LOWER KARROO (PERMIAN) ACANTHOMORPHITAE
ACRITARCHS FROM SOUTH AFRICA

by George F. Hart

ABSTRACT

Eight populations of fifty individuals of Acritarchs from the Permian marine borizons of
South Africa are statistically analysed and assigned to two species of Micrhwstridium, The use of the
multivariate discriminant function and Mahalanohis- D? as a taxonomic tool in distinguishing
popularions and species that have but few measurable sariables is briefly discussed and the possibility
of using such techniques to determine stratigraphic position in lineage studies noted.

INTRODUCTION

During recent years evidence has accumulated that the Lower Karroo
succession of the Great Karroo Basin of South Africa, in part, is marine (Hart
1963, 1964, in press a; Rilett 1963). The major evidence is the presence of
glauconitic horizons and of *\canthomorphitae Acritarchs, occasionally in
association, The acritarchs, particularly, occur in specific positions, correspondmg
to the pro-delta clay and presumed distal bar sand environments, in those
sedimentary sequences that have been documented. The combination of these
raclorﬂ 1S ﬂtrong L\'ldknce th\t thc LnVlronn]ent l§ marlne ln fa(,t even ln ]Q()Iatl()n
glauconite or acritarchs would be strong indicators of a marine environment
because glauconite and acritarchs are virtually always of marine origin. The best
documented exception to this rule among Acanthomorphltac Acritarch studics
is that of Churchill and Sarjeant (1962, 1963). However Sarjeant, at the Louisiana
State University First Palynology Short Course, on Dmoﬂagellateq and Acritarchs
(1968), noted that he considered that such exceptions really represent dino-
flagellate cysts, or alternatively, are reworked marine acritarchs (Sarjeant
personal communication 1968). Some other cvidence for marine conditions
existing in the Karroo Basin is provided by Rilett’s documentation of a nautiloid
cephalopod from Natal. There is no evidence to suggest that this was erroneous,
or even doubtful, documentation and, as Rilett points out, the position in the
stratigraphic sequence of the cephalopod is such that one could anticipate
marine conditions nearby. Conodont occurrence has been mentioned by Van
Eeden, Director of South African Gwlogncal Survey, as occurring in the south
western outcrops of the Karroo and in the Sambokkraal borehole (private
communication 1964) but this has never been documented.

Although frequently mentioned by Hart (loc. cit.) the acritarchs have never
been fully documented, and the aim of this report is to do this and, at the same
time, consider the value of the acritarchs for distinguishing the various marine
beds that are believed to occur at different stratigraphic levels in the Lower
Karroo succession.



The samples forming the basis of the report are all from cored boreholes
from the south-western Transvaal and northern Orange Free State, South Africa.
Their gengraphu position is given in text-figure 1 and their stratigraphic
posmon in text-figure 2. Those boreholes lwng in the western sector of the
region (borcholes 1, 2, 12) have presumed marine sediments occurring as
distinct, thin members (see possible standard on figure 2). All of the eastern
samples analyzed palynologically (boreholes 22, 23, 24) contained acritarchs
and the entire rock column cored is presumed essenhal]v to be of marine origin.
The whole of this marine succession and the three marine members in the eastern
area are assigned to either the Cavati or the Cingulati Biozone of Hart (in press).

The percentage abundances of acritarchs, disacciatrileti miospores, and
other miospores, in the eight samples studied, are shown in text-figure 3. As
is well known to palynologists the residual preparatory concentrate of org.mn(‘
particles obtained from non-marine sediments has a dominance of plant tissues
and miospores, but from marine sediments there may be a dominance of phyto-
plankton (Downie, 1958). With the exception of asqemblages 204 and 614 the
dominance of phytoplankton in the samples studied is clear and is taken as
additional evidence for the marine origin of the sediments. In the presumed non-
marine samples studied from the Karroo succession phytoplankton are absent.
Although the bulk of the phytoplankton noted were Acanthomorphitae Acritarchs
a few specimens of Tasmanitids (order Praeinophyceae) were noted.

DESCRIPTION AND VARIATION STUDY OF THE ACRITARCHS

The specimens described herein are all assigned to the genus Micrhystridium
Deflandre 1937 and the group Acanthomorphitac Downic, Evitt, and Sarjeant,
1963. Micrhyseridium is a genus of extremely simple morphology and thus is
diflicult to divide into taxa of species rank. The variables most frequently used
are: diameter of body; number of processes seen around the outline; and length
of processes. Lcngth of process is taken as the average of the thrcc longest
processes observed around the outline. In the present study, the three variables
were measured on 50 individuals from cach of the enght assemblages and the
data used for statistical analysis of the taxa. Two species are recognised : Michry-
stridium A and ,lfurh)'vtndmm B.

MICRHYSTRIDIUM sp. A

TypicAL SPECIMENS
Plate 1, figures 1-7, 10; plate 2, figures I, 2 from assemblage 948. Text-
figure 5A.*
DESCRIPTION
Simple acritarchs belonging to the Group Acanthomorphitae of Downie,
Evitt, and Sarjeant, 1963. The outline of the body is more or less circular, with
a diameter of 10 to 19 microns. No phylome or operculum was observed but the

*Text-figures lic between pp 64-68
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body wall was often folded. With the scanning clectron microscope these folds
are determined as compression folds and not due to any underlying structural
weakness.

The processes are parallel sided or slightly tapering and have truncated
apices. The process lengths are three or four times their basal diameter and their
distance apart is generally greater than their height. Both the body and the
processes are seen to be covered by extremely small grana when the specimens
are examined with the scanning electron microscope.

As determined by the light microscope the mean sizes of the body
diameter, and process length, and the number of processes around the outline,
are given in Table 1 for assemblage 2479, 2496, 2507, 948, 2519, 614 and 1203.
Assemblage 948 is taken as representing a tvplcal population and the fifty indi-
vidual measurements taken on it are given in Table II. For this populatmn the
average values of the variables are:

Diameter: 15.5u

Process length: 2.2

Process number: 15

MICRHYSTRIDIUM sp. B

TypriCAL SPECIMENS
Plate 1, figures 8 and 9 from assemblage 204. Text-figure 5B.

DESCRIPTION

Simple acritarchs belonging to the Group -‘\canthomorphltau Downie,
Evitt, and Sarjeant, 1963. The outline of the body is circular to roundly tri-
angular and of diameter varying from 5 to 18 microns. No phylome or operculum
was observed. This species was examined using only the light mlcrmcope The
processes are slightly tapering and occasionally truncated, and are six or more
times as long as their basal diameter. Their distances apart are less than their
length All specimens have a smooth background when seen under the light
microscope.

The mean body diameter, process length, and the number of processes
around the outline, as determined by the light microscope are given in Table 1
under assemblagc 204. The ffty individual measurements taken on this population
are given in Table HI. The average values of the variables are:

Diameter: 10,8y

Process length: 4.4u

Process number: 31

CoMPARISON BETWEEN THE Two Srecies
The obvious visual difference between the two species is seen, on statistical
analysis, to be due to the larger diameter, shorter process length, and fewer
processes seen around the outline of Micrhystridium A compared with Micrhy-
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stridium B. Table I shows these differences in terms of the means of cach variable
for each population. The differences are apparent not only by examination of
the sample means but also by the population means at the 959 confidence
interval. These differences (and the intra-specific similaritics) are emphasized
by the discriminant functions and Mahalanobis’ D2 for comparison between
each pair of populations (Tables IV, V and VI).

The discriminant function and Mahalanobis” D* is discussed by Snedecor
and Cochran (1967: 414) and Miller and Kahn (1962: 276), and its geological
potential by Klovan and Billings (1967).

STRATIGRAPHIC ANALYSIS OF THE
MICRHYSTRIDIUM A SaMrres

The purpose of the discriminant function is to determine by using multi-
varate techniques the extent to which different populations overlap or diverge
from one another. It is particularly useful in studving the relationship between
two populations and may be used as a multivariate generalization of the t-test
for testing the null hypothesis that two populations have the same means with
respect to all variables. An adjunct to this facility is the ability of the discriminant
function to perform a classificationary task whereby it is possible to disringuish
which variables are most. effective in separating two populations. Obviously such
a technique has great power as a tool for the systematic paleontologist parliéularly
in situations where a quantitative analysis of the material provides the only
means of analysing the patterns of variability. However, the potential of the
technique for determining stratigraphic position in an evolving species-complex
has not yet been investigated. Its potential value lies in the fact that discriminant
function coefficients are a measure of the importance of cach variable in dis-
tinguishing two populations thus, the equation for the differences between
composite values represents a mathematical model for separating the two
populations. Obyiously, if this model is sensitive enough to be of use the indi-
viduals making up the two populations should be placed in their correct population
when their individual discriminant function value is calculated. The number of
successful placements of individuals in their correct population is thus a good
measure of the value of the particular model actually to discriminate. In a real
taxonomic situation, it is very much a measure of the soundness of taxonomic
groupings, Table IV illustrates this point applied to the present data. It shows
the distinct separation of assemblage 204; and, also, the tendency of the other
assemblages to form two clusters, viz:

(2496, 2507, 2479) and (614, 1203, 2519).

These groupings are indicated, also, by the other statistics calculated for
the data. The important point is that there is a slight tendency for the clusters
to be stratigraphically orientated ; and thus a possibility that this type of analysis
may be able to distinguish individual marine members. Examination of the
Mahalanobis’ D? and the discriminant coefficient values, of Table V, shows
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that assemblages 2479, 2496, and 2507 are correctly grouped as the Vierfontein
Marine Member; assemblage 614 to the Lazy Marine Member; and assemblage
1203, probably correctly so, to the Lazy Marine Member. Asscmblage 2519 is
u>mplcte|\ misplaced. However, if' the taxonomic distance apart of the assem-
blages is plotted using Mahalanobis’ D* statistic, as is common practice, and
assemblage 204 is taken as reference point a distinct temporal relationship
is evident. This is illustrated in text-figure 4 which although showing the
clustering of assemblages 2519, 614 and 1203 also shows their temporal arrange-
ment when the individual marine members are superimposed on to the pattern,
The reason in using 204 as a reference point is that it is independent of the other
assemblages (because it is a different species). At this stage in the development of
the technique this is believed to be a valid way of stratigraphically interpreting
the D2 statistic.

In conclusion we may note that discriminant function analysis can be used
to distinguish species and’ may also prove useful in separating variants within a
lineage. The technique should certainly be further investigated on some better
documented lineages.
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TABLE |

. 2479 ‘ 2496 | 2507 948 2519 614 1203 204

DIAMETER
X

14.24 14.28

1416 15.58 13.26 | 14.46 14.40 10.80

1379 | 1378 | 1381 | 1512 | 12.93 | 1404 1405 | 10.14
(902,) to to to to to to to to
14,69 14,78 14.51 16.04 13.59 14,88 14.74 11,46

13,70 13.68 | 13.74 15.02 12.86 13.96 13.99 l 10.00
{95%) to to to ‘ to to to to to

14.78 14.88 14,58 16,14 13.66 14.96 14.51 11.60

13.52 13.48 13.60 14,84 12.73 13.79 13.85 9.74
(999%) to 1o to to to to to to
14.96 15.08 14.72 16.32 13.79 15.13 14,95 11.86

PROCESS |
LENGTH | v
b 229 169 193 218 | 093 | 081 | 063 | 441

| 213 | 1,56 1.68 2,01 0.79 0.74 055 | 4.17
(9095 to to to to to to to o
1.46 1.83 2.18 2.34 1.06 | 0.88 0.71 4.64

2.10 1,53 1.63 1.98 0.76 0.72 0.54 4.13
(959,) to to o to to to to to
2.49 1.86 2.24 2.30 1.09 0.90 0.72 4.69

203 | 148 | 153 | 191 | o7 | o6 | 051 | 403
(999%) | to to to to to to to to
256 | 191 | 234 | 244 | 114 | o093 | 075 | 478

No.
PROCESSES
X 10.98 9.86 10.72 | 1416 | 864 = 9.20 9.26 | 31.48

10,19 9.32 9.85 13.28 793 | 848 8.53 7 29.51
(909 to to to to o 1o to to
11.77 10.40 11.59 15.04 9.35 9.92 9.99 33.45

10.03 9.21 9.67 13.11 7.79 8.34 8.39 29.12
(95%) to to to 1o to to to to
11.93 10.51 1177 | 15.21 9.49 10.06 10,13 | 33.84

| 972 | 900 | 933 | 1296 | 751 | 805 | 810 | 2833
(99%) ; to tw ‘ to to to to to to
1224 | 1072 | 12,11 | 1556 = 977 | 1035 | 1042 | 34.62

N 50 s0. | 50 s0 | 50 | 50 50 50

ARITHMETIC MEANS OF VARIABLES FOR EACH SAMPLE: SAMPLE MEAN (X) AND
POPULATION MEAN (&) AT THE 909, 95% AND 999 C.L.
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MEASUREMENTS ON 50 INDIVIDUALS FROM ASSEMBLAGE 948

TABLE 1l

Diam, Length Nao, Diam, Length No.
18 297 16 13 2.0 15
18 1.0 7 13 1.0 10
17 2.0 8 18 3.0 13
10 1.3 6 17 2.7 16
14 2.0 15 17 2.3 16
17 3.0 17 15 1.0 10
17 3.0 14 13 2.0 14
17 2.0 15 18 2.7 15
18 3.0 14 14 ) 19
17 2.7 24 14 1.0 13
15 1.0 12 | 15 3.0 12
15 3.0 10 x 15 2.1 16
15 2.3 10 i 13 2.3 12
18 2.0 11 15 2.0 16
14 3.0 12 15 2.3 14
15 3.0 22 14 1.1 12
14 3.0 20 15 23 15
15 2.8 19 14 2.0 18
15 3.0 14 18 1.0 15
14 2.0 13 15 2.0 12
13 2.7 15 13 1.3 10
19 2.0 19 19 2.3 13
18 2.0 16 15 1.0 9
19 253 20 15 2.0 12
17 2.3 17 15 3.7 15
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MEASUREMENTS ON 50 INDIVIDUALS FROM ASSEMBLAGE 204

TABLE I

T |
Diam. Length No. Diam. Length No.
9 3.0 24 9 5.0 39
9 5.3 39 10 4.0 31
i1 5.3 26 12 5.0 40
11 5.0 35 9 50 31
11 5.0 27 B 5.0 49
10 4.7 28 17 2.0 22
8 5.0 30 8 4.0 22
13 5.0 46 6 4.0 24
15 3.0 45 5 5.0 28
10 4.7 23 8 4.0 30
7 4.0 18 10 15 25
18 3.0 39 9 3.7 20
10 4.0 45 13 4.0 45
12 4.3 33 12 3.5 20
10 4.0 33 1+ 4.0 15
12 7.0 34 13 5.0 39
il 4.7 25 10 5.0 42
7 3.0 24 17 4.5 43
11 4.0 32 17 | 4.3 41
10 5.0 26 13 5.0 31
13 5.0 30 10 4.3 31
10 4.0 28 11 3.0 25
12 4.0 31 10 5.0 42
8 3.0 24 11 5.0 35
8 3.3 23 8 5.0 36
|




TABLE 1V

2479 2496 2507 948 2519 6l4 1203 204
2479 34 36 24 14 6 4 4
2496 44 22 24 12 10 2
2507 2 24 20 16 4
948 16 12 12 <
2519 38 28 2
614 38 0
Areas blocked show inability to distinguish
in 259 or more of cases, (N =100)
1203 0
204
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TABLE V

MAHALANORIS D?®

+0.00597  —0.00523 | —0.00572 |
|

|

2479 2496 ! 2507 | 948 | 2519 ! 614 1203 204
: | | -
2479 0.96588 | 0.20625 1.68460 4.75135* 8.79719 | 12.39935 | 19.37068
0.00151 i
2496 | 10.01617 0.12548 2.13977 | 1.89653 | 3.96374 | 6.09107 | 25.75128
+-0.00009 ;
0.00020 | —0,00081 ;
2507 | 4-0.00643 | +0.00261 1.37972 | 1.56633 | 2.36091 3.56432 | 19.17238
—0.00076 | +0.00065 :
a ol i 1
+0.00316 | —0.00152 @ +0.00402 1
948 | —0.01380 —0.00427 | — 0.00464 | 5.57839 6.73114 8.42406 | 19.29378
40.00357  =0.00414 | +0.00276 { ,
£0.00106 | —0.00166 | —0.00297 = ~0.00558 | .
2519 | 10.03674 | —0.02208 | —0.01316 +0.02302 0.75827 | 13,10153 ' 29 38855
—0.00121 | —0.00058 | —0.00002  +0.00274 ‘
1 0.00400 | 4+0.00297 | -0.00285 | —0.00047 | —0.00511 ! |
614 | —0.06335 | —~0.04523 —0.02214 | —0.04318 | ~0.00928 0.56366 | 34.77547
+0.00288 | ~0.00010 | 40.00108 | -~ 0.00183 | - 0.00095 |
1-0.00499 | —0.00372 | —0.00370 —0.00081 | —0.00658 | +0.00049
1203 | —0.07918 | +0.05685 | —0.02891 —0.05195 | +0.02269 | —0.02598 36.07326
+0.00535 0.00176 0.00231 0.00051 0, 00201 L0001
—0.01160 | +0.01071 | —0.01261 ‘ +0.01306 | ~0.00930 | 0.00974 | —0.00998 |
204 | —0.01588 | —0.03213 | 40.01184 | — 0,01970 | - 0,04204  ~0,05550  =0.05776
—0.00606 | —0.00640

~0.00537 | +0.00503

DISCRIMINANT FUNCTION COEFFICIENT t 24



TABLE VI
F VALUE (3,96)

Discriminant Analysis: F values and significance of comparisons between all assemblages studied.
V.HS. p—=.001 HS, p—.01 S .p~=.05 One tailed tesc

| 24719 | 496 | 2507 ! 943 2519 614 | 1203 204

4 —?— | 7ss | 1es 1375 3879 7181 1 101,22 | 158.13

249 | V.HS. e 124 1.;.43"; 32,36 | 49.72 | 210.21

2507 Ns. | Ns. | 1126 | 1279 | 19.27 [ 29.10 | 156.51

948 | V.HS. | V.HS. V.HS. | 45.54 | 54,95 —1 68.77 157.50

2519 ‘ V.HS. | V.HS.  V.HS. | V.HS. 6,19 | 13.10 239.91

614 | VHS | VHS. | VHS | V.HS. | Vs, 4.60 i 283.88

1203 V.HS. | V.HS. | V.HS. | V.HS. | V.HS. | HS. ! 294 48
204 V.S, V.HS. | VHS. | V.HS | v.as. | vis. V.HS. |

SIGNIFICANCE OF COMPARISONS

-
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TEXT-FIGURE 5
M.sp.A. and M.sp.B. Diagrams of taxa.
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Micrhystridium sp.
Micrhystridium sp.
Micrhystridium sp.
Micrhystridium sp.
Micrhystridium sp.
Micrhystridium sp,
Micrhystridium sp,
Micrhystridium sp.
Micrhystridium sp.

Micrhystridium sp

KEY TO PLATE ONE

A; assemblage 948; x 750.

A; assemblage 948; x 750,

A; assemblage 948; x 750,

A ; assemblage 948; x 750,

A; assemblage 948; x 750,

A ; assemblage 948; x 730,

A; assemblage 948 ; general view of assemblage,
B; assemblage 204 x 750.

B; assemblage 204; x 750.

. A; assemblage 948 stereoscan photagraph x 3,400,

70



PraTe

7

89 —~F



KEY TO PLATE TWO
Fig. 11. Micrhystridium sp. A; assemblage 948 stercoscan photograph x 3,500.
Flg 12. Mlcrhvsmdlum sp. A; uscmblage 948 stereoscan photography, enlargement of figure 11
x 12 000
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PLATE 2
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