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l h e  trochnid coiling m ~ d e  I\ thc mo\t domm,rnt nmrmg\t hyaltne foraminiterd The 
par;illcls in h i p c  with e\pecially peatropods neatly explain\ the uw of the wme teriin 10 

dcxr lhc  the \plrnl coilinp. Other term\ camc in u w .  a t  t i n t  well-defined. hut gradually 
iandc ot \yctcmat~c\ and changer in stre\\ nf 
,I lhic  terminolopy has hccome a \tumbling 
umbilical denote dittercnl thing\ and are 

therclore dl u\cIuI' the Litter pair shciuld not be relinquished a\ \uggc\lcd (Haync\,  IYYIJ:  
512). Hi\tixically. the term\ ventralldoraal and iippcr and lower \idc have heen used h) 
m o s t  \ tudent\  of the foraminifera with o n l y  few cxccplioiis (notahly Reuw and Lixhlich &' 
1 appan). Despite the protist nature of foraminitera, dorsal and ventral continued tn he 
uacd. an,ilogou\ t n  termb uwd to deccrihe. tor example gsstropods. Far fewer prohlern\ 
h e w  the term\ \p,r<il and umhilical. which arc gcnerdll? defined (Ox lord  L i i g l i h  
l h ~ l , , ~ , i < , r r )  a,: 

\pIral I , . .  n & II 1. 0. Coiled, winding ahout a ccntrc in an enlarging or decreacing 
circular motion, either on a Hat plane or  rising in d cone. 
\pire 11 Spiral. coil. cingle twist of thk. upper part of \piral \hell IF, f.  Lt. Cik 
.$pe,nr coil] 
iimhilical n I .  Of, situated near, affecting, the umbilicus 2. ('enrrnlly placed. 
uinhilicub ti. Navel. (Hot. & 7.001.) navel-like formation: ((ieom.) point in a 
curfacc through which a11 cross-sections have same curvature [I., rel. 10 Cik 
,,nlpl,ulo, I 

O R I E N I A  IION: A GEOMETRICAI. AND BIOLOGICAL PERSPECTIVE 
Extending ,pirdl\ into 3 dimencions I \  straightforward (Fig. I )  Looking along tlie z-ax is  iii  
the direction nt e x p d n w i i  01 the curve. unr ohvioualy x e c  thc \pire. with the oppos~tr 
view )!elding the uinhiltcuh. Thew terms d e w i h e  the \amc 'WE of the spire irrespective 
01 the tranir 111 reference. ficnre. spiral and uinhiltcal arc term3 wlth a clear. geomctrlc 
meaning O r p ! n i m \ ,  contr,iry 10 mntlicinntical entitie\. have to ~ ~ ~ c n t a t c  thcmbclve\ 
relatibe to t l ie suhstr.ite o n  which they I I W .  S t i c e  thcrc I \  a dorwventral  asymmetry in 
animal \ ,  'up'  and 'duwn' tilive alway, heen charactcr17ud hy the term dorcel and ventral 
Ouite nntu1,ill). these termc were extended to denote other pdrts of the orpanism: e.g. 
dondl and ventral  \d l \ c  in Brachiopoda as oppmed 11) left and right valve in Octracoda. 
I here I \  no prohlcm in generalizing the use ot these two term\ to denote the cide polnting 
away from the wh\trate :IS t lonal with t he  oppo\itc heing ventral. Extending the u\c (11 all 
thew terms 10 foraminifera qhould he unprohlemai~cal. Llnforrunately. biology and 
penmetry have crmt.iminaled each nther I h r  g low~r icc  provided by Loehlich & Tappan 
(1964. IYX7)  illustrate thir well. 

dona1 opposite to ventral side, cpiral side ot t rvchod forms 
ventral- perlaining to tnlcrwr ude o f  test. commonly w e d  tor umhilical side. 
uppo\itr t o  dorsal: c rmmonly  apcrtural vdc 
spiral cidc: part of tc\t wherc all whorl* arc vivhlc 
umhilical vde. i nvo lu te  \ide m tr txho\piral  form\: commonly with aperture. 

Sl t tc t l )  cpeakiiig. diirwl and ventral are mcantnplsr\ in n protislc,in c ~ m t ~ x t .  However, i t  I \  

quite leptimate t o  use t e r m  o n  the ha\,\ 01 p'irallcl\ 111 wcra l l  \tiape and pcrcc~vcd 
;inakrgie\. U u l  l h c  mal<igou\ nnturc l h ~ ,  10 hc clearly undcr\tood and u\e 01 the term\ 
properly urcum\crihcd. 111 practice [hi \  did n<rt happen: not o n l y  1s ihcrc ,I contusing 01 
\pire <ir icntat ion with l i l e  postion. the povtion of the aperture clouds the I\(LIC cvcn 
lurtlicr I h i )  ie\ulted In dcxrihing the flat d e  of C,hrc,dcm a\ t h r  dorsal \idc (Curhnian. 
1V40: 4Y7: l layne\.  14x1: 261). while th.it I \  111 rc.ilit) the vciilral hide. the o tganim l ive5 

.itl.iched. ' u p w k  down'. I h u  overall h ~ p e  ot the te\t 15 In t h n  ru\pcct mirleadmg. Thl\ 15 

turtlicr illu\tr,ited hy Ioohtng rlt the pyramidal tc\ t \  of Kololm. Pwr,d,,romlm nnd Crhrudc,,. 
The fl;iilencJ vdc i n  K,,lolro (Frg. 2h) 15 Ihc wntral ~ d e .  the vde wlth ihc  aperture and. 
trom \ectinn\. thu umhilical cide. 111 / ' ~ r ! ~ d ~ ~ r m r I i ~ i  (Fig. 2 a ) .  t h e  llattcnrd \ ~ d e  15 the a p r d l  
and dor\al d c .  with the aperture o n  the \entrdl. umhiltcal Gde. Hut in C i h r ~ ~ i l ~ ~ ~  ( P l y .  2c). 
the Rattencd vdc 15 the ventral, \pir:tl d c .  which 15 a l w  the rldc where a cuhmnt l ; t l  part 
ni the aperture occur\. Iiitere\tmglv. the la51 01 tlie tour comhm.itlm\ doc\ (not o c c u ~  111 

loramintiera no test comhlne, the leaturr\  ( 1 1  a Hat. d o r d  umhiltcal \ide (;in 'upside 
down' /<r,mlro) (Fig. 2d). 

Fig. 1. Extending \pire trom 2 to 3 dtmuiisions. 

d - s  d - s  d - u  d - u  

v - u  v - u  v - s  v - s  
a. b. C. d. 

Fig. 2. All poscihlc comhinatlona 0 1  spiral/umhilic;il (a, u) and dor\al/ventral (d, v ) .  Note 
position of the prolr,culur. 

__ 

Kecogiiizing the directim ot c rhng  diould therefore rely not o n  g~ossly externdl 
Iea1urcs. hut o n  the actual positioning of \uccewvu chainher\ with rc\pcct t o  the 
proloculu\. Idcall)', connecting the ccntrr 01 gr,ivity of succeswe chamherc wlll define 
coiling unamhiguou4y. In case 01 douht. X-ray photogaphy or  t h l n  scclion\. iiiayhe even 
wrirtl t h i n  sections. will s i h c  the prohlem. The terms splral/unihd!cal atid ventr;tl!dor\al 
de\crihc differeiit characterictbcs 01 the Iomminlferal tert. Spiral and umhiliual are u\ed to 

wicntdle the \pire geometrically and provide a frame of reference in which to dercrlhe 
othcr I c a t u r o  of the test. Ventral and dorwl arc term\ with ,I hlologml connotatmn, dnd 
thcy refer t i )  the litc position of the te\t. Very olten. both \e l \  of term\ will hc crrrclaled. 
hut 11 i i  not a n  organic cnrrclation. 
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