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ABSTRACT 

The range of possible approaches to coccolith bio
metrics is outlined and it is shown that image analy
sis of electronically captured light microscope 
images is an attractive technique. A particular appli
cation using the computer program NIH-Image to 
measure cross-polarized light images of coccoliths 
of Emiliania huxleyi is described. The application 
features an initial image acquisition phase which 
produces composite mosaic images of 30 speci
mens. The subsequent biometry phase automat
ically measures the central-area length, central-area 
width and rim width of each coccolith. The auto
mated measurements yield a precision of +I-0.06Jlm 
for the central-area parameters but manual corq~c
tion is needed to produce equivalent precision in the 
rim width measurements. The logic of the analysis 

technique is outlined and appendices describe the 
mathematical solutions to particular problems re
lated to the elliptical geometry of coccoliths. 

INTRODUCTION 

We have recently written a set of macro routines to 
enable automated measurement of coccoliths of 
Emiliania huxleyi (Lohmann, 1902) Hay & Mohler 
in Hay, et al. (1967). The system includes archiving 
of the measured images, visual data verification, and 
manual correction routines. This system has been 
specifically developed for the single extant species 
E. huxleyi. It has considerable scope, however, for 
application in palaeontological studies, particular 
those using Ocean Drilling Program material, which 
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TYPE OF IMAGE USED 

Live Images Printed photographs Captured images 
0 w 
(J) Light 
:::l 

Romein 1979 - Croclplaco/ilhus Firth 1992 - Cyclicargoli/hus Backman 1980 - Reliculofenestra 
Microscope Rio 1984 - Gephyrocapsa Backman & Hermelin 1986 - Re/Jculofenestra w Young 1991 - Reticvlofenestra Olafsson 1993 - Cyclk:arpolithus 0. 

8 Wel et a/ 1993- Toweius (live video) Young et aJ (!his study)- Emi/iania 

(J) 

0 a: Transmission Matsuoka & Okada 1990- Gephyrocapsa Watabe & Wilbur 1966- Emi/ianla 
0 Electron Pujos-L.amy 19n - Gephyrocapsa 
~ Microscope Young & Westbroek 1991 - Emiliania 
u.. 
0 
w Scanning Jordan 1988 - Emiliania Samlleben (1980) - Gephyrocapsa Mock & Bralower 1993 - ReticUio/enestra 
0. Electron Bollrnan 1995 - Gephyrocapsa 

~ Microscope 

Table I. SUMMARY OF BIOMETRICAL TECHN IQUES USED IN THE STUD Y OF COCCOLITHS. N.B. Other examples could have been cited , 
particularly in the light microsoopy, live images category. 

are excellent for acquiring time series data for in
vestigating evolutionary change and palaeoenviron
metal variation. Accurate biometric data are 
invaluable, arguably essential, for the study of mi
croevolutionary patterns, and numerous studies 
have shown that size variation data can reveal very 
useful patterns for coccolith biostratigraphy 
(Young, 1990; Matsuoka & Okada, 1990). It is also 
clear that coccolith size is in part related to ecologi
cal factors (Young & Westbroek, 1991, Young, 
1995) and, therefore, may yield useful palaeoe
cological information. We hope our technique can 
contribute substantially to realisation of this poten
tial_ 

This research is part of an inter-disciplinary study 
on Emiliania hu.xleyi funded by the European Com
munity (Westbroek et al., 1993). Our sub-project 
involves the study of morphological variation in 
Emiliania hu.xleyi coccoliths (Young, 1995). Size 
variation in particular is being studied as an indica
tor of genotypic variation, and as a major factor 
affecting carbonate production rates. The Emiliania 
hu.xleyi study provides a wide range of well cali
brated sample sets ideal for biometrical analysis 
which we hope will prove a useful benchmark study, 
in terms of both documentation of patterns of size 
variation and development of techniques for study
ing this variation. 

This paper begins with an overview of biometric 
techniques that have been applied to coccoliths. 
This is followed by documentation of the system 
that we have developed. This is described in terms 

of the logical approach adopted rather than details 
of the program. The appendices describe the more 
complex mathematical solutions we have em
ployed, and also list sources from which the pro
gram may be obtained. 

APPROACHES TO COCCOLITH 
BIOMETRICS 

There are three main ways of studying coccoliths, 
by light microscopy (LM), scanning electron mi
croscopy (SEM) and transmission electron micros
copy (TEM). Biometric approaches can also be 
divided into three groups: measurements on live 
images; measurements on printed photographs; and 
measurements on digitally captured images. This 
produces a matrix of nine possibilities, most of 
which have been exploited by previous workers (see 
table 1). 

Measurements on live images 

The simplest method of measuring coccoliths is 
with an eyepiece graticule during light microscopy. 
With an x 100 objective, standard graticules usually 
provide a resolution of 1 J-l m. Finer resolution can be 
achieved by using high power eyepieces, intermedi
ate lenses or a double ruled graticule. This can 
produce measurements with a resolution down to 
about 0.3)-lm. In practice, however, slight move
ments between the specimen, eyepiece and observer 
limit maximum achievable precision to about 
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0.5f..1m. This is adequate for size variation studies, at 
least for larger species, successful examples of such 
work include Romein (1979), Rio (1982) and 
Young ( 1990). Eyepiece graticules are also used in 
applied studies by biostratigraphers to confirm and 
apply patterns of size variation through geological 
time documented by research studies. The limited 
precision of the eyepiece graticule means, however, 
that it can not be applied to small coccoliths (<about 
4f..lm) and that it is unsuitable for shape variation 
study, also the technique is very laborious. 

Variations on this technique to make measure
ment more precise include using an eyepiece mi
crometer (Villa, pers. comm.), projection microscope 
or video microscope - making measurements on the 
video screen with a ruler (Wei et al., 1993). 

There have been rather few live EM based 
biometric studies, this is probably in part because 
SEM based biometric work is time consuming. It is 
also in part because measuring tools have only 
become standard on the most recent generation of 
electron microscopes. Matsuoka & Okada (1990, 
pers. comm.) conducted a major TEM study on 
Gephyrocapsa using a graticule in the viewing bin
oculars and a projection plane scale to make meas
urements, with a resolution ofO.l,...m; Jordan (1988; 
pers. comm.) made measurements on Emiliania 
huxleyi using a Cambridge S 100 SEM with a built 
in measuring system which allowed accurate meas
urements on live images (resolution ea. O.Olf..lm). 

Measurement of photomicrographs 

A low technology alternative to making measure
ments on live images is to photograph large numbers 
of specimens and make the measurements on 
printed photomicrographs. This involves the extra 
steps of developing the film and, usually, ptinting 
photographs but allows archiving of images and 
higher resolution, since micrographs can be en
larged and because it is much easier to measure a 
static image accurately. Perhaps because of the poor 
quality of coccolith images in light micrographs, 
photomicrography has not been used much with 
LM. One exception is Firth (1992) who used a video 
camera and printer to photograph Cyclicargolithus 
coccoliths and a digitising tablet to measure them. 

Studies based on SEM photomicrographs are ham
pered by the long exposure time normally needed 
and by problems of calibrating nominal magnifica
tions. Some studies have nonetheless been carried 
out, such as Samtleben (1980). The technique is 
better suited to TEM, since exposure times in TEM 
are typically 1 second or less. Emiliania huxleyi 
morphometries have frequently been studied using 
TEM micrographs since its coccoliths are thin 
enough to be electron translucent, so complex 
preparation techniques are not needed (e.g. Watabe 
& Wilbur, 1966; Young & Westbroek, 1991). For 
other coccoliths replication is a necessary first step 
and the delicate preparation work this entails has 
discouraged widespread use of the TEM for mor
phometric work. Pujos-Lamy (1977) nonetheless 
used TEM micrographs in a study of Gephyrocapsa 
morphometries. 

Digital Image Capture 

Digital capture of video images to a microcomputer 
combines the advantages of the other two ap
proaches. It allows measurements to be made with
out the delay of photographic printing, but 
measurements can still be made on frozen, magni
fied images. These images can subsequently be ar
chived and digital storage is now much cheaper than 
printing on photographic paper. Also, image proc
essing techniques can be used to enhance the image 
and it is a more flexible technique than conventional 
photography. For instance, Bollman ( 1995) used the 
TV output of a SEM for image analysis work. By 
digitally averaging 32 frames, using Auto correla
tion, noise was removed from the TV signal. With 
this technique exposure times of 5 seconds produced 
images of suitable quality for biometrical work. 

In addition image analysis techniques can be used 
to, wholly or partially automate biometrical meas
urements. There is in fact a range of sub-possibilities 
for biometrical work, but three end-member options 
can be considered: 

a. Landmark methods. The operator identifies a 
series of landmarks on the specimen and the pro
gram then calculates distances between them. An 
advantage is that the image interpretation is carried 
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out entirely by the operator and so problems of 
specimen identification and preservation are the 
purview of the expert user, ra ther than the obtuse 
computer. The collateral disadvantage is that the 
technique demands extensive operator time and is 
subjective. Granlund & Hermelin (1983) describe a 
pioneering system of this type, which was success
fully applied to coccolith work by Backman ( 1980), 
Backman & Hermelin (1986) and Olafsson (1992). 
Bollman (1995) used a similar system , on SEM 
images. With modem image analysis programs a 
customised system of this type can readily be devel
oped. 

b. Thresholding based techniques. The image is 
divided into foreground (=objects) and background 
based on brightness. Each separate object is then 
automatically measured. This approach requires 
less subjective operator input and is very well sup
ported by most image analysis programs. Typically 
they provide a range of image processing techniques 
to assist object definition and a suite of automatic 
measurement options. Unfortunately, the technique 
is not easily applicable to light microscope images 
of coccoliths; in particular cross-polarised light im
ages typically have weakly defined edges and each 
coccolith is subdivided into four objects by the 
isogyres. Also, most coccolith samples contain a 
mix of species which cannot be separated by simple 
size/brightness criteria so that operator selection of 
specimens remains essential. We do not know of 
any successful applications to coccolith light micro
scope studies. Mock & Bralower (1993; pers. 
comm.) used this technique very successfully as part 
of an automated SEM based system. 

c. Complex methods. Mathematical analysis is ap
plied to recognise topographic elements of the im
age without having separate object segregation and 
object measurement phases. The advantage of this 
technique is that all available data is used, as op
posed to thresholding based techniques which re
duce the complex brightness level data of the 
original image to binary object/background data. 
Theoretically, virtually any pattern which can be 
recognised by a human eye should be mathemati
cally definable, but this may require complex pro-

gramrning for each separate application. Garratt & 
Swan (1993) applied this approach to Cretaceous 
coccoliths, they used phase contrast images, took a 
radial series of transects across them, applied fast 
fourier transform analysis to each transect, and used 
principal components analysis to characterise the 
results. This technique was successful but processor 
intensive, and required accurate identification of the 
geometrical centre of the specimen by the operator. 

OUR APPLICATION 

The essential requirements of our application were 
that it should allow accurate measurement of basic 
size/shape parameters from each of 50-100 speci
mens per sample, sufficiently rapidly to allow sev
eral samples to beanalyzed per day. Speed was more 
important than sophistication. The choice of ap
proach was dictated by this consideration combined 
with available facilities. In addition, previous work 
on the formation, morphology and geometry of E. 
huxleyi coccoliths, suggested that three key biomet
rical parameters can describe the observed shape 
variation: central-area length and width, which re
flect the shape and size of the proto-coccolith ring 
of initial nucleation sites; and rim width which 
reflects the extent to which each crystal unit grows 
(Young, 1989; Young & Westbroek, 1991). Most 
other parameters, such as coccolith length, axial 
ratio or number of elements are functions of these 
parameters. Hence our primary interest was to ex
plore variation using these three parameters. 

Light microscopy was chosen in order to produce 
fast results. Also, it was possible to have an entire 
system set up permanently in the rnicropalaeontol
ogy unit. SEM was considered too time consuming, 
and TEM was not readily available. Light micro
scope images are much less detailed than EM im
ages but the essential rim, central-area division is 
very prominent (Fig. 1). Since Emiliania huxleyi 
coccoliths are very small (3-S)..lm long) it was nec
essary to use cross-polarised light. For other species, 
bright field, dark field, or phase contrast illumina
tion might be better for image analysis, but for E. 
huxleyi only cross-polarised light produces a useful 
image. Graticule based light microscope work was 
impractical due to the small size of coccoliths of tllis 
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Fig. I. EMILIANIA HUXLEYI COCCOLITH MORPHOLOGY. Comparative cross-polarised light and scanning electron micrographs and an 
interpretative cross-section. The bright ring in the light micrograph corresponds to the maximum coccolith thickness and thus to the edge of the 
central-area. The rim is much darker and ob cure. The white line around the SEM image is a geometrical ellipse, this illustrates the degree to which the 
coccolith shape approximates to elliptical. 

species so that digital image capture was used in
stead. 

We began by experimenting with thresholding 
based techniques but found that the problems of 
weak edge contrast and break-up of images into four 
sectors made this impractical (Fig. I). We then 
developed a landmark based approach, using the 
cursor to define three points on the coccolith; one 
point at each end of the central-area long axis, and 
one point on the rim long axis. This was reasonably 
fast but required too much subjectivity from the 
operator and repeated analyses of the same set of 
images by different operators produced unaccept
ably variable results. Therefore, we decided to at
tempt a more complex approach, based on the 
salient features of the coccolith images, i.e. exploit
ing the fact that cross-polarised illumination of coc-

eoliths creates images in which relative brightness 
level contains a large amount of useful information. 

Ove'rview of system 

Our system for biometrical work is shown in Fig. 2, 
MacLeod (1 990) gives more details on image analy
sis systems. The main components are: 

I . Microscope. This is the most expensive compo
nent and the most important, the quality of the initial 
image is critical in any image analysis work. We use 
a Zeiss Axioplan photo microscope with a 1.4NA oil 
immersion condenser lens, 1.3NA x 100 neofluar oil 
immersion objective lens, and x l.6 Optovar (inter
mediate) lens. For routine work, most coccolith 
specialists use dry conde~1ser lenses. These, how
ever, usually have a lower numerical aperture (NA) 
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Fig. 2. THE IMAGE CAPTURE AND ANALYSIS APPARATUS. Schematic diagram of our system with notes. The prices shown are those paid 
when the system was bought (early 1993) the microcomputer would now co~t significantly less, o r be substantially more powerful. 

than the objective lens, whilst for optimum results 
the NA of the condenser should be at least as high 
as that of the objective lens. Purchasing an oil im
mersion condenser was an extremely cost effective 
means of improving the system. 

2. Camera. This is a charged couple device 
(CCD) which consists of an array of light sensors. 
Such cameras typically have a restricted field of 
view, recording an image from a substantially 
smaller area than a conventional camera on the same 
mount, this reduces the effect of any lens aberra
tions, and results in higher final magnifications than 
would otherwise be the case. For biometrical work 
8 bit (256 grey levels) cameras predominate. The 
camera outputs an analog video image which is 
ported to a frame grabber board in the microcom
puter. 

3. Framegrabber. This converts the analog video 
signal into a digital image available to the computer. 

Both framegrabber and camera influence image 
quality especially in terms of greyscale range and 
fidelity. When purchasing a system this is an area 
where specialist advice is invaluable. For focusing 
and finding specimens it is necessary to work with 
a live image. This may be provided by a video 
monitor, showing the signal from the camera, or via 
a window on the main computer monitor with direct 
memory access (DMA) to the framegrabber, this is 
a feature provided on more expensive framegrab
bers. Maximum image size from our camera/board 
combination is 768 x 512 pixels and each pixel is 
represented by one byte of data. Therefore, the 
memory fi le size for a full image is 400kB. At 
maximum magnification on the microscope the 
pixel scale is 15.4 pixels/f.!m (1 pixel = 0.065f.lm). 
Hence individual E. huxleyi coccoliths occupy an 
image area of about I 00 x 100 pixels ( 1 OkB ). 
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Fig. 3. MOSAIC IMAGE. Pan of a typical composite image, as produced by the image capture system developed for biometry. The image provides 
an array of identified specimens in fixed locations which can be batch processed by the image analysis program . These mosaic images also form convenient 
archive image~. N.B. The brighmess contrast across the rim edge is greater on screen than on printed images. 

4. Computer and software. These perform the 
image storing, processing, and analysis. The more 
powerful modern microcomputers are quite capable 
of this for applications dealing with modest image 
sizes and good entry level image analysis packages 
are available on many computer platforms. We 
chose the combination of an Apple Macintosh com
puter running NIH-Image. NIH-Image is a program 
developed by Wayne Rasband of the US National 
Institutes of Health for the public domain. The pro
gram offers features comparable to commercial 
packages and being free has many advantages both 
obvious and less obvious, including free access to 
updates, free support (via an Internet mai ling list), 
access to source code, and the ability to distribute 
copies to colleagues. See Appendix 1 for availabil
ity details. 

Like most image analysis packages NIH-Image 
employs a graphic user interface, providing access 

through menus to a suite of image processing and 
analyzing commands. It also contains a macro lan
guage which enables any of these commands to be 
included in short user-written programs. Our appli
cation has been developed as a set of macros. The 
macros themselves would only run in NIH-lmage 
but it would be possible to rewrite them in compa
rable macro languages and thus use the same ap
proaches in other image analysis programs. 

Image acquisition system/mosaic images 

Image acquisition and analysis are two separate 
processes and an early decision was made to sepa
rate them as discrete steps. This provides an efficient 
breakdown of tasks; the operator can concentrate on 
microscopy without worrying about image analysis, 
and since the computer is not analyzing the images 
it is always available for image capture. It is also 
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Fig. 4 . CHARACTERISTICS OF THE CAPTURED IMAGES. Top centre: Typical image of an Emiliania huxleyi coccolith as it appears on screen. 
Top right: Enlarged portion of image to show the pixels, and their brightness values (0-255). Left: A series of radial transects across the coccolith showing 
variation in brightness values, note strong central-area edge and weak rim edge. Bottom: Pseudo 30 surface plot of brightness values. 

preferable on our system since the direct memory 
access video is rather unstable and since image 
capture is better if the room lighting is turned down. 
Separating image capture also aids efficient image 
archiving. 

The system we have adopted is to save composite 
mosaic images of 30 coccoliths (Fig. 3). This re
duces the total number of files from about 60 per 
sample to 2 per sample, without any loss of resolu
tion. It also saves time, makes organisation much 
easier and allows large numbers of specimens to be 
viewed simultaneously. In addition it simplifies the 
process of writing programs to batch process coc
coliths at the image analysis stage. Finally, the mo
saic images are also very useful for non-biometrical 
work, such as qualitative investigation of variation, 

or producing summary images of entire assem
blages. 

As implemented, the operator first sets up a blank 
mosaic file (via one macro) then saves specimens to 
it (using another macro); the cursor is placed over 
the central-area of a specimen and the macro run. 
The macro defines a square region of interest cen
tred on the coccolith, copies it, pastes it into the 
mosaic image, and adds a reference number. This 
process is repeated to produce the complete mosaic 
image. During this mosaic image compilation, un
suitable specimens can be eliminated. These include 
tilted specimens (which appear asymmetric and do 
not go into focus uniformly), broken specimens, 
overlapping specimens and of course specimens of 
other species. 
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Fig. 5. ELLIPSE INFORMATION PROBLEM. Four points lying on 
diameters of an e ll ipse define its centre, but a family of other e llipses with 
varying axial ratios and the same centre could also pass through the four 
points. This is the type of information provided by the four brightness 
peaks. 

Image analysis - Logic 

A typical image of an E. huxleyi coccolith is shown 
in Fig. 4, together with a radial series of transects 
across it and a pseudo-3D plot of image brightness 
over the entire specimen. The coccolith is approxi
mately ell iptical and is formed of a radial array of 
calcite crystals with sub-radial crystallographic c
axes (e.g. Young et al. , 1992; Young, 1993). Image 
brightness is related to calcite thickness and orien
tation. This produces a concentric pattern of ellipti
cal rings of varying brightness, divided into 4 
sectors by the isogyres of the pseudoextinction 
cross. In pruticular, two elliptical rings are promi
nent and significant: the outermost margin of the 
coccolith, referred to here as the rim edge (Fig. 1 ); 
and an inner ring of maximum brightness which 
corresponds to the tube and to the edge of the 
central-area. 

In detail there are various possibilities for locating 
the central-area edge. It could be placed at the inner 
edge of the bright ring, at the outer edge of the ring 
or at the position of maximum brightness. The 

position of maximum brightness corresponds to the 
maximum vertical thickness of the tube and so ap
proximates to the centre of the tube in plan view. 
This should also closely approximate to the proto
coccolith ring locus. The inner and outer edges of 
the bright ring are worse approximations of the 
proto-coccolith ring position and their positions are 
strongly affected by variations in degree of primary 
calcification and secondary overgrowth. Thus very 
conveniently the easiest feature to identify is also 
the most biometrically meaningful. Analogous 
problems of central-area definition also occur in 
electron microscopy and particularly in SEM where 
there are special problems in correlating measure
ments between proximal and distal views. 

Within each of the four sectors defined by the 
isogyres there is a distinct peak of maximum bright
ness on the central-area edge (Fig. 4). The precise 
position of these four peaks on the image depends 
on the coccolith orientation relative to the cross-po
lars. In some orientations two of the peaks are at the 
ends of the central-area edge ellipse, in others all 
four peaks are away from the ends of the ellipse. 
They are therefore not consistent homologous 
points but they are excellent points for identifying 
the central-area edge and for defining the coccolith 
centre. As a resul t of coccolith and illumination 
symmetry, the four peaks, always fall into two pairs 
lying opposite one another along diagonals across 
the central-area ellipse. So the geometrical centre of 
the ellipse lies in the centre of the line connecting a 
pair of peaks. 

Given the position of the centre of an ellipse plus 
points on two diagonals only one other piece of data 
is needed to fully define an ellipse (Fig. 5) . So any 
additional point on the central-area edge can be 
used. In fact to produce a robust result we used a 
large number of points to calculate a best fit. 

Most coccoliths produce similar patterns in cross
polars, with four bright peaks, however, in many 
cases these peaks lie on a less sharply defined tube 
than in E. huxleyi and this is crossed by oblique 
isogyres so simple ellipse fit to all points on the tube 
would not be possible. In these cases the routines 
would need to be modified. 

The rim edge is a much less well-defined feature 
than the central-area edge on the cross-polarised 
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Fio 6 RIM WIDTH DETERMINATION. The rim width is theshonest 
di;;an~e from any point on the rim edge to the central-area edge. 
Observations suggest that rim width is uniform all round the coccolith 
(Young. 1989. and unpubl. obs.). Therefore a single rim width 
detenn ination is adequate to characterise the rim edge. The procedure for 
calculating this distance is described in the appendix. 

light images. This is due to the thinness of the 
shields of E. huxleyi. In consequence it would be 
difficult to produce a reliable ellipse fit for the rim 
edge alone. However, rim width is essentially u·ni
form all round coc~oliths (Young, I 989, Fig. 6.). 
Consequently the rim edge can be approximated by 
an ellipse wi th the same centre and parallel axes to 
the tube ellipse and with axial lengths which differ 
from each other by a uniform amount (Fig. 6). Such 
ellipses might be termed 'parallel ' ellipses, cf. par
allel curves or parallel folds. [Genuinely parallel 
ellipses are in fact geometrically impossible but at 
low ellipticities, the deviation from true parallelism 
is very slight]. Given these constraints all that is 
needed is a single rim width measurement, which 
can be made anywhere the rim edge is clearly vis
ible, or the rim width can be averaged from several 
points around the coccolith. 

Image analysis - Practice 

The predictable features of the coccolith images 
described above have been used as the basis for an 

automated approach to biometrical measurement. 
Initial input is the location of a single reference point 
inside the central-area of the coccolith from which 
the macro locates the four peaks (Fig. 4) and meas
ures the central-area length, width, and orientation, 
plus the rim width. On the mosaic images the initial 
reference points are identified during image capture 
and correspond to the tile centres. Thus all the 
specimens on a mosaic image can be measured 
automatically in one operation, the results stored 
and displayed. The sequence of operations for each 
coccolith is as follows: 

a. A transect is made radially outward from the 
reference point and the central-area edge located on 
it [= the first significant maximum]. This point is 
recorded. 

b. The point on the central-area edge is used as the 
starting point to locate one of the peaks, by moving 
' uphill ' from it; a 5x5 box of pixels surrounding the 
point is checked to find the highest value pi xel, this 
point is moved to and the process repeated until a 
peak is found. 

c. Steps a & b are repeated for transects every 20° 
around the specimen. This gives 18 points on the 
central-area edge plus the peaks. 

d. Using the peaks found by a-c, the geometrical 
centre of the coccolith centre is calculated, by taking 
the midpoint between the two furthest separated, 
peaks. This routine works well even on broken 
specimens where one peak is missing and on dark 
specimens with spurious sub-peaks. By contrast 
simple averaging of all peaks only gives meaningful 
results on the best specimens. 

e. All the points found on the central-area edge 
are converted into a single series and an ell ipse fit 
made on them (assuming the geometrical centre 
calculated in step d.), see Appendix 2a. 

f. To find the rim edge, transects are made from 
each peak radially outward (this avoids isogyres). 
The rim edge is located where the grey value falls 
below a threshold calculated from the peak height 
and the local background value, and the rim width 
fTom thi s point calculated, see Appendix 2b. 

g. The rim width is calculated by averaging values 
measured in step f. and eliminating aberrant values. 

h. All of the results are displayed graphically on 
the specimen (Fig. 7.), and stored in a data file. 
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STORED MEASUREMENTS 
Central-area length 

Rim width Central-area width 

OINTS AND LINES USED IN 
CALCULATION OF MEASUREMENTS 

Peak, on central-area 
edge 

Diagonal connecting furthest peaks, 
used to locate centre of coccolith 

Point located on central-area edge 

Rim point 

Fig. 7. PARAMETERS D!SPLA YED AFTER MEASURING THE SPEC IME NS. Typical display after biometrical macro has run. On this figure 
labels have been added to identify the various lines and highlighted points. on the computer monitor colour is used to d istinguish them. 

The sequence a-h is repeated automatically on 
each of the 30 specimens in the mosaic. After this 
automated phase there is then a manual data verifi
cation phase. The operator scans the image checking 
that the displayed results (Fig. 7) are reasonable. 
Any poor measurements can be rapidly corrected 
using the mouse and cursor and a series of additional 
macros. Finally the results are exported to a spread
sheet for analysis, and a clean copy of the mosaic is 
stored. · 

Efficacy 

Speed: The automated phase takes about 1.5 sec
onds per specimen, or 90 seconds for an entire 
mosaic image of 30 specimens. Manual data verifi
cation and corrections take another 2 or 3 minutes 
per mosaic. So the most time consuming step is 
mosaic creation which takes about 10 minutes, 
(longer if specimens are rare). In total a sample (2 
mosaics) can be analyzed in about half an hour. This 
is a comparable rate to size measurement using a 
graticule, but with more parameters being meas-

ured, greater accuracy, archiving of measured speci
mens, and direct input of results to computer files. 

Success rate: With clean samples of Emiliania hux
leyi virtually all specimens (ea. 99%) have their 
central-areas usefull y measured by the automatic 
routine, i.e. the axes as drawn on the specimen look 
correct and cannot obviously be improved manu
ally. This includes specimens of varying sizes and 
degree of calcification. The rim measurements are 
much less reliable, only about 70% of specimens are 
usefully measured, i.e. for the remaining 30% of 
specimens manual correction of the rim measure
ment is needed. This is a fast process - the cursor is 
placed anywhere on the rim edge and the appropri
ate macro run. 

Precision: The automated process will always give 
the same results from a given image of a coccolith. 
However, different images of the same specimen 
will inevitably give results which differ to some 
degree. This effect has been investigated by taking 
sequences of images of a single coccolith and com
paring the biometrical results derived from them. 
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Fig. 8. VARIATION IN B IOMETRICAL RESULTS OBTAlNED FROM DLFFERENT LMAGES OF ONE SPEClMEN. These resuhs illustrate the 
variation caused by changes in how the image is captured. and thereby test the precision of the final result<. Cross symbols represent ini tial, automated 
measurements which were corrected during the manual phase. The statistics shown (mean, standard deviation. range) are based on the corrected results 
from the 35 specimens of the rotation series. 

Fig. 8 plots results from one such set of measure
ments, using a large Emiliania huxleyi coccolith 
comprising; a rotation series of 35 images with I oo 
rotation between each image; a focal series of 6 
images at different focal depths; and an illumination 
series of 9 images at different degrees of illumina
tion. 

The rotation series includes variation due to: (I) 
Specimen rotation (which affects the position of the 
peaks and isogyres) and ; (2) Operator inconsistency 
- variations in precise focus and placement of the 
reference point within the central-area. These fac
tors determine the basic precision of the technique 
so summary statistics of the resul ts from the 35 sets 
of measurements have been calculated and are dis
played on Fig. 8. For central-area length and width 
the results show a standard deviation of about 
0.06Jlm. This variation is probably largely a reflec
tion of the system resoluti on (pixel width is 
0.06Jlm), and testifies to the soundness of the gen
eral approach. Rim width variation is much greater, 
standard deviation 0.26Jlm. This is largely due to the 
rim finding process failing on some specimens. 

After manual correction of the poor results the rim 
width error is similar to that for the central-area 
parameters, standard deviation 0.04j.lm. Coccolith 
length is a calculated parameter (= central-area 
length + 2 x rim width) and as might be expected 
shows larger errors, standard deviation +/-O. l OJlm 
(after corrections). Generally these results are satis
factory, and adequate for the purpose of investigat
ing variation in the size and shape of E. huxleyi 
coccoliths. 

Focus effects: At the high magnifications used the 
focal depth is very narrow, less than lJlm, and it is 
quite possible to focus at different depths through 
the coccolith. Fig. 8 includes results of a through 
focal series, consisting of two focal depths below 
the specimen, two within it and two above. The 
results from the focal depths above and below differ 
significantly from the mean results but the two 
results from within the specimen are very close. This 
accords with our general experience, with Emiliania 
huxleyi, that precise depth of focus is not critical as 
long as the specimen is well focused. Our image 
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capture system, using mosaics, is ideal for this since 
each specimen can be individually focused before 
inclusion in the mosaic. The alternative procedure 
of capturing a field of view containing numerous 
specimens would not allow this. The effects of focal 
depth are more pronounced with large specimens 
than small ones and will be greater on some other 
species. 

Illumination effects: Optimising brightness of the 
image is very important, since the camera has a 
finite response range. With under-illumination the 
rim can become impossible to separate from the 
background. Conversely, with over-illumination 
the peak brightness exceeds the response range and 
identification of the peaks on the central-area edge 
becomes imprecise. This is an inevitable problem 
when working with cross-polarised light images, 
since this type of illumination produces extremely 
high image contrast. However, there is usually a 
useful window of brightness, at least for E. hu.xleyi. 
Fig. 8 includes results from a series of nine images, 
with a 5-fold increase in brightness over the series. 
There is remarkably low variation in the resultant 
measurements, even though the extreme images are 
well outside the usual working range. 

Application to other species 

The automated biometrics routine was specifically 
designed for work on Emiliania hu.xleyi and it is 
dependent on several features of the species, includ
ing its nearly elliptical shape in plan view, distinct 
pseudo-extinction figure producing four bright 
peaks, well defined narrow tube producing a sharp 
central-area edge and absence of a bright central
area structure. For coccoli ths that share all these 
features the routine can be applied with no more 
than alteration of a few parameters. Deviation from 
these features would require alteration of more sig
nificant parts of the process and might necessitate 
the development of a totally different approach. 

SUMMARY 

Our biometrical system has the following features: 

An initial phase of specimen selection which al
lows the operator to optirnise focus for each speci
men, eparate the species of interest from other 
specimens, identify a reference point on each speci
men. The product of this phase is a mosaic image. 

A second phase of automated measurements 
where the computer automatically measures several 
parameters on every specimen in the mosaic image. 
During this stage all the results are graphically dis
played on a copy of the mosaic image. 

A final phase during which the operator, using the 
cursor and mouse, corrects any poor results. This 
produces a file of corrected measurements. 

The system provides an effective combination of 
speed, precision, and cost. It has been designed for 
work on Emiliania huxleyi but many features of the 
system could be applied to other coccoli ths, or more 
broadly. More generally it is worth noting that the 
technology of image capture and analysis has now 
progressed to the stage where it is readi ly obtainable 
at reasonable cost. It has numerous potential appli
cations in rnicropalaeontology in addition to 
biometrical work. We believe equipment of this 
type should form an integral part of any well found 
micropalaeontological laboratory. 
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APPENDIX 1 - A V AILABILITY OF THE 
PROGRAM 

NIH-lrnage is available electronically via Internet 
by anonymous ftp from zippy.nimh.nih.gov or from 
Library 9 of the MacApp forum on CompuServe 
and on floppy disk fromNTIS , 5285 Port Royal Rd., 
Springfield, V A 22161 , part number PB93-
504868). The program is in the public domain. 

The Coccolith Biometrics macro set, together with 
additional documentation and specimen images is 
similarly available free of charge at the National 
Institutes of Health site in the USA 
(zippy.nirnh.nih.gov) or direct from the senior 
author emailjy@ nhm.ac.uk. The NIH-Image macro 
language is closely based on Pascal, and the pro
gram bstings should be quite readable by program
mers. 

APPENDIX 2 - MATHEMATICAL SOLU-

points (x;, y;) to the above equation with minimum 
error, the error has to be defined first. 

N 

E = L (ax} +bx;Y; +cyf- l i (2) 
i= l 

The term in the parentheses gives an idea of the 
extent to which a particular point deviates from the 
ellipse with coefficients a, b, c. To minimise E, we 
take the first partial derivative with respect to a, b, 
and c and set them to zero: 

N 
a£ "" 2 2 2 . aa =0~ L.,}(ax; +bX;Y; +cy; - l )(x; )=0 3(a) 

i= l 

N 

aE "" 2 2 ab =0~ £.2(ax; +bX;)';+cy; -l)(X;)';)=O (3b) 
i=l 

N 
a£ "" 2 2 2 -ac-=0~ £.2(ax; + bX;)';+cy; - 1)()'; )=0 (3c) 

i=l 

TIONS Or equivalently: 

Ellipses are relatively simple geometrical forms and 
assuming elbptical shape, allows analytical ap
proaches to coccolith geometry. Nonetheless, the 
mathematics involved is frequently complex. This 
appendix documents some solutions we have used. 

A. Fitting data to the equation of an ellipse. 
Problem: Given the centre of an ellipse and the 
co-ordinates of a set of points (xi, y;) lying near the 
ellipse edge, calculate the best fit ellipse. 

Solution: This is a three-parameter linear fitting 
problem. 

The general equation of an ellipse with origin at 
(0,0) is: 

ax2 + bxy + ci = I ( 1) 

Since the centre is known, there are no "x" and "y" 
terms i.e. There are only three unknowns a, b, and 
c, rather than five. Al so, although this is a quadratic 
equation in x and y, it is linear in the coefficients. 
This greatly simplifies the fitting procedure. To fit 

Cix'f)a + CLx(y;)b + (2.,xfyf)c = (2.. x}) 

(2.,xfy; )a+ (2., xfyf )b + (Lx;y()c = (LX;Y;) 

(2..xfyf)a + (2..x;yhb + (2.. y'f)c = (2.. yf) 

(4a) 

(4b) 

(4c) 

Therefore, the task becomes to solve the above set 
of three equations for the three unknowns a, b, and 
c. And this is equivalent to solving the linear algebra 
problem: 

Ax=B (5) 

where the matrix A and vectors x and Bare given by: 

(6a) 

(6b) 

Therefore, the coefficients can be obtained by ma
trix inversion: 
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(7) 

Having solved the equation I (ax2 + bxy +cl = I) it 
is possible to calculate the plot relevant parameters. 
The directions and lengths of the long and short axes 
can be obtained by co-ordinate rotation to eliminate 
the cross term (the xy term). Substituting the follow
ing co-ordinate rotation relationships: 

x = x'cose- y'sin9 (8a) 

y = x'sin9 + y'cose (8b) 
into Equation 1 would yield the coefficient of xy to 
be: 

(c-a)sin(29 ) +bcos(29 ) (9) 

Letting this be equal to zero gives the orientation of 
the ellipse: 

e = ..!..arctan[-b- ] 
2 a-c 

( 10) 

By substituting Equations Sa, 8b, and I 0 into Equa
tion I, the lengths of the long and short axes can be 
obtained as the square root of the reciprocal of the 
coefficients of x2 and y2. 

B. Determination of rim width 
Problem: Given an ellipse of known centre (m,n), 
axial lengths (a,b), and orientation (q) we wish to 

A 

Fig. 9. RIM WIDTH/ELLIPSE PERPENDICULAR SOLUTION. The 
technique used to calculate the shortest distance from a point on the rim 
to the central·area ellipse (see appendix text for explanation). 

fi nd the shortest distance from a point A[xO,yO] to 
this ellipse (Fig. 9). 

Solution: First we simplify the situation by transla
tion and rotation of the ellipse such that its axes are 
parallel to the co-ordinates and its centre is at the 
origin [0,0). In addition, by moving the point A to 
the l st quadrant all values will be positive and 
goniometric functions will need no further treat
ment. For point A[xO,yO] this entails: 
1) translation xO' = xO- m yO' = yO- n 

2) rotation about the anglee 

xO" = xO' cos e = yO' sin e 

xO" = xO' cos e = yO' sin e 
3) Translation to the first quadrant 

xO" = abs(xO') yO" = abs(yO") 

The nearest point on the ellipse, B, lies on the normal 
to the ellipse which goes through point A. Solving 
this problem exactly we always meet with a 4th 
grade polynomial equation, which is not analyti
cally soluble. To avoid this, we substitute a circle 
for part of the ellipse, allowing straightforward so
lution. The solution is basically geometrical but may 
be translated into algebraic formulae, it does not 
involve iteration and so is computationally efficient. 

The line normal to the ellipse at any poi nt [xe,Yel on 
the ellipse can be expressed as: 
Y -Ye= (x - Xe) a2y,Jb2xe ( I) 

intersections of these normal lines with the x-axis 
(points where y=O) are: 
x = Xe(a2 - b2) I a2 (2) 

x varies linearly with Xe, and Xe continuously in
creases from 0 to a (=longer axis of the ell ipse), by 
introducing these limits into (2) we obtain limiting 
points C[O,O] and D[e2/a,O]; e is the ell ipse eccen-

tricity e = Jca1 -b2
). All elipse normals intersect 

the x-axis between these two points. 
Now we define lines from A to C and D and fi nd 
their intersections with the ellipse, points C' and D' 
(fig.9). Point B lies on the ell ipse segment between 
points C' and D', and this ellipse segment can now 
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be substituted by a circle segment. To define it we 
need three points C' ,D' and E. The point E is here 
defined as the intersection of the ellipse and the 
perpendicular axis of the abscissa C'D'. The centre 
of this circle (F) may be found as the intersection of 
perpendicular axes of C'E and D'E. Between the 
points C' and D' this circle constitutes a very close 
approximation of the ellipse, and line AF will be 
normal to this circle. The point B' is then the inter
section of line AF and the ellipse. It was experimen
tally shown, that the BB' distance is small enough 
that it changes the resulting AB distance (=the coc
colith rim width) by <0.1 %. 

c. Ellipse perimeter 
There is a standard solution for calculating the pe
rimeter length p of an ellipse with axes a, b. 

e = Jca2 -b2
) l a 

p = 2na[J-~[:..]2 - _2_[:_]4-~[:..]6 ] 
4 I 64 3 2304 5 
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