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SIGNIFICATIVE MEDITERRANEAN "ASPIDOCERAS" IN UPPER JURASSIC 

BIOSTRATIGRAPHY 

A .  Checa & F ,  0 f o r i z  

On the basi S of paleogeographical , paleobiological and 
stratigraphical c r i t e r i a  i s  possible to  obtain an evolutive 
scope of the medi terranean "Aspi doceras" , and so, the taxa 
with higher bioestratigraphical significance. In this  
context the quantitative approach has been a profitable 
source of information. 

Given t h i s ,  in the present uork the most signi-iicative 
chronological imp1 ications deduced froin the application 
of a new systematic ordering are advanced. 

According with the obtained d a t a ,  a higher 
biostratigraphical yield i n  the upper Jurassic during the 
Kirnrneridgian i s  recorded. Always a t  a level lower than 
that  of the substage, the contributions of the different 
genera are the following: 

- Aspidoceras: f ive species; four in the Kirnrileridgi an and 
one Kirnmeridgian-Tithonian. 

- Pseudowaageni a: three Kimmeri dgi an species. 

- Orthaspi doceras : three Kimmeri dgi an species. 

- Physodoceras : one Ki nmeri dgi an speci es . 
Two new genera appear as being good iiiarkers at  the h s e  
of the Kimmeridgian and of the Tithonian. 

Occasionally, the acm6 of some species i s  considered as 
having biostratigraphical significance. 

INTRODUCTION : 

Upper Jurassic amoni t es  of the Beti c Cordi 1 l eras, in Southeastern Spain 

Peninsula, have been object of detailed studies since 1973. Among pub1 i shed 
works are of special in teres t  those of ENAY & GEYSSANT (19751, OLORIZ (1976) and 
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OLORIZ y TAVERA (1981), where a f i r s t  biostrat igraphic scheme and comments on 

the Tithonian associat ion,  the f i r s t  , s t ra t igraphic  scheme of the Kimmeridgian 

and detail ing on lower Titfionian, within the framework of a f i r s t  approximation 
t o  detailed paleontological study, and a general view of subbetic upper Jurassic 

with commentaries about Subbetic basin, the developed fac ies  and quantifications 

on fauna1 association, are  respectively studied. 

Qual i ta t ive  in te rpre ta t ion  on Ti thonian "Aspidoceratidae" findings by ENAY & 

GEYSSANT (1975), recent paleontological s tudies  by OLORIZ ( 1  976) based on the 
guide-lines of BUCK (1958), and quant if icat ions of upper Jurassic  "Aspidoceras" 
by OLORIZ & TAVERA (1981 ) -determining the percent par t ic ipat ion of t h i s  

cmponent.. in the association- a re  the basis fo r  t h i s  work. 

The object of t h i s  research i s  t o  obtain a reading of the foss i l  record through 

a new systematic proposition -CHECA (1984)- and thus reaching a double e f fec t :  

the obtaining of a detai led biostratigraphy, tha t  will  even allow t o  know 

i n t e ~ v a l s  of maximal f rquency ,  and the deduction of evolutionary considerations 
tha t  are only outlined here. The data here collected are  based upon an ea r l i e r  

research by the authors, especially Checa, t ha t  from 1979 has deepened on 

monographic s tudies  of mediterranean "Aspi~oceras".  A null hypothesis on the 
. . 

evolutionary behaviour of t h i s  group i s  presently in press -CHECA & OLORIZ 

The main reason tha t  leads t o  refer  the f o s s i l  r eg i s t e r  t o  a new systematic 

approximation or iginates  on the  needs t o  unify c r i t e r i a ,  so tha t  t o  interpret  
6 the dynamics of tha t  group of ammonites, t ha t  during 15.10 years appears as 

standout component of the association within an ample d i f fe rent ia ted  paleobiogeo - 
graphic d is t r ibut ion .  On the other s ide,  only a monographic study was allowed 

t o  reach a view without interferences,  brought i n  by the  treatments of different  

authors during more than a century. 

METHODS : 

Quantifications have deci s i  ve weight on the development of th i  S research, thus 
implying d i rec t ly  the materials upon which work i s  done and i t s  proccess of 
obtention, in other words, i t s  sampling. Biostratigraphic scale turns out to  

be another main fac tor  t o  which data will  be l a t e r  referred.  

Material and sampling: Collections by OLORIZ (1976 and l a t e r )  and CHECA (1979, 
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1984) have been studied, as soon as material coming from joint,  recollections 

of the authors, where special sampling technic has been carried out. As against 

other traditional practises, where differernes in sampling deepness can be 
re1 atively frequent a t  different level S of s certain profi l ,  preparations from 

t o p  t o  bottom and successive outcrop w i t h  an .approximate minimum of 

two square meters are prepared. These surfaces belong to  rocky bodies of '10 

t o  15 cm. of maximal width. Consideration of maximal width implies t h a t  s t ra ta  

geologically differentiated have been subdivided w i t h  special attention to 

omission surface traces fused within other internal discontinuities or 

irregulariti 'es - this  i s  specially interesting in the study of "condensed pelagic 

biomicrites" facies; c f .  COMAS e t  a1 (1981) and MARTIN-ALGARRA e t  a1 (1983). 
This sampling technic not only allows for a better precission of 

biostratigraphical control, b u t  i t  substantially improves the possibility of 
s ta t i s t i ca l  approximation, diminishing the risk implied by punctual sampling. 

A t  the same time, simplifies the obtention of detailed sedimentological 

information, in any case complementary and often inevitable for  a better 

interpretation of the fossi l  record. 

In  general, sampling has to be considered representative for  i t  i s  the result 
o f  collections within profi 1 S distributed in a large geographic area, where 

upper Jurassic materials are geologically differentiated -area1 distribution, 

paleotopographic location, deposit conditions, thickness.. . cf.  OLORIZ (19761, 
COMAS e t  a1 (1  981 ) , CHECA e t  a1 (1S83), MARTIN-ALGARRA e t  a1 (1983). A great 

number of samplings -950 specimens- originate from recollection carried out 

a t  the Kimmeridgi an-Berri asi an interval fol loviing sampling uniformity cr i ter ia .  

the rest  has been obtained by intensifying sampling of those levels where 

"Aspidoceras" are more frequent and/or aboundant -Kimmeridgian t o  lowermost 

Tithonian. This has been unavailable face t o  a deep study of th is  ammonite 

group. As of now, terminal Oxfordian record should be considered comparatively 

defficient in number, even though may be evaluated as sufficiently 
representative given the . IOW.  diversification of pre-Kimrneridgi an "Aspido- 

ceras". In  summary, total  collection size has been of 1.577 specimens: 1.275 
Kimmeridgian; 340 Tithonian; 90 Oxfordian; 2 Berriasian. 

Biostratigraphic intervals: The biostratigraphic scale of reference i s  t h a t  

of OLORIZ (1976) and OLCRIZ y TAVERA (1983), w i t h  a single modification 

incorporated by OLORIZ y TAVERA (1981)' as far  as a proposition of frui tful  

subdivision of Kimmeri dgi an, that includes the middle Kimmeri dgi an denomination 

f o r  the interval of s t ra ta  with 0. uhlandi ( O P P E L )  -upper part of  the Divisum 
zone- and those where the Kimmeridgian Hybonoticeras fauna develops -Beckeri 
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As f a r  as Kimmeridgian, some of the known intervals  show cer ta in  pecul iar i t ies  
that  are associated to  faci  es imposed by pal eogeographic location and, more 
in d e t a i l ,  by paleotopography. The almost generalisation of Anmonitico Rosso 
fac ies  where i t  i s  often ' d i f f i c u l t  t o  d i f f e ren t i a t e  . s t r a t a  or rock-bodies 
geologically individualized, does not simplify a feas ib le  reg is t ry  of great 
preci s i  on cor re la t ions  , due t o  changes i n  thickness, coi ni ng , changes in detai l  

in 1 i thofaci es ,  increase of nodul i s a t i  on.. . A1 so, ammoni t e  association 

charac ter i s t ics  imply a cer ta in  indefini t ion  in some level when trying zonal 

or interzonal character isat ion.  Thi S i  S par t icu lar ly  noticeable in the central 

sector of the  Subbetic Zone fo r  Platynota zone and middle Kimmeridgian -interval 
zone of Compsum and Cavouri zone. (OLORIZ, 1976, 1979; OLORIZ y TAVERA, 1981 ) .  

Limitations of terminal Oxfordian are  given mainly by fac tors  associated t a  

sedimentati on. The s i tua t ion  i  S generally more favourable in Ti thonian, even 

though d i f f i c u l t i e s  are  there fo r  intrazonal subdivision, induced mainly bq 

the conservative character of the  fauna, special ly  Perisphict ids .  

As a r e su l t  of the incidence of the indicated f ac to r s ,  i t  has not been possible 
t o  offer  the  sane intrazonal y ie ld  for  a l l  recognized biozones. Intervals that 

have allowed f o r  greater  intrazonal biostrat igraphical  precision are t h e  

Strombecki an Divisun biozones, the interval zone of Compsum and the Beckeri, 

latybonotum and Verruci ferun b i  ozones. Anyhow, information shown by the sarnpl ins 

carried out,  as described, allows t o  foresee a high r a t e  of precision withir 

a short time. So f a r ,  i t  has been preferred t o  unify the expression 01 
biostrat igraphic interval  S w i t h i n  i t s  temporal extension, and therefore, no1 
responding t o  the d is t r ibut ion  of par t ia l  thickness. Further works have beer 

carried t o  obtain a deiai  led thicknes correlation record. 

Quantifications: Controling the number of individuals by stratum or level oi 

reference, a l l  r e g i s t e r s  by interval  have been accounted fo r .  Specimens thai 

by i t s  provenance do not allow f o r  an accurate s t ra t igraphica l  assignment, haw 

been discharged. When material showsa r eg i s t e r  t ha ta f fec t s  a l imit  between zone: 
or t o  a gap of time, unless i t  i s  not feas ib le  t o  recognize i t s  concrett 

location w i t h i n  the  column, numerical expression has been obtained by dividinf 
the "rough" data proportionally t o  percentages given by unequivoca' 
s t ra t igraphical  r e g i s t e r .  T h i  S treatment accotkts for  f ract ionary counting thal 

has been rounded up  by excess or defaul t  -40.4 approximates 40. In no cast 
indetermination was greater  than the substage level .  
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Results thus obtained have been s t rat igraphical  ly  selected in agreement w i t h  

the systematics proposed. This way, a general view of the behaviour of the fauna 

studied can be provided, along the time and within each in terva l ,  a t  family, 
genus and species leve l .  In each case; the frequency i s  expressed in absolute 

frequency figures and rigurously ref lected in the la te ra l  extension of each 

species w i t h i n  the interval  studied. To graphs tha t  exclusively include 

information selected from a s t r i c t l y  systematic pointof view, data discharged 

in other representations havebeen added, provided tha t  systematic ident i f icat ion 
were not problematic. 

RESULTS: 

Figure 1 shows a hystogram of absolute frequencies referred t o  considered 
s t rat igraphic in te rva ls  -biozones. Occasionally, subdivisions have been observed 

a t  s t rat igraphical  in te rva ls  tha t  r e f l ec t  the possibi 1 i t y  t o  obtain a greater 

detai l  of information. I t  a l so  implies tha t  the hystogram reading should account 

for  "comparative di s to r t ion"  t h a t  imp1 i e s  redi s t r i  bution of data of a standard 

interval -biozone- i n  others of second and ever th i rd  order - t h i s  i s  t ha t  the 
hystogram will show the " f a l l s "  induced by the grea tes t  s t rat igraphical  

precision. Maximal frequency of Aspidoceratiforns i s  reached a t  the top of lower 

Kinmeridgian -Divisum- as shown i n  Figure 1. This implies a sevenfold greater 

reg is te r  than tha t  of the Bimammatum zone -upper Ox-rordian- where the group 

originates.  

A small increase of approxiinately 3% mcm'at l a s t  Oxfordi an s t r a t a .  Already i n  

the Kimmeridgian -Platynota zone- frequency increases a 67% w i t h  respect t o  

the previous record, showing previously the tendency tha t  will reach the maximum - 

a t  the Divisum zone. During middle Kinmeridgian there i s  a narked f a l l  of the 

fauna -31% less  than the  naximuiil o f  Divisun zone. This tendency will keep on 

t i l l  the extinction of the group a t  the Berriasian. Results are: upper 
Kimmeridgi an ,Beckeri zone, 41%; lower Tithonian: Hybonotum zone 50%, A1 bertinum 

zone 75%, Verruciferum zone 86%, r e s t  of lower Tithonian 97.5%. During upper 

Ti thoni an and Berri as i  an decrease i s  greater  than 99% of the maximal frequency 

registered in Divisum. 

Given t h i s  general view i t  nay be interest ing t o  analize i t s  behaviour respect 

t o  the recognized taxa a t  the genus level .  There are eight genera belonging 

to  two subf ani 1 i es : Aspi docerati  nae (Aspidoceras and Pseudohimal ayi t e s )  and 

Physodocerati nae (Physodoceras, Benetticeras gen. nov., Orthaspidoceras, 
Simaspidoceras, Pseudowaageni a and Schaireri a gen. nov. 1 .  
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Genus Aspidoceras: I t  shows the  greatest  s t ra t igraphic  d is t r ibut ion .  The :~aximal 
frequency i s  registered a t  the Divisun (Uhlandi subzone)-Cornpsum interval ,  . 

arriving to  t r i p l e  i t s  presence as related to  other pre-Tithonian levels.  A 

fa1 l of 50% i s  observed a t  the beginning of the Tithonian as compared t o  i t s  

representation a t  upper Kinneri dgi an -Beckeri zone- even though tha t  fa1 l i s  
of only a 80% of the lower t h i r d  of the zone. During Verruciferum the drop i s  

of more than 80% respect t o  f ina l  Kimmeridgian. Following regis te rs  show 
i 

decreases greater than 97%. 

Genus Pseudohimal ayi t e s :  The scarce number of col l ected sample does not a1 low 
any s ignif icant  coiilnent. I t  represents 25% of Aspidoceratinae and 12% of to ta l  

Aspicioceratiforns a t  the upper part  of Verruciferun, which shags the scarci ty  
of the group already in f u l l  decadence. 

Physodocerati nae ( f i g .  2 )  

During upper Oxfortiian -Birnarnmatum zone- the two basic s t ructures  of t h i s  

subf ani 1y are regi s tered -Physodoceras and Pseudowaageni a. Before ni ddl e 

I<imeridgian the basic type was Physodoceras. 

Physodoceras i s  85% of Physodoceratinae a t  Bimammatum zone. A t  the  Planula zone 

Physodoceras reaches 85% and a related type -Benetticeras- the 25%. The 

appearance of t h i s  l a s t  type reaches i t s  maximal representation during Platynota 

zone -22%- and both genera account 99% of Physodoceratinae. There may be a 
correlation within t h i s  subfamily, between the disappearance of Benetticeras 

and the naxinun of Physodoceras -97%- a t  the Strornbecki zone. A t  the  f inal  

s t ra ta  of lower Kinneridgian -Divisun zone- two new genera are registered 

-0rthaspi doceras and Simaspi doceras. Again, the domi nati  ng rijl e f a1 l S on one 

of them, Orthaspidoceras, w i t h  a 79%, w h i  l e Simaspidoceras accounts for  4%. 

Physodoceras, t ha t  was previously the dominating one, f a l l s  t o  9%. I t  should 

be remarked tha t  the other basic s t ructural  type of Physodoceratinae -Pseudo- 

waagenia- recuperates levels  near t o  those regis tered a t  i t s  or igin,  12%. 

An unprecedent descent of the  level of t h i s  subfani ly  - i t s  representation f a l l s  , 

in a 58%- i s  observed a t  the  lower part of middle Kimmeridgian: Orthaspidoceras 
15% -down 94%- Simaspidoceras 6% -down 50%- and Pseudowaagenia 69% -up  100%. 
The f i r s t  reg is te rs  of Schairer ia  are observed, 8%. Of the s t ructural  types, 

only Pseudowaagenia i s  represented a t  upper Kimneri dgi an, I n  an interval where 
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the subfamily increases in a 30%, Pseudowaagenia does 85% and Schaireria 14%. 

During lower Ti thoni an r e s u l t s  show a maximum a t  Hybonotun zone with 99% for  
Schaireria a"d 1% Pseudowaagenia tha t  i s  in i t s  l a s t  and scarce reg is te r .  
Successive descent a re  produced a t A 1  bert i  n u a  and Verruciferurn zones, that  
a f fec ts  in each case an approxinative 40% of the subfamily, now in clear  

descent. For the  r e s t  of the lower Tithonian, reg is te rs  are  absolutely residual. 

Results at the species Zevez 

Control of quant if icat ions a t  a specif ic  level shows new and numerous 
f luctuat ions of f o s s i l  record. No comments have previously been made about in t ra  - 
zonal r e su l t s  f o r  i t  was understood tha t  infornation could be eas i ly  obtained 
-From the graphs presented. Several connents will be made a t  the species level 

rilere spec i f ic  representation are  needed, regarding the most re1 evant species 

studied. Numerical expression of data ir shown in f igure  3 and i t s  graphic 

representation in f igures  4 and 5. 

ANALYSIS OF RESULTS: 

As i t w a s  observed by sanpling of the four stages analized - Oxfordian t o  

Berriasian- ( f i g s .  1 and 3 )  regi s t ~ r  i s  progressively increasing just t o  the 

base o f  Divisun. Coqaring the curve of the  s e t  of Aspidoceratiforms regis te r  

w i t h  the eus t a t i c  curve of H A L L 4 4  (1978) a considerable parallelism can be 

deduced, being qui te  s igni f icant  considering tha t  Aspidoceratiforms should be 

among the most ubiquitous ammonites respect t o  fac ies .  I t  i s  t o  remark tha t  
30th curves adjust  be t te r  a t  lower levels  than middle Kinseridgian. From 

e r e  a cer tain "dissonance" i s  observed tha t  has a d ~ a l  interpretat ion.  A t  

di s t a l  envi ronnents -iiledi terranean fauna in general terns-  where environmental 

f luctuat ions were a laos t  not f e l t ,  i t  should be expected a lesser  adjustment; 
a t  proximal environnents -submediterranean fauna- correlat ion could be greater,  

even though "local d is tor t ions"  could be frequent and therefore ecological 

tolerance of t h i  S group should contribute t o  lessen environmental effects .  

Quantifying, i t  can be seen* t h a t  maxiinal reg is te r  o f  t he  t op  o f  lower 
Kimeridgi an iiilpl i e s  a sevenfold increase of Oxfordian record; fo r  a la te r  

similar equivalent interval  on the descending branch of t he  fos s i l  record of 

As?idoceratiforns, decrease i s  only 50%, thanks . to  the  "Tithonian renovation" 

-Schaireria,  A . .  zeuschneri ZITTEL group. In re la t ion  with the so called 
"Tithonian renovation" i s  t o  be observed the f ac t  t ha t  occurs i n  a moment when 
a t  leas t  qua l i t a t ive ly  - a f t e r  the biostrat igraphic correlat ion of the eustat ic  
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curve of HALLAE.4 (1978) in EI4AY (1980)- sea level reached i s  comparable to  tha t  
of the basis of the Kimmeridgian. Given tha t  in both cases a repe t i t ion  of basic 

structural types is .  reg is te red ,  ecological fac tors  could be implied -in t h i s  
sense, i t  S : I O U ~  d be renai ned tha t  maximal transgressive occurs with maximal 
frequency of t h i s  group and altogether with the greater d ivers i f ica t ion  of basic 

structural types. 

A t  the subfamily l eve l ,  r e s u l t s  are shown i n  f igures  1 and 3 .  I t  should be 
emphasized the great  difference a t  the d ivers i f ica t ion  ra te .  In Aspidoceratinae, 

a single genus -Aspidoceras- balances out the spectrum of Physodoceratinae. 
This can be in te rpre ted  as an evidence of s t ruc tura l  s t a b i l i t y  produced by the 

subjacent ecological tolerance of t h i s  genu0. Even though t h i s  seen t o  be so 
at  a f i r s t  glance, i t  implies a paradox. Is  i t  correct  t o  speak of ecological 

tolerance in a s t ab le  environment? Two previous f a c t s  are evident: 1 )  an 

environment i s  considered s t ab le  when, besides global data such as Temperature, 
s a l in i ty . .  . no other f luc tua t ions  of environnental parameters w i t h  innovation 

capacity are observed -p1 ancton or other fac tors  deterni ning fac ies ;  paleo-togo- 

graphy, even though d i f f e ren t i a t ed ,  appears not t o  in f luen t i a t e  as f a r  as t h i s  

problem i S concerned. 2 )  ecological sensibility should have two determining 
factors  considering the  extreme terns  within a continuum of interrelat ionship;  

thus, in th i  s case -an environnent without apparent oscl7lations- the determinant 
wi 11 be endogenous or of biological character,  t i ed  t o  inherent l imitat ions 

of a given organic functional mechani sn. 

Therefore, i t  may be interpreted,  given the  environnental conditions of d is ta l  

environments, t ha t  the s t ruc tura l  s tabi  l i l y  of the genus Aspidoceras should 
be linked t o  i t s  physiological requirements and tha t  the ecological tolerance 

nenti oned ref l ec t s  i t s  low l eve1 of requi rements of the envi ronmen-La1 

parameters as re1 ated t o  i t s  biological answers. This in te rpre ta t ion  implies 

a hypothesis such t h a t  f ina l  typic d ivers i f ica t ion  i s  favoured in low s t r e s s  
environments. I t  i s  assumed, hereaf ter ,  f o r  any fur ther  observation, the 
hypothesi S t ha t  Aspi doceratinae and Physodoceratinae were two ariinoni t e  groups 

of sini  l a r  non-i nduced change potenti a1 . 

Looking again d i f f e ren t i  a1 d ivers i f ica t ion  of Aspidocerati nae and Physodo- 

ceratinae, the fo l  lowing observations wi l l be carr ied out preferently a t  the 

species level,  even though the  systematic scheme of reference can be considered 
as homogeneous f o r  i t  i s  the  p-oposal of a s ingle  author -CHECA ( l  984). In any 
case , the main object will  be the behaviour of the group a t  the subfamily 
level. As a consequence, two time interval S have been different iated,  
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correlationable with the eus t a t i c  curve for  tha t  period of time, and two fauna1 

associations w i t h  i t s  genus-specific cori~posi t ion  as related t o  subfarnil i e s  

studi ed: 

t i-ledi terranean fauna Subbne.d. fauna I 
I 

, , , - , - - , - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - -b- - - - - - - - - - - - - - - - - - - - -4- - - - - - - - -  

1 2  Ph.,l B t t . ( l ) , 3  O.(1)1 2 Ph.,2 0. I 

1 4 (0 )  ) Physod. 
?re-middle Kimneridgian 1 1 S.: 7 ( 3 )  -----------r-------------------- 1 r----------- 4 A.@)  1 2 A. t--------- 

I 
I 4 (2)  2 (0 )  I I Asp. 
I I 

I I I 
I Kimeridgian- 1 3 P s w . ( ~ ) , ~  Sch., 1 0. 1 2 PSW. ( l ) , 3  SCh.(l) ; Physod. 

l  ower Ti thoni an I 8(4) L 1 O*(I): 6 (?l ------ ., --------- L-----------------------  --------- 
I 5 A. (4 )  I 

I 4 A.(TJ I 

(A1 bert  i  nuiii zone) I 
I 5 (4)  l 4 (1)  Asp. 
I I I ................................................................................ 

Comparison between species of interval S I  and I I  evidences t h a t  diversif icat ion 

of mediterranean Aspidoceratinae f luctuates  about the 60% of tha t  reached by 
Physodoceratinae, being s l i g h t l y  greater a t  interval 11. Within subnediterranean 

fauna level may be reduced t o  the 50%. In general, submediterranean association 
keeps a 62% level of mediterranean d ivers i f ica t ion .  Nevertheless, a deviation 
i s  observed a t  interval I1 where submediterranean d ivers i ty  goes from 54% t o  

69%. Considering fauna tha t  i s  s igni f icant ly  related t o  paleogeographic area 

-numbers parenthezised in tab le  1 -  i t  will be seen how the 15% increase of 

diversification of interval I 1  appears t i gh t ly  related t o  the  existence of real 

endemisms in subnediterranean association. On the other s ide ,  i t  i s  of great 

interest  the d i f fe rent  rb l e  of the genus Aspidoceras w i t h i n  the  two 
associations studied. t h i  S should be interpreted i n  agreement with -,he 
hypothesi S .  mentioned about t h e i r  greater physiological l imitat ions,  now 

restr ic ted by envi ron~enta l  s t r e s s  resul t ing from the progressive accentuation 

of the eustat ic  f a l l  a t  the  submediterranean province. I n  t h i s  l i n e ,  the lesser 

diversif icat ion r a t e  of subrnedi terranean fauna permits a be t te r  bval uation of 

the capacity -or v01 ume- of the s tab le  mediterranean environment , tha t  offered 

greater opportunities f o r  d ivers i f ica t ion  than submediterranean itid, regardless 

tha t  a t  t h i s  l a s t  one area1 r e s t r i c t ions  were noticeable. 

A t  the genus level ( f i g .  2 )  mediterranean Aspidoceras do not of fer  s t rat igraphic 

yield.  I t s  maximal frequency i  S linked t o  eus ta t ic  maximum and- not correspond 

t-o the time of greater spec i f ic  diversif icat ion,  tha t  occurs a t  the base of 

interval.  11, and seems t o  cor re la te  with the moment of greater  geographic 
di spersi on. As a consequence, the importance of geographic fac tor  on 
diversif icat ion may be comprehended. Pseudohirnal ayi t e s  appears as an anecdotic 
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evolutionary branch, b u t  of greater stratigraphic significance. 

Differences of shell configuration in Physodoceratinae recommend5 t o  separate 
two lines: Physodoceras l ine  -Physodoceras, Benetticeras, Orthaspidoceras, 
Simaspidoceras- and Pseudowaageni a l i ne -Pseudowaageni a ,  Schai reri  a. The f i r s t  

one i s  restr icted to interval I and ,  always at  a low specific diversification 
level, there are several differences. On the contrary, i t  i s  observed a 
considerable frequency fluctuation related t o  eustatic maximum of the top of 
lower Kimeridgi an. A t  the genus l eve1 there i S no stratigraphic signification 
of zonal order, except in the case of Benetticeras that seems to  announce the 

fol l owi ng subgroup -Orthaspidoceras, Simaspidoceras- with greater 
diversification. When greater diversification i s  shown, the influence of 
geographical- factor i S evident and emphasized stratigraphical imbal ance -sub- 
medi terranean and ethi opi an fauna- reachi ng eventual ly almost zonal 

significance. 

The second l i ne -Pseudowaageni a ,  Schai reri  a- shows no re1 evant d a t a  a t  interval 

I .  the oldest forms show a progressive change at  species level. Both in 

mediterranean association -d i e t l i -  and in submediterranean one -hermanni- 
smaller deviations of that tendency have been detected. Greater alterations 

are responsible for  Schaireria emergence, where morphological oscillations are 

considerable. Thi S se t  of forms -Schaireria- gives r i s e  to  "Tithonian 
renovation", where structural models -that w i  l l be commented la ter-  of interval 

I are repeated, even though should be caught in mind t h a t  th i s  repet3tion keeps 

a significate equivalent w i t h i n  the subfamily configuration. Similarly to older 

forms, i t  i s  not possible to  find zonal yield a t  genus level and geographic 

factor appears n o t  to  affect  b u t  the emergence of evolutionary marginal species 

-Sch. epi sa (OPPEL ) . 

Given the object of t h i s  work. considerations a t  species level are restricted 

t o  those of stratigraphic interest .  In th i s  sense, should be beared in mind 
total  distributions and acmGs (f igs.  3, 4 and 5). There are great differences 

as far as total  distr ibutions.  As a s e t ,  there i s  a greater proportion of 

longevous species -minimum three zones- of Aspidoceratinae, while species with 
less than a two zones distribution are more aboundant in Physodoceratinae. 
Anyhow i t  should 'be brought o u t  ( f ig .  6 )  that  with the exception of 0. uhlandi 
( O P P E L )  , a1 l species of both subfamilies have older registers at  medi terranean 
associations. This explains migrational movements of th is  ammonite group. 
Generally the greater s t r a t i  graphic preci ssi  on seems to concentrate on the 
central part of b o t h  medi terranean subf ami l i es di s t r i  buti on. Pseudohimal ayites, 



as always, i s  an exception. 

The acmiis consideration i s  observed in f igures  3 ,  4 and 5. F i r s t  of a l l ,  i t  

should be remarked how a maximal frequency interval never reaches the duration 
of two zones, being r e s t r i c t e d  ocassionally t o  only half a z0n.e. Also, of great  

in te res t  i s  acmiis d i s t r ibu t ion .  Maximal number of species a t  acme phase occurs 

a t  3ivisum zone eeus ta t ic  maximum. A t  t ha t  time, acmiis of greater s ize  a re  

produced. Wi th  the exception of upper Kimneridgian and the basis of Tithonian 

-three species- there a re  never more than one species a t  maximal frequency phase, 
implying a considerable a1 t e r a t i  on of subfami l y  configuration. Fi nal ly ,  acm6 

location appears t o  be t i e d  up t o  environmental behaviour -acmes tend t o  
approximate eus ta t ic  maximum, independently of the s t r a t i  graphical d is t r ibut ion  

of species. Thus, species originated before eus t a t i c  maximum and disappearing 
near tha t  event will  have t h e i r  acm6 a t  the end o f  i t s  evolutionary course. 

I t s  corolary i s  also t r u t h .  

A cominent i s  deserved by the interval of maximal frequency occurring a t  lower 
Tithonian -Hybonotum and A 1  ber t i  num zones. T h i  S i s  what "Ti thoni an renovation" 

i s .  I t  i s  a remarquable d ivers i f ica t ion  phase fo r  not only two new species 
originate -Sch. avel l ana (ZITTEL), Sch. neoburgensi S (OPPEL ) -  b u t  t ha t  i t s  

emergence implies to t a l  dominance in the Aspidoceratiforms spectrum. Also of 

great i n t e re s t  i s  she1 l configuration of both species. They are  globular forms, 

tuberculate or not, a repe t i t ion  of some of the oldest  Physodoceratinae 

-Physodoceras, Benetticeras- of lower Kimmeridgian. This configuration implies 

a c lear  deviation of cha rac te r i s t i c  design within the evolutionary l i n e  of 

Pseudowaagenia, where they be1 ong . Fi na1 ly ,  the s t r a t i  graphic posit ion of the 
i nterval where th i  S evol u t  i ve event appears i S of i n te res t  . Consi deri ng the 

evolutionary history of Physodoceratinae in para l le l  with the eus ta t ic  curve 

of HALLAM (1978), cer ta in  re la t ion  may be deduced in a way such tha t  globular 

types of Physodoceratinae appear a t  distances of eus t a t i c  maximum tha t  imply 
similar levels.  The " repe t i t ion"  of the lower Tithonian s ign i f i e s  the  

rev i ta l i sa t ion  of a l i n e  where specializing reached a high grade and the 
generalisation of basic types, resul t ing almost exclusive a t  the  subfamily 

spectrum, as previously regi s tered a t  lower Ti thoni an 

CONCLUSSIONS: 

a )  Intensive sampling, and w i t h  the grea tes t  s t ra t igraphic  decai ling and 
s t r ic tness  a1 low a quant i ta t ive  approximation t o  evolutionary behaviour of 
Aspi doceratiforrns. 
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b )  As q u a n t i f i e d ,  t h e  e v o l u t i o n a r y  model excludes simultaneous gener ic  

codominance w i t h i n  one subfami ly .  For a c e r t a i n  s t r u c t u r a l  type,  acmk  are ou t  

o f  phase w i t h i n  t h e  t ime.  A t  Asp idocera t i fo rms l e v e l ,  co inc idence i s  i n t e r p r e t e d  

as an expression o f  e c o l o g i c a l  d i f f e r e n i i  a t i  on. 

c )  W i th in  t h e  two d i f f e r e n t i a t e d  evol  u t i v e  l i n e s  of Physodoceratinae 

-Physodoceras and Pseudowaagenia- as f a r  as different basic s t r u c t u r a l  types, 

they evidence a d i f f e r e n t  evo l  u t i v e  model w i  t n i  n t h e i r  r e s p e c t i v e  acmes: 

d i v e r s i f i c a t i o n  and spec i  a1 i z a t i o n .  

d) The wide s t r a t i  g r a p h i c  d i  s t r i  b u t i o n  of medi te r ranean Asp idocera t i fo rms a1 lows 

t o  compare t h e  e v o l u t i v e  course o f  t h e  group -de f ined as t h e  abso lu te  s i z e  o f  

popu la t ions-  w i t h  t h e  e u s t a t i c  curve  proposed f o r  t h a t  p e r i o d  o f  t ime.  Also, 

the  u b i q u i s t i c  cha rac te r  o f  t h i s  fauna, g ives  s i g n i f i c a n c e  t o  t h e  sens ib le  

p a r a l e l l i s m  among bo th  t r a c e s .  I n  t h i s  sense, disagreements observed a f t e r  lower 

Kimmeridgian a re  i n t e r p r e t e d  on e c o l o g i c a l  bases: scarce inc idence o f  

f l u c t u a t i o n s  a t  d i  s t a l  environments, and eco log i ca l  t o 1  erance and l o c a l  

paleogeographic f a c t o r s  a t  p rox imal  environments. Another f a c t o r  t h a t  p u n c t u a l l y  

a f f e c t s ,  no doubt, t h e  des ign  o f  t h e  e v o l u t i o n a r y  course o f  t h i s  group i s  t h e  

s p e c i f i c  d i v e r s i f i c a t i o n  l e v e l .  Any case, t h e r e  seems t o  be a repercuss ion  o f  

t h e  environmental v01 ume on g l o b a l  s i z e  o f  popul a t ions .  

e )  Evol u t i  onary s t a b i  l i ty  o f  t h e  bas i c  s t r u c t u r a l  t ype  Aspidoceras -Aspidoceras 

genus- w i t h i n  an environment w i t h  no g r e a t  f l u c t u a t i o n s  i s  i n t e r p r e t e d  as 

expression o f  p h y s i o l o g i c a l  l i m i t a t i o n s .  T i g h l y  ?mxMLo i t '  shou ld  be considered 

d i f f e r e n t i a l  d i v e r s i f i c a t i o n ,  i n  paleogeographical  te rns ,  between Aspidocerat inae 

and Physodoceratinae. 

f )  The g rea tes t  d i v e r s i f i c a t i o n  i n  t h e  medi te r ranean a s s o c i a t i o n  p o s i t i v e l y  

values t h e  s t a b i l i t y  and volume o f  t h e  environment a t  t h e  Aspidocerat i forms 

evo lu t i on .  Geographical f a c t o r  p1 ays an impor tan t  r d l  e i n  s p e c i f i c  

d i v e r s i f i c a t i o n  a t  p rox imal  environments i n  t h e  assoc ia t i ons  -endemi sm. 

g )  A t  t h e  genus l e v e l ,  s t r a t i g r a p h i c  y i e l d  i s  g rea te r  i n  groups w i t h  smal ler 

morphological  s t a b i l i t y .  I n  Physodoceratinae, Benet t i ceras ,  Orthaspidoceras 

and Simaspidoceras r e s t r i c t  t h e i r  d i s t r i b u t i o n  i n  each case t o  a maximum of 

two zones. W i t h i n  Asp idocera t inae t h e  except ion  t o  nu1 l s t r a t i g r a p h i c a l  y i e l d  

i s Pseudohimal a y i  t e s  t h a t  breaks morph01 og i  c a l  s t a b i l i t y  o f  t h e  subfami ly.  

h )  A t  t h e  species l e v e l ,  g r e a t e r  p r o p o r t i o n  o f  longevous species i s  found i n  

Aspi doce ra t i  nae - b i  nodum, sesqui nodosum, l ongi  s p i  num, zeuschneri  , rogoznicense- 
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while distribution of less than two zones i s  more aboundant in Physodoceratinae 

-ziegleri , gar i  baldi i , uhl andi , bucki , d ie t l i  . Species that  offer the greatest 

stratigraphic precission -one biozone or less- are: Aspidoceratinae: linaresi , 
steinmanni ; Physodoceratinae: uhl andi , bucki , diet1 i . 

' i) A t  the species level, the maximal frequency interval -acme- never reaches 

two zones and i s  occasionally restricted to  half a zone. Species belonging t o  
a very stable structural type may even show a second acme. 

j) An interesting relation among the stratigraphic position of acme of each 

species and the absolute frequency curve, with a sensibly parallel tracing to  
t h a t  of the eustat ic  curve, i s  observed. Independently of stratigraphic 

d i s t r i b u t i o n  species, acm6 tends t o  approximate the maximum of absolute 
frequency of the group and, a t  the same time, the eustatic maximum. Coincidence 
of eustatic maximum with the greater number of species a t  acme phase i s  

recognized. 

k )  From the non-coincidence of specific acmPs within a subfamily, i t  i s  deduced 

the considerable al terat ion that implies the existence of species a t  maximal 
frequency phase with regard to  the internal configuration of the subfamily. , 

In  the case of the "Tithonian renovation", t h i s  effect bypasses off subfamily 

limits and affects a l l  Aspidoceratiforms. 

1 )  "Tithonian renovation" turns out to  be an evolutionary event where types 

already t r ied  w i t h  success during lower Kirnmeridgian -structural type 

Physodoceras- are repeated, and that  implies a deviation from the specialization 

line previously dominant. Agreeing with t h i s ,  the- ea r l i es t  manifestation of 

g1 obul a r  types -Physodoceras- and i t s  repetition -Schai rer i  a- are regi stered 

a t  "distances" from the peak of Divisum zone t h a t  imply comparable eustatic 

l 

m) In the mediterranean association, the stratigraphic record of a given species 
i s  always oldest than in the submediterranean one -0. uhlandi ( O P P E L ) ,  whose 

register i s  coetaneous in both environments, i s  an exception, even though the 

fact  that th i s  simultaneity could be an a r t i f ac t  delivering from i t s  ut i l isat ion 

as an element of correlation, should not be discharged. This a1 lows to interpret 
migratory directions towards proximal environments. 
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Figure 1: Hystogram o f  absolute frequencies at subfamily 
level. On the right, eustatic curve of Hallam(1978 
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Figure 1: Quantitative record at species level in 
Aspidoceratinae. 



Figure 5 :  Quantitative record at species level in 
Physodoceratinae. 
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