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Abstract: 
A new technique for retrieving morphological data from coccolith irnages using semi-automatic methods 

is described. The data are acquired as digital video microscope irnages and are analyzed using a Fast Fourier 
Transform which produces Fourier power spectra reflecting the coccolith morphology. Representative data from 
these power spectra are used as input to Principal Component and Discriminant Function analyses. Scores 
produced by these analyses are plotted to show the morphological variation which is identified by the system. 
Prelirninary results show that objective, useful morphological information can be retrieved using these techniques. 

1. Introduction 

Paleontologists have long been aware of the quantity of useful infonnation contained 
in the morphology of microfossils, but the difficulties of retrieving and processing this 
infonnation have restricted the development of numerical methods of data analysis in this 
field. Over the last ten years the rapid expansion of computer processing capabilities has 
opened up many new fields of paleontological investigation, one of which is the use of image 
analysis to study microfossils. 

Imageanalysis techniques process images of an original object stored in the memory 
of a computer. Tue characteristics of the shapes and pattems making up these pictures can 
be detennined by numerical analyses. The benefits of imageanalysis include objectivity and 
rapid data retrieval. Large numbers of measurements can be made quickly, and the results 

JaneGARRA TI, Dr. Andrew SW AN, School ofGeological Sciences,KingstonPolytechnic, 
Penrhyn Road, Kingston upon Thames, Surrey KTI 2EE, England. 

11 



from these can be subjected to appropriate statistical analyses. These developments mean 
lhat data are now available from objects which were, previously, too numerous to be 
analyzed. 

Previous work using numerical analysis melhods to study fossils has concentrated on 
lhe analysis of shape. Ostracodes were studied by KAESLER and W A TERS ( 1972), who 
used polar Fourier analysis to investigate the ostracode margin; and by B URKE et al. ( 1987), 
who used Fourier analysis to identify fossil ostracodes using their carapace shape. 

Test shape in planktonic forarninifera was studied by HEAL Y-WILLIAMS and 
WILLIAMS (1981)andHEAL Y-WILLIAMS (1983), usingFourierpowerspectra,and this 
analysis was then developed in tenns of paleoecology and evolution (HEAL Y-WILLIAMS, 
1984). 

FOOIB (1989) stuclied trilobite cranidia using Fourier analysis and applied his 
findings to trilobite classification. Eigenshape analysis was used by LOHMANN ( 1983) to 
describe changes in shape in fossils, but lhis technique was criticized by FULL and 
EHRLICH (1986) and is no longer widely used. 

This paper describes the initial results of research airned at investigating coccolith 
images, retrieving the structural infonnation these images contain, (rather than analyzing 
their shape), and applying multivariate statistical techniques to facilitate interpretation in 
tenns of changes in coccolith structures. · 

Coccoliths are ideal for this research since they are extremely numerous and have 
well defined, symmetrical intemal structures which are used for classification and 
biostratigraphy. Their small size (nonnally less than 20 µm) means that they are difficult to 
study biometrically with light microscopes using conventional techniques. 

2. Methodology and equipment 

A. Specimen preparation 

The samples were taken from the Albian and Cenomanian (Cretaceous) Gault Clay 
and Chalk Marl in Kent, south-east England. Figure 1 shows the locations from which they 
were taken. The biostratigraphy ofthe Gault Clay is shown in Table 1 and the Chalk Marl 
in Table 2. These sections provide a reference against which the system results can be 
compared. The sediments are first prepared as smear slides. None of the slides have be~n 
centrifuged as this can affect the species abundance and size distribution of the coccoliths 
within them. 

B. Optical examination 

Each slide is exarnined manually, using a light microscope and a xlO00 oil lens, in 
plane polarised light, to locate suitable coccolith specimens. Since the system is used to 
identify planar elliptical structures, only those coccoliths that are oriented so that they Iie 
relatively flat in the plane of the slide can be investigated. The processing (as currently 
implemented) also requires that the coccolith has its major axis aligned north-south and the 
coccolith needs to berotated, using the microscope stage, to obtain the correct orientation. 
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FIG.1 
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Figure 1: The outcrop of LowerCretaceous rocks in south-east England and the locations from which specimens 
were taken. 
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Bad No. Nature Thickneee Zonee Fossile 

(feet) 

XIII Black 24' Hoplites Hoplites (sp.), 

Glauconitic (H •) Lyellic•r•• 

clay with dentatus lyelli 

brown 

eeptarian 

nodulee 

XII Dark grey clay 3' 3" Hoplites Avicula 

with (H.) gryphaeoides, 

glauconite and dentatus Hoplites 

eeptarian eodentatus 

phoephatic 

nodules 

XI Pale, grey 56' 3" Ammonites Inoceramus 

marl with a rostratus r:ripp$i, 

greeneand eeam Ammonites 

rostratus 

X Hard, pale 5. l" Kingena Kingena lima, A. 

grey marl lima rostratus 

IX Pale grey 9' 4. 5" Ammonites Ammonites 

1 marly clay varicosus varicosus, 

A. rostratus 

VIII Darker clay 0' 9. 5" Ammonites Ammonites 

with two lines cristatus cristatus, 

of nodules and lfytilus 

fossil remains Galiennei 

VII Dark clay, 6. 2" Ammonites Ammonites 

highly fossil- auritus auritus, Nucula 

iferous bivirgata 
TAB,1 
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Bed No. Nature Thickness Zones Fossils 

(feet) 

VI Mottled dark l' 0" Ammonites Ammonites 

clay with denarius denarius, 

lightish Turrilites 

markings Hugard-

ianus 

V spotted with l' 6" Ammonites Ammonites 

light markings lautus lautus, Phasia-

on darker nella ervyna 

ground 

IV Slightly o· 4" Ammonites Ammonites 

lighter than Delaruei Delaruei, Natica 

the above, not obliqua 

mottled 

III Light fawn 4. 6" Crusta- Pinna tetragona, 

coloured clay ceans Hamites 

attenuatus 

II Very dark 4. 3" Ammonites Ammonites 

clay, highly auritus, auritus, var., 

coloured var. Arca nana 

fossils 

I Dark clay, 10' l" Ammoniees Ammonites 

darl greensand inter- inter-

and iron ruptus rupeus, Hamites 

modules rotundus 
TAB. 1 (cont) 

Table l: The biostratigraphy of the Gault Clay sections at Folkestone. (After OWEN, 1963 ). 
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Band 

2 

1 

Lithology 

Alternations of thin, 

often nodular, 

limestones and thick 

shaly marls. Both are 

blue-grey and 

intensively burrowed. 

Glauconite common at 

base 

Glauconitic marl. 

Subdivided into 8 

beds. Top marked by a 

hard thin nodular 

limestone with 

sponges. Intensively 

burrowed 

Thickness 

(Metres) 

>15 

4.8 

Fossil content 

Rich fauna, many 

sponges in the 

limestones, 

large Inoceramus 

crippsi, 

possible 

Mantelliceras 

saxbii 

assemblage 

Fossils other 

than sponges are 

rare 

TAB. 2 

Table 2: The biostratigraphy of the Chalk Marl sections. (After KENNEDY, 1969). 

Tue coccoliths being examined are approximately 5-20 µrn long and are at the very 
limits of the resolution of a light microscope. This means that the depth of focus is very 
shallow and that the point at which the object is deemed to be "in focus" depends on the 
operator, since racking the stage up or down changes the apparent size and shape of the 
coccolith. Tue coccolith is considered tobe in focus when the maximum detail on the image 
is combined with the sharpest possible outline. Since coccoliths have uneven surface 
geometries, and may therefore require different focusing lengths in different parts of the 
surface, the most acceptable result is often a compromise between the two requirements of 
this definition. 

After orienting and focusing the image, which may contain several coccoliths, is._ 
stordt and processed using the system described below. 

16 



C. The computer hardware 

Tue image analysis system consists of the elements shown in Figure 2. The CCTV 
(Charge Coupled Device) black and white video camera is attached to a SUN 3/140 
workstation with aPrimagraphics TV display controller frame grabber and frame store. This 
is linked to a digital monitor and a thermal printer. 

This equipment allows the display of each image, held in a 768 x 576 pixel matrix, 
on the monitor screen using a 1-256 grey-level scale. Operator defined points can be 
displayed on the monitor screen using an overlay plane and do not affect the original 
image which can be reused. 

software 
thermal printer 

SUN workstation 

□ 
digital monitor 

frame grabber 

frame store 

CCTV camera 

binocular microscope 

FIG,2 

Figure 2: The image analysis system hanlware. 
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D. The image g,-abbing and data acquisition process 

A suite of structured programs has been written in the versatile computer pro
gramming language "C" to perform the processing required. Tue running of the separate 
programs and the provision of the correct input file for each is controlled by a command 
program which uses UNIX commands. (UNIX is the operating system and is used to access 
flies). 

Tue first process in the system involves storing a digital image of the specimen 
in the TV display controller frame store, using Primagraphics image analysis software. 
A grey-level picture of the image is then reconstructed on the monitor screen and can be 
printed on the video copy processor. The process of grabbing an image can be separated from 
the subsequent processing of the data it contains, allowing a microscope slide tobe scanned 
for many suitable coccolith specimens whose images can all be stored in one session. 
Processing of the data can then proceed by loading each image at the start of subsequent 
runs ofEX. Plate 1 shows a typical image held by the system, but it should be noted that the 
printer output is of lower resolution than the data held and processed by the system. 

Tue data matrix of grey-level information is then displayed on the monitorscreen and 
the operator defines the area on the screen which is to be processed. Five crosses are 
interactively input by the user (using a mouse), in response to system prompts, to mark the 
ends of the major and minor axes and the centre of the ellipse tobe used. The position of the 
crosses with respect to the required image is displayed and can be altered if required. 
In principle, but not yet in practice, this manual procedure could be replaced by automated 
edge detection. 

3. Data retrieval - analysis of individual coccolitb images 

A. Shape and size determination 

Coccoliths are normally elliptical or circular, and the 5 coordinate points allow 
calculation of the lengths of the major and minor axes of the ellipse. If the outline is circular 
these lengths will be identical. 

Tue positioning of the central cross is critical since it is used as the centre for all 
subsequent processing. To avoid problems in analysis caused by misplacement of the central 
cross its position is used together with the end points of the major and minor axes to calculate 
an average central point, which is then used as the centre for subsequent processing. Once 
the five defining points have been calculated their coordinates are stored for later use. 

Tue eccentricity of the coccolith ellipse is then calculated using the coordinates of 
the ends ofthe major and minor axes as input by the user. Tue eccentricity ofthis ellipse is 
then used to determine the shape of all subsequent scans of the image. 

B. Retriev~g structural information 

A series of 40 regularly spaced. concentric, elliptical scans are made of the digital 
image, (starting at the centre), in order to retrieve grey-level data which represent the 
structure of the coccolith. 
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Graphical output showing the values produced by the elliptical scans can be produced 
at this stage. The reorganized data, with successive grey-level values reflecting the struc
ture around each scan, is written to the scan file which is analyzed in the subsequent 
processing. 

Plate 1: A typical irnage produced by the tennal printer. 
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lt is also necessary to detennine where boundaries between concentric zones may 
occur within the structure. These boundaries are detennined by investigating changes 
in the grey-level values which occur in response to the presence or absence of structural 
elements. A potential boundary is recognised by the system if the overall brightness of the 
image changes. To discover where the boundaries occur, the grey-level values are averaged 
within a scan and a derivative is calculated from the average values for all scans using 
a Second Order Quadratic polynomial filter for the first derivative. The equation of this 
filter is as follows: 

1 

10 

Figure 3 shows a typical averaged value curve and its derivative. A five-term 
filteris used to minimize data loss whilst producing a smooth curve. The points at which the 
derivative changes direction (maxima or minima) are the positions of potential boundaries, 
and these are written to a file which is also passed to the subsequent processing. 

260 

240 
Grey-level 

value 
220 

200 

FIG. 3 

180 -r------.---..------.--~---r------.----~~ 
0 1 2 

Thousands 

original data curve 

3 

data curve produced by the 5 term filter 

4 

Figure 3: A graphical display of the averaged scan clata curve and the five tenn filter calculated from it. 
Tue transposition of the peaks is due to the loss of data from the ends of the five term filter. 

20 



C. Determining the symmetry of the object 

Tue Fast Fourier Transfonn (FFI) is then applied to the scan file . The Fourier 
Transfonn is a type of spectral analysis which breaks down time series into their component 
harmonics. The total variance of the Fourier ;ime series is composed of the sum of the 
variances of its component harrnonics, and the variance of each harmonic can be expressed 
as a proportion ofthe total variance. Each concentric scan is considered tobe one time series 
for this analysis, and the FFr is appropriate as there can only be integer frequencies in such 
data. Figure 4 shows how a coccolith can produce a time series which is then broken down. 
Output from the transfonn is in the fonn of a Fourier power spectrum in which the variances 
of successive harmonics are plotted. Figure 5 shows the total power spectrum for a single 
coccolith. Within the power spectrum for each elliptical scan the peaks indicate frequencies 
at which there are cyclic variations in grey-level. Tue brightness of the image is controlled 
by the presence or absence of calcite structural elements within the coccolith: the thicker 
the calcite, the brighter the image; so the frequencies at which peaks occur on the power 
spectrum give the order of radial symmetry that the corresponding structures possess. This 
means that the number of structural elements at any radius can be detennined: for example, 
the order of syrnmetry of the central area structure can be resolved. 

Using the boundary infonnation previously calculated the user then detennines the 
positioning of the central area/rim area boundary. A visual display of the possible boundary 
positions is made on the SUN screen and the user chooses the potential boundary by 
comparison with the original image. Tue data from representative scans within each area 
is then output for use in the next step of the data analysis. 

D. Validating the data 

Tue numerical datadescribeeach coccolith specimen in astandard fashion, but unless 
the retrieved variables are related to homologous morphological characters within the 
specimen any comparisons made using them are meaningless. Defining and using 
homologous characters is a comlex problem which has been weil described by SNEA TH and 
SOKAL (1973). lt proved impossible to apply a strict or "categorical" definition of 
homologous points, in which characters either are, or are not, homologous to the real data 
produced from coccolith images. This is because the characters are never identical, but 
instead show greateror lesserdegreesof similarity ,and soa "quantitative" definition has been 
applied in which the most similar characters are deemed to be homologous. This approach 
has been defined as "operational homology" by SNEATH and SOKAL (1973). In this 

Figure 4: Shows how an object can be scanned to produce a time series which is then broir_en into its component 
parts and analysed using the Fourier Transfonn. 

Figure 4a: The outline of the object superimposed upon a circle. 
Figure 4b: The outline unrolled from Figure 4a showing the shape of the periodic curve produced. 
Figure 4c: The same curve drawn on a slightly compressed x-axis is broken down into its three component 

hannonics. 
Figure 4d: The corresponding Fourier power spectrum. This spectrum has a mean value of zero, with 

peaks occurring at frequencies 1, 2. and 3 reflecting the X coefficients of the component curves. 
The amplitude of the peaks reflect IM amplitudes of the corresponding component hannonics 
in Figure 4c. 
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Figure 5: Composite Fourier power speclra for a single Prediscosphaera columnata coccolilh. The centre of lhe 
coccolilh is al lhe base of the diagram. Each line on the plol corresponds lo a single elliptical scan 
(i.e. a single time series) al increasing radii; and the spectra, which would olherwise all plol direclly on 
top of eacb olher, are displaced for ease of analysis. This power spectra shows a large peak al a 
frequency of 4, reflecting lhe order of symmelry of lhe central area structure and a peak at a f requency 
of approximately 16 in lhe rim area reflecting lhe mnnber of plates in the coccolilh rim. 
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method the specimens are divided into homologous areas, and these are then subdivided 
as far as is possible using the location of each character and its association with other 
characters. An example of an homologous area is the rim areaof a coccolith, and an example 
of an homologous character, as recognised by the system, is the order of symmetry of the 
central area structure. 

The characters that have been identified as homologous are: 
1. Length of the major axis. 
2. Ellipticity. 
3. Ratio of rirn width to central area width. 
4. Number of plates in the rim. 
5. Order of symmetry of the central area structure. 
6. Offset angle of plates in the rim. 
7. Offset angle of the central area structure. 
Characters 6 and 7 could be derived using phase angles from Fourier Transfonns of 

coccolith under crossed polarisers, but this was not done in the present study. The infor
mation for characters 4 and 5 is contained in the power spectra but is represented by powers 
at a range of frequencies. This presents a prob lern because "power at frequency i" is not an 
unambiguously homologous character. The prob lern of homology of power spectra in this 
context is still being investigated; meanwhile, multivariate techniques have been applied to 
the power spectra data in the expectation that a single homologous aspect of sym metry will 
be represented by a single multivariate axis. The data compiled from each specimen consist 
of characters 1-3 above and 32 frequencies retrieved from each of a single rirn and central 
area power spectrum. These spectra are the central ones of each area which are chosen to 
avoid problems with structure which occur in boundary areas of the coccolith. 

4. Data analysis - comparing data from different coccoliths 

Multivariate techniques are required to analyze this data.The most suitable of the 
multivariate statistical techniques available is Principal Components Analysis (PCA), 
because this does not require any prior assumptions to be made about the nature of the data. 
PCA reduces the dimensionality of the data being studied whilst retaining the maximum 
amount of variance.The Principal Component axes are orthogonal and a small number of 
them reflect the bulk of the total variance of the data set. Principal Component Scores (PCS) 
are produced which convert each original observation into a valuc giving a position when 
projected onto the principal axis of variance as determined by the PCA. These Principal 
Component axes are orthogonal and a small number of them reflect the bulk of the total 
variance of the data set. The determination of which Principal Components are required is 
made using the eigenvalue listing produced by the PCA, in which the contribution of each 
component to the total variance is listed. As an example Table 3 shows the significant 
eigenvalues for a test data set used in this analysis, consisting of specimens from the genera 
Prediscosphaera and Zeugrhabdotus, in which 63 original variables are converted to 
approximately 21 PCS. 

The data from many specimens are input to the PCA, and the PCS can be plotted 
against each other to detennine which of the Principal Components maximises the data 
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separation. Figure 6 shows the plots of the first five PCS for this sample data set. The first 
two Principle Components represent variations which do not reflect the morphology of the 
specimens, but may be due to factors such as lighting conditions and preservation. Plots 
3 v 4 and 4 v 5 show the best separation reflecting the morphology of this data set, but the 
results are not significant enough to stand alone. 

In order to produce the greatest possible separation of the different groups the 
significant PCS data are then input to a DiscriminantFunction Analysis (DFA). Tue purpose 
of such an analysis is to separate the data as completely as possible, by projecting the data 
points onto the straight line which best separates the different groups. DFA requires prior 
allocation of a small number of data specimens, known as the training set, to the two groups. 

On the basis of the Discriminant Function calculated from the training set, the DF A 
predicts the groups to which the other data specimens belong. DFA fails if the input 
variables correlate, so the significant PCS data are used as input since these are, by 

TAB. 3 
EIGENVALUES 

Number Eigenvalue Proportion Cummulative 

1 9.986 0.149 0.149 
2 5.605 0.084 0.233 
3 3.8626 0.058 0.29 
4 3.3747 0.05 0.341 
5 2.862 0.043 0.383 
6 2.7053 0.4 0.424 
7 2.4759 0.037 0.461 
8 2.2594 0.034 0.494 
9 2.2111 0.033 0.527 
10 2.0103 0.3 0.557 
11 1.8001 0.027 0.584 
12 1.7148 0.026 0.61 
13 1.6159 0.024 0.634 
14 1.6018 0.024 0.658 
15 1.4425 0.022 0.68 
16 1.3909 0.021 0.7 
17 1.3677 0.2 0.721 
18 1.2529 0.019 0.739 
19 1.128 0.017 0.756 
20 1.0953 0.016 0.773 
21 1.0349 0.015 0.788 

Table 3: Significant eigenvalues for the data set. 
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Figure 6: Plots of lhe first five Principal Component Scores for lhe data set. PCS 1 and 2 are influenced by data 
lhat has little morphological significance and so plolS cont.aining lhese PCS do not separate the data 
groups. 
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definition, orthogonal (and so do not correlate). Output from a DFA is in the form of 
Discriminant Function Scores (DFS) for each specimen, and Figure 7 shows a plot of these 
scores for the specimen types. Once a suitable specimen has been identified the entire data 
retrieval process for each specimen takes about 2 minutes, and the data analysis procedure 
for a data set containing 107 specimens takes about 15 minutes. 

5. Taxonomie sensitivity or the results 

A. Distinguishing major taxonomic groups 

To be useful the system needs to be able to distinguish between taxa occurring 
throughout the stratigraphical range of the samples. To show that this is the case a test was 
run on the three generaZeugrhabdotus,Prediscosphaera and Watznaueria. Figure 8 shows 
simplified sketches of typical specimens from each of these genera. Specimens ofeach genus 
were taken from several horizons within the Albian and Cenomanian successions at Copt 
Point and The Warren in Folkestone, south-east England. Two separate tests were then 
run, producing a DFS for each; one compared the Prediscosphaera specimens with the 
Watznaueria specimens and the other compared the Prediscosphaera specimens with the 
Zeugrhabdotus specimens. Tue DFS plots in Figure 9 have been produced using these 
scores. Unless the data are extremely clearly defined, some points will be misclassified, and 
the percentage ofpoints that are misclassified produces an index of similarity between the 

□ 1 H !III / 1 

-40 0 

....... 

40 

FIG. 7 

■ Zeugrtlabdotus 

0 Prediscosphaera 

Figure 7: Discriminant Function Score plot obt.ained by the system for the genera Precüscosphaera and 
Zeugrhabdorus using a test data set. The X-axis shows the magnitude of the scores for each 
specimen; to qualify for membership in type l the score should be positive, and it should be negative 
fortype 2. 
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Prediscosphaera columnata 

Zeugrhabdotus elegans 

Watznaueria barnesae 

FIG. B 

Figun: 8: Sketch drawings oftypical specirnens of 
the three chosen genera showing the 
different intemal structures foreach type. 

two data types. As these specimens are of 
different genera that have been chosen 
l>ecause they possess obviously different 
morphologies a low percentage of 
misclassifications is expected. 

The results show that 13% of 
specimens are misclassified in thePredis
cosphaera-Watznaueria test and 16% are 
misclassified in the Prediscosphaera
-Zeugrhabdotus test. The significance of 
the separation was tben checked by running 
a Kruskal-Wallis test on each of the Dis
criminant Function results.This is a type 
of the non-parametric Mann-Whitney
-Wilcoxon test which is valid for data in 
thisform. Thenull hypothesis (HJ foreach 
test is that the medians of the two groups 
being compared are equal, with the 
corresponding alternative hypothesis (H

1
) 

that they are not equal. The P value 
represents the probability of a rejection 
of the H

0 
being wrong. For the purposes 

of this investigation, P is deemed to be 
significantifitis less than 0.05, (i. e. signi
ficant at the 5% level).Table 4 shows the 
results of the Kruskal-Wallis test for these 
two experiments. 

Tue results show that the separation is more significant than the 5% limit and are 
interpreted as showing that automatic separation of genera using the morphological 
data retrieved by the system is possible. The percentage of specimens misclassified is high 
for such different taxonomic groups, but it is expected that this can be improved by further 
modifications to the system. 

B. Analyzing evolutionary trends 

The data also show stratigraphical changes through time within a genus. To test this 
specimens were taken from three separate horizons. These horizons were 1.60 m below the 
top of the Albian Bed I, the top of Albian Bed XIII and 22.5 m above the base of the 
Cenomanian Bed II. Albian Bed I is the base of the sequence studied, Albian Bed XIII is the 
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Figure 9 : Discriminant Function Score plots for the between taxa tests. 
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Figure 9a: Discriminant Function Score plot for the Prediscosphaera -Zeugrhabdotus tesL 
Figure 9b: Discriminant Function Score plot for the Prediscosphaera -Watznaueria lest. Each different type 

of coccolith is plotted on a separate line for visual simplicity. 
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final Albian bed and Cenomanian Bed II is at the top of the section. The bed numbering 
follows thesystems ofOWEN (1958, 1963) and KENNEDY (1969) asdisplayed in Tables 
1 and 2. Tue specimens used belong to the genus Prediscosphaera. Figure 10 shows the 
separation achieved by the DFS for the different time periods and the percentage of 
specimens that were misclassified. 

Tue significance of the separation was then tested using the Kruskal-Wallis test as 
described above. The null hypothesis is that the medians of the groups being compared are 
equal. Table 5 shows the results of these tests for the three comparisons. 

The result of test 3, in which the null hypothesis should be accepted, suggests that 
there is no significant difference between the specimens in Albian Bed XIII and Ceno
manian Bed II, but tests 1 and 2 show that Albian Bed I specimens differ significantly from 
these. Tue results may be interpreted to mean that an evolutionary change has taken place 
in this period, or they may show the effect of changing environments on the evolution and 
preservation of the genus. 

Test 1. Prediscosphaera and Zeugrhabdotus 

Group N.Obs Median Ave.Rank z value 

1 41 2.744 48.6 5.65 

2 31 -1. 771 20.5 -5.65 

Overall 72 36.5 

H = 31.88 d. f. = 1 p value 0.00 

For this test Ha should be rejected. 

Test 2. Prediscosphaera and Watznaueria 

Group N.Obs Median Ave.Rank z value 

1 31 11.49 48.0 5.76 

2 35 -11.15 20.7 -5.76 

Overall 66 33.5 

H = 33.2 d. f. - 1 p value 0.000 

For this test Ha should be rejected. 
TAB. 4 

Table 4: Results of the Kruskal-Wallis tests for the genera Prediscosphaera, Watznaueria and Zeugrhabdorus. 
H is the test statistic, d. f. is the degree of freedom and p is the probability of error in rejecting H,. 
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These techniques are being extended to investigate many different genera at once and 
to examine the rates of change in other species through time. The identification of which 
specific variables contribute to the morphological changes is also being explored. 

a a a a cm:ma:ia ca ca flG. 10 

■ ALBIAN 1 
■ ■ ■ ........... . 

C ALBIAN XIII 

· 100 -50 0 50 100 

Figure1 Oa 17.5% misclassified specimens 

a 1D caoo= CD eo Cil 

• ALBIAN XIII 
• ••• •• •• 1 • • •••• • • ■ • 

0 CENOMANIAN II 

l----+----+---l-----+-------
· 1500 ·1000 -500 0 500 1000 1500 

Figure1 Ob 4 7% misclassified specimens 

Figure 10 : Discriminant Function Score plots forthe Prediscosphoera genus, and the percenlage of specimens 
that are misclassified in each lest. 

Figure 10a: Comparison of Albi.an Bed I and Albian Bed XIII. 
Figure !Ob: Comparison of Albian Bed XIII and Cenomanian Bed II. 
Figure !Oe: Comparison of Albian Bed I and Cenomanian Bed II. 

31 



FIG,10 (cont.) 

C C C c::m:tllOJ □ICI □ C 

• ALBIAN 1 
■ ■ 1 ■ 1■ 11■ ■ •• •• •• ■ 

□ CENOMANIAN II 

-50 -30 ·10 30 50 

Figure10c: 20% misclassified specimens 

6. Conclusions 

The main conclusions drawn from this study are: 

1. Useful infonnation can be obtained automatically from video image analysis and 
multivariate statistical analysis methods despite the limited resolution obtainable using 
a light microscope. 

2. Multivariate statistical techniques p(ovide rapid, useful methods for separating 
the data objectively. 

3. Coccolith genera can be statistically distinguished on the basis of the structural 
details detected by the system on light microscope images. 

4. The system is sensitive to changes within a genus, and can separate strati
graphically distinct members of a genus by using these changes. 
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Test 1. Albian Bed I and Albian Bed XIII 

Group N.obs Median Ave. Rank 

1 28 14.42 38.3 

2 29 -14.85 20.0 

Overall 57 29.0 

H = 17.22 d.f. = 1 p value 

For this test H0 should be rejected. 

Test 2. Albian Bed I and Cenomanian Bed II 

Group 

1 

2 

N.obs 

28 

30 

Overall 58 

Median 

4.506 

-3.253 

Ave. Rank 

37.3 

22.2 

29.5 

z value 

4.15 

-4.15 

0.000. 

Z value 

3.41 

-3.41 

H = 11.61 d.f. = 1 P value 0.001 

For this test H0 should be rejected. 

Test 3. Albian Bed XIII and Cenomanian Bed II 

Group N.obs Median Ave. Rank z value 

1 29 89.30 29.6 -0.17 

2 30 98.45 30.4 0.17 

Overall 59 30.0 

H = 0.03 d. f. = 1 P value 0.862. 

For this test Ho should be acce.9.ted. 
TAB, S 

Table 5: Results of the Kroskal-Wallis tests for changes within the genus Prediscosphaera. H is the test statistic, 
d. f. is the degree of freedom and p is the probability of enor in rejecting H,. 
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