblage of Lepidocy-
clina was at our disposal. J?lso seven specimens of Miogypsina were found.
The determination is M. cushmani, which is in accordance with the report
of Schipper and Draoger (1974).

Sample Be1421. Ambunten Mandala (Madura). No further information
is available. Van der Vlerk and Postuma (1967) place this sample in the
Globorotalia barisanensis Zone (N9 of Blow) although the sample does not
contain any planktonic foraminifera.



II.4. BIOSTRATIGRAPHIC RELATIONS BETWEEN PLANKTONICS AND MIOGYPSINA

For the relative stratigraphic position of our single Lepidocyqlina assem-
blages, the calibration of the Miogypsina scale and the succession of plank-
tonic zones of Blow is of great importance. The data of the previous chapter
(fig. 60, table 6) suggest the following correlation:

M. antillea N10, N10, N11, N10-13 and N13/14
M. ex. interc. cushmani-antillea N7/8
M. globulina N5/6
M. tani N4

The parallel order in both successions is satisfactory but in terms of plank-
tonic zones the Miogypsinidae range much higher than in Europe and Ame-
nca.

Raju (1974) reported from India the correlation of M. tani with N4, of
M. globulina (V = 17) with N5 and of M. (Lepidosemicyclina) excentrica
with N6 or lower part N7. He remarked that M. globulina may still be
present at the M. excentrica level. This .correlation is in good agreement
with the Indonesian data.

From literature data Raju concluded that in the Far East M. cushmani
and M. antillea are possibly of post-Burdigalian age which in terms of plank-
ton zonation would be N8/9 and/or younger.

The transition from M. cushmani to M. antillea in our material is correlat-
ed with an undecided position in the interval of zones N7 and N8. If M.
globulina ranges as high as lower N7, this does not leave much "space" for
the range of M. intermedia between those of M. globulina and M. cushmani.
For this reason, it seems more likely that the transition M. cushmani- M.
antillea correlates with N8, which is not necessarily in contradiction with the
discussion on the planktonics in the Tremboel boring.

The data indicate that Miogypsina ranged higher in the Indo-Pacific than
elsewhere in the world. Clarke and Blow (1969) and Haak and Postuma
(1975) report the last Miogypsina in connection with lower N13 and top
N12, respectively. Although their conclusions are accompanied by little
documentation, they are.in good agreement with our results. It seems likely
that the Pacific Middle-Late Miocene survivors of the Miogypsina lineage
belonged mainly to M. antillea which lingered on for several millions of
years after their American and Eurafrican counterparts had disappeared.
In the early part of its extended range M. antillea was probably still ac-
companied by M. polymorpha and M. bifida of the Lepidosemicyclina
lineage. .

The tentative correlation of Blow's planktonic zonation and successions
of Miogypsina species is shown in fig. 84.



DESCRIPTIONS, MEASUREMENTS AND COUNTS OF THE
LEPIDOCYCLINA ASSEMBLAGES

For a review of the ranges, means, standard errors and numbers of obser-
vations of the Lepidocyclina assemblages the reader is referred to tables
1-5; variation coefficients (CV) and correlation coefficients are presented
in tables 7 and 8, respectively. .

The coefficients of correlation (r) have been calculated for some of the
parameter combinations, e.g. C-DIJ, C-Ai, C-a, C-B and B-DIJ. From
the results of the significance tests of r it appears that C-DIJ and C-Ai
usually show the best correlation. Therefore we shall discuss mainly these
relationships together with the corresponding scatter diagrams.

Although we plotted all the significant correlations in scatter diagrams,
for practical reasons it is impossible to print all these diagrams. Only a
selection of the more relevant ones will be presented. For similar reasons
we usually give the histograms of C, DII and Ai although in the discussions
occasional remarks may be made on the distributions of the other three
parameters (D1, B and a). Arrows in the histograms indicate the position
of the means.

External morphology
Samples K11, K12, and K13 contain biconvex Lepidocyclina tests with

a circular outline. The apex is fairly angular. The T/D ratio is approximately
0.5. The diameter varies from 0.8 to 1.4 mm. The surface shows a polygonal
mesh-pattern with papillae.

In sample K14 some specimens have a more rounded apex. Samples K15
and K16 show a larger variation, including more flattened biconvex forms.
In sample K17 variants with an angular apex and with a rounded apex occur
together. Specimens of the more flattened biconvex type are also present.
The T/D ratio varies be teen 0.3 and 0.5. The surface ornamentation varies
from weak papillae to distinct pustules. Two specimens have one large
central pustule.



In samples K18, K19 and K20 the variation is the same as in K17, but
there are no specimens with distinct pustules.

In each of the samples K16, K18 and K19 one specimen was found with
3-7 pustules situated around the apex.

In all samples the external morphological variation is continuous and no
morphological subgroups could be distinguished.

Counts and measurements on the embryonic-nepionic stage
The DII-D1 scatter diagrams (fig. 12) for K14 and K17 both show elong-

ated clusters with distinct positive correlation, but the ranges of the variation
in DII and D1 are very different. In each of the samples K11 to K14 the
largest observed DII value is about 380 fl. The DII-D1 clusters of these
samples are homogeneous except in the case of K11, in which there is a
slight gap in the upper right part. By contrast, the DII -DI scatter fields of
the samples K15 and K17 appear to be much more elongated with a much
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more apparent gap in Dn between approximately 370 11 and 450 11, and
430 11 and 500 11, respectively. The diagrams for K16, K18, K19 and K20
show a concentration in the lower left corner, all roughly delim.ited by the
largest Dn value of 400 11, and a smaller number of scattered points in the
upper right quarter of the diagrams.

Calculations of the variation coefficient (table 7) suggest that the groups
of specimens present in K15-K20 cannot have been derived from homo-
geneous populations. We made a separation into two groups more or less
arbitrarily at the Dn value of 400 11. They are referred to as group 1 (Dn
< 40011) and group 2 (Dn ~ 400 11). The CV values of the separate groups
are comparable to those of Kll-KI4.

In the histograms of all the Klias samples the specimens of groups 1 and 2
are indicated separately (fig. 13). The frequency distributions for all para-
meters of group 1 are considered to be unimodal, although irregularities do
occur, which may in part be due to too large a number of classes. Compari-
son of the Lepidocyclina assemblages on the basis of the means and standard
errors now seems justified.

Similar conclusions are drawn for group 2 in K15 and K17. For the few
representatives of group 2 in the samples K16, K18, K19 and K20, it is
rather meaningless to calculate the means. The results of counts and measure-
ments are tabulated in table 1.

In the succession of the Klias assemblages of group 1 no sustained change
is observed in the means of the parameters C, Ai, Band a. The differences
between the means are usually less than twice the average standard error. Dn
and Dr show an irregular but overall increase. From a comparison of the
group 1 means with the corresponding means of group 2 in samples K15
and K17, it is evident that the latter are distinctly higher. Dn, Dr and Care
even more than twice as large.

Relations between parameters
The scatter diagrams of the combinations of C and Drr and of C and Ai

are similar to those for Kl 7, shown in figures 14 and 15 respectively.
In all C-Dn diagrams there is a positive correlation for group 1, according

to the significance tests at a probability level of 99% (one sided); only in one
sample (KI2) is this 97.5%.

In the C-Ai group 1 scatters the positive correlation occurs for the
samples K15 to K20 at the probability level of 99% or more (one-sided).

According to the significance tests the combinations Ai-Drr, B-Drr and
C-B also indicate a dis~inct positive correlation for group 1. The negative
correlation between C and a is fairly good as well.



C N se range Dr N se range Dn N se range

Group 1
K11 2.9 21 0.22 I- S 205 21 11.8 110-332 275 21 14.5 150-393
K12 2.8 35 0.16 2- 6 193 35 6.4 110-292 274 35 9.1 160-383
K13 2.9 28 0.15 2- 5 199 28 7.7 140-282 284 28 9.5 160-393
K14 2.7 31 0.15 I- S 195 31 7.2 130-282 272 31 9.0 160-383
K15 3.1 29 0.20 1- 5 181 29 8.1 110-261 268 29 12.9 150-372
K16 2.4 30 0.18 1- 5 164 30 8.4 90-291 226 30 11.0 110-350
K17 2.9 32 0.18 1- 5 169 32 6.2 90-220 255 32 12.5 120-392
K18 2.5 37 0.19 1- 7 153 37 6.4 100-271 228 37 10.9 140-402
K19 2.7 26 0.24 1- 6 169 26 8.3 90-271 241 26 13.5 120-372
K20 2.8 17 0.24 2- 5 160 19 11.5 90-261 233 19 19.7 130-402

Group 2
K15 8.4 10 0.4 6-10 346 11 26.0 251-503 650 11 35.2 452-855
K17 8.2 20 0.3 5-12 323 20 16.8 190-500 635 20 30.6 410-955

l\.. N se range 13 N se range a N se range1

Group 1
K11 41.5 21 0.9 36-51 41.8 20 2.0 26-58 211 21 3.2 180-241
K12 42.8 35 0.7 36-55 41.2 35 1.4 29-61 203 35 2.8 171-228
K13 43.0 28 0.6 37-53 42.2 28 1.4 29-59 205 28 2.4 164-225
K14 41.8 31 0.6 36-50 42.0 31 1.3 26-65 209 31 2.2 185-243
K15 42.7 29 1.0 34-55 44.0 27 1.7 20-65 204 29 3.9 163-232
K16 41.2 30 0.9 29-57 41.1 30 1.4 29-62 214 30 2.4 189-240
K17 44.4 32 1.2 29-56 42.7 31 1.6 25-63 201 32 4.0 137-260
K18 41.5 37 0.8 33-56 42.8 37 1.4 22-63 206 37 3.0 147-237
K19 40.6 26 1.0 29-52 39.9 26 1.5 20-51 209 26 3.3 169-238
K20 41.7 19 1.6 31-53 39.4 18 1.4 31-55 208 19 5.4 166-240

Group 2
K15 57.0 10 2.7 45-76 55.0 9 1.0 50-60 152 10 10.9 66-182
K17 63.3 20 1.3 50-76 59.4 14 2.1 43-71 131 20 4.8 89-172

Table 1 Statistical results groups 1 and 2 from Klias.

As far as group 2 is concerned the correlations are much less distinct (figs.
14, 15).

Equatorial chambers
Inspection of the morphology of the equatorial chambers showed that

some three main types are distinguishable, but a fair number of interme-
diates were found as well. The subdivision into groups is certainly not with-
out bias. The morphogroups distinguished have the following features:

I - Around the embryon there is a pattern of irregular equatorial cham-
bers due to random variation in shape and size. The first series of neanic

37



chambers vary between the arcuate-2 type and the ogival-2 type. Towards
the periphery ogival-2 to hexagonal or spatulate chambers are present. In
some cases the latter two types are more frequent throughout the median
layer (K15 both groups).

Ia - A variant of type I, in which ogival to hexagonal or spatulate cham-
bers are absent at the periphery or negligible in number.

II - This type has a fairly regular pattern throughout, starting with
arcuate-2 or more ogival chambers. Towards the periphery more elongated-
spatulate or ogival-2 to hexagonal chambers have been formed.

IIa - A variant of type II, which does not show any trend to form more
elongated chambers at the periphery. The arrangement of the equatorial
chambers is often engine-turned.
III - In this type the arcuate-3 chambers are predominant. The arrange-

ment pattern is in more or less concentric rings. Intermediate chamber types
ranging from arcuate-3 to spatulate are observed as well.



The relative frequencies of the five types are given in fig. 16. It can be
concluded from this figure that the two embryonic size groups are not
reflected in specific shapes and/or arrangements of the equatorial chambers,
although there is a difference in predominance of the types II and IIa. In the
sequence of samples, neither group shows a tendency to create more
hexagonal chambers towards the periphery.

Representatives of group 2 frequently show a less symmetrical embryon
and the wall of the deuteroconch is often irregularly curved.

I~ GROUP 1

I Ia II ITa ill

K11 = • •
K12 ;If + •
K13 + - - ••
K14 + • ;If +
K15 = = •• =
K16 - - • -
K17 - - - • =
K18 - - • -
K19 - = • -
K20 - • =

GROUP 2

I Ia IT ITa m

+ • -
+ - • -
- •. ..

· Fig. 16 Types based on the equatorial cham-
ber shape in the sampies from Klias.
The percentages correspond to rough
estimates.

External morphology
A wide variation in external morphology is observed in sample N.B.9066.

A number of morpho types could be distinguished, but intermediate forms
are present as well.

Morphogroup 1. The test is rounded biconvex with an irregular to cir-
cular outline. The T/D ratio is between 0.5 and 0.7. The diameter varies
from 1.2 to 2.5 mm. The reticulate pattern on the test surface is not pro-
nounced, papillae may be present. Sometimes there is a poorly developed
pustule in the centre.

Morphogroup 2. The test is biconvex with an angular or inflated apex.
The T/D ratio is 0.6 to 0.7. The test size varies between 1.0 and 2.5 mm.
Usually a distinct pustule is observed, situated in the centre, which stresses
the angularity of the apex. Small ears may be present.

Morphogroup 3. The test is rounded biconvex with a T/D ratio of about



0.6. The size varies between 1.4 and 2.5 mm. Very large pustules are present
varying in number from 3-8. Except for the pustules these types resemble
those of morphogroup 1.

Two specimens could not be placed in these groups, their tests were
scutiform with a diameter of 2.5 mm.

Counts and measurements on the embryonic-nepionic stage
After the first set of specimens had been sectioned the histograms of DII

and DI suggested bimodality. Those of C and Ai were somewhat skewed
whereas the B histogram was irregular at the right hand side. In order to
obtain better documentation additional specimens were sectioned (indicated
separately in the scatter diagram of fig. 18), but no subdivision was made
into the three external morphotypes. The irregularities now become more
pronounced (fig. 17). DII and DI show more distinct bimodal distribution
patterns.

~ c



The Dn -Dr scatter diagram (fig. 18) shows an elongated field, with a
positive correlation between Dn and Dr, and two distinct clusters. There
is a dense and narrow cluster in the lower left side of the diagram and a
much wider cluster in the upper right. The width of the gap in Dn values is
70 Ji., but in the middle three isolated specimens are found.

V-I/

#++V
J.+v+! ~

v .•.•• '
~.:t+ {.
+ •.• t

• External morphogroup 1
+ 2
.& IJ ,,3
v Additional specimens

There is little doubt that two groups are present in this sample; they are
arbitrarily separated at the Dn value of 245 Ji.. As with the Klias samples
these groups are called group 1 (smaller embryon) and group 2 (larger
embryon). Calculations of the coefficients of variation for group 1, for group
2 and for both groups together support this separation (table 7).

If we now try to determine which external morphology types correspond
to both groups it appears that all three external morphogroups are found in
both Dn-Dr clusters (fig. 18). Morphogroups 2 and 3 may be less frequent
in group 2.

The frequency distributions of group 1 and to a lesser extent of group
2 are considered to be fairly normal. A further comparison will be carried
out using the means.

c Dr Dn Ai B

Mean 2.0 114 159 39.7 37.9
Group 1 se 0.1 2.7 4.0 0.6 0.8

N 48 48 48 48 47
Mean 4.0 242 340 42.7 50.1

Group 2 se 0.2 8.1 lOA 0.9 1.1

N 21 28 28 28 21
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The means of C, DI and Dn are approximately twice as large in group 2
as in group 1. The B value of group 2 is also distinctly larger; Ai, however, is
not significantly different.

Relations between parameters
The scatter diagrams C-Dn, C-Ai, Ai-Dn and B-Dn all show positive

correlations for group 1. Pictured are those for C-Dn (fig. 19) and Ai-Dn
(fig. 20). A test on the correlation coefficients revealed that correlation in
all four diagrams is present at a probability level of 99% (one-sided). There is
also a significant positive correlation between C and B.

For group 2 the scatter diagrams (figs. 19,20) suggest that a positive cor-
relation is present only between C and Dn.

Dil
500fi

Dn
500)1

Equatorial chambers
The specimens of group 1 (not morphogroup 1) are for the greater part

characterized by arcuate chambers, usually of the pointed arcuate type. In
some there is a trend towards more ogival chambers near the periphery. The
arrangement pattern is usually weakly engine-turned. These configurations
are comparable to those of the Klias types IIa and II.



Group 2 has a more irregular arrangement of ogival to ogival-six-sided, and
arcuate-3 to spatulate chambers. The chamber form is more elongated than
in the group 1. These specimens resemble the Klias Ia and I types.

Sample G98, Sg. Galong Besar

External morphology
The tests are strongly biconvex with a rounded apex. The T/D ratio is

roughly 0.6. The test diameter varies between 1.3 and 2.5 mm. The sur-
face shows a weak polygonal mesh-pattern with a number of distinct pustu-
les, usually 6, concentrated on the apical portion of the test. One pustule is
situated in the centre and is surrounded by the others. The pustule diameter
is between 100 and 200 IJ.. These pustules seem to be lateral chamber-lumina
filled with calcium-carbonate.

On
150 190 230 270 310;"

Counts and measurements on the embryonic-nepionic stage
The frequency distributions of C, DII and Ai are given in fig. 21. They all

show a tolerably normal distribution and there is no reason to suspect the
presence of two groups. For further comparison their means will be used.

c Dr Drr Ai B a

Mean 2.0 159 217 37.3 37.9 229.1
se 0.1 5.3 8.2 0.7 1.4 2.5
N 21 21 21 21 21 21



In the scatter diagrams C-Ai, Ai-Dn and B-Dn (not pictured) poslt!ve
correlation is observed. In all three combinations this correlation is signific-
ant at a probability level of 99% (one-sided). C-Du and a-Du did not show
such distinct correlations.

Equatorial chambers
Most representatives in this sample show a concentric pattern of arcuate-2

equatorial chambers. In only a few specimens are there some hexagonal
chambers near the periphery. There is a gliding variation between weakly
engine-turned and fully concentric arrangement patterns. The more con-
centric types closely resemble the Klias type nI, but differ in that they not
have arcuate-3 chambers.

Sample G149, Tandjung Domaring

External morphology
The specimens are not well preserved; they are flattened biconvex and

have a T/D ratio of about 0.4. The outer morphology is rather constant but
the diameter differs considerably from 0.5-2.5 mm. There is a slight gap
in diameter values between approximately 1.0 and 1.5 mm. The outer cir-
cumference of the tests is slightly pentagonal to circular. The test surface
with a weak polygonal mesh-pattern may bear indistinct papillae and/or
indistinct pustules.

Counts and measurements on the embryonic-nepionic stage
The histograms (fig. 22) of all parameters except B, show a close to nor-

mal distribution. The histogram for B suggests a bimodality which may be
due to too high a number of classes. In spite of the irregularity in the B
distribution all specimens were taken together to calculate the means for
further comparison.



c Dr Dn A· B C¥1

Mean 5.4 140 253 58.2 54.1 146.0
se 0.2 4.1 6.2 0.9 1.4 3.8
N 27 27 27 18 26 20

Amongst the scatters (none pictured) Ai-Dn, C-Ai, B-Dn and C-Dn,
only the latter one shows a distinct positive correlation at a probability level
of 99%. Calculations indicate a similar positive correlation between C and B.

Equatorial chambers
A weak stellate pattern (fig. 4d) is observed in the equatorial layer. In a

few specimens such a pattern is well developed. The number of rays varies
from two to five in these stellate types. Arcuate chamber forms are prevailing,
except in the rays where more elongated chambers are present. These stellate
types will be indicated as type IV in the description of other samples.

III.2.2. Balik Papan area

Sample BP101b, Sg. Blakin

External morphology
In this sample four morphological subgroups could be distinguished with-

out difficulty. These were:
Morphogroup S - These specimens are rather variable, but the general

features are so striking that they are considered to form a single group. The
tests are flattened with star-shaped or lobulate circumference. The number
of stellae or lobes varies from 3 to 5. On the test 3 to 6 pustules are present,
situated towards the periphery on the stellae or lobes. Usually the number
of pustules corresponds to the number of stellae or lobes. The T/D ratio
is between 0.4 and 0.8 and the diameter varies between 1.0 and 2.5 mm.

Morphogroup F - The tests are strongly biconvex to subglobular, usually
with a slight collar. The surface shows a polygonal mesh-pattern. The lateral
chamber walls are relatively thick. On the apex of both sides there is a large
pustule the diameter of which varies between 150-400 11. The T/D ratio is
about 0.85. The diameter of the test varies between 1.5 and 2.0 mm.

Morphogroup E - The tests are biconvex or flattened biconvex. The outer
circumference tends to be circular to pentagonal. Ears are usually present.
The test surface shows a polygonal mesh-pattern. The T/D ratio is around
0.55 and the diameter of the test varies from 1.7 to 2.7 mm.

Morphogroup G - The tests are biconvex with a T/D ratio of about 0.4.
The diameter varies between 0.8 and 2.0 mm. In a few specimens the median



layer may be somewhat protruding. The surface has a polygonal mesh-
pattern and shows weak papillae.

Counts and measurements on the embryonic-nepionic stage
The histograms of all parameters (except DI and a) are presented in

fig. 23. The distributions of C, Ai, DII and a are distinctly unimodal, those
of DI and B show some irregularities. The reason for these irregularities
remains obscure. We calculated the means for all the specimens together,
since 4 out of 6 distributions are fairly normal.

c Dr Dn A· B Cl<1

Mean 3.7 178 277 50.1 50.4 175.0
se 0.1 4.5 6.9 0.9 1.3 3.5
N 46 46 46 46 46 46

Significant correlation at a probability level of 99% is found between
C-a and C-Ai (not pictured).
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In the DII-DI diagram (fig. 24), the observations on the four morpho-
groups are indicated separately. This was also done in the histograms (fig.
23). It appears that the morphological subgroups have a fairly random
distribution in the scatter diagrams and in the histograms. Anyway, our data
do not warrant a separation of the stellate group S, although one might
perceive a slight tendency in this group to larger C and Ai values.
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Equatorial chambers
The equatorial layer of most specimens of all four morphogroups shows

a stellate pattern, which is not always fully developed. The number of rays
may be four or five. Adjacent to the embryon arcuate-2 to arcuate-3 cham-
bers are found, whereas in the rays the chambers are more elongated. In
between the rays arcuate-3 chambers are mainly observed near the periphery
(type IV G149). One or two specimens show a more concentric arrangement
with arcuate-2 to arcuate-3 chambers (type III Klias). Hence, the external
morphogroups are not reflected in the internal morphology.

Sample BP102, Sg. Pamaloean

External morphology
The external morphology in this sample is identical to that of the morpho-

groups F and G, described from sample BP10lb.

Counts and measurements on the embryonic-nepionic stage
The histograms of parameters C, DII and Ai are presented in fig. 25. All

distributions appear to be unimodal and means were calculated for further
comparison.



c Dr Dn A· B ex1

Mean 2.6 153 219 42.9 43.2 204.4
se 0.1 5.4 7.5 0.7 1.2 2.6
N 28 28 28 28 28 28

The positive correlation between C-Ai and C-DII observed in the scatter
diagrams is at a probability level of 97.5% for C-Ai (one-sided) and at the
level of 99% for C-DII (no diagrams are given).

r BP10:
3 4 5
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Equatorial chambers
There is no uniform type of arrangement. In some specimens a weakly

developed wavy to circular concentric pattern is observed, with or without
a trend towards more ogival to arcuate-3 type chambers at the periphery;
in rare cases chambers become spatulate to hexagonal. In a few specimens
a more engine-turned pattern is observed. There is some resemblance to
types II and III from Klias.

Sample BPI05, Sg. Penjangulan

External morphology
The test is biconvex to subglobular with a T/D ratio between 0.6 and 0.9.

The diameter varies from 1.4 to 2.2 mm. The surface shows a polygonal
mesh-pattern, generally with a variable number of pustules. Papillae may be
present as well. The pustule diameter is between 80 and 180 J1.. One pustule
is situated centrally and surrounded by 4 to 6 others. The outline of the
test varies from somewhat pentagonal to more circular. The equatorial layer
may protrude at 5 or 6 places (ears). Between the projections the equatorial
layer is not always fully developed and both lateral complexes are in con-
tact.



Counts and measurements on the embryonic-nepionic stage
Inspection of the histograms of C, Ai, DII (fig. 26) and B shows that the

distributions are close to normal. Those of Dr and a are somewhat irre-
gular, because some adjoining classes show almost equal numbers of observa-
tions. Because of the regular impression of the distributions, means will be
used for further comparison.

C Dr Dn A· B a1

Mean 3.9 119 210 56.4 51.4 150.1
se 0.1 3.3 4.8 1.1 1.1 3.5
N 38 40 40 40 37 40

n c
4 5 6

On
150 190 230 270 310,,«

of the scatters Ai-DIl, Ai-C, a-C, C-DIl (fig. 27), only the last two
show distinct correlation, negative and positive, respectively, at probability
levels of 99% (one-sided).

'--...,----,-_,--...,----,-_,----,----,-_,-:;On
200 300-", Fig. 27 C-Dn scatter diagram BPI05.



Equatorial chambers
There is a well developed stellate pattern (type IV). The equatorial layer

is not always complete, lacking towards the periphery between the rays. This
is not due to undulations of the equatorial layer .

III.2.3. Sangkulirang area

Sample K082, Poeloe Senoempa

External morphology
The test is biconvex with a T/D ratio of 0.35. The diameter varies between

2.5 and 6.0 mm. The outer circumference varies from slightly pentagonal
to lobulate or stellate. The surface has a polygonal meshwork pattern with
papillae or small pustules with a maximum diameter of 60 }1. The test surface
often reveals a number of radial undulations or small folds, usually 6 to 10
in number, which extend from half way between the centre and the peri-
phery. The width of the depressions is two or three times the width of the
radial ridges.

Counts and measurements on the embryonic-nepionic stage
Due to an inadequate number of observations relating to the width of the

variation, the frequency distributions of all parameters are irregular except in
the case of Ai and a which are fairly normal (fig. 28). For further com-
parison the means will be used.

C DI Dn Ai B 0<

Mean 9.5 244 509 71.4 65.3 94.5
se 0.4 11.8 21.9 1.5 1.8 5.2
N 16 19 20 19 16 20

No correlations are found between any of the possible parameter com-
binations. The diagrams of C-Dn and C-Ai both show very wide scatter
fields, as might be expected from the large variation in the histograms of fig.
28.



Equatorial chambers
The arrangement of the equatorial layer is from weakly stellate to well-

developed stellate with two to seven rays (type IV). Adjacent to the embry-
on there are a few arcuate-1 chambers. All other chambers are spatulate to
hexagonal, arranged in a wavy concentric pattern. In the rays the chambers
are more elongated. Between the rays arcuate-3 to spatulate or hexagonal
chambers are found near the periphery. The wavy concentric arrangement
might be regarded as a separate type (V) but the difference between types
IV and V is not always very distinct.

Sample K082(2), Kari Orang

External morphology
The test is biconvex with a circular to irregularly polygonal outer circum-

ference. The T/D ratio is between 0.3 and 0.5. The diameter of the test
varies between 1.5 and 2.5 mm. Ears may be present. The test surface has
a polygonal mesh-pattern showing in most specimens a variable number of
pustules. Their diameter does not exceed 100 /1. The maximum number of
pustulus observed is 9. Microspheric specimens are present as well. Their
diameter is up to 5.5 mm and they have far more pustules.

Counts and measurements on the embryonic-nepionic stage
Histograms of the parameters C, Ai and Dn are presented in fig. 29. All

distributions are distinctly unimodal. Attention is drawn to a few very
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high-value observations of D1 and DII, which are more clearly visible in the
DI-DII scatter diagram (fig. 30), where three specimens are located at some
distance from the dense main cluster. No explanation can be given so far for
these three specimens.
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C D1 Dn A· B ex1

Mean 3.7 115 200 54.8 52.0 154.9
se 0.1 3.5 5.3 0.9 0.9 2.5
N 70 70 70 70 70 70

The scatter diagrams C-Ai (fig. 31), C-a (fig. 32), C-B and C-DII (fig.
33), all show distinct correlation. The C-a correlation is negative, the others
are positive. In all four diagrams the significance level of the correlation is
at 99% (one-sided).
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Equatorial chambers
The arrangement patterns vary from wavy concentric to weakly stellate

(types IV-V). Chamber forms are areuate-2 to arcuate-3, but more spatulate
to hexagonal chambers may be found at the periphery. Some specimens have
a more irregular pattern with arcuate-2 and ogival or spatulate chambers.

Sample G457, Sg. Gelingseh

External morphology
The test is biconvex with a somewhat circular to irregular outer circum-

ference. The T/D ratio varies between 0.4 and 0.7, but most values are close
to 0.5. Equatorial layer and lateral complexes may protrude at one or two
places. The test surface usually shows a polygonal meshwork with papillae
and pustules. The latter may vary in number from 4 to 10. Their arrange-
ment may be random or in a concentration around the apex with one
pustule situated in the centre. Their maximum diameter is about 150 J.1
and their outline is often polygonal. This strengthens the opinion that
pustules are often lateral chamber lumina filled with calcium carbonate. In
smaller specimens the mesh pattern mentioned earlier may be obscured by
a thin semi-translucent layer. This may represent a just completed stage of
lateral chamber building. In larger specimens and less well-preserved ones
such a "roof" of the last series of lateral chambers may have been worn
away, thus creating the distinct regular polygonal meshwork.

Counts and measurements on the embryonic-nepionic stage
The frequency distributions of the parameters (fig. 34) are close to normal

for C, a, and Dn. The others show some irregularities, especially the histo-
gram of Ai. The observed range for Ai is rather wide and the number of
classes is too high, which may explain the irregular distribution in the histo-
gram.



c Dr Dn Ai B 0<

Mean 4.3 130 247 63.9 49.6 120.8
se 0.1 4.2 8.0 1.4 1.1 4.5
N 40 39 39 39 39 39

The scatter diagrams C-Ai> Ai-DIl, C-B and C-DIl (none pictured)
show a positive correlation only for the latter two combinations at probabi-
lity levels of 97.5% and 99% (one-sided), respectively.

Equatorial chambers
The arrangement is commonly stellate with three to five, or even six rays.

Around the embryon there are arcuate chambers and in the rays the cham-
bers are more elongated-ogival or hexagonal. Between the rays arcuate-3
chambers are observed towards the periphery; in some specimens these are
more spatulate or hexagonal.

External morphology
The test is biconvex with a T/D ratio between 0.3 and 0.5. The outer

circumference varies from near-circular to irregularly polygonal. A small
collar may be present. Sometimes the equatorial layer and the lateral com-
plexes protrude at one or two places. The test surface with a polygonal
mesh pattern shows papillae and often a number of pustules, commonly
six. These are concentrated on the apex with one pustule in the centre. Their
maximum diameter is approximately 150 /1. Pustules may be absent or
indistinct. In smaller specimens the mesh pattern is obscured by a semi-
translucent layer.

Counts and measurements on the embryonic-nepionic stage
The frequency distributions of C, DIl and Ai in fig. 35 are considered to

be tolerably normal, in spite of the observed slight skewness for the distribu-
tions of Dr and C.



Mean
se
N

c Dr Dn A· B 0<1

3.9 111 207 59.1 45.2 142.4

0.1 3.9 5.3 1.1 1.4 4.1
29 29 29 27 29 28

The significance test of the correlation coefficients indicated posltlVe
correlation only for C-DII and C-B at a probability level of 99% (one-
sided).

Equatorial chambers
The arrangement pattern is usually weakly stellate (type IV); in rare

specimens this pattern is more distinct with two to five rays. Chamber
types vary from arcuate-1 to arcuate-2 or arcuate-3. In the rays more
elongated chambers are observed.

External morphology
The test is biconvex with a T/D ratio of about 0.5. The outer circumfer-

ence of the test is circular to irregularly polygonal. The median layer and
lateral complexes may protrude at several places. On the test surface a
polygonal meshwork is observed with papillae and often with a number of
small pustules, 6 to 10 in number, with a maximum diameter of 100 /.1.
In smaller specimens a semi-translucent surface layer is common.

Counts and measurements on the embryonic-nepionic stage
Figure 36 shows the histograms for C, DII and Ai. Nearly all frequency

distributions show irregularities, especially those of C and DII. This is to
some extent due to too high a number of classes. In the scatter diagram
DI-DII (fig. 37), a wide and elongated scatter field with a positive correla-
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tion is observed. The points are fairly evenly distributed over het scatter
field but there is a gap in the DII values between 360 IJ and 430 IJ. The
scatter diagram of C-DII (fig. 38) shows a similar picture. Discontinuity
such as was observed for DII seems to be absent in C and D1. The variation
coefficients (table 7) show rather high values, especially for C. Heterogeneity
of the assemblage seems likely, but is difficult to prove. The means for
"groups" 1 and 2 were calculated for the diagnostic parameters as well. The
values of "group" 1 do not differ greatly from the total group. For a further
rough comparison the means are calculated for all specimens together.

c Dr Du A· B C<1

Mean 5.9 152 297 60.2 56.8 131.3
se 0.3 8.4 20.5 1.8 1.7 6.3
N 28 29 30 23 21 28

"group" 1 Mean 5.2 132 243 56.6
N 22 23 23 16

"group" 2 Mean 8.6 211 467 67.2
N 6 6 7 7
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Equatorial chambers
In the equatorial layer stellate and wavy concentric types can be distin-

guished. The stellate types show arcuate-2 chambers around the embryon and
elongated ogival to hexagonal chambers in the rays. Between the rays ar-
cuate-3 to hexagonal chambers are present towards the periphery (type IV).
The wavy concentric types display chamber types varying from arcuate-3 to
spatulate or hexagonal (type V). Intermediate forms between types IV and
V are present as well. Some specimens have a more irregular to concentric
arrangement of arcuate-lor arcuate-3 chambers with occasional hexagonal
chambers towards the periphery.

Some "multilepidine" specimens were found as well. These were not
measured.

External morphology
The Lepidocyclina specimens could be separated into four different

morphogroups. These are:
Morphogroup A - The biconvex test with a T/D ratio of less than 0.5

shows a circular to more star-shaped outer circumference. From halfway
the test to the periphery six to nine folds are present. Somewhat similar
types have been found in sample K082, Senoempa. Some of these speci-
mens might be mistaken for Aktinocyclina. The test diameter is usually
less than 2 mm.

Morphogroup B - The biconvex test has a T/D ratio of less than 0.5. The
outer circumference of the test is almost circular to irregularly polygonal
and the test size varies from 1 to 5 mm. Equatorial layer and lateral com-
plexes may protrude in some places. A polygonal mesh pattern is present,
but it is often obscured by a semi-translucent surface layer. The equatorial
layer is slightly undulating. A few specimens have slight folds on the test
as described for morphogroup A.

Morphogroup C - The test is biconvex to scutiform and has a circular
outline. The test surface shows a polygonal mesh pattern with a number of
distinct pustules. This group consists of only three specimens.

Morphogroup S - This group has been recognized as morphogroup S in
sample BP10lb as well. It contains flattened biconvex forms with a lobulate
or stellate outline and distinct peripheral pustules. Three specimens were
observed, only one of which could be used for measurements.

Counts and measurements on the embryonic-nepionic stage
The histograms of Dr and DII (fig. 39) suggest bimodality, whereas those
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for the other parameters do not show major irregularities except in the case
of B (fig. 39).

In the scatter diagram of DI and Du (not figured), the long, rather narrow
scatter field, shows distinct gaps in DI and Du. The differences in DI and
Du are such that for further calculations both groups were kept separated.
They will be referred to as group 1 and group 2 (Du < 300 fJ. and Du ;;;.
300 fJ., respectively).

Calculation of the means reveals that in addition to higher DI and Du
values, group 2 has a C value that is significantly larger than that of group 1.
The B values are close, but Ai and a of group 2 are smaller than those of
group 1.
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Inspection of the C-DII scatter (fig. 40) in which the morphogroups are
indicated separately, reveals that group 2 corresponds entirely to morpho-
group B, whereas group 1 consists of the morphogroups A, C and S.

c Dr Dn Ai B "
Group 1 Mean 4.7 105 205 61.4 57.5 133.9

se 0.3 4.3 6.7 1.7 2.2 5.8
N 18 18 18 18 18 18

Group 2 Mean 6.0 251 416 53.5 55.9 162.9
se 0.4 13.5 25.0 1.1 2.0 4.1
N 12 12 12 12 12 12

There is another feature that deserves attention. There seems to be a
difference in the size of the test between morphogroup B (= group 2) and
the other morphogroups (= group 1). In the histogram of the test diameter
(fig. 41) the representatives of group 2 (= morphogroup B) are indicated
separately. The difference in test size in groups 1 and 2 is very clear.

~~
35 4.0 mrn.

Test diameter

A positive correlation exists between C and DII (fig. 40) and also between
C and Ai (not figured) for group 1. The probability levels are 99 and 97.5%
(one-sided), respectively.

For group 2 only C-DII shows a positive, though less distinct correla-
tion.

Equatorial chambers
Groups 1 and 2 both show a weakly to well developed stellate pattern

(type IV).

Sample East Manjangau (E.M.), Samarinda

External morphology
The external morphology is unknown. The material consists of specimens

already sectioned (ColI. Van der Vlerk).

Counts and measurements on the embryonic-nepionic stage
Amongst the five parametric distributions (a was not measured in this

sample) those of C, Ai and B appear to be close to normal. The distribu-
tions ofDI and DII are somewhat irregular (fig. 42).
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The DI-DII diagram (not figured), however, shows one narrow elongated
scatter field with only one more remote print in the extreme upper right of
the diagram. Calculation of the means for further comparison is considered
to be acceptable.

C DI Dn A· B1

Mean 4.8 138 258 60.4 62.8
se 0.1 5.9 9.3 0.7 1.2
N 48 48 48 48 48

The C-DII scatter (not figured) shows a distinct positive correlation at
a probability level of 99% (one-sided).

Equatorial chambers
A weak to moderately well developed stellate type IV pattern is present.

Close to the embryon arcuate-lor arcuate-3 chambers are shown and in the
rays more elongated chambers. Between the rays there are arcuate-3 to more
spatulate or hexagonal chambers.

III.3.l. East Java

Boring Lodan 1(175 m, 220 m and 245 m).

External morphology
In all three samples the same morphogroups could be distinguished.
Morphogroup S - This morphogroup has already been described from



sample BPI01b. The specimens are flat with a tetragonal, pentagonal or
lobulate outline. Pustules are situated at the periphery. The test diameter
varies from 1 to 3.5 mm. This type is rare in the samples.

Morphogroup X - The test is biconvex with a rounded apex. The T/D
ratio is about 0.55. The test diameter varies between 1 and 3 mm. The sur-
face shows a polygonal meshwork with papillae and usually one central
pustule, but more may be present. The maximum number of pustules observ-
ed is 7, and their diameter may attain 250 J.L Especially the specimens with
one pustule somewhat resemble those of morphogroup F of sample BP101b.
The X type is common to frequent in the samples from 175 m and 220 m,
but less frequent at 245 m.

Morphogroup Y - The test is flattend biconvex with a T/D ratio between
0.3 and 0.4; the diameter varies between 1.0 and 3.5 mm. The outline is
circular to polygonal or irregularly polygonal. The weak polygonal mesh
pattern shows papillae and commonly a number of pustules with a diameter
of about 100 IJ.. This type is common in the sample from 245 m but less
frequent in the other two samples.

Counts and measurements on the embryonic-nepionic stage
The frequency distributions of D1, DII and also those of C suggest bi-

modality. This is best demonstrated by the sample from 245 m. The histo-
grams C, DII,Ai and B are presented in fig. 43.

The scatter diagrams of D1 and DII (fig. 44) show two distinct separate
clusters. One cluster is present in the lower left quarter and the other is in
the upper right of the diagram. Sample 220 m has only two observations in
the upper right corner of the diagram.

In the collection of Van der Vlerk, already sectioned material from the
same Boring Lodan I was found. In addition to material from the three
levels mentioned, a sample from 475 m was represented as well. In order
to obtain more data the reliable thin-sections were re-measured (C, D1 and
DII only).

These data, when added to the D1- DII diagrams (fig. 44) confirm the
picture discussed already. Bimodality is also true for the sampIe from 475 m.

The considerable gaps in the D1 and DII distributions suggest the presence
of two groups. Arbitrarily the DII value of 290 IJ. is taken as a boundary.
Specimens with DII values equal or larger than 290 IJ. are considered to
belong to group 2, those with smaller values to group 1. For the sample
from 475 m this limit was drawn at the DII value of 230 IJ..

After the specimens had been transferred to their appropriate groups the
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histograms of all parameters in all samples become sufficiently normal to
use their mean values for further comparison.

c DI Dn Ai B Ci

Lodan I 175 Mean 2.9 134 204 47.7 38.4 187.2
Group 1 se 0.1 4.0 5.5 1.1 1.3 4.0

N 20 20 20 20 20 20

Lodan I 175 Mean 4.2 262 407 49.1 46.9 178.6
Group 2 se 0.5 24. 36. 2.7 3.6 11.0

N 10 10 10 10 9 10

Lodan 1220 Mean 2.8 130 205 49.1 40.6 183.4
Group 1 se 0.1 4.3 7.1 0.9 1.6 2.4

N 26 26 26 26 26 26

Lodan 1245 Mean 3.2 101 155 46.2 44.6 188.4
Group 1 se 0.1 5.0 7.3 1.1 1.2 4.9

N 15 15 15 15 15 15

Lodan 1245 Mean 7.7 228 449 62.8 56.9 126.5
Group 2 se 0.2 8.3 12. 1.5 1.7 5.4

N 30 30 30 30 27 30



The variation coefficients for both groups in comparison with those for
the total group, now become more satisfactory.

It appears that the means of the Van der Vlerk material in both groups
and for all samples are in good agreement with the results from our own
material, as may be seen in the table below.

c Dr Dn
Lodan r 175 Mean 2.8 127 195

Group 1 N 15 15 15
Lodan 1175 Mean 4.0 247 396

Group 2 N 8 8 8
Lodan r 220 Mean 2.7 127 198

Group 1 N 10 10 10
Lodan r 245 Mean 2.6 98 158

Group 1 N 5 5 5
Lodan r 245 Mean 8.1 242 456

Group 2 N 16 22 22
Lodan 1475 Mean 3.5 83 147

Group 1 N 8 8 8
Lodan r 475 Mean 4.8 174 313

Group 2 N 12 12 12



It may be seen from the mean values that in group 1 no noteworthy
changes take place, apart from a peculiar jump to higher DI and DII values
from 245 m to 220 m. The C and Ai values of both group 2 assemblages
(245 and 175 m) are very different.

The differences between groups 1 and 2 are not consistent in the Lodan I
samples. The group 2 mean values of C, DI and DII in sample 245 mare
more than twice as large as those for group 1, whereas Ai and 13 are distinc-
tively higher (lower for af than the corresponding values of group 1. Com-
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parison of the mean values of group 1 and group 2 from sample 175m shows
that only the Dr and Dn values are twice as large as those from group 1. The
C value is distinctly larger in group 2, and Ai, 13 and a are about equal or
show very small differences. The relations between groups 1 and 2 in sample
475 are rather similar to those at 175 m.

In the C-Dn scatter diagrams of our samples (not figured), positive cor-
relations are present (group 1) at probability levels of 99% and 97.5% (samp-
les 175m and 220 m respectively). A weak positive C-Dn correlation may
be observed for group 2 in sample 245 m.



Equatorial chambers
In the morphology of the equatorial layer two main types are distinguish-

ed. The stellate type IV usually shows five rays. Adjacent to the embryon
arcuate-1 to arcuate-2 chambers are observed. In the rays more elongated
chamber types occur. Between the rays arcuate-3 chambers are shown to-
wards the periphery. In a variant, which will be called IVa, specimens with
only a few series of equatorial chambers are found. There is a tendency to
form a stellate pattern. Chamber forms observed are ogival, spatulate or
hexagonal.

The other main type shows a wavy concentric arrangement (type V) with
arcuate-1 to arcuate-3 chambers. A few specimens start with arcuate-2
chambers and show a strong tendency to form arcuate-3 chambers towards
the periphery. In these specimens the arrangement pattern is less distinct.

Occurrence of the types in the samples

x= dominant 0= minority
group 1 group 2

IV IVa V IV IVa V

175 m x x

220m 0 x

245 m x 0 x 0

From this comparison it must be concluded that groups 1 and 2 cannot
be distinguished by features of the equatorial chambers.

The two groups show differences in their external morphology, however.
All flattened tests with a low T/D ratio, described as morphogroup Y, belong
to group 2.

Boring Lodan II (217-220 m, 228-231 m)

External morphology
The morphogroups described in the samples from boring Lodan I are

observed in Lodan II as well. Specimens of morphogroup S are very rare.
The variation in the other two morphogroups is wider. The general appear-
ance is such that they are thought to belong within the variation. T/D ratio
and test diameter ranges are about the same.

Counts and measurements on the embryonic-nepionic stage
Very little material was available from sample 217 -220 m. Our discussion

refers mainly to sample 228-231 m.
The histograms (fig. 45) again show bimodal distribution patterns. In the



D1-Dn scatter diagram (not shown) two clusters are present. A rather wide
one in the upper right and a narrower one at the lower left side of the dia-
gram (similar to Lodan I)..There is a considerable gap in Dn (250-420 f.1)
with four points in between that are closer to the scatter field of the lower
quarter of the diagram. The C-Dn diagram shows a similar picture; the very
four aberrant points again show a position in the proximity of the scatter
field in the lower left quarter of the diagram. Therefore, all specimens with
a Dn larger than 350 f.1, and all others with Dn values equal or smaller than
350 f.1, are treated as separate groups, 2 and 1 respectively. The few data
from sample 217-220 m suggest that a similar subdivision may be valid.

:r _~ n P P' f3 Ll[217-220m 1" r--t-. vd Ll[217-220~. r
L,J,lJJ.,..,."f;J \, ~~-~ ~
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As the histograms after separation into two groups have become tolerably
normal, the means are used for further comparison. This is also done for
sample 217-220 m, although the number of observations is rather small.

c D1 DII Ai B a

Lodan II 217-220 Mean 2.8 88 146 48.1 41.8 179.0
Group 1 se 0.3 3.7 5.1 1.1 3.7 4.0

N 5 5 5 5 5 5

Lodan II 217-220 Mean 9.3 380 689 69.1 63.7 106.2
Group 2 se 1.2 26. 26. 2.9

N 9 14 14 14 4 4

Lodan II 228-231 Mean 3.1 144 221 48.9 42.3 184.0
Group 1 se 0.2 6.3 8.6 0.9 1.0 4.2

N 27 27 27 27 27 27

Lodan II 228-231 Mean 7.9 259 513 62.5 59.1 129.6
Group 2 se 0.3 12. 17. 1.8 2.3 6.7

N 17 18 18 18 8 18



The means of both group 1 assemblages, are found to be nearly equal but
the means of DI and Dn are lower in the younger assemblage.

The means of group 2 are twice as large or more than those of the group
1 with respect to DI, Dn and C. The means of Ai and B are distinctly but
not so much larger (smaller for Ci) than the corresponding values of group 1.

The means of group 2 are of the same order of magnitude as the means of
group 2 from sample Lodan I 245 m.

In the scatter diagrams of C-Ai and C-DII, only the latter suggests a
positive correlation in group 1, at a probability level of 99% (one-sided). The
four, somewhat remote specimens at the right side of the group 1 cluster
have certainly emphasized this correlation.

In the Van der Vlerk Collection, 11 specimens of Lepidocyclina were
present from sample 217-220 m, 5 of which belong to group 1. Their DI
and Dn are somewhat higher but again considerably lower than those of
sample 228-231 m.

C DI Dn

Lodan II 217-220 Mean 3.2 110 170
Group 1 N 5 5 5

Lodan II 217-220 Mean 10.1 316 605
Group 2 N 6 6 6

As a further check on the fluctuation in D, a check sample, Lodan B, was
prepared. This sample was collected by the author from the core of the
Lodan anticline not far from the original bore locality. Field observations
indicate that this sample should occur stratigraphically above sample 217-
220 m; this assumption is supported by the presence of an assemblage of

Dn
110 150 190 230 270 310;«



Miogypsina intermedia or M. cushmani (only a few specimens were section-
ed). The distributions of C, DII and Ai are given in fig. 46. Again in this
sample, the assemblage of group 1 shows low D values, but Ai is much
higher. Group 2 was also found. Counts and measurements were not made,
however.

C D1 Dn A· B1

Lodan B Mean 3.3 104 188 56.9 46.6
Group 1 se 0.1 3.7 5.9 1.0 1.2

N 29 30 30 27 27

Equatorial chambers
Group 1 shows internal morphological features of types IV and V describ-

ed for the Lodan I assemblages. The same is true for the group 2 specimens
of types IVa and V; intermediate forms are also present.

Rare multilepidine forms are found in sample 217-220 m. Some of
the nephrolepidine or trybliolepidine types show deuteroconch walls with
short folds bent sharply inwards. Neither the nature of the multilepidine
form nor that of the irregular deuteroconch wall is very well understood.

Group 1 comprises specimens of the morphogroups X and S. Group 2
consists of specimens of morphogroup Y, but some of the Y specimens are
multilepidine. This suggests that the multilepidine types are variants of
group 2.

External morphology
The Lepidocyclina specimens have a rather uniform external morphology

throughout this boring. At all levels, one or two representatives of morpho-
group S have been found (description given earlier with BPI 0 1b). The rest
are biconvex specimens with an angular to rounded apex and a T /D ratio
between 0.3 and 0.5. The test size varies from 0.8 to 3.5 mm. The outline
of the test varies from pentagonal to more or less circular. The test surface
shows a polygonal meshwork with papillae but a number of pustules may
occur as well. The latter are distributed at random. Sometimes the poly-
gonal meshes are obscured by a semi-translucent surface layer.

Counts and measurements on the embryonic-nepionic stage
The first frequency distributions of the parameters we made showed

a number of irregularities particularly in DI and DII. There were single





observations of high Dn, DI and C values in the samples 544 m, 544-547 m
and 625 m. The higher Dn measurements seemed to correspond to speci-
mens with a larger test size.

Larger specimens are rare (approximately 2-3%) but by selective picking,
a fair number could be collected. Additional smaller specimens were collect-
ed as well. The final histograms of the C, Ai and Dn parameters are given
in figure 47 for all samples.

The frequency distributions of Dn (and Dd show clear bimodality or
they are extremely skewed with a long tail to the right. Irregularities in the
other frequency distributions are less consistent whereas the histograms of
Ai and a: appear to be fairly normal.

The scatter diagrams of DI versus Dn show elongated more or less conti-
nuous scatter fields with the usual positive correlation. Some of the scatters,
e.g. in 544 m and 625 m, show a gap in the scatter field separating a con-
centration of points in the lower left side of the diagram from a wider
scatter in the upper right. The data for 562 m and especially for 544-547 m
(fig. 48) show a more even distribution over the scatter field, covering the
same range as the observations in the other samples.
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The C-Dn scatter diagrams give a somewhat similar picture (fig. 49)
but higher Dn values show only slightly higher C observations.

The heterogeneity of the samples is demonstrated best by Dn, D1 and to
some extent by C. Judging from the D1-Dn scatter diagrams a Dn value
of 310 J.l seems to be a reasonable arbitrary boundary to separate two
groups. Hence, all higher Dn values are thought to belong to representatives
of group 2, all others form group 1. The coefficients of variation of Dn and
C, calculated for the total groups are very high, whereas the values for groups
1 and 2 separately are in good agreement with the usual values (table 7).

After the separation into two groups the frequency distributions of the
parameters are fairly "normal" for group 1. For group 2, with its wide varia-
tion and its lack of a sufficient number of observations, irregularities remain,
partly because there are too large a number of class intervals. Notwith-
standing these shortcomings the means of the group 2 assemblages will be
used for further comparison.

Group 1 Group 2

C D1 Dn Ai B 0< C D1 Dn A· B 0<1

Trmb 544 Mean 3.9 98 174 55.2 52.7 158 5.9 297 470 54.7 54.3 159
se 0.2 3.1 4.8 1.0 1.4 4.4 0.2 20.9 28.9 1.4 1.5 4.7
N 29 28 29 28 29 28 13 12 13 12 12 12

Trmb 544/47 Mean 3.8 113 195 54.1 53.7 158 5.7 266 452 57.7 54.7 146
se 0.2 5.8 8.6 1.4 1.4 3.4 0.2 16.5 19.3 1.6 1.9 5.9
N 31 31 31 31 31 31 17 19 19 18 17 16

Trmb 556 Mean 3.8 101 181 55.9 52.5 154 5.7 200 335 56.0 57.0
se 0.2 4.0 5.9 0.9 1.3 3.6
N 36 34 36 34 36 34 4 3 4 3 3

Trmb 562 Mean 4.2 115 207 56.2 56.0 150 6.2 254 430 58.6 60.4 145
se 0.1 4.6 8.0 0.8 1.3 2.7 0.2 24.1 30.8 2.2 3.0 9.0
N 45 45 45 45 45 45 10 11 11 11 10 10

Trmb 625 Mean 4.2 100 193 58.1 56.9 147 6.5 273 475 58.0 57.4 144
se 0.1 2.6 5.3 0.8 1.0 3.0 0.4 14.3 14.6 2.0 1.6 5.8
N 51 51 51 51 51 51 16 15 16 15 15 15

When the means of group 1 were compared no major difference was
found. The means of the group 2 samples are also fairly close to one another.
Fluctuations appear to be larger but the standard errors are larger too. The
means of both groups in relation to each other show distinctly higher C
values. D1 and Dn values for group 2 are at least twice as large. The mean
Ai, B and a are roughly the same.

Because we suggested earlier that larger specimens may have larger em-
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bryons, we made histograms of the test size. Representatives of group 2 are
indicated separately (fig. 50). Roughly speaking all histograms are strongly
skewed except for the 544 m sample in which a large gap separates the
observations of the smaller test-diameters from the larger ones. It appears
that specimens with test sizes of about 2 mm and larger almost exclusively
belong to group 2. Some of the smaller specimens may also belong to group
2.

The scatter diagrams of test diameter versus DII (not figured) show a
positive correlation for the lower two samples of group 1, whereas this
trend disappears in the higher samples. The correlation is at probability
levels of 99.5% and 97.5% (one-sided) in the samples from 625 m and 562 m
respectively (group 1). In group 2 no correlation is observed between the test
size and DII.

Positive correlation exists between C and DII of group 1 (fig. 49). Pro-
bability levels are at 99% in all samples. In group 2, there seems to be no
correlation between these parameters except in sample 544-547 m, where
a weak positive correlation may be present.

The Ai-DII diagrams too (which are not figured), show in general a
more or less positive correlation for group 1, which is absent in group 2.
A positive correlation is also observed between C and Ai in group 1 (fig.
51). This relation seems to be present in sample 625 m for group 2 as well.
Only two correlation coefficients were calculated and tested (544-547 m
and 625 m, probability level 99%); they relate to group 1 only (table 7).

Equatorial chambers
Both groups show a wide variation of the equatorial layer. Very few spe-

cimens show a well developed stellate pattern (type IV); usually such a
pattern is not very pronounced. Specimens with slightly stellate to wavy
concentric patterns are observed as well. In group 1, one or two specimens
have an engine-turned pattern with arcuate-2 chambers (type IIa).

External morphology
In both samples the external morphology is similar. The rounded biconvex

tests have a T/D ratio of about 0.5. The diameter varies from 1 to 3 mm. The
outer circumference is more or less circular and the test surface shows a
variable number of pustules situated at random.





Counts and measurements on the embryonic-nepionic stage
Frequency distributions (fig. 52 forC, Ai and DId appear to be tolerably

normal and the means will be used for further comparison

c Dr Drr Ai B C<

Bg1396 Mean 5.1 144 251 57.0 57.6 152.0
se 0.2 4.9 7.1 1.2 1.7 5.0
N 21 21 21 21 21 21

Bg1420 Mean 4.8 155 252 56.6 56.2 157.4
se 0.2 9.1 11.3 1.4 1.5 6.1
N 19 19 19 18 19 18

The scatter diagrams C-Drr and Ai-C (not figured) all show a more or less
positive correlation. In the first relationship correlation is present at pro-
bability levels of 99% and 97.5% (onesided) in the samples from 420 m and
396 m respectively. These probabilities are for the Ai-C relationship 97.5%
and 95% for samples 396 m and 420 m.
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Equatorial chambers
The internal morphology is a mixture of circular and wavy concentric

types with arcuate-l to arcuate-3 chambers but more stellate types were
observed as well. They resemble the types IV and V from Lodan I.

Sample SRX6, Sg. Rebjong

External morphology
The test is biconvex with a T/D ratio of about 0.5. The diameter varies

between 1 and 2 mm, and the outline of the test is irregularly polygonal



to pentagonal or even slightly stellate. In the stellate specimens ridges are
observed on the test surface, extending from halfway between the centre
and the periphery of the test. In some cases the peripheral part ~f the ridge
may be protruding. These forms closely resemble specimens described from
samples K082 and S49.

Counts and measurements on the embryonic-nepionic stage
As all frequency distributions (fig. 53: C, Ai and DII) appear to be suf-

ficiently normal, means are calculated for further comparison.

c Dr Dn Ai B Ci

Mean 5.6 132 263 64.4 60.5 124.8
se 0.2 5.5 12.5 1.2 1.2 4.4
N 27 27 27 26 26 26

From the scatter diagrams C-Ai and C-DII (not figured) only the latter
shows distinct positive correlation at the probability level of 99% (one-
sided).

On
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Equatorial chambers
The arrangement pattern observed varies from wavy concentric to weakly

stellate. The former type shows arcuate-3 to short spatulate chambers where-
as the latter -type is characterized by short spatulate chambers around the
embryon and more elongated (spatulate to ogival-six-sided) in the rays.
Between the rays short spatulate chambers are observed as well. Both types
(IV and V) are often difficult to tell apart.

Sample B419A, ]amprong

. External morphology
The external morphology is very similar to that in sample SRX6. The test

is biconvex with a T/D ratio of about 0.5. The diameter varies between 1 and



3 mm. The outline of the test is irregularly polygonal or stellate. Ridges are
present again, they extend from halfway between the centre and the peri-
phery of the test to the periphery. Occasionally pustules are encountered.

Counts and measurements on the embryonic-nepionic stage
The frequency distributions of all parameters (fig. 54: C, Ai and DId are

tolerably normal and further comparison will be carried out on the basis of
the means.

c Dr Dn A· B C<1

Mean 5.0 136 254 61.4 62.3 134.6
se 0.2 4.8 7.0 1.3 1.7 4.7
N 28 28 28 28 28 28

In the scatter diagrams (fig. 55) of C-Drr and C-Ai both combinations
show a positive correlation at probability levels of 99% (one-sided).
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Equatorial chambers
The vanatlon of patterns observed in the equatorial layer is very similar

to that of sample SRX6. Stellate to wavy concentric patterns of types IV
and V as well as intermediates were observed.

111.3.2.East Java-Madura

Samples h494 and h285, East Java

External morphology
The available Lepidocyclina are sectioned specimens of Van der Vlerk,

and there are no data about the external morphol?gy.

Counts and measurements on the embryonic-nepionic stage
Only C, DI, Du and B were measured. The mean Ai values listed in the

tables are after Van der Vlerk and Postuma (1967).
The frequency distributions of the parameters C and Du of sample h494

are given in fig. 56. They appear to be tolerably normal. An exception is
that of DI which has a distinct irregularity (not figured). The Dr-Du scatter
diagram (not given), however, shows an elongated fairly narrow scatter-field
with rather an even distribution of the points. Hence, calculation of the
means is thought to be acceptable for the purpose of further comparison.

The frequency distributions of sample h285 (fig. 57: C and Du) are
fairly normal as well. 34 N N
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The relation between C and DII shows a positive correlation for h494 at a
pro bability level of 99% (one-sided).

c Dr Dn Ai B

h285 Mean 1.8 155 209 36.0* 39.2
se 0.07 3.2 4.2 - 0.8
N 50 50 50 (94) 50

h494 Mean 1.6 140 188 35.8* 39.1
se 0.08 4.6 6.2 - 0.9
N 54 54 54 (97) 54

* data Van der Vlerk

Equatorial chambers
Neither of the two assemblages shows a distinct arrangement pattern in

the equatorial layer. Equatorial chamber forms are mostly arcuate-2 to short-
ogival. There is a slight tendency to form an engine-turned pattern. The
assemblages resemble best the IIa type of the boring Klias.

External morphology
The test is biconvex with a TID ratio of about 0.65. The diameter shows

a remarkable small variation from 0.7 to 1 mm. The outer circumference is
somewhat pentagonal. The equatorial layer and lateral complexes may
protrude slightly at the corners of the pentagonal outline. The test surface
shows a polygonal mesh pattern with papillae and usually a variable number
of pustules (40-60 /1) situated at random around the apex. The pustules
make the impression that they are lateral chambers filled with calcium
carbonate.

Counts and measurements on the embryonic-nepionic stage
Inspection of the frequency distributions (fig. 58: C, Ai and DId shows

us that the distributions are close to normal except in the case of Ai. Those
of DI and DII have very narrow ranges. of the three classes one contains
nearly all measurements (especially for Dd. No explanation for this aberra-
tion can be given.

Both the C-DII and C-AI scatters (fig. 59) show a positive correlation
at probability levels of 99% and 97.5% respectively.

c Dr Dn A· B 0<1

Mean 3.4 92 160 54.7 51.8 160.3
se 0.1 2.4 3.2 1.1 1.3 4.1
N 35 35 35 35 35 35
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Dn
120 140 160 180"",

Equatorial chambers
No clear arrangement pattern is observed in the equatorial layer, although

weakly concentric or stellate patterns were observed. The equatorial cham-
ber form is mostly arcuate-l (closed or open) and towards the periphery
arcuate-3 or even hexagonal chambers may occur.

Sample Be1421,Madura

The collection of Van der Vlerk contained only a few thin-sections of
Lepidocyclina from this sample. The quality of the material and the thin-
sections was rather poor. Only a few counts of C and measurements of DI
and Dn could be obtained. The values suggested are much higher than those
found usually. We calculated the means in spite of the lack of sufficient



material. The Ai value listed in the table is after Van der Vlerk and Postuma
(1967).

c Dr Dn A·1

Mean 8.5 215 458 65.3*
se 17 24
N 5 14 14 ( ?)

* data Van der Vlerk

The few observations of the equatorial chambers show a wavy concentric
pattern with ogival six-sided, spatulate or hexagonal chambers. A more
stellate pattern is visible in a few specimens. These types may be classified
as types IV and V.



Plankton zones (Blow, 1969) and Sample Group 1 Group 2
Miogypsina assemblages C DII A· C· DII Ai1

N19 K082 9.5 509 71.4
Be1421 8.5 458 65.3

N14 K0143 5.9 297 60.2
N10/13 SRX6 5.6 263 64.4

M. antillea, M. bifida G149 5.4 253 58.2
N12/14 Bg1396 5.1 251 57.0

M. antillea N12/14 Bg1420 4.8 252 56.6
M. antillea NIl B419A 5.0 254 61.4
M. polymorpha E.M. 4.8 258 60.4

N10 G457 4.3 247 63.9
M. antillea N10 K0145 3.9 207 59.1
M. antillea, M. bifida N8? 549 4.7 205 61.4 6.0 416 53.5
M. antillea K082(2) 3.7 200 54.8
M. antillea-cushmani N7/8 Trmb 544 3.9 174 55.2 5.9 470 54.7

Trmb 544/7 3.8 195 54.1 5.8 452 57.5
M. antillea-cushmani Trmb 556 3.8 181 55.9 5.7 335 56.0
M. cushmani Trmb 562 4.2 207 56.2 6.2 430 58.6
M. cushmani N7/8 Trmb 625 4.2 193 58.1 6.5 475 58.0
M. cushmani N7 Bg333 3.4 160 54.7
M. intermedia, M. bifida BP105 3.9 210 56.4

M.globulina BP101b 3.7 277 50.1
M. intermedia Lodan B 3.3 188 56.9 not measured
M. globulina, M. excentrica LII217/20 2.8 146 48.1 9.3 689 69.1

L II 228/31 3.1 221 48.9 7.9 513 62.5
M. globulina N5/6 L 1175 2.9 204 47.7 4.2 407 49.1

L I 220 2.8 205 49.1
M. globulina N5/6 L 1245 3.2 155 46.2 7.7 449 62.8

L I 475 3.5 147 4.8 313
M. globulina BP102 2.6 219 42.9

N4/5? KIl 2.9 275 41.5
K12 2.8 274 42.8

N4 K13 2.9 284 43.0
K14 2.7 272 41.8
K15 3.1 268 42.7 8.4 650 57.0

M. tani-globulina K16 2.4 226 41.2
M. tani K17 2.9 255 44.4 8.2 635 63.3

N4 K18 2.5 228 41.5
K19 2.7 241 40.6
K20 2.8 233 41.7
G98 2.0 217 37.3

M. tani N4 N.B.9066 2.0 158 39.7 4.0 340 42.7
N2 h285 1.8 209 36.0
N2 h494 1.6 188 35.8

Fig. 60 Review of the data on planktonic and miogypsinid foraminiferal assemblages, and on the
means ofe, DII and Ai'
Trmb = Tremboel, Bgl = Boegoel, L = Lodan (I and II), and K = Klias.
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The data presented so far enable us to draw a number of conclusions
which are discussed below.

1 - The Lepidocyclina assemblages from samples N.B.9066, Klias 15 and
17, Lodan I 245 m and 175 m, Lodan II 228-231 m and 217-220 m, S49
and all samples from the boring Tremboel appear to be distinctly heterogene-
ous. This heterogeneity is due to the presence of two groups of Lepidocy-
clina. The two groups can in the first place be differentiated by the size of
the embryon. The assemblages with the smaller embryons are called group 1,
those with the larger embryon group 2. Not only are the embryons larger
in group 2 but so are the values of the other parameters compared to the
corresponding values in the accompanying assemblages of group 1. Group 1
may be the only Lepidocyclina constituent in a sample assemblage, but
group 2 was never found alone.

The primary difference between both groups is based on the larger DII in
group 2. There are two samples, K082 and Be1421, which have DII values
comparable to those of group 2. Because of their stratigraphic position they
are thought to represent end members of group 1 rather than group 2
assemblages.

2 - To obtain a relative stratigraphic order of the borings and the isolated
samples, use has been made of the co-occurring miogypsinid and planktonic
foraminiferal assemblages. If no such information was available we relied
on the principle of nepionic and embryonic acceleration of the Lepido-
cyclina group 1 assemblages, expressed in C and Ai values.

The combined evidence from the planktonic and miogypsinid assemblages
suggests that the order for the five borings is from bottom to top: Klias,
Lodan I, Lodan II, Tremboel and Boegoel. The position of Lodan II above
Lodan I depends on the presence of Miogypsina excentrica and M. globulina
in Lodan II, whereas in Lodan I o~ly M. globulina was found. The position
of both sampled intervals seems to be very close.

BPI0lb and BPI02 also contain M. globulina. As to the V values, the
former sample is best placed close to and above Lodan II and the latter
between Lodan I and boring Klias (fig. 60).

Samples N.B.9066, h285 and h494 are placed below the boring Klias



because of the presence of M. tani in N.B.9066 and of N2 planktonics in
the latter two samples. The position of sample G98 can be inferred only
from the C and Ai values. These are close to those of N.B.9066, and some-
what smaller than the comparable values of Klias. Hence, a position above
N.B.9066 is suggested.

The samples BP105 and Bg333 may be fitted in between Lodan II +
BP101b and boring Tremboel on the basis of the presence of Miogypsina
intermedia and M. cushmani.

The transition between M. cushmani and M. antillea seems to occur in
Boring Tremboel. All samples with assemblages of M. antillea are placed
above this boring. Further information on the relative position of these
samples cannot be inferred from the V values of these assemblages. There-
fore we have to rely on the planktonics in combination with C and Ai
values. Above Tremboel follow S49 (N8?), K0145, G457 (both N10),
B419A (Nll), the Boegoel samples (N12-N14), SRX6 (NIO-N13), K0143
(N14) and K082 (N19). The three remaining samples, K082(2), E.M. and
G149, are fitted in on the basis of similarities to other Lepidocyclina as-
semblages by the use of C and Ai: K082(2) just above Tremboel, E.M.
between G457 and B419A and G149 in between Boegoel and SRX6. Fi-
nally we placed Be1421 just below K082, and Lodan Band Lodan I475
are placed above Lodan II and below Lodan I (245 m), respectively. The
data are reviewed in fig. 60.

3 - Conclusions about group 1.
Provided that the proposed succession of the samples is more or less

correct we can look now at the changes in C, Ai, DII and their combina-
tions which are thought to be due to evolution. A brief inspection of the
mean values shows an overall increase for all three parameters; these changes
are in accordance with the expected evolutionary trends.

C The development of C in the boring Klias is far from smooth. The
mean C drops for instance from 2.93 to 2.43 (K17 to K16) and from 3.10 to
2.77 (K15 to K14). If one takes the standard errors into consideration these
changes are not highly significant. These drops in C values clearly demon-
strate, however, the magnitude of the fluctuations for which no stratigraphic
consequences are involved. The overall development of C in this boring is
nil. In the other borings similar falls in C are observed, e.g. from 3.2 to 2.8
in Lodan I and II, and from 4.2 to 3.8 in Tremboel.

If one takes into account the values of the standard errors, a rather con-
sistent development of E to higher values is observed. Only in sample S49
does the C value of 4.7 disagree to some extent with the overall picture.



This value is closer to the higher samples from the Sangkulirang area. The
assignment to zone N8? might be incorrect.

Ai In the Klias boring samples K17 to K16 show a drop in Ai from 44.4
to 41.2 and in Tremboel we observe a decrease from 58.1 to 54.1 (625 m
to 544-547 m). With regard to the standard errors these fluctuations are
again not really significant. In the boring Klias no overall development is
present in Ai'

The general picture of Ai throughout our samples shows an increasing
trend which becomes more irregular above the Lodan borings. Ai values
in these higher samples fluctuate between 50.1 and 64.4, whereas C shows
independent and somewhat more regular fluctuations between 3.3 and 5.9.
Apparently there is only a weak correlation between the means of the two
parameters.

Again the Ai value of sample S49 advocates a higher position which would
make the sample fit in better with the others from the Sangkulirang area.

Dn The general trend in Dn points to an overall increase, as may be seen
in the boring Klias as well as from the total picture. However, considerable
and significant set-backs do occur. For instance in Lodan II Dn shows a
decrease from 221 IJ. to 146 IJ., from 228-231 m to 217-220 m, which
suggests that drops of about 30% seem to be acceptable in the general
evolutionary course. Fermont (1977) reports mean protoconch sizes in
recent Operculina assemblages from the Gulf of Aqaba-Elat from samples
taken from different depths. His results also show differences of about
35% in the mean protoconch size.

The samples from Tremboel, some of the East Borneo samples (K082(2),
K0145 and S49) and the majority of the Lodan samples show a decrease
in Dn in comparison to the values of the Klias boring.

Amongst our single samples, Bg333 and N.B.9066 show very low Dn
values; they are in fact about the lowest of all values recorded.

C-Ai For group 1 the scatter diagram of the C and Ai values (fig. 61)
shows a fairly regular slightly curved, positive regression trend. A slight
gap is present between the Ai values of 50 and 54. There is a definite trend
in the diagram with regard to the relative stratigraphic position of the
samples. Assemblages with Ai values lower than 51 belong to samples of
the M. globulina and lower levels and above 51 to the range of M. inter-



media and higher. In greater detail the samples show the "time-dependent"
character of C and Ai. From the lower left to the upper right side of the
clusters the succession of samples appears to be nearly identical with our
earlier presumed order. The correlation of the lower Klias samples with
N4 might be considered less correct. The assignment to N4 was based on
the assumption that the presence of Globigerinoides trilobus was due to
can tamination.
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Both series of means serve to subdivide the Lepidocyclina assemblages
into a number of biometric units called species. The justification for the
taxonomic names used will be given in chapter VII. For easy reading the
biometricallimits and the names of the species are listed below.

Ai < 40 C:(; 2.25 Lepidocyclina isolepidinoides
40:(; Ai:(;52.5 C:(; 3.75 L. sumatrensis
Ai> 52.5 C:(; 4.75 L. angulosa
Ai> 52.5 4.75 < C:(; 6.5 L. martini
Ai> 52.5 C> 6.5 L. rutteni

For assemblages close to these double limits the term exemplum intercen-
trale is used.

In group 2, C and Ai also show a positive correlation. The scatter is rather
similar to that of C-Dn but there is no stratigrafhic order.



C-Dn This scatter diagram (fig. 62) shows two separate clusters each
one with a positive trend. The lower one is formed by assemblages of L.
isolepidinoides and L. sumatrensis, the other comprises L. angulosa, L.
martini and L. rutteni. Two samples of L. sumatrensis show an aberrant
position, being situated in the second cluster (Lodan I 245 m and Lodan II
217 -220 m).
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Both clusters show a similar range in Dn but the upper cluster has higher
C values. The lower cluster corresponds to samples of the M. globulina level
and lower, the upper cluster to samples of M. globulina and higher.

Calculation of the correlation coefficients of the two clusters, the two
Lodan samples, K082 and Be1421 being disregarded, shows the positive
correlation for each to be at the 99.5% probability level (one-sided). Both
reduced major axes (r.m.a.) were calculated. The r.m.a. of the upper cluster
appears to pass close to the points of K082 and Be1421. The planktonics
of K082 and its position in the scatter-field indicate that its assemblage may
well belong to the upper line of group 1. The same can be assumed for
Be1421 although we have no data on its relative stratigraphic position.

Within both group 1 clusters there is a distinct tendency for younger
samples to occupy positions towards the upper right hand side of their
cluster.



The group 2 data also suggest a positive correlation between C and Dn.
The younger samples from Tremboel and S49 form the centre of the cluster
whereas the older samples are found in the lower left and upper right sides.
Any stratigraphic significance is absent.

C-DI This scatter diagram (not figured) gives a picture fairly similar to
the C-Dn diagram. The only difference is that there is no correlation within
group 2.

+
+

+martini

•
angufosa. .+

55 lJ. +•

Group 1 2

S 49 ~.
Tre-mboel A .&
loden II C •
Lodon I 9 ,
Klios 0

N,B.9066 9
Other isolated samples +

5 observations or less -

On
700"u

Ai-Dn In this scatter diagram (fig. 63) again two clusters are observed
for group 1. One is formed by the L. angulosa, L. martini and L. rutteni
assemblages. The other cluster is formed by the assemblages of L. isolepi-
dinoides and L. sumatrensis and shows a wide scatterfield without any
correlation. All samples from the Lodan borings and BPIOlb occupy a
position in between both major clusters. They all belong to L. sumatrensis.

Only the upper cluster shows a weak positive correlation, and the distribu-
tion of the points roughly corresponds to the relative stratigraphic position



of the samples, i.e. samples with Dn values larger than 240 J.1 are correlated
with the N10 zone or higher.

As far as group 2 is concerned there is a distinct correlation.
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Dr-Dn In group 1 two long and elongated scatterfields may be distin-
guished, which converge towards the lower values (fig. 64). The lower line is
formed by the assemblages of L. angulosa, L. martini and L. rutteni and the
other by those of L. isolepidinoides and L. sumatrensis. Once again two
samples of L. sumatrensis (Lodan I 245 m and Lodan II 217-220 m) are
close to the lower line.

Calculation of Dn/Dr for the assemblages of the first line shows values
from 1.73 to 2.08 with the exception of Boegoel 420 m (1.62). For the
assemblages of the upper line we found a range from 1.34 to 1.57 with for
Lodan II 217-220 m the higher value 1.65. Regarding the fact that for
Lodan II 217-220 m we have only five observations and that the Dn/Dr
value of the five specimens from the collection of Van der Vlerk is 1.53,
we may safely regard Lodan II 217-220 m belonging to the second line
as well (L. isolepidinoides-sumatrensis).

5 - In the succession of samples a very gradual change takes place in the
shape of the equatorial chambers and in their arrangement. In the lower



range of samples, the equatorial layers usually show irregular patterns with
arcuate-2 to ogival-2 chambers. Towards the periphery the chambers are
usually ogival-2 to hexagonal or spatulate (type I). An accompanying type
shows roughly the same equatorial chamber forms but the overall pattern
is more regular. Especially when there are no spatulate or hexagonal cham-
bers near the periphery an engine-turned configuration is observed (type II).
Another co-occurring type (III) shows arcuate 1-3 chambers arranged in
more or less concentric rings. Towards the periphery spatulate chambers may
be present.

In the middle part of the stratigraphic range of the samples stellate pat-
terns (type IV) start to co-occur with the more concentric ones. The stellate
types generally show arcuate-lor arcuate-2 chambers around the embryon
and elongated chambers in the rays (spatulate, hexagonal). In between the
rays arcuate-3 chambers are most common.

Type V, with a wavy concentric pattern and arcuate-lor arcuate-3 to
spatulate chambers, occurs exclusively in the higher samples together with
type IV. The difference between these two types may be very slight.

The overall evolutionary trend in the equatorial chambers is the increased
sharing of common walls in adjoining chambers of the same cycle, which
caused more concentric patterns.

It is impossible to distinguish group 2 from group 1 on the basis of the
features of the equatorial chambers.

6 - The various types of external morphology observed in the Lepidocy-
clina assemblages are not typical for any particular interval covered by our
samples. In the samples K17, K15 and N.B.9066 no distinction could be
made between the representatives of groups 1 and 2. In sample S49 group
2 is clearly recognized by the stellate test; usually the specimens are larger
too.

7- Obviously C and Ai show the most consistent sustained change in the
course of time. The parameters 13 and a also show an overall change, increase
and decrease respectively, but in comparison to C and Ai their development
is less consistent especially for 13. It should be remarked that the C-Ai dia-
gram is fairly similar to the C-a diagram. Both Ai and a show more fluctua-
tions in the younger samples and it is rather difficult to decide which para-
meter is the better one. The general impression is that Q; may be considered
to be a reasonable substitute for Ai.

The data on group 1 suggest the presence of two lineages occurring one
after the other. The fairly consistent change of C and Ai alone suggests the
presence of only a single lineage, but the general setback in both Dr and



Dn and especially the change in the Dn /DI ratio favour the two lineage
theory. The lineages comprise the assemblages L. isolepidinoides and L.
sumatrensis, and L. angulosa, L. martini and L. rutteni, respectively.

8 - Conclusions about group 2.
Provided that the order of samples in group 1 is more or less correct,

the development of C, Ai and Dn in group 2 shows rather an incoherent
picture.

The Tremboel group, which should be younger, has distinctly lower C
values than most samples from the Klias and Lodan groups. Also the values
of Dn and Ai are lower, but these values show a very large variation in the
older samples as well.

A comparison of groups 1 and 2 from the same sample shows other
differences. Dn values in group 2 are usually twice as large (or even more)
as the corresponding values in group 1. This is also true for the C values
up to the Lodan samples but in Tremboel and in Lodan I 175m the C
values are only some 50% larger.

In the majority of the samples the Ai values of group 2 are onlyapproxim-
ately 25% larger. In the Tremboel samples and in Lodan I 175 m and
N.B.9066, the Ai values of group 1 and 2 are about equal.

In the C-Ai scatter diagram (fig. 61), the samples of group 2 seem to
form a separate elongated cluster, which suggests a positive correlation.
The succession of the assemblages in time, based on the supposed relative
stratigraphic position of the samples, is definitely not in accordance with the
evolutionary principles of nepionic and embryonic acceleration.

In the scatter diagrams of C-DI and C-Dn the clusters of group 2 show
a position in line with the L. isolepidinoides-sumatrensis assemblages of
group 1, which suggests that group 2 contains younger assemblages of the
L. isolepidinoides-L. sumatrensis "lineage". Such a relation might be feasible
for the Tremboel samples and S49 but not for the other group 2 samples
because they are contemporaneous with L. isolepidinoides and L. suma-
trensis.

Because of the latter age relation one might imagine group 2 to consist of
morphotypes of the accompanying group 1. This means that we have to
assume the existence of two megalospheric generations with extreme differ-
ences between the Al and A2 forms, i.e., some kind of trimorphism. Differ-
ences would be expected not only in DI and Dn, but also in C and Ai owing
to the various positive correlations. The absence of differences in the internal
morphology of the equatorial chambers as well as the observation that group
2 never seems to occur alone in single samples certainly supports this as-
sumption.



Arguments pleading against this idea are the extreme bimodality of the
Dn and D1 frequency distributions and the differences in test size. In his
Recent Operculina type 1 assemblages Fermont (1977) distinguished three
forms, la, 1b and 1c. The former two are macrospheric, the latter micros-
pheric. The difference in mean proloculus size of his types 1a and 1b as-
semblages, derived from different depths is about 55%. Furthermore he
observed a depth-related cline in type 1a. This indicates that our case of
assumed trimorphism is not similar because the embryon size differences
are very extreme, and there seems to be no morphocline.

We might as well assume there were several separate lineages. First of all
provincialism in the Indo-Pacific is not uncommon. A good example is
provided by the Miogypsinidae, e.g. the Lepidosemicyclina group. Secondly,
an argument in favour of several separate lineages is the difference in charac-
teristics of the off-shoots and their seemingly "time-restricted" occurrences.
These arguments seem plausible and make us favour the multi-lineage con-
cept. The results of detailed biometric re-investigations of other groups of
larger foraminifera generally seem to indicate that the "one lineage concept"
is oversimplified.
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The Indonesian Lepidocyclina assemblages and species will be compared
with others from India, Fiji, Australia and Europe. The material from Fiji
and India was kindly put at our disposal by the British Museum (Natural
History) London, and the Institute of Petroleum Exploration of the Oil
and Natural Gas Commission of India, DehraDun. The Australian sample
of the Batesford Limestone was already present in the Utrecht Collections.
The data on European Lepidocyclina assemblages are entirely based on the
literature.

Since no special results were expected from external morphology or
features of the median layer these descriptions will be omitted or kept
very brief.

V.l. INDIA

From India only a restricted number of Lepidocyclina-bearing samples
was available.

Qr 10 This sample is from the Paravur section, Quilon area, S.W. India
(fig. 65), and was taken from a sea coast exposure. In addition to Lepidocy-
clina an assemblage of Miogypsina ex. interc. globulina-thecideaeformis
is present (Raju, unpublished report).

External morphology
The tests vary in shape from rounded biconvex to slightly scutiform. The

T/D ratio is roughly 0.35. The size ranges from 1 to 2 mm, but the size class
of about 1 mm is predominant. Occasional forms are unequally biconvex.

A second characteristic form with an extremely wavy test margin can be
distinguished in this sample. The test shape looks rather like a saddle (fig.
66). The test size ranges from 2.5 mm to 5.5 mm. These saddle forms are
less frequent than the biconvex forms.

Internal morphology
In the arrangement of the equatorial chambers no remarkable features

were observed except for the so-called saddle forms; they deserve some extra
attention because saddle forms are also found in other Indian samples. The



undulations of the equatorial layer of the saddle forms tend to diminish
towards the embryon. Around the embryon, however, undulations are still
considerable and in thin-sections the equatorial layer is shown in small
curved zones only. The drawings of fig. 66 show the pattern during the
initial stage of sectioning. plate 1, fig. 1 shows a completed thin-section. The
different planes in which the equatorial chambers are lying seriously hamper
the identification of the auxiliary chambers in a section.
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Fig. 66 Schematic drawings of the external and internal morphology of a saddle-form from sample
QrlO. The thin-section shows the pattern of lateral and equatorial chambers from both sides
during an initial stage of sectioning.
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Fig. 67 Schematic drawing of the protoconch, deuteroconch and auxiliary chambers of a saddle-
form.

By preparing half sections of the saddle-forms we were able to perceive
the position and numbers of stolons. The positions are marked by a thicken-
ed rim, which gives the inner end of the openings a crater-like appearance
(PI. 1, fig. 2). The stolons mark the positions of the ad-auxiliary chambers
though sometimes an ad-auxiliary chamber was found to have two stolons
(PI. 1, figs. 4, 5). Hence, from the spatial distribution of the stolons an
estimate can be made of the number of ad-auxiliary chambers, i.e. the



beginning of the equatorial layer around the embryon becomes under-
standable. This is illustrated in the drawing of figure 67. A half-section was
prepared under two different angles; by looking into the embryon one can
obtain a good estimate of C.

Counts and measurements on the embryonic-nepionic stage
A first look at the histograms of D1 and Dn (fig. 68) suggests the as-

semblage is heterogeneous. The histograms show a distinct bimodality. The
histograms of C and Ai have a more regular shape with peaks in the classes
C = 2 and Ai = 40-45 (fig. 68). B values were obtained for only part of the
specimens.
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The DI-DII diagram (fig. 69) shows a long and fairly wide scatter field
with two clusters, one in the lower left corner with a high density and the
other in the upper right part with a much lower density. The s~ddle forms
appear in an extreme position in the upper right cluster. The other points
in this cluster are contributions from the biconvex forms.
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The assemblage was arbitrarily divided into two groups based on DII
values smaller or larger than 245 /l. They will be referred to as group 1
(DII ~ 245 /l) and group 2 (DII > 245 /l). As before the variation coeffi-
cients were calculated for each of the groups and for the total group. The
result for the total group deviated strongly from the values found normally,
whereas the values for both separate groups were acceptable.

After this separation the frequency distributions of group 1 became
tolerably normal and the means were calculated for further comparison. The
frequency distributions of group 2 are now fairly normal for Ai. Group 2
comprises saddle and biconvex forms. Inhomogeneity within group 2 is
possible but could not be proved. The coefficient of variation is "normal"
and the means of C and DII for saddle and biconvex forms show no signifi-
cant differences. Hence:group 2 including the saddle forms, is tentatively re-
garded as one group.



A comparison of the means of groups 1 and 2 shows higher values observ-
ed in the latter. C and Ai are distinctly larger and DII is about double the
value of the corresponding mean in group 1.

C DI Dn Ai B

Group 1 Mean 2.3 107 172 42.4 48.0
se 0.0 1.5 2.7 0.5 1.4
N 82 82 82 74 28

Group 2 Mean 4.3 204 350 47.6
se 0.1 7.9 10. 1.0
N 26 30 30 19

During sectioning one gained the impression that larger test size cor-
responds to a larger embryon. The results of the measurements are presented
in the scatter diagram of the test-diameter versus DII (fig. 70). The saddle
forms are not included; their test size is larger anyway. The diagram supports
the suggestion that the test size is generally larger in group 2 than in group 1.
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Qr 3 This is a sample from an outcrop near Edavai (fig. 65), Quilon area,
S.W. India. The preservation of the specimens of Lepidocyclina was rather
poor. According to unpublished notes of Raju, the sample contains an
assemblage of Miogypsina (Miogypsinoides) dehaartii.

External morphology
The rounded biconvex tests with a T/D ratio of 0.3 to 0.5 vary in size

between 1 and 4 mm. Some specimens show slightly undulating tests, similar
to the saddle forms, but less extreme. They are referred to as semi-saddle
forms. Some of the larger specimens (3-4 mm) show distinct pustules; they
all appeared to be microspheric.



Internal morphology
S.E.M. photos (PI. 2, fig. 1, 2) of some of the larger specimens show an

irregular shape of the ad-auxiliary chambers (specimens of group 2). In thin-
sections such irregular shapes are difficult to understand. As a m'atter of fact
occasional indistinct peri-embryonic configurations were encountered before
in group 2 of Klias; these specimens can now be understood better.

A partial enlargement of one of the specimens, shown in PI. 2 (fig. 3),
shows a number of stolons in positions rather far from the median plane of
the embryonic chambers. Presumably they connect the embryon with the
ad-auxiliary chambers. As a consequence the latter chambers must have
extended considerably to the apical side. Furthermore our attention was
drawn to a concentration of three stolons close together, a feature not seen
before during this study.

Figures 4 and 5 (PI. 2), the latter being an enlargement of part of the
former, show partly fused ad-auxiliary chambers. Depending on the level
in the section the presence of either one or two ad-auxiliary chambers may
be concluded. A similar problem was recognized in one or two thin-sec-
tions of K082.

In all these figures small chambers are observable on the outer wall of
some of the ad-auxiliary chambers. Since both chamber ends rest on this
ad-auxiliary chamber, a direct connection with the latter is concluded. Ac-
tually, the stolon to this upper chamber, which will be called a para-auxiliary
chamber, is sometimes visible as well. The presence of para-auxiliary cham-
bers is not restricted to group 2; such chambers were observed in group 1 as
well.

Because of certain features of the ad-auxiliary chambers these Indian
Lepidocyclina show great similarity to the group 2 specimens from Klias,
Lodan II, Lodan I 245 m and to some specimens of the other samples of the
Indonesian group 2. Another similarity, especially with the Klias and Lodan
group 2 assemblages, is that their means are roughly the same.

Counts and measurements on the embryonic-nepionic stage
Only a limited number of useable thin-sections could be made. The fact

that results appeared interesting is a good reason to mention this sample.
The frequency distributions of c, Dn and Ai are given in fig. 71. Bi-

modality is suggested by all histograms and particularly by those of C and
Dn. The Dr-Dn scatter (not figured) shows a picture we are already familiar
with, with two clusters, one in the lower left of the diagram and one in the
upper right. Notwithstanding the wide spacing in the scatter diagram, se-
parate means were calculated for the group of specimens with Dn values



smaller than 300 J.1, and larger (groups 1 and 2, respectively).
Comparison of the means for both groups reveals C and 15values in group

2 to be more than twice as large as in group 1. Ai and B are also larger in
group 2, but the difference is not so extreme.
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G1437 Sample from the Khari Nadi section, Kutch, Western India (Raju
1974, figs. 3, 9), from which sample an assemblage of Miogypsina ex. interc.
tani-globulina has been reported (Raju, 1974). Only selected Lepidocyclina
specimens were available.

External morphology
The tests are rounded biconvex, ranging in size from 1.5 to 3 mm. The

T/D ratio is between 0.3 and 0.4. Other tests are more scutiform and have
a T/D ratio between 0.5 and 0.7. Their size is roughly between 2 and 4.5
mm. These forms were labelled as morphogroups Hand K, respectively.

'L1kLlb~!5 G 1437 G1437 G 1437

C Ai DII
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I§§§ NOK Morphogroup

Counts and measurements on the embryonic-nepionic stage
The distributions of all parameter observations (fig. 72) appear to be

dose to normal. The irregularities in Dr and Drr are considered to be of no
importance, as the number of class intervals is too high. Also the Dr-Drr
diagram (fig. 70) shows a regular elongated cluster. Representatives of the
external morphogroups Hand K show fully overlapping variation in the
histograms of C, Ai and B. The differences in outer morphology are evi-
dently not reflected in the biometric data.

C DI Dn Ai B

Mean 4.2 200 314 44.9 49.3
se 0.3 8.6 11. 0.9 1.2
N 21 21 21 18 17

101



The means of the parameter values appear to be considerably larger than
those of assemblages of roughly comparable age in Indonesia. The coeffi-
cients of variation for Dn and C show normal values, so the rather large
values of Dr and Dn suggest that we are dealing with a group 2 assemblage.
Actually, the C, Dr and Dn values are very close to those of group 2 in
Qr10.

So far, group 2 was always found accompanied by an assemblage of group
1. Since the material consisted of already picked specimens, the test dimen-
sions are rather large, and test size frequently is correlated with embryon
size, selective picking of larger specimens might explain the observation of
only group 2 at this locality.

Samples Mainagappalli 82-92', 92-105' and Tirkadavur 13-23'

All samples are from waterwell drillings in the Quilon area (fig. 65),
S.W. India. The Lepidocyclina specimens were in rather a poor preservation.
In all three samples Raju (unpublished notes) identified assemblages of
Miogypsina (Lepidosemicyclina) droogeri.

External morphology
Both Mainagappalli samples contain scutiform to rounded biconvex tests,

varying in diameter between 1 and 3 mm. The TID ratio is between 0.4 and
0.6. In the upper sample occasional saddle or semi-saddle forms were found.
The specimens in the Thirkadavur sample are similar to those of Mainagap-
palli 82-92'.

Counts and measurements on the embryonic-nepionic stage
In the younger sample of Mainagappalli and in the Tirkadavur sample,

saddle and semi-saddle forms are apparently not evenly distributed over the
histograms (figs. 73 and 74, respectively). The Dr-Dn diagrams in the same
figures show these forms to be situated at the upper right side. In Main-
agappalli one non-saddle form is in a similar remote position. The composi-
tion of the assemblages seems to be comparable to that of Qr10. The samples
are not homogeneous and one suspects the presence of two groups. Much
more material would be needed for definite proof. From the Dr-Dn scatters
it is concluded that group 2 has only a few representatives. Therefore, the
calculated mean values of the parameters are probably not much influenced.
Only for Mainagappalli 82-92' were the values of Dr larger than 225 J1
excluded (two saddle forms and one biconvex specimen).
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c Dr Dn Ai B

Mainagappalli 82-92' Mean 3.9 163 245 45.0 51.8

se 0.2 3.3 5.8 0.8 2.1
N 28 29 29 25 26

Mainagappalli 92-105' Mean 3.5 179 252 42.3 50.9
se 0.1 4.3 5.5 0.7 1.5

N 30 30 30 23 30

Tirkadavur 23-32' Mean 4.0 201 289
se 0.1 7.3 10.
N 20 24 24

•• N

Fig. 74 Histograms and Dr-Dn
scatter diagram ofTirkadavur.
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K4 This is a sample fram the Waior section, Kutch, N.W. India (Raju
1974, figs. 4, 7). The correct position in the section can be found in the
paper of Draoger and Raju (1978). These authors determined from K4 an
assemblage of Miogypsina (Miogypsinoides) complanata-formosensis. The
Lepidocyclina data are fram a completed but unpublished study of Raju.

We have no data about external morphology.



Counts and measurements on the embryonic-nepionic stage
On the basis of Raju's data histograms were compiled for C, Ai> Dr and

DII (fig. 75). These frequency distributions all appear to be tolerably nor-
mal. There is only a slight irregularity in the histogram of Dr (not figured).
The scatter of Dr versus DII (fig. 76), however, shows a fairly regular elong-
ated clustering. Hence, all means were calculated for further comparison.

c Dr Dn A·1

Mean 2.6 255 346 41.5

se 0.1 7.1 7.8 0.6
N 18 25 25 25
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Fig. 75 Histograms K4.
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Fig. 76 Dr-Dn scatter diagram K4.
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Evidently two groups of Lepidocyclina can be distinguished in India. As in
the Indonesian samples both groups seem to occur together and group 1
occurs singly as well. Group 2 is less frequent and there is a suggestion that it
might occur alone.

The relative stratigraphic position of the samples is inferred from the
accompanying Miogypsina assemblages. By application of the results of the
succession of the miogypsinid assemblages in the Khari Nadi section (Raju,
1974) our samples should be ordered from bottom to top: K4 (M. com-
planata-formosensis), G1437 (M. ex. interc. tani-globulina), QrlO (M. glo-
bulina-thecideaeformis) and Mainagappalli and Tirkadavur (both M. droo-
geri). Qr3 with M. dehaartii is arbitrarily placed between QrlO and G1437,
for M. dehaartii may co-occur with M. tani as well as with M. globulina.

Group 1

C Dn A-
I

M. droogeri Tirk. 13-26' 4.0 289
M. droogeri Main. 82-92' 3.9 245 45.0
M. droogeri Main. 92-105' 3.5 252 42.3
M. globulina-thecideaeformis Qr10 2.3 170 42.4
M. dehaartii Qr3 2.5 203 38.8
M. ex. interc. tani-globulina G1437
M. complanata-formosensis K4 2.6 346 41.5

Group 2

C Dn Ai

4.3 345 47.0
7.7 571 52.1
4.2 314 44.9

Provided that the order of samples is approximately correct we can see
an increase in C and Ai for group 1.

The C value for K4 is somewhat embarrassing in that it seems too high,
but so is the value of Ai, and especially those of D1 and Dn. If one considers
the relative stratigraphic position the latter values are too high to fit into
group 1. If we are to consider the assemblage as a representative of group 2,
the C value seems too low in comparison with the values recorded so far,
but considering the accompanying miogypsinids K4 seems to be the oldest
of all our Indo-Pacific material.

For comparison with the Indonesian lepidocyclinids the sample means
are plotted together in the C-Dn and C-Ai scatter diagrams (figs. 77, 78).
In the former diagram the position of the Indian group 1 assemblages com-
pares fairly well with the lower left cluster of the Indonesian samples older
than the range zone of M. intermedia. They centre around the L. suma-
trensis cluster. K4, however, shows a position far to the right of this cluster.
Also in the C-Ai diagram there is a fair agreement with the positions of the



Indonesian L. sumatrensis samples, even in the case of K4 which now is right
in the middle.

The position of the Indian assemblages of group 2 matches with those
from Indonesia. In both diagrams Qrl0 and G1437 are comparable to
N.B.9066 and Lodan I 175 m (group 2), whereas Qr3 is closer to Lodan II,
Klias and Tremboel.

The Indian group 1, with the exception of K4, is comparable with the
L. sumatrensis group of assemblages in Indonesia and also seems to corres-
pond in biostratigraphic position relative to the Miogypsina scale. Hence, the
way in which these Lepidocyclinidae have developed seems to have been
similar to that in Indonesia. The meaning of the K4 assemblage will be
speculated on in the final chapters.

As to group 2 the Indian data correspond to those from Indonesia, with-
out further clarification.

V.2. FIJI

The material ongmates from the type section of the Futuna Limestone
Formation (Ladd and Hoffmeister, 1945) on the island of Vanua Mbalavu
(geographic position 1780 27' W., 170 9' S.), which belongs to the Lau
group of the Fiji islands. The type section consists of alternating harder
and softer foraminiferal limestones. The biostratigraphic position is given
as upper Tf. Cole (in: Ladd and Hoffmeister, 1945) described Operculina,
several species of Cycloclypeus, Lepidocyclina japonica, L. rutteni, and
L. rutteni var. lauensis from the Futuna Limestone Formation.

The three samples available, in stratigraphic order from top to bottom
are: FIn, F173B and F175. F173B was taken halfway up the type sec-
tion. In addition to the fossils mentioned by Cole, we found a planktonic
foraminiferal association with Globorotalia menardii and Globoquadrina
dehiscens, which indicates a zonal assignment between N12/13 and N18.
The absence of Globigerinoides subquadratus is negative evidence which
might make us prefer an assignment to N14.

External and internal morphology
Stellate forms and forms with a very irregular outline are very charac-

teristic in the Fiji samples (see PI. 25 G-M of Cole, in Ladd and Hoffmeister,
1945). These types are identical to those encountered in samples S49, G457,
K082 and in others from Indonesia. More regular tests were found as well.
Their size ranges from 1.0 to 3.5 mm and the T/D ratio is between 0.3 and
0.5.
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The internal morphology is predominantly stellate, more or less well
developed.

Counts and measurements on the embryonic-nepionic stage
The number of observations per sample is low because matrix-free

material was limited. As a consequence, the irregularities in the histograms,
especially for F172 and F173B, cannot be considered important (fig. 79).
The scatter diagrams of DI-Dn (fig. 80) show narrow and elongated clus-
ters. The distribution in the clusters is not homogeneous, but calculations of
the coefficient of variation for C and Dn appeared to give fairly satisfactory
values. As a result, the samples are regarded as being homogeneous. On the
basis of the mean values the assemblages cannot be shown to differ from
one another.

c Dr Dn Ai B

Fl72 Mean 6.0 138 275 64.9 71.0
se 0.25 5.4 9.1 1.0 1.2

N 23 27 27 23 23

F173B Mean 6.0 129 260 64.1 66.0
se 0.25 8.1 15.6 1.0 1.8

N 18 18 18 18 17

F175 Mean 5.8 133 282 66.4 66.1
se 0.30 7.1 5.5 1.1 2.8
N 9 11 11 10 9

Conclusions

There are striking similarities in the outer and inner morphology of a
number of the younger assemblages from Indonesia and those from Fiji.

After the mean values in the C-Dn and C-Ai diagrams (figs. 77, 78)
have been plotted the Fiji samples have a position in the upper right corner
of the C-Ai diagram of the Indonesian assemblages of group 1 and in the
C-Dn diagram in the upper right of the cluster formed by the same younger
Indonesian assemblages. The L. martini assemblages from samples K0143
and SRX6 in Indonesia have roughly the same position in these diagrams.
If one takes the age determination based on planktonics for granted, these
Fiji samples are about the same age as the Indonesian samples.

V.3. AUSTRALIA

Some selected Lepidocyclina specimens from the Batesford Limestone
Formation were found in the Utrecht Collections. Batesford is located



approximately 65 km West of Melbourne, Victoria. From these limestones
Lepidocyclina howchini originates.

Matsumaru (1971) alre.ady discussed the age of the limestones. He follow-
ed the results of Carter (1964) who described Globigerinoides bisphericus
(N8) from the top of the Batesford Formation but also rare specimens of
Globigerina ciperoensis. If the latter species is present due to reworking, the
presence of Lepidocyclina specimens may be accounted for by the same
process.

External morphology
The test is flattened biconvex to slightly scutiform, with a T/D ratio of

0.3 to 0.4. The test size varies between 2 and 5 mm. The outline is irregu-
larly circular to somewhat pentagonal. The apical part of the test surface
shows papillae or small pustules.

Counts and measurements on the embryonic-nepionic stage
The histograms (fig. 81) show unimodal distributions for C and Ai, where-

as the distributions of B, Dr and Drr are more irregular. The numbers of
observations are again rather small. Applying a more appropriate number of
classes improves the distribution of Dr somewhat, but that of Drr remains
rather irregular, mainly due to one extremely large Drr observation of
approximately 600 11. The Dr-Drr diagram fig. 82 shows an irregular elong-
ated scatterfield with a higher density in the lower left corner. The coeffi-
cient of variation for all C and Drr observations appeared to be fairly normal.
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For comparison, the means have been plotted in the C-DII and C-Ai dia-
grams (figs. 77, 78) of the Indonesian assemblages. In the former diagram,
the sample has a position amongst the points of the group 2 samples of
Tremboel, N.B.9066 and Qr10. In the C-Ai diagram its position is roughly
in between groups 1 and 2 of Tremboel. The results seem to indicate that
the Australian assemblage has more affinity with group 2 than with group 1.
Again, group 2 unaccompanied by group 1 is thought to be unusual.

If we assume that the assemblage is heterogeneous and make a separation
into DII values larger and smaller than 379 fl, the result is astonishing. The C
values become 4.2 and 6.1, the DII 312 fl and 440 fl, and the Ai 50 and 55,
for groups "1" and "2", respectively. The group "1" gets a position close to
the L. sumatrensis assemblages (in both scatters) and group "2" is in the
middle of the Tremboel group 2 assemblages.

No decision can be made; if the assemblage is homogeneous, the means
have odd values that deviate from the general pattern obtained from the
Indonesian samples. If the sample contains two groups, the respective means
fit to the Indonesian groups, although the biostratigraphic position of the
L. sumatrensis group (N8) may seem too high, but not that of the cf. Trem-
boel group 2.

VA. EUROPE

The comparison with ·the European Lepidocyclina assemblages is based
entirely on data from the literature. The data are after Drooger and Freuden-



thaI (1964; Southern France), Vervloet (1966; North Italy), Meulenkamp
and Amato (1972; North Italy) and De Mulder (1975; Western Greece).
De Mulder has given a compilation of the European data in C-Dr and C-Ao
scatter diagrams, and he proposed the use of C and Ai in combination to
delimit three European species. The ages of the European species range from
Middle or Late Oligocene to Early Miocene, in stage terms from Rupelian to
Burdigalian.

All the European data are plotted together with the Indonesian, Indian
and Fijian data in C-Dn, C-Ai and Dr-Dn scatter diagrams.

In the lower part of the C--Dn diagram (fig. 77) the European assem-
blages occupy a continuous elongated strip below the Indo-Pacific group 1
data, with hardly any overlap. The Indonesian group 2 samples are less
clearly separated from the European ones; a small number of them occurs
within the European scatterfield, but at comparable C levels the European
assemblages tend to have higher Dn values.

The assemblage K4 from India is the only one which has a position in the
lower part of the scatter field in the midst of the European assemblages.

In the C-Ai diagram (fig. 78) the scatterfields of the Indo-Pacific and
European assemblages show for the older samples a slight overlap in the
lower left, but from here on, the trends clearly diverge. The European
assemblages show a more rapid increase in C with increasing Ai values than
the Indonesian group 1 succession. Their range of Ai is only half the range
shown by the Indonesian samples. It is to be noted that Drooger and Freu-
denthal (1964) presented only Ao values for their samples. According to
these authors the maximum difference between Ao and Ai is considered to
be less than twice the standard error; the Ai values presented here are an
estimate obtained by substracting two standard errors from the recorded
Ao values.

The Indo-Pacific group 2 assemblages have a position in between the
European and Indonesian group 1 data. Only a few of them are found
amongst the European data. Except for these few assemblages, all others
have larger Ai values than the European samples with comparable C. K4
is in the lower left where both groups are still together, but in the C-Ai
relation it is not the most primitive Indo-Pacific assemblage.

As D values seem to be the best means of expressing the difference be-
tween the European and Indonesian assemblages, all data have been scatter-
ed in a Dr-Dn diagram (fig. 83).

In the Indo-Pacific group 1 two diverging lines may be distinguished. The



older L. isolepidinoides-L. sumatrensis group starts with small embryons
(DI-Dn approximately 100-150 fJ.) and in the assumed growth series
Dn/DI shows a tendency to decrease, i.e. I expands slightly faster than II.
At the 200-280 fJ. size of the embryon, the line seems to end abruptly and
the younger L. angulosa-L. martini-L. rutteni group again starts at about the
100-150 fJ. relation of the embryon. In this line the Dn/DI slope is clearly
different because here II expands faster than I and the Dn/DI relation tends
to increase.

Fig. 83 DI-Dn sc~tter diagra~ of Indo-Pacific and European samples.
r.m.a. (1) "Qn = 1.395"QI + 2.74 (isolepidinoides-sumatrensis)
r.m.a. (2) "Qn = 2.218"QI - 46.93 (angulosa-martini-rutteni)
Lm.a. (3) Dn = 1.851DI - 102.11 (praemarginata-morgani-toumoueri).

The European group, including the assemblage of K4 from India, is
clearly different from both Indonesian group 1 lines. As far as absolute
Dn and DI values are concerned it starts where the older Indonesian group 1
breaks off, but at a much earlier age than even the oldest L. isolepidinoides
we have in our material. The European Dn/DI development follows a slope,
nearly parallel to the second Indo-Pacific line, but at much higher Dn and
DI levels and again much earlier in time. Also in Europe II tends to grow
faster than I. The line is not a continuation of the Indonesian line but it
is parallel at higher DI levels.



The Indo-Pacific group 2 assemblages make little sense. They are closest to
the European assemblages, with about half of them dangling below the
European line because of their too high Dn values. We know already that
in this group morphology and stratigraphic order show no correlation.

The European and Indo-Pacific assemblages must be considered to belong
to different lineages, easily separable on morphological grounds. As a conse-
quence European taxonomic names cannot be used for the Indo-Pacific and
vice versa. The only exception can be made for the K4 assemblage, which
would receive the name L. ex. interc. praemarginata-morgani in the Euro-
pean lineage (De Mulder, 1975, p. 116).

Taxonomy will be dealt with in a later chapter.



It seems rather pointless to discuss the history of the Indonesian Lepi-
docyclinidae unless the succession of the assemblages is based on actual
superposition of strata. However, the stratigraphic order of our assemblages,
suggested earlier, has produced satisfactory results which deserve further
discussion.

Conclusions about relationships and phylogeny are commonly based on
e or Ai or both means combined but it is being realized more and more
that data on the size of the embryon must be included as well.

For the Indonesian group 1 assemblages the increase in e and Ai (tables
1, 2, 3) has been shown to be clearly time-dependent. These trends are in
good agreement with the principles of nepionic and embryonic acceleration
formulated by Tan and Drooger. In these principles it is stated that during
the development of the Lepidocyclina populations the nepionic stage was
completed more and more quickly in the course of time - i.e. in a decreasing
number of steps - and that the embryon obtained a more globular shape by
the progressive envelopment of the protoconch by the deuteroconch. These
changes are expressed in the increase of e and of Ai, respectively.

Theoretically there is also an overall increase in the average size of the
embryon (DI, DII), but this increase appears to be less consistent in time.
Sudden drops in D of about 25% occur repeatedly in successions of assem-
blages that otherwise show fairly regular courses of increase or stability. We
suspect the DI and DII to be dependent to a certain extent on environmental
conditions. For instance, in the Miogypsinidae, the protoconch size seems to
be influenced by latitude and depth (Drooger and Raju, 1973), and in
Recent Operculina, Fermont (1977) found a relationship between proto-
conch size and depth. These size fluctuations of the embryon appear to have
only slight effects on the evolutionary courses ofe and Ai, notwithstanding
the repeatedly found positive C-D and Ai-D correlations.

In addition to these seemingly haphazard D fluctuations, we must be
aware of the fact that a strong decrease of D by some 50% or more with a
long-lasting effect must have occurred as well.

If for instance the oldest "European" L. ex. interc. praemarginata-morgani
in India is ancestral to the later Indo-Pacific Lepidocyclina, we must accept
the fact of a diameter reduction of about 50% towards the ensuing L. isolepi-



dinoides-L. sumatrensis lineage. Because of the staggering increase of the
embryon in the latter lineage, we are compelled to assume that there was
another comparable large reduction in size if we are to arrive at the starting
point of the next younger lineage (from L. angulosa to L. rutteni). The
fluent continuation of the C and Ai values strongly suggests the phylogenetic
relationship of both group 1 lineages. At the phylogenetic level where
L. sumatrensis changes to L. angulosa the strong embryon decrease is ac-
companied by another peculiar sudden change. The DII/D1 relation follows
another course of evolution. The deuteroconch (DII) starts to expand more
rapidly than the protoconch (DJ), whereas previously the relation was absent
to reversed. In this DII/DI relation the later Indonesian group 1 lineage
follows a course nearly parallel to the evolutionary line of the European
lineage, which came to an end at approximately the time the L. angulosa
lineage started in the Far East.

These remarkable set-backs in the size and configurations of the embryon
are not yet understood, certainly not as far as the Lepidocyclinids are con-
cerned. We know of similar cases in other lineages of larger foraminifera.
Raju (1974) clearly documented a reduction in protoconch size in the Indian
Miogypsinidae, but in this group the change coincided with the development
of well developed systems of lateral chambers. Although we do not under-
stand the connection, we can at least assume that the embryon-reduction
had a meaning, whereas in the Lepidocyclinids we failed to find any other
simultaneous changes. We may have another case of such a reduction in the
Indonesian Cycloclypeus at the transition from the C. koolhoveni group to
the C. eidae group, although we do not know whether this really was an
evolutionary event and speculations on the phylogenetic relations of both
groups are rather diverse (Tan, 1932; Drooger 1955; MacGillavry, 1962).

It has been argued several times in the previous chapters that the succes-
sion of the group 2 assemblages of the Indo-Pacific does not make sense
from the point of view of nepionic and embryonic acceleration. We may be
dealing with repeated, unsuccessful offshoots from the other two Indone-
sian lineages. If we accept 50% reductions in the embryon size in the course
of evolution, we might just as well imagine repeated occurrence of sudden
increases of some 100%. However, in our case the situation is different be-
cause the C and Ai values are equally affected but in different ways. In the
C-1\-.o relations one observes a great variety of combinations, sometimes
rather consistent in one place (boring Tremboel), but in others fundament-
ally changing from one sample to another in the same boring (Lodan) or in a
smaller area (North Borneo). Since we assume that group 2 populations
did not exist in isolation it is possible that these forms may be some kind of



ecophenotypic or genetically controlled parts of group 1 populations. It
should be emphasized that on the basis of our present knowledge of larger
foraminifera this relation cannot be understood.

When the European assemblages are compared with those from the Indo-
Pacific we usually find differences in C, Ai and Dn.Only a few assemblages
from both areas have comparable mean values for the first two parameters.

The samples A96, A79 and A135 from Greece (De Mulder 1975) resemble
our lowermost assemblages quite closely, except in D. According to plank-
tonic foraminiferal assemblages, these European samples are distinctly older
(Nl-2 versus about N3-4). Only the K4 assemblage from India fits in with
the European stock in D and in age. Evidently the regional developments of
C and Ai are different.

In addition, it should be remembered that neither in Europe nor in the
Indo-Pacific have very primitive assemblages been found comparable to the
American L. mantelli and L. canellei groups. So, unless a polyphyletic origin
is claimed for the Lepidocyclinidae, it is likely that the European and the
Indo-Pacific Lepidocyclinidae derive from an American ancestral stock. Con-
sidering the oldest reported occurrences of Lepidocyclina in these areas, the
migration should have taken place during the Middle to Late Oligocene. As
to the migration route, the possibility cannot be ruled out that the first
Lepidocyclinids crossed from America to the Indo-Pacific through the Pa-
cific but an eastward migration along the former Tethys is more likely. The
early L. praemarginata stage in the Mediterranean has not been clearly do-
cumented in the Indo-Pacific; anyway nothing comparable to these primitive
European forms has been found in our Indonesian material.

Since the regional developments are strongly different, exchange between
the Mediterranean and the Indo-Pacific was probably limited during or after
the Late Oligocene, if it was possible at all.

The problems and speculations about these migrations are similar to those
on Miogypsinidae, as Raju explained (1974). His suggestions that Miogyp-
sinidae migrated at the Oligocene level of Miogypsinoides bermudezi and
M. complanata and that an effective faunal barrier arose between Europe and
the Indo-Pacific at the end of the Oligocene are certainly in good agreement
with our conclusions based on the Lepidocyclinidae.

In this connection we would recall the deviating "European" appearance
of the assemblage from the sample K4 in India. In this sample the Lepidocy-
clinids are accompanied by M. complanata-formosensis, (Drooger and Raju,
1978), and in a lower sample K5 Planolinderina escornebovensis (Raju and
Drooger, 1978) is present; these together form an association completely
identical with that in the Upper Oligocene of South-West France.



Fig. 84 Tentative correlation between planktonic zones of Blow (1969) and larger foraminiferal
lineage zones in the Indo-Pacific.



VII.I. SPECIES LIMITS

The best way of subdividing the lineages into a number of biometrically
defined species is to use C and Ai. A first dividing line in group 1 may be
drawn on Ai on the basis of the Ai of 52.5. The reason for proposing this
limit is found in the general setback in 15 values while Ai increases from
approximately 50 to 54. .

In the assemblages with Ai values below 52.5, C and Ai show steady and
fairly well correlated increases. The differences between these assemblages
were tested with a t-test. The general procedure was to compare the mean
value of the lowest sample with the mean values of subsequent higher
samples. In this way a number of significance levels can be found. A signifi-
cance level is attributed to the first sample from the series of subsequent
younger samples, if the mean of the sample differs from the oldest sample,
at a 99.5% significance level. The procedure is then repeated starting with
this younger sample.

For the group of assemblages with Ai < 52.5 three significance levels
could be shown for C and for Ai but generally these levels do not coincide.
Since BPI02 was considered to be sufficiently representative for the C and
Ai values of Klias it was decided unnecessary to include all Klias samples in
the calculations. Because we know that Ai and C show "random" fluctua-
tions (Klias) we cannot go so far as to set a species limit at each significance
level. As a consequence no more than one species limit is proposed within
the sequence, which thus gives a subdivision into two assemblage groups.
The limits and the species names are:

Ai < 40 ;C";; 2.25 Lepidocyclina isolepidinoides

40,,;; Ai";; 52.5; C";; 3.75 Lepidocyclina sumatrensis

As a rough equivalent of Ai in the a scale, Q> 2150 corresponds to Ai < 40
arid 2150

;;;. Q;;;' 1700 to 40 ,,;;Ai ,,;; 52.5. C values are added as a second
means of distinguishing both species.

For the group 1 assemblages with Ai values larger than 52.5 no signific-
ance levels have been tested. The subdivision had to be based entirely on the
C values because Ai is not very meaningful anymore, due to its strong fluc-
tuations. The following names and limits are proposed:



Ai> 52.5; C ~ 4.75 Lepidocyclina angulosa

Ai> 52.5; 4.75 < C ~ 6.5 Lepidocyclina martini

Ai> 52.5; C > 6.5 Lepidocyclina rutteni

The observed C ranges in the assemblages of L. angulosa and L. martini
are about 6 times the average standard errors and the species limits are
thought to be not too narrow.

A few comments should be made about the information given above.
For the assemblages of L. isolepidinoides we might need a precise lower
limit if assemblages turn up with Ai and C values lower than the lowest
values recorded so far. Theoretically Ai may be as small as about 25, and
C as low as O. If such assemblages were to be found the lower species limit
of L. isolepidinoides might be given as Ai> 32.5 and C ;;;;,1, which would
leave sufficient meaningful morphological space for the definition of L.
"pre-iso lepid inoides".

Secondly, it is very difficult to distinguish L. rutteni from group 2 assem-
blages purely on a numerical basis. It should be remembered that group 2
assemblages have never been encountered without group 1 (except G 1437,
India). Furthermore assemblages of L. rutteni usually have more regularly
curved and more symmetrical embryons.

The limits of group 2 can be given only on the basis of our present know-
ledge of the size of protoconch and deuteroconch. Since we presume that
group 2 comprises a number of different offshoots one name for the group
seems to be inappropriate. A subdivision could easily be made on the basis
of either C or Ai. On the other hand it is not possible to make a sensible
subdivision due to the peculiar C and Ai fluctuations in the Lodan borings.
Hence the whole group is given one label. The proposed name is Lepidocy-
clina transiens and its limits are DII > 320 jJ. and Dr > 220 jJ..

A tentative correlation between larger foraminiferal lineage zones and the
plankton zonation of Blow (1969) is given in fig. 84.



VII.2. THE LABELLING

The "labelling" of our biometrically defined species appeared to be a
speculative operation. Nearly all the species names we had to choose from
were entirely based on the typological species concept. Moreover, the sub-
sequent species identifications of different specialists usually add to the
confusion (Van der Vlerk, 1974). We could perhaps have introduced a set of
completely new names, but in the future each one would sooner or later be
recognized as a synonym. For this reason we preferred to try to guess the
correct name from the wealth of names available in the literature.

Since topotype or holotype material of the species described earlier was
not available, we had to rely entirely on the literature in which the types
are often poorly figured. Consequently, only the better described and better
depicted species can be taken into consideration. As a result, however, with
the disadvantage that a senior synonym might have been overlooked.

While attempting to pigeon-hole the earlier described species into our
system on the basis of counts and measurements of the single or few speci-
mens sufficiently well figured, we arrived at the strange conclusion that
many of them seem to be outside the observed ranges of our species units.
The main reason for this is that the embryons are too large. Two explana-
tions for these discrepancies can be suggested. The first is that the earlier
authors tended to depict one of the largest and possibly one of the most
distinct specimens. The other explanation may be that our material covers
only a small part of the existing variation in Indonesian Lepidocyclinidae.
It has been argued before that provincialism might have been wide-spread
in the Western Pacific and several different stocks may have remained
unnoticed because of a lack of adequate material. Possibly both explana-
tions may be valid.

Although most of the original descriptions are inadequate, later investi-
gators, using topotype material, often added useful information. A good
example is Lepidocyclina sumatrensis (Brady) 1875; after reinvestigation
of the original material by Newton and Holland (1899), this species became
widely recognized. Other deficient descriptions are those of L. sumatrensis
(Brady) var. eulepidinacea Van der Vlerk 1924, and L. rutteni Van der Vlerk
1924, but for these species Caudri (1939) supplied additional information,
using topotype material of L. rutteni and original material of L. sumatrensis
var. eulepidinacea (= L. talahabensis Van der Vlerk, 1928).

Fairly good first descriptions have been given by Provale (1909) for
L. angulosa, L. inflata and L. ferreroi. As a result these species have been
widely accepted in the literature.



Mohler (1946) gives an excellent description of his L. crucifera. In addi-
tion to the description of the external morphology he gives data on the
numbers of ad-auxiliary chambers of the assemblage as well as on the dia-
meters of protoconch and deuteroconch. He described the shape of the
embryon as being "weit/wenig umfassend". From his data we calculated that
C = 3.0, Dr = 307.5/1 and DII = 459.0/1. The Ai is estimated to be about 50.
Mohler also compared the L. crucifera assemblage with one of L. isolepidi-
noides (from East Borneo) and one of L. rutteni (from Central Java). For the
latter two assemblages only C counts are given. Their means appear to be
1.32 and 7.95 respectively. L. crucifera would fit within the proposed limits
of our L. sumatrensis, but DII is too large.

There has been much discussion in the literature about the differences
between L. angulosa Provale (1909), L. japonica Yabe (1906) and L. martini
Schlumberger (1900). Caudri (1939) reviewed these three species though not
on the basis of topotype material. She recognized small differences in the
external morphology and described the shape of the embryon as nephrolepi-
dine, often "sehr weitumfassend" in L. angulosa, and nephrolepidine to
trybliolepidine for the other two species. Matsumaru (1971) in his biometric
study of Japanese Lepidocyclina assemblages also identified the species L.
japonica and L. angulosa. According to this author the difference between
the two is that L. japonica has a lenticular test, whereas that of L. angulosa
is obese. Both species recorded from the same level show no significant
differences in their measured "classical" parameters.

Finally the widely used subgeneric names deserve some comment. These
subgenera are based on the shape of the embryon and the degree to which
the deuteroconch embraces the protoconch, but the subgenera are not well
defined. The subgenus names Trybliolepidina and Isolepidina are invalid,
which leaves us with only Lepidocyclina and Nephrolepidina. As the type
species for the subgenus Lepidocyclina is an American species we may
consider the subgeneric name Nephrolepidina suitable for all Indo-Pacific
group 1 species, although extreme variants might be called isolepidine or
trybliolepidine. For the group 2 assemblages we prefer to refrain from a sub-
generic designation because their separate biological position as a group is
still uncertain.



Genus .Lepidocyclina Gumbel (1868)

Subgenus Nephrolepidina Douville 1911

Lepidocyclina isolepidinoides Van der Vlerk
PI. 3, figs. 1-6

Lepidocyclina (Nephrolepidina) isolepidinoides Van der Vlerk, 1929, Wet. Meded. Dienst Mijnb. Ned.
Indie, no. 9, p. 23, figs. 20, 45a-b, 48a-e.

Lepidocyclina (Nephrolepidina) isolepidinoides Van der Vlerk, Tan Sin Hok, 1939, De Ingenieur in
Ned. Indie, Mijnb. en Geol. J aarg. 6, no. 5, pI. 1, figs. la-b.

Lepidocyclina (Nephrolepidina) isolepidinoides Van der Vlerk, Mohler 1946, Eel. Geol. Helv., vol. 39,
p. 307, 308.

This species name is used for the Indo-Pacific assemblages with Ai < 40
and C ,;;;;2.25. As pointed out already we might in future need to define
lower limits as well, for which Ai > 32.5 and C;;;. 1 may prove suitable. In
our assemblages Dn ranges from 158-217/1.

The species name is chosen because the original description and figures are
good. The figured specimens show a low stage of embryonic-nepionic devel-
opment with respect to C and Ai, and also Dn is small. The engine-turned
arrangement of the equatorial chambers (arcuate-2) fits rather well with
the observations on our assemblages.

Our assemblages from Madura h494 and h285, and those from N.B.9066
and G98, both from Borneo, have been assigned to L. isolepidinoides.

These samples were correlated with the zones N2 and N4, but N.B.9066
contains an assemblage of Miogypsina tani. The planktonics point to an
Early Miocene age, as do the Miogypsina species.

L. isolepidinoides is the counterpart of the European L. praemarginata in
Aj, but C ranges higher, up to 3 in the latter species (definition De Mulder,
1975). The assemblages of the European species, known so far, have much
greater Dn values.



Lepidocyclina sumatrensis (Brady)
PI. 1, fig. 2; pI. 3, figs. 9, 10; pI. 4, figs. 1-5; pI. 5, figs. 1-6;

pI. 10, figs. 12, 14-17

Orbitoides sumatrensis Brady 1875, Geol. Mag., London, decade 2, vol. 2, p. 536.
Lepidocyclina sumatrensis (Brady), Newton and Holland, 1899, Ann. Mag. Nat. Hist., ser. 7, vol. 3,

p. 259, pI. 10, figs. 7-12.
Lepidocyclina sumatrensis (Brady) var. inornata Rutten, 1913, Geol. Reichsmus. Leiden, Samml.,

(1),9, p. 294, pI. 22, figs. 6-8.
Lepidocyclina sumatrensis (Brady) var. minor Rutten, 1913, id., p. 296, pI. 22, fig. 9.
Lepidocyclinaferreroi Provale, 1909, Rivista Italiana di Pal., vol. 15, p. 70, pI. 3, figs. 7-13.
Lepidocyclina tournoueri Lemoine and Douville var. borneensis Provale, 1909, id., p. 74, pI. 3, figs.

16,17, not figs. 18, 19.
Lepidocyclina (Nephrolepidina) borneensis Provale, Van der Vlerk, 1928, Wet. Meded. Dienst Mijnb.

Ned. Indie, no. 8, p. 23, figs. 16a-c.
Lepidocyclina borneensis Provale, Scheffen, 1932, id., no. 21, pI. 8, figs. 1,2.
Lepidocyclina (Nephrolepidina) bikiniensis Cole, 1954, U.S. Geol. Survey, Prof. Paper 260-0, p. 586,

pI. 214, figs. 1-8.

The species limits are defined as 40 ~ Ai ~ 52.5 and C ~ 3.75. To avoid
confusion with the assemblages of group 2, the Dn values must be smaller
than 340 /1. The latter differentiation is valid for our present observations,
but it seems quite possible that future new data will conflict with this separa-
tion criterion.

The assemblages of BP102, BP101b (East Borneo) and the group 1 parts
of the assemblages of Lodan I (175 m, 220 m, 245 m), Lodan II (217-
220 m, 228-231 m) and of all Klias samples appear to belong to L. suma-
trensis.

The name L. sumatrensis has been chosen because of the strong resem-
blance of the type locality specimens (Newton and Holland, 1899) to at least
part of the specimens in our assemblages of BP102 and BP101b. The latter
samples are from the type area from which Rutten described the varieties
inornata and minor. In the same samples from Borneo specimens were found
which closely resemble Lepidocylina ferreroi. The biometrical data for these
specimens do not differ from those for the rest of the assemblage. Hence,
L. ferreroi is considered to be a junior synonym of L. sumatrensis.

The cited references of Lepidocyclina borneensis are included because of
their concentric arrangement in the equatorial layer and the moderate degree
to which the deuteroconch embraces the protoconch. The Dn values seem to
be somewhat large, but they are probably not yet in the size range of group
2.

L. bikiniensis seems to have moderate Ai values; Cole reports the Dn in
two specimens to be 300 /1 and 340 /1. One figured specimen shows 2 ad-
auxiliary chambers.



Part of our samples contained planktonic foraminiferal assemblages which
are correlated to the zones N4 and N5/6. The accompanying miogypsinid
assemblages were identified as M. tani and M. ex. interc. tani-globulina
(Klias), M. globulina and M. excentrica (Lodan II) and M. globulina (Lodan
I and BPI 01b). This evidence taken together suggests an Aquitanian-Early
Burdigalian Age, to use European terminology.

The Indian assemblage Qr3 (the group 1 part) can be referred to as L. ex.
interc. isolepidinoides-sumatrensis, whereas the corresponding group in Qr10
and in both Mainagappalli assemblages can be Cl:ssignedto L. sumatrensis.

Lepidocyclina angulosa Provale
PI. 6, figs. 1-6; pI. 7, figs. 1-4,6; pI. 10, fig. 9

Lepidocyclina tournoueri Lemoine and Douville var. angulosa, Provale, 1909, Riv. Ital. Pal., vol. 15,
p. 90, pI. 2, figs. 13,14, not fig. 15.

Lepidocyclina angulosa Provale, Caudri, 1939, Verh. Geol. Mijnbouwk. Gen. Ned. en Kol., vol. 12,
p. 197, pI. 7, figs. 32-35.

Lepidocyclina japonica Yabe, Caudri, 1939, id., p. 208, pI. 8, figs. 50-56.
Lepidocyclina verrucosa Scheffen, 1932, Wet. Meded. Dienst Mijnb. Ned. Indie, no. 21, pI. 7, figs.

2-4.

The species limits are defined as Ai > 52.5 and C < 4.75. Because C values
lower than the upper C limit of L. sumatrensis (3.75) in combination with
Ai values larger than 52.5 do occur (e.g. Lodan B) we refrain from giving a
lower C limit for L. angulosa. In addition the DII values must again be smal-
ler than 340 fJ.. In practice most DII values are much smaller.

The species name L. angulosa was chosen primarily because of the "wavy
concentric" pattern in the equatorial layer. The specimen figured by Caudri
(fig. 35) illustrates this configuration rather well; it closely resembles similar
specimens in the assemblages of TremboeI. One specimen figured by Provale
(fig. 15) shows a DII of about 600 J1 or larger; it is probably a representative
of group 2. Although Provale gives no other pictures of the equatorial layer
of L. angulosa, this species name is widely used and the reports of later
authors seem to fit rather well with our species definition. For these reasons
we have retained this species name.

Caudri suspected that L. japonica had a high Ai value but the DII seems
to be rather small (estimated to be 260 fJ.); therefore it is included in the
synonymy. Also L. verrucosa may fit very well into L. angulosa as defined
here. The equatorial layer has a wavy concentric to somewhat stellate
pattern. The DII of the figured specimen is about 200 fJ..

The following assemblages in our material are designated to L. angulosa:
BP105, K082(2), K0145, G457 (all from East Borneo), Bg333 (Madura),



Lodan B and the group 1 parts of the Tremboel assemblages (East Java).
The accompanying planktonic foraminiferal assemblages are correlated

with zones N7/8, N10 and NIl. The co-occurring miogypsinid assemblages
belong to M. intermedia, M. cushmani, M. antillea and M. bifida. The plank-
tonic zones point to a Late Burdigalian and Early Langhian Age, to use
European terminology, the miogypsinids to Late Burdigalian.

Lepidocyclina martini Schlumberger
PI. 8, figs. 1-4; pI. 10, figs. 1-3, 10, 11

Lepidocyclina martini Schlumberger, 1900, Geol. Reichsmus. Leiden. Samml. (1), 6, p. 131, pI. 6,
figs. 5-8.

Lepidocyclina martini Schlumberger, Douville, 1916, id., (1), 10, p. 28, pI. 4, figs. 3-7.
Lepidocyclina (Trybliolepidina) talahabensis Van der Vlerk, 1928, Wet. Meded. Dienst Mijnb. Ned.

Indie, no. 8, p. 39, figs. 13a-b.
Lepidocyclina talahabensis Van der Vlerk, Caudri, 1939, Verh. Geol. Mijnbouwk. Gen. Ned. en Kol.,

vol. 12, p. 207, pI. 7, figs. 47-49.
Lepidocyclina (Nephrolepidina) martini Schlumberger, Cole, 1945, Bernice P. Bishop Museum, Bull.

181, p. 228, pI. 25, figs. a-m.
Lepidocyclina (Nephrolepidina) rutteni Van der Vlerk, Cole, 1945, id., p. 289, pI. 27, figs. e-g, not

? a-d.
Lepidocyclina spatiosa Scheffen, 1932, Wet. Meded. Dienst Mijnb. Ned. Indie, no. 21, p. 39, pI. 9,

figs. 1-3.

The species limits are defined as Ai > 52.5 and 4.75 < C <: 6.5, Dn should
again be smaller than 340 /1.

The original description of external and internal morphology fits very well
to our assemblages. The estimated Dn in the original figured specimen is
about 400 /1, which seems to be rather high. However, in our assemblages
single Dn observations may attain a similar dimension. In view of the other
references of L. martini this species name is thought to be the most ap-
propriate for our assemblages.

L. talahabensis, L. rutteni (Cole, not Van der Vlerk) and L. spatiosa are
included in the reference list because of their great similarity with L. martini
as far as equatorial chamber arrangement is concerned; their values of Ai, C
and Dn suggest these references to be within the limits set for L. martini.

The assemblages of K0143, G149 (East Borneo), Boegoel 396 m, SRX6
(East Java) and FI72, F173, F175 (all from Fiji) are thus assigned to L.
martini, and the assemblages of East Manjangau (East Borneo), Boegoel
420 m and the group 1 assemblage of S49 (East Borneo) are determined
as L. ex. interc. angulosa-martini.

The planktonic data are not very distinct at the boundary with the pre-
ceding species but they might indicate N1l/12. The youngest assemblages
seem to correspond to zone N14. It seems likely that Miogypsina s.s. (M.



antillea) and Lepidosemicyclina (M. bifida) became extinct In the strati-
graphic interval of L. martini.

In European terminology the planktonic data may point to a Late Lang-
hian Age.

Lepidocyclina rutteni Van der Vlerk
PI. 9, figs. 2,3; pI. 10, fig. 13

Lepidocyclina rutteni Van der Vlerk, 1924, Wet. Meded. Dienst Mijnb. Ned. Indie, no. 1, p. 17, pI. 3,
figs. 1-3, 4a-e, not figs. 4f-g.

Lepidocyclina rutteni Van der Vlerk, Van der Vlerk, 1928, id., no. 8, p. 35, figs. 12a-c.
Lepidocyclina rutteni Van der Vlerk, Caudri, 1939, Verh. Geol. Mijnbouwk. Gen. Ned. en Kol., vol.

12, p. 218, pI. 8, figs. 61-65.
Lepidocyclina rutteni Van der Vlerk forma globosa Scheffen, 1932, Wet. Meded. Dienst Mijnb. Ned.

Indie, no. 21, p. 40, pI. 10, figs. 1-3.
Lepidocyclina rutteni Van der Vlerk formastellata Scheffen, 1932, id., p. 39, pI. 10, fig. 4.

The species limits are Ai> 52.5 and C > 6.5. On the basis of numerical
data the L. rutteni assemblages may be very close to group 2. The L. rutteni
assemblages, however, usually have regular and symmetrical embryons and
the ad-auxiliary chambers are commonly regular and rather small.

The specimens figured by Van der Vlerk all show a fairly large embryon
with a high degree of embracement of the protoconch by the deuteroconch.
Although the number of ad-auxiliary chambers cannot be counted in these
figures, it is very likely that it is large. The data given by Mohler for an
assemblage of L. rutteni also point to a high C value (C = 7.9).

The two formae described by Scheffen were observed in our assemblage
as well. As to the biometrical data they do not differ from the rest of the
assemblage; therefore both formae have been included in the synonymy
list.

Only the assemblage of K082 (East Borneo) can be assigned to L. rutteni.
The rather scanty data from Be1421 (Madura) indicate that this assemblage
belongs to L. rutteni as well.

The planktonic foraminiferal assemblage of K082 indicates zone N19,
which points to an Early Pliocene age. The fact that no Lepidocyclinidae
were available from the planktonic zonal range N15 to N18 may explain the
wide morphological gap between the assemblage of K082 and the most
advanced assemblages of L. martini.



Lepidocyclina transiens Umbgrove
PI. 1, figs. 1, 2,4, 5; pI. 2, figs. 1-5; pI. 3, figs. 7, 8; pI. 4, figs. 6-8;

pI. 5, figs. 7, 8; pI. 6, fig. 8; pI. 7, figs. 5, 7, 8; pI. 10, figs. 4-6

Lepidocyclina transiens Umbgrove, 1929, Wet. Meded. Dienst Mijnb. Ned. Indie, no. 9, p. 110, pI. 1,
figs. 1-5.

The assemblages are usually characterized by high Ai and C values, above
50 and 5, respectively, but lower values have been found as well. Therefore,
only the diameters of the embryon can be used to characterize the group.
The limits are given as DII > 340 /1 and Dr > 220 /1. The embryon in L.
transiens is commonly irregular and not symmetrical. So far group 2 assem-
blages in Indonesia have only been found co-occurring with those of group 1.

The well described and well depicted specimens of L. transiens are highly
characteristic for our assemblages. Umbgrove reported deuteroconch dia-
meters of up to 860 /1 and he extensively illustrated the irregularities in the
shape of the embryon.

The figured specimen of L. atjehensis Oppenoorth (1918), which has an
estimated DII of about 600/1, would also fit into our group 2, but we prefer
to retain Umbgrove's species name because of the ample documentation.

Another species which may belong here is L. multi/oba Gerth (1939),
the estimated DII values of which are between 600 /1 and 700 /1. L. cruci-
fera of Mohler may also very well belong to group 2. The DII of 458 /1 is
certainly within the required limits, the C of 3.0 is very low, however.

Our L. transiens assemblages differ from the European species with com-
parable DII values in that they have significantly larger Ai values.

We assigned to L. transiens the group 2 parts of the assemblages ofN.B.9066
and Klias K15, K17 (North Borneo), S49 (East Borneo), Lodan I (175 m,
245 m), Lodan II (217-220 m, 228-231 m) and Tremboel (544 m, 544-
547 m, 556 m, 562 m, 625 m) all from East Java, and finally the relevant
parts of the Indian assemblages of Qr10 and Qr3. The assignment of the
assemblage G1437 (India) to this species is questionable because it was
found without group 1 representatives.

In terms of accompanying Miogypsina species L. transiens ranges from M.
tani to M. cushmani-M. antillea, in terms of group 1 Lepidocyclina from
L. isolepidinoides to L. angulosa. The corresponding interval of planktonic
zones from N4 to about N7/8 would indicate an Early Miocene age.
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Samples C N se range D1 N se range DII N se range

K082 9.5 16 0.47 6-12 244 19 11.8 191-362 509 20 21.9 392-755
Be1421 8.5 5 8- 9 215 14 17.4 160-400 458 14 24.4 360-650
K0143 5.9 28 0.38 3-10 152 29 8.4 90-241 297 30 20.5 130-503
SRX6 5.6 27 0.26 3- 8 132 27 5.5 90-190 263 27 12.5 190-350
G149 5.4 27 0.24 4- 8 140 27 4.1 100-191 253 27 6.2 191-312
Bgl396 5.1 21 0.24 4- 8 144 21 4.9 100-191 251 21 7.1 201-331
Bgl420 4.8 19 0.26 3- 7 155 19 9.1 100-241 252 19 11.3 160-342
B419A 5.0 28 0.25 2- 9 136 28 4.8 90-180 254 28 7.0 180-330
E.M. 4.8 48 0.16 3- 7 138 48 5.9 80-280 258 48 9.3 150-430
G457 4.3 40 0.17 3- 7 130 39 4.2 90-191 247 39 8.0 150-352
K0145 3.9 29 0.17 3- 6 111 29 3.9 80-161 207 29 5.3 160-271
K082(2) 3.7 70 0.10 2- 6 115 70 3.5 80-250 200 70 5.3 140-422
Trmb 544 3.9 29 0.24 2- 6 98 28 3.1 70-140 174 29 4.8 130-230
Trmb 544/47 3.8 31 0.23 2- 8 113 31 5.8 70-200 195 31 8.6 140-310
Trmb 556 3.8 36 0.20 2- 7 101 34 4.0 70-170 181 36 5.9 120-280
Trmb 562 4.2 45 0.16 3- 7 115 45 4.6 70-180 207 45 8.0 120-310
Trmb 625 4.2 51 0.16 2- 6 100 51 2.6 70-150 193 51 5.3 120-270
S49 4.7 18 0.31 2- 7 105 18 4.3 70-130 205 18 6.7 140-250
Bg333 3.4 35 0.15 1- 7 92 35 2.4 70-131 160 35 3.2 120-201
BP105 3.9 38 0.13 2- 6 119 40 3.3 90-161 210 40 4.8 150-281
BPI0lb 3.7 46 0.17 2- 7 178 46 4.5 140-280 277 46 6.9 200-430
L II 217/20 2.8 5 0.37 2- 4 88 5 3.7 80-100 146 5 5.1 130-160
L II 228/31 3.1 27 0.20 2- 5 144 27 6.3 90-210 221 27 8.6 170-320
L I 175 2.9 20 0.19 1- 4 134 20 4.0 80-160 204 20 5.5 150-251
L I 220 2.8 26 0.17 2- 5 130 26 4.3 90-171 205 26 7.1 140-271
L I 245 3.2 15 0.15 2- 4 101 15 5.0 70-151 155 15 7.3 121-231
Lodan B 3.3 29 0.14 2- 5 104 30 3.7 70-150 188 30 5.9 130-270
BP102 2.6 28 0.13 2- 4 153 28 5.4 110-211 219 28 7.5 160-321
G98 2.0 21 0.13 1- 3 159 21 5.3 120-201 217 21 8.2 150-271
N.B.9066 2.0 48 0.09 1- 3 114 48 2.7 80-150 159 48 4.0 100-240
h285 1.8 50 0.07 1- 3 155 50 3.2 110-210 209 50 4.2 160-290
h494 1.6 54 0.08 0- 3 140 54 4.6 80-210 188 54 6.2 90-300

Table 2 Statistical results group 1 (Java and Borneo).
Trmb = Tremboel, Bgl = Boegoel, L = Lodan (I and II).



Samples A· N B N
-

N1 se range se range a se range

K082 71.4 19 1.5 61-86 65.3 16 1.8 52-81 94 20 5.2 40-135
Be1421 65.3*
K0143 60.2 23 1.8 40-76 56.8 21 1.7 37~70 131 28 6.3 79-213
SRX6 64.4 26 1.2 50-75 60.5 26 1.2 50-78 124 26 4.4 81-180
G149 58.2 18 0.9 53-67 54.1 26 1.4 42-70 146 20 3.8 116-175
Bgl396 57.0 21 1.2 49-68 57.6 21 1.7 45~74 152 21 5.0 110-180
Bgl420 56.6 18 1.4 41-68 56.2 19 1.5 42-68 157 18 6.1 132-236
B419A 61.4 28 1.3 47-75 62.3 28 1.7 44-81 134 28 4.7 86-180
E.M. 60.4 48 0.7 50-74 62.8 48 1.2 40-81
G457 63.9 39 1.4 43-90 49.6 39 1.1 35-63 120 39 4.5 68-192
K0145 59.1 27 1.1 39-69 45.2 29 1.4 29-65 142 28 4.1 105-208
S49 61.4 18 1.7 50-74 57.5 18 2.2 38-76 133 18 5.8 90-169
K082(2) 54.8 70 0.9 42-73 52.0 70 0.9 31-70 154 70 2.5 94-199
Trmb 544 55.2 28 1.0 42-67 52.6 29 1.4 39-69 158 28 4.4 110-210
Trmb 544/47 54.1 31 1.4 44-65 53.7 31 1.4 43-76 158 31 3.4 118-184
Trmb 556 55.9 34 0.9 47-70 52.8 36 1.2 35-72 154 34 3.6 100~195
Trmb 562 56.2 45 0.8 43-69 56.0 45 1.3 41-73 150 45 2.7 103-180
Trmb 625 58.1 51 0.8 44-70 56.9 51 1.0 44-79 147 51 3.0 108-180
Bg333 54.7 35 1.1 35-67 51.8 35 1.3 30-65 160 35 4.1 112~233
BP105 56.4 40 1.1 41-71 51.4 37 1.1 36-63 150 40 3.5 112~197
Lodan B 56.9 28 0.9 48-68 46.5 27 1.2 35-64
BP101b 50.1 46 0.9 38-67 50.4 46 1.3 33-67 175 46 3.5 116-232
L II 217/20 48.1 5 1.1 45-51 41.8 5 3.7 31-50 179 5 4.0 165-186
L II 228/31 48.9 27 0.9 40-61 42.3 27 1.0 28-52 184 27 4.2 132-230
L 1175 44.7 20 1.1 39-57 38.4 20 1.3 30-50 187 20 4.0 158-225
L I 220 49.1 26 0.9 38-58 40.6 26 1.6 28-62 183 26 2.4 154-206
L I 245 46.2 15 1.1 37-57 44.6 15 1.2 39-57 188 15 4.9 153-216
BP102 42.9 28 0.7 34-53 43.2 28 1.2 25-60 204 28 2.6 166-228
G98 37.3 21 0.7 31-45 37.9 21 1.4 25~52 229 21 2.5 206-249
N.B.9066 39.7 48 0.6 29-49 37.9 47 0.8 27-52
h285 36.0* 96 39.2 50 0.8 27-57
h494 35.8* 97 39.1 54 0.9 28-53

* data after Van der Vlerk

Table 3 Statistical results group 1 (Java and Borneo).
Trmb = Tremboel, Bgl = Boegoel, L = Lodan (I and II).



Samples C N se range D1 N se range Dn N se range

S49 6.0 12 0.42 4- 9 251 12 13.5 190-350 416 12 25.0 311-613
Trmb 544 5.9 13 0.26 5- 7 297 12 20.9 160-430 470 13 25.9 330-650
Trmb 544/47 5.8 17 0.26 4- 9 264 19 16.5 180-440 446 19 19.3 340-630
Trmb 556 5.7 5 0.47 5- 7 200 3 5.7 190-210 335 4 30.0 320-350
Trmb 562 6.2 10 0.24 5- 7 254 11 24.1 140-360 435 11 28.2 320-620
Trmb 625 6.5 16 0.44 4-10 273 15 14.3 180-370 475 16 14.6 330-550
L II 217/20 9.3 9 1.21 5-17 380 14 26.4 261-633 689 14 26.3 553-855
L II 228/31 7.9 17 0.31 5-11 259 18 12.8 191-392 513 18 17.2 331-674
L 1 175 4.2 10 0.51 2- 8 262 10 24.7 200-472 407 10 36.4 290-684
L 1 245 7.7 30 0.27 4-12 228 30 8.3 160-332 449 30 12.0 340-580
K15 8.4 10 0.4 6-10 346 11 26.0 251-503 650 11 35.2 452-855
K17 8.2 20 0.3 5-12 327 20 16.8 190-500 635 20 30.6 410-955
N.B.9066 4.0 21 0.2 3- 6 242 28 8.1 190-320 340 28 10.4 260-500

J:\. N 13 N
-

N1 se range se range Ci se range

S49 53.5 12 1.1 47-60 55.9 12 2.0 46-66 162 12 4.1 140-180
Trmb 544 54.7 12 1.4 44-65 54.3 12 1.5 44-62 159 12 4.7 95-150
Trmb 544/47 57.7 18 1.6 48-77 55.0 17 1.8 39-77 146 16 5.9 98-190
Trmb 556 56.0 3 57.0 3
Trmb 562 58.6 11 2.2 44-67 60.4 10 3.0 47-74 145 10 9.0 109-205
Trmb 625 58.0 15 2.0 41-72 57.4 15 1.6 44-67 144 15 5.8 102-180
L n 217/20 69.1 14 2.9 50-89 63.7 4 106 14 11.9 31--180
L II 228/31 62.5 18 1.8 46-78 59.1 8 2.3 46-63 129 18 6.7 74-180
L 1 175 49.1 10 2.7 34-62 46.9 9 3.6 33-71 178 10 11.0 122-238
L 1 245 62.8 30 1.5 44-78 56.9 27 1.7 41-82 126 30 5.4 70-194
K15 57.0 10 2.7 45-76 55.0 9 1.0 50-60 152 10 10.9 66-182
K17 63.3 20 1.3 50-76 59.4 14 2.1 43-71 131 20 4.8 89-172
N.B.9066 42.7 28 0.9 34-50 50.1 21 1.1 39-57

Table 4 Statistical results group 2 (Java and Borneo).
Trmb = Tremboel, BgI = Boegoel, L = Lodan (1 and II), K = Klias.



Samples C N se range Dr N se range Dn N se range
Group 1

FI72 6.1 22 0.28 4-9 138 27 5.4 80-190 275 27 9.1 ]90-350
F173B 6.0 18 0.25 4-8 129 18 8.1 90-190 260 18 15.6 170-390
F175 5.8 9 0.30 5-7 133 11 7.1 110-190 282 11 5.5 230-350
Batesford 4.8 25 0.28 3-8 205 26 7.8 150-312 351 26 14.7 260-594
Main.82/92 3.9 28 0.22 2-7 163 29 3.3 130-300 245 29 5.8 180-460
Main.92/105 3.5 30 0.14 2-4 179 30 4.3 150-240 252 30 5.5 170-240
Tirk.23/32 4.0 20 0.19 2-6 201 24 7.3 170-280 289 24 10.2 250-400
Qrl0 2.3 82 0.08 1-4 107 82 1.5 80-180 172 82 2.7 120-250
Qr3 2.5 20 0.15 1-4 150 20 3.8 120-180 203 20 6.8 160-260
K4 2.6 18 0.18 1-4 255 25 7.1 191-306 346 25 7.8 246-425

A- N se range 13 N se range " N se range1

FI72 64.9 26 1.0 55-76 71.0 23 1.2 51-79
F173B 64.1 18 1.0 54-71 66.0 17 1.8 51-79
F175 66.4 10 1.1 58-72 66.1 9 2.8 56-76
Batesford 51.9 20 1.3 37-60 59.0 20 1.5 44-69 170 20 4.4 131-214
Main.82/92 45.0 25 0.8 38-57 51.8 26 2.1 35-71
Main. 92/105 42.3 23 0.7 35-50 50.9 30 1.5 38-67
Tirk.23/32
Qrl0 42.4 74 0.5 33-54 48.0 28 1.4 27-63
Qr3 38.8 12 0.9 35-45 44.8 19 2.1 30-62
K4 41.5 25 0.6 33-50

Group 2 C N se range Dr N se range Dn N se range

QrlO 4.3 26 0.17 2-6 204 30 7.9 140-350 350 30 10.5 270-500
Qr3 7.7* 13 3-9 304 10 21.6 230-460 571 15 35.3 310-880
G1437 4.2 21 0.30 2-7 200 21 8.6 140-300 314 21 11.9 230-420

Ai N se range 13 N se range

Qrl0 47.6 19 1.0 40-55
Qr3 52.1 5 47-67 59.2 8 56-67
G1437 44.9 18 0.9 39-58 49.3 17 1.2 41-60

* partly estimated

Table 5 Statistical results groups 1 and 2 from Fiji, Australia and rndia.
Main. = Mainagappalli, Tirk. = Tirkadavur
* = part! y estimated.



Sample N DI DII X V Miogypsina

G149 7 126 172 96.1 antillea
Bgl420 20 134 179 99.9 antillea
B419A 9 142 202 98.1 antillea
K0145 10 150 205 95.0 antillea
K082(2) 15 116 164 90.2 antillea
S49 2 96 antillea?
Trmb 544 15 94 119 89.3 ex. interc. antillea cushmani
Trmb 556 17 96 123 90.0 ex. interc. antillea cushmani
Trmb 562 17 96 129 84.4 cushmani
Trmb 625 15 101 130 90.3 cushmani
Bg333 7 105 139 +14 82.0 cushmani
BP105 26 136 175 +28 58.3 intermedia
BP101b 13 114 138 +28 30.2 globulina
BP102 10 95 114 +14 24.0 globulina
L II 228/31 10 93 117 +27 25.0 globulina
L II 228/31 5 258 318 90.8 excentrica
L I 175 28 91 101 +22 27.1 globulina
L I 245 18 97 115 +23 22.8 globulina
Klias 16 6 92 100 6.5 ~14 ex. interc. globulina-tani?
Klias 18 18 95 101 7.3 ~13 tani
N.B.9066 10 83 96 6.4 -12 tani

Table 6 Identification of the Miogypsina assemblages.
Trmb = Tremboel, Bgl = Boegoel, L = Lodan (I and II).





C-DII N C-Ai N C-a< N Ai-DII N C-B N B-DU N

K082 0.34 15 0 0.22 15 0 -0.20 15 0 0.09 19 0 -0.38 15 0 0.06 16 0
K0143 0.86 28 xx 0.82 22 xx -0.83 26 xx 0.71 23 xx 0.64 21 xx 0.54 21 xx
G149 0.52 27 xx 0.28 18 0 -0.27 20 0 -0.09 18 0 0.51 26 xx 0.37 26 00
SRX6 0.75 26 xx 0.34 26 00 -0.40 26 x 0.18 26 0 0.45 26 xx 0.49 26 xx
Bgl396 0.49 21 x 0.43 21 x -0.41 21 00 0.33 21 0 0.47 21 x 0.19 21 0
Bgl420 0.73 19 xx 0.43 18 00 -0.47 18 x 0.16 18 0 0.70 19 xx 0.43 19 00
B419A 0.76 28 xx 0.51 28 xx -0.62 28 xx 0.26 28 0 0.31 28 00 0.45 28 xx
E.M. 0.66 48 xx 0.24 47 0 -0.14 48 0 0.39 48 0 -0.02 48 0
G457 0.69 39 xx 0.11 39 0 -0.17 39 0 -0.01 38 0 0.36 39 x 0.02 38 0
K0145 0.53 29 xx -0.11 27 0 0.07 28 0 -0.08 27 0 0.58 29 xx 0.00 29 0
K082(2) 0.48 70 xx 0.50 70 xx -0.47 70 xx 0.18 70 0 0.49 70 xx 0.05 70 0
Trmb 544 0.44 29 xx
Trmb544/47 0.57 31 xx 0.50 31 xx -0.55 31 xx 0.34 31 00 0.69 31 xx 0.32 31 00
Trmb 556 0.67 36 xx
Trmb 562 0.73 45 xx
Trmb 625 0.64 51 xx 0.51 51 xx -0.54 51 xx 0.38 51 xx 0.53 51 xx 0.58 51 xx
S49 0.58 18 xx 0.53 18 x -0.57 18 xx 0.44 1800 0.76 18 xx 0.52 18 x
Bg 333 0.53 35 xx 0.36 35 x -0.36 35 x 0.31 3500 0.73 35 xx 0.30 3500
BP105 0.48 38 xx 0.27 3800 -0.52 38 xx 0.15 40 0 0.11 37 0 -0.03 37 0
BP101b 0.18 46 0 0.41 46 xx -0.44 46 xx 0.20 46 0 0.17 46 0 0.28 46 00
L II 228/31 0.48 27 xx 0.34 2700 -0.27 27 0 0.03 27 0 0.34 2700 0.11 27 0
L I 175 0.46 29 x 0.29 20 0 -0.34 20 0 0.26 20 0 0.51 20 x 0.13 20 0
L I 220 0.50 26 xx 0.36 2600 -0.32 26 0 0.42 26 x 0.59 26 xx 0.32 26 0
L 1245 0.02 15 0 0.38 15 0 -0.45 15 00 0.01 15 0 0.52 15 x -0.35 15 0
BP102 0.45 28 xx 0.40 28 x -0.34 2800 0.36 2800 0.02 28 0 -0.22 28 0
K11 0.50 21 xx 0.37 21 00 -0.44 21 x 0.49 21 x 0.29 20 0 0.53 20 xx
K12 0.35 35 x 0.22 35 0 -0.31 3500 0.41 35 xx 0.36 35 x 0.48 35 xx
K13 0.58 28 xx 0.27 28 0 -0.29 28 0 0.52 28 xx 0.12 28 0 0.26 28 0
K14 0.65 31 xx 0.28 31 0 -0.36 31 x 0.20 31 0 -0.01 31 0 0.23 31 0
K15 0.76 29 xx 0.63 29 xx -0.59 29 xx 0.43 29 xx 0.47 27 xx 0.63 27 xx
K16 0.77 30 xx 0.63 30 xx -0.39 30 x 0.51 30 xx 0.52 30 xx 0.42 30 x
K17 0.63 33 xx 0.66 33 xx -0.61 33 xx 0.67 33 xx 0.60 32 xx 0.67 32 xx
K18 0.71 37 xx 0.66 37 xx -0.64 37 xx 0.53 37 xx 0.47 37 xx 0.69 37 xx
K19 0.76 26 xx 0.55 26 xx -0.70 26 xx 0.58 26 xx 0.55 26 xx 0.52 26 xx
K20 0.79 17 xx 0.71 17 xx -0.75 17 xx 0.78 19 xx 0.67 17 xx 0.63 18 xx
G98 0.27 21 0 0.66 21 xx -0.20 21 0 0.55 21 xx 0.39 21 00 0.68 21 xx
N.B.9066 0.49 39 xx 0.46 48 xx 0.45 48 xx 0.52 47 xx 0.45 47 xx
h285 0.10 50 0 0.18 50 0 0.10 50 0
h494 0.57 53 xx 0.51 54 xx 0.54 54 xx

Table 8 Coefficients of correlation (group 1).
Probability levels xx;;' 99%, x;;' 97.5%,00;;' 95%,0 < 95%.



Thin-section of a saddle form from the L. transiens assemblage of sample QrlO
(India). The chambers of the equatorial layer form an X like pattern, X 25.

Id., a S.E.M. photo of a half section, showing the position of the stolons to the ad-
auxiliary chambers. The stolons are marked by a thickened rim (S.E.M. photo), X 73.

Lepidocyclina specimen from the L. sumatrensis assemblage of sample QrlO (India),
X 73.

Saddle form from the L. transiens assemblage of sample QrlO (India). The half sec-
tion shows two pairs of double stolons to the ad-auxiliary chambers (S.E.M. photo),
X 73.

Id., enlargement of fig. 4, showing the double stolons in detail (S.E.M. photo),
X 370.





Lepidocyclina specimen from the L. transiens assemblage of sample Qr3 (India)
showing the irregular shape of the ad-auxiliary chambers (S.E.M. photo), X 30.

Id., para-auxiliary chambers are well visible at the back of three auxiliary chambers
(S.E.M. photo), X 78.

Enlargement of the specimen from fig. 1 showing the off centre stolons to the ad-
auxiliary chambers. Three stolons lie very close together (S.E.M. photo), X 230.

Lepidocyclina specimen from the L. transiens assemblage of sample Qr3 (India).
A "double" ad-auxiliary chamber is visible at the left (S.E.M. photo), X 73.

Id., enlargement of the "double" ad-auxiliary chamber of fig. 4 (S.E.M. photo),
X 350.





Fig. 2

Figs. 3-6

Figs. 7, 8

Lepidocyclina specimen from the L. isolepidinoides assemblage of sample h494 (East
Java).

rd., of sample G98 (Berau, East Borneo).

rd., of sample N.B.9066 (North Borneo).

Lepidocyclina specimens from the L. transiens assemblage of sample N.B.9066
(North Borneo).

Lepidocyclina specimens from the L. sumatrensis assemblage of sample BPrOlb
(Balik Papan, East Borneo).

All enlargements X 48.





Figs. 2,3

Fig. 4

Fig. 5

Fig. 6

Lepidocyclina specimen from the L. sumatrensis assemblage of sample K12 (Klias,
North Borneo).

Id., of sample K16 (Klias, North Borneo).

Id., of sample K17 (Klias, North Borneo).

Id., of sample K15 (Klias, North Borneo).

Lepidocyclina specimen from the L. transiens assemblage of sample K15 (Klias,
North Borneo).

Id., from sample K20 (Klias, North Borneo).

All enlargements X 48.





Fig. 4

Fig. 5

Fig. 6

Figs. 7, 8

Lepidocyclina specimens from the L. sumatrensis assemblage of sample Lodan I
220 m (East Java).

Id., of sample Mainagappalli 82-92' (India).

Id., of sample QrlO (India).

Id., of sample Lodan I 245 m (East Java).

Lepidocyclina specimens from the L. transiens assemblage of sample Lodan I 245 m
(East Java).

All enlargements X 48.





Figs. 3, 4, 7

Fig. S

Fig. 6

Fig. 8

Lepidocyc1ina specimens from the L. angulosa assemblage of sample BPIOS (Balik
Papan, East Borneo).

Id., of sample K082(2) (Sangkulirang/Kutei, East Borneo).

Id., of sample K014S (Sangkulirang/Kutei, East Borneo).

Id., of sample G4S7 (Sangkulirang, East Borneo).

Lepidocyclina specimen from the L. transiens assemblage of sample Qr3 (India).

All enlargements X 48.





Fig. 4

Figs. 5, 8

Lepidocyclina specimens from the L. angulosa assemblage of sample Tremboel625 m
(East Java).

rd., of sample Tremboel 562 m (East Java).

Lepidocyclina specimens from the L. transiens assemblage of sample Tremboel562 m
(East Java).

Lepidocyclina specimen from the L. angulosa assemblage of sample Tremboel 544-
547 m (East Java).

Lepidocyclina specimen from the L. transiens assemblage of sample Tremboel 544-
547 m (East Java).

All enlargements X 48.





Fig. 2

Fig. 4

Lepidocyclina specimens from the L. martini assemblage of sample K0143 (Sangkuli-
rang/Kutei, East Borneo).

Id., of sample B419A (East Java).

Id., of sample G 149 (Berau, East Borneo).

Lepidocyclina specimens from the L. ex. interc. angulosa-martini assemblage of
sample S49 (Sangkulirang/Kutei, East Borneo).

All enlargements X 48.





Fig. 4

Fig. 5

Lepidocyclina specimen from the L. ex. interc. angulosa-martini assemblage of
sample E.M. (Sangkulirang/Kutei, East Borneo).

Lepidocyclina specimens from the L. rutteni assemblage of sample K082 (Sangkuli-
rang, East Borneo).

A multilepidine Lepidocyclina specimen of sample Lodan B (East Java) (S.E.M. photo).

ld., of sample K0143 (Sangkulirang/Kutei, East Borneo).

All enlargements X 48.





Fig. 15

Figs. 16, 17

Lepidocyclina specimens, external view, from the L. martini assemblage of sample
FI72 (Fiji), X 37.

Lepidocyclina specimen, external view (saddle form), from the L. transiens assem-
blage of sample Qrl0 (India), X 23.

Lepidocyclina specimen, external view, from the L. transiens assemblage of sample
Lodan I 220 m (East Java), X 23.

Lepidocyclina specimens, external view, from the L. ex. interc. angulosa-martini
assemblage of sample S49 (Sangkulirang/Kutei, East Borneo), X 23.

Lepidocyclina specimen, external view, from the L. angulosa assemblage of sample
Tremboe1544 m (East Java), X 23.

Lepidocyclina specimens, external view, from the L. martini assemblage of sample
B419A (East Java), X 23.

Lepidocyclina specimen, external view (morphogroup E), from the L. sumatrensis
assemblage of sample BPI01b. (Balik Papan, East Borneo), X 23.

Lepidocyclina specimen, external view, from the L. rutteni assemblage of sample
K082 (Sangkulirang, East Borneo), X 23.

Lepidocyclina specimen, external view (morphogroup F), from the L. sumatrensis
assemblage of sample BPI0lb (Balik Papan, East Borneo), X 23.

Id., morphogroup G, X 23.

Id., morphogroup S, X 23.
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