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Results are reported of discussion on the standardisation of trilobite 
orientation and measurement at the Oslo meeting on Evolu tion and 
Morphology of the Trilobita, Trilob itoidea and Merostomata, 1-8 July 
1 9 7 3 .  Standard orientations for both measurement and illustration are 
defined for cephala and cranidia, hypostomes, free cheeks, thoracic seg
ments, and pygidia. Shaw's 1 9 5 7  measurement notation is recommended 
for adoption. The discussion document circulated before the m eeting, 
which includes supplementation of Shaw's notation, is reprinted. 

f. T. Temple, Birkbeck College, 7/15 Gresse S treet, London W1P iPA, 
29th August, 1 9 73 .  

Inclusion of a discussion on the measurement of trilobites in the programme of the Oslo meeting 
on Evolution and Morphology of the Trilob ita, Trilob itoidea and Merostomata was proposed by 
Temple on 1 7th October 1 9 7 2  and accep ted by D.L.  Bruton on behalf of the Organising 
Committee. A document for discussion at the meeting was produced by Temple (with the help 
of comments on an initial draft by A .W.A. Rushton, C .J .  S tubblefield and R.P. Tripp) and 
circulated on 1 5 th J anuary 1 9 73 .  This discussion document was circulated to all trilobite workers 
listed in Nos. 1 and 2 of Trilobite News as well as to a small number of workers not so listed :  
approximately 1 75 copies were despatched. The discussion document is reprinted below in 
Appendix 1 ,  the original accompanying illustrations being re-drawn and re-numbered for the 
present version. 

Comments on the draft document, which had been requested by 1 st May, 1 9 7 3 ,  were 
received from 22 persons; of these, 1 1  indicated that they would accept a majority decision of 
the Oslo meeting and apply it in their future work, one indicated qualified acceptance of a 
majority decision, while 4 indicated that they would not be prepared to accept a majority 
decision. Some omissions from the discussion document were pointed out - orientation and 
measurement of free cheeks, depth of cephalon and pygidium, thickness of cuticle . The com
ments were duplicated and made available to members at the beginning of the Oslo meeting. 

Discussion on the standardisation of measurements had been scheduled for 1 6 . 00 hrs . on 
6th July, 1 9 73 ( the last discussion day of the meeting) but was not reached until about 1 7 . 3 0  
on that day. I t  soon became clear that the time then available for discussion was insufficient, and 
it was agreed to reconvene the meeting at 20. 3 0  that evening. At  the evening session the follow
ing were present : 

H. Alberti (Germany) ,  K.S .W. Campbell (Australia) , N .  Eldredge (USA) , J .K.  Ingham (Britain) , 
V. Jaanusson (Sweden) , P.A. Jell (Australia) , P.J.  Lesperance (Canada) , K.J .  MeNamara (Britain) , 
L. Marek (Czechoslovakia) , B .S .  Norford (Canada) , Halszka Osmolska (Poland) ,  D .R. Schwimmer 
(USA) , J.T. Temple (Britain) , A.T. Thomas (Britain) ,  Ewa Tomczykowa (Poland) , and 
H.B .  Whittington (Britain) . 

A chairman was not formally elected but Temple acted as unofficial coordinator of the 
discussion. 

The following decisions regarding orientation and measurement were reached. It was 
recognised that exceptions to them might well arise in individual groups of trilobites ,  but in these 
cases authors would be expected to state explicitly what alternative orientation and measure
ment procedure they were adopting. 

( 1 ), For isolated parts of the exoskeleton (i .e .  cephala, cranidia, free cheeks, hypostomes, 
thoracic segments, pygidia) a single-orientation method with definition of an arbitrary horizontal 
plane is preferred to a multiple-orientation method. 
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( 2) For the cephalon and cranidium the horizontal plane is that defined by the sagittal cranidial 
length, which is interpreted in forms with overhanging anterior cranidial margins as the maximised 
sagittal cranidial length. (Agreement was not reached - voting 4-4 - as to whether the maximised 
sagittal cranidial length should be defined posteriorly for this purpose by the posterior margin 
of the occipital ring or by the base of the occipital furrow, but it was recognised that the 
difference in orientation in the two cases would be slight) . 

( 3 )  For dissociated free cheeks the horizontal plane is that which maximises the visible exterior 
surface. [Note by Temple : it would make easier the definition and measurement of free cheek 
and genal spine lengths (m) - see Appendix 2 - if this plane were additionally constrained to pass 
through the points a and w ,  as indeed it would probably do in many cases l .  

(4 )  For  the hypostome the horizontal plane i s  that defined by  the sagittal length, i . e .  by  the 
line joining the mid-points of the anterior and posterior margins of the hypostome (voting 8-3) .  

(5 )  For individual thoracic segments the horizontal plane is that defined by the bases of the 
rachial furrows at the front and back of the segment. 

( 6 )  For the pygidium the horizontal plane is that defined by the sagittal pygidial length, i .e .  
by the line joining the mid-point of the articulating furrow to the mid-point of the posterior 
margin of the pygidium. 

( 7 ) These standard orientations apply to both measurement and illustration (voting 8-4 ) .  

( 8 )  Measurements should be made on  extemal surfaces. 

( 9 )  A standard notation of measurements should be based on Shaw's 1 9 5 7  system as  amended 
along the lines of the discussion document (voting 1 1 -2) .  

( 1 0) N o  system o f  "basic" measurements i s  recommended. 

It  was impracticable in the time available to attempt detailed discussion of individual measure
ments. Definitions of some of the measurements omitted from the discussion document were 
subsequently drafted by Temple on the basis of the comments received. These additional 
measurements are presented in Appendix 2 below. 

APPENDIX l : PROPOSED STANDARDISATION OF TRILOBITE MEASUREMENTS 

The publication of measurements of trilobites as part of systematic descriptions and studies is 
becoming increasingly common, and it is dearly highly desirable that measurements should be 
standardised so that published data may be used for comparative statistical and numerical 
taxonomic studies. 

The standardisation of measurements will be discussed at the forthcoming meeting on the 
Evolution and Morphology of the Trilobita, Trilob itoidea and Merostomata to be held in Oslo 
on 1-8 July 1 9 73 ,  and it is hoped that as a result of these discussions agreement can be reached 
on a sch erne of standard measurements. The following notes have been prepared as a basis for 
discussion at the Oslo meeting. Comments on them are invited, both from those attending the 
meeting and from those unable to attend. Such comments will be duplicated and circulated at 
the meeting provided they are received before 1 st May,  1 9 73 .  Whether you wish to comment or 
not, it would be useful if you would state whether you would be prepared to accept a majority 
decision of the Oslo meeting on this subject and to apply it in your future work. 

In a pioneer publication, Shaw ( 1 95 7)  discussed methods of measurement and defined a 
comprehensive set of measurements for most parts of the trilobite exoskeleton. As Shaw pointed 
out, a decision must first be made on the orientation to be adopted : 

"It is basic to any system of measurement that a standard orientation of the trilobite be used. 
Two approaches can be used : ( 1 ) Take all measurements normal to the surface ( or the chord of a 
convex feature) being measured, or ( 2) orient the trilobite one way for all measures .  The first 
method has the advantage of giving true size on sloping parts, but has the serious disadvantage of 
requiring repeated manipulation of the specimen. The second method requires only one orienta-
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tion of the speeimen and has the very real advantage of giving measurements that can be 
compared with those taken from photographs. AIso, measurements from a single orientation 
more closely approximate the visual impression of the speeimen. The single-orientation method 
is used throughout this article with one exception, which is noted explicitly" ( 1 95 7 : 1 93-4) . 
Subsequent authors who have diseussed this question (Bruton, 1965 :342 ;  Hughes, 1 969 :50 ;  
Temple, 1 969 :20 1 )  have followed Shaw in  adopting the single-orientation method, and to  the 
advantages listed by Shaw may be added that of suitability for automatie character recognition 
and measurement if such become feasible in the future. It  must, however, be recognised that in 
practice single-orientation is difficult with large speeimens which are too big for the field of 
view of the normal binocular microscope :  such speeimens lend themselves  more readily to 
measurement by calipers, and the latter method (unless used on an image on a screen) measures 
each structure as its own normal projection. On balance,  though, the advantages of single
orientation seem far to outweigh its disadvantages .  

I f  single-orientation is adopted, the problem arises of defining a "horizontal" plane 
perpendicular to which measurements are to be projec ted. For cephala and cranidia three 
possibilities have been suggested, each of which has disadvantages :  

( 1 ) Place the palpebral lobe (or its chord, where the lobe i s  curved) horizontal (Shaw, 
1 95 7 : 1 94; Owens, 1 9 7 0 :3 1 1 ) .  An equivalent but more precise definition of this orientation is 
that of Eldredge ( 1 9 72 :6 1 )  who placed the dorsal margin of the visual surface horizontal. 
Disadvantage: The palpebral lobes are absent in some trilobite families, and in others are too 
small to define a plane accurately. 

( 2 ) Place vertical the plane passing through the posterior margin of the occipital or axial ring 
( this orientation was defined originally for purposes of illustration by Whittington & Evitt, 
1 954 : 1 1 ,  and has been applied to measurement by Bruton, 1965 :342) .  
Disadvantage: The exact orientation o f  this vertical plane i s  uncertain in many cases, while in 
some families this projection foreshortens excessively the anterior part of the glabella and 
makes measuring difficult because of the difference in level between the anterior and posttrior 
ends of the cephalon. 

( 3 )  Place horizontal the normal proj ection of the sagittal cranidial length, i.e. the s traight 
line joining the mid-point of the anterior margin of the cranidium to the mid-point of the posterior 
margin of the occipital ring (Temple, 1 969 :20 l ;  Ingham, 1 9 7 0 :3 2) .  The "anterior margin of the 
cranidium" in this context is either. the rostral su ture Of this is on the dorsal surface) or .the 
anterior margin of the cephalon (if the wstral su ture is on the ven,tra! surface) .  
Disadvantage: The presenee of an åxial occipital spine may mak-e- the sagittal cra,nidial

'
length . '. 

difficult to define. 
. 

Orientation of the hypostome has appare\ltly not been explicitly discussed in the literature, but 
Temple ( 1 969 :208 ,  2 1 3 ,  2 1 9 , 22 7 ) has projected measurements at right angles to the normaHy 
projected sagittal length of the hypostome. 

For thoracic segments there is, as Shaw retnarked, little problem : "they may be oriented 
with the dorsal furrow ( or its chord, where the furrow is convex) horizontal" (Shaw 1 95 7 : 1 94) . 

For pygidia the horizontal plane may be : 

( 1 ) That defined by "the plane determined by the ventral margin of the border, where the 
border roUs under to form the doublure (Shaw, 195 7 : 1 94) . This definition is not unambiguous, 
and was interpreted by Temple ( 1 969 :201 )  to mean the plane defined by the lateral and 
posterior pygidial margins . Even so,  the plane is not always definable .  

( 2) The plane defined by the normal projection of the sagittal .pygidial length .( i .e ;· mid-point 
of articulating furrow to mid-point of postetior mar.gin) (Teinple, 1 969 :20 1) .  This -definition 
can apply to cases where the plane in ( 1 ) is not definable' bu t,  like the corresponding ctanidial 
definition, it becomes difficult to define in the presence of a termin'al axial spine. 

( 3 )  The plane defined by the rachial furrows (Ow.ens; 1 9 70 :3 1 1 ) .  

(4) The plane defined by the, surface of the first axial (rachial )  ring (,Eldredge, 1 9 7 2 �6 1 ) .  

Once a decision has been reached on orientation, there remains the question o f  defining the 
individual measurements. Here the simplest  procedure is to use Shaw's -definitions and 'symbols 
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as a basis. I f  the orientation adopted is different from Shaw's projection on to the plane defined 
by the palpebral lobes it will be advisable to distinguish the new symbols typographically from 
Shaw's, e.g. by the use of lower case ktters in place of Shaw's capitals. 

Although some additional measurements and symbols are suggested below to supplement 
Shaw's, no attempt is made to produee an exhaustive list of all possible measurements - others 
will need to be defined from time to time for particular families .  On the other hand adoption of 
Shaw's scheme does not imply that all of Shaw's measurements are considered necessary or 
even useful. A list is therefore given of the basic recommended measurements ( this list differs 
from that given by Shaw, 1 9 5 7 :202- 3 ) .  

Experience suggests that Shaw's symbols for the cephalon need supplementing by  the 
addition of measurements relating to the positions of the lateral glabellar furrows. These can be 
inserted into Shaw's scheme without duplication of symbols as follows ( see Fig. lA) : 

bs 
b32  
b2 1 
bl O 
koo 
kl O 
kI l 

= 

k2 1 
k2 2  = 

k32  = 

k3 3  = 

ks = 

Notes : 

anterior end of glabella to distal end of S 3 ( exsag. ) 
distal end of S 3 to distal end of S2 ( ex sag.) 
distal end of S2 to distal end of S l ( exsag. ) 
distal end of S l to distal end of occipital furrow ( exsag. ) 
transverse separation of distal ends of occipital furrow 
maximum width of glabeIla opposite LI 
transverse separation of distal ends of S l 
maximum width of glabella opposite L2 
transverse separation of distal ends of Sz 
maximum width of glabella opposite L 
transverse separation of distal ends of ?3 
maximum width of frontal lobe of glabeIla 

( 1 ) b32 , b2 1 and bl O can be combined to give e .g. b3 0 , b20 for the lengths of various lobes 
taken together. 

b5 

b32 m 5  

b21 

bl0 

A I 
m 6 

B 
h 5 - Xoo 

c D 
Fig. 1. Proposed additional measurements for glabeIla, free cheek, hypostome, pygidial rachis. 
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( 2) In many cases some or all of kl O ' k2 1 , k32 and ks will coincide with koo , ku , k2 2  or k3 3 . 

( 3 )  The width of the glabella is measured in each case from the deepest points of the rachial 
furrows. 

(4) When glabellar lo bes overhang the rachial furrows, glabellar widths measured across the 
outermost parts of the lobes (rather than to the bases of the furrows) may be distinguished by 
a prime, e .g. k' 

1 0 ' 

( 5 )  When a glabellar furrow does not reach the rachial furrow its "distal end" is the point where 
the continuation of the glabellar furrow along its length meets the rachial furrow. 

Shaw did not designate measurements for the hypostome, and unfortunately he used H as the 
sagittal width of the pre-glabellar area (reete pre-glabellar field) . If the latter measurement is 
re-designated f2 ( this and x l O - see below - are the only changes proposed in Shaw's symbols) , 
then h becomes available for hypostomes, and the following are proposed ( see Fig. le) : 

sagittal length of hypostome 
overall length (between planes tangent to anteriormost and posteriormost points of 
hypostome) 
middle body sagittal length (anterior margin of hypostome to posterior end of middle 
body) 
maximum width of hypostome 
width of hypostome across anterior wings 

For thoracic segments an additional measurement is proposed :  

q2 = sagittal length (="width" of Shaw's ql ) of thoracic segment excluding articulating half 
ring, measured from articulating furrow to posterior margin of rachial ring. 

By analogy with the proposed notation for the lengths and widths of glabellar lobes, the follow
ing pygidial measurements are proposed ( 1 st ring furrow is taken as that behind the 1 st rachial 
ring; see Fig. ID) : 

Xoo = transverse separation of rachial furrows at ends of articulating furrow 
xl O transverse separation of rachial furrows at position of maximum width ( tr. ) of  1 s t  

rachial ring (= Shaw's X) 
XI I = transverse separation of rachial furrows at ends of 1 st ring furrow 
X2 1 = transverse separation of rachial furrows at position of maximum width ( tr . )  of  2nd 

rachial ring 
etc. 
YI O  = articulating furrow to 1 st ring furrow ( sag. ) 
Y2 1 = 1 st ring furrow to 2nd ring furrow (sag. ) 
etc. 

Notes : 

( 1 )  YI O , Y2 1 ' etc. can be combined to give the length of several rings as e.g. Y2o,etc. 

( 2) In many cases ,  due to the tapering of the pygidial rachis X l O , x2 1 , x32, etc. coincide 
respectively with xoo ' xI I , x2 2,etc. 

A further pygidial measurement is proposed, namely w2 1 ' w2 2 ' etc. for the transverse separation 
of the tips of the first, second, etc. ( counted from the front) pairs of pygidial marginal spines in 
multi-spinose pygidia. 

Slight changes in the wording of some of Shaw's definitions are proposed as follows ( they 
do not alter the sense of any of the measurements) : 

Pre-occipital glabellar length [re-named] (B ) measured from the deepest point in the occipital 
furrow to the deepest point in the pre-glabellar furrow, in the sagittal plane. 
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Sagittal width of the pre-glabellar FeId (H) is re-designated f2 . 

Posterior facial su ture width [re-named] O i )  is measured between two exsagittal planes touching 
the distal ends of the dorsal posterior facial sutures [re-defined to take account of proparian 
forms] .  

Maximum pre-occipital glabellar width [ re-named] (K2 ) .  

Transverse length of axial lobe (Ri )  measured between exsagittal planes through the deepest 
parts of the rachial furrows. 

Transverse pleural length (R2 ) measured between exsagittal planes tangent to the outer tip of 
the pleura and through the deepest part of the rachial furrow. 

It is proposed that the following should be considered basic measurements which should all be 
measured when available. 

cephalon: 

hypostome: 
pygidium: 

b, c ,  ds , e , f2 , g, gl ( from these a, al , a2 ' b can be calculated if necessary ) ;  
i , j , j l , h ,  k, k2 
hi , h3 , hs 
w, xoo ' Yl , z i  

These basic measurements, together with the newly proposed measurements are shown in 
Figs. A-E : (Note : The Figures from the discussion document are here redrawn as Figs. lA,  C 
and D, that of the proposed basic measurements being omitted.) 

As regards the technique of measurement, it is proposed that measurements should wher
ever possible be made on testiferous speeimens or external moulds (or artificial casts therefrom) ,  
and oruy exceptionally on internal moulds; that measurements should not b e  made o n  distorted 
or strongly flattened speeimens; that measurements on furrows be made at their bases ( i .e .  their 
deepest points when viewed in the projection adopted) . Measurements on the bases of furrows 
are in practice affected by the direction of incident light, and as it is impracticable to standardise 
this because of differences of convexity etc . ,  consideration should be given to the desirability 
of making all measurements on external moulds or artificial external casts of testiferous speeimens. 
Measurement by micrometer eye-piece (preferably with a rectangular grid or with intersecting 
scales at right angles) is convenient but is subject to errors of calibration and paraliax , although 
the latter error can be minimised by utilising only the central part (preferably less than half
diameter) of the field of view. Measurement by accurately calibrated travellipg microscope is 
preferable. I f  a single-orientation method is adopted accuracy of speeimen orientation is clearly 
important. I t is recommended that speeimens to be measured should be mounted on a platform 
which can be fixed relative to the viewing microscope and can be rotated on a horizontal axis 
for profile viewing. For cranidia with large eyes, the palpebral view is probably the easiest to 
set up accurately by viewing in pro file or otherwise. Setting up speeimens with the sagittal 
cranidial length horizontal can be done by viewing in profile, by getting both ends of the 
cranidium in focus simultaneously, or by maximising the projected sagittal cranidial length. 
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APPENDIX 2 :  ADDITIONAL PROPOSED MEASUREMENTS 

Dissociated opisthoparian free cheeks (see Fig. lB) 

m total length of free cheek and genal spine measured along line from a through w to 
projection of tip of genal spine on to this line (redefined after Pabian & Fagerstrom 
1968 ) .  

ms length of free cheek from a to w .  

m6 length of genal spine (measured along continuation of line from a to w ) from w to 
projection of tip of genal spine. 

Depth of cranidium and pygidium 

nr = sagittal cranidial depth measured as perpendicular distance between horizontal 
reference pl ane ( as decision 2 above, but defined posteriorly by posterior margin of 
occipital ring) and parallel line in sagittal plane tangent to highest point of glabeIla. 

n2 = sagittal pygidial depth measured as perpendicular distance between horizontal reference 
plane (as decision 6 above) and parallel line in sagittal plane tangent to highest point 
of pygidial rachis. 

Thickness of cu ticle 

To be measured along sagittal line at mid-Iength of glabeIla. 
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