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INTRASPECIFIC VARIABILITY IN THE 

VOLGIAN AMMONITES* 

V. V. Mitta 
All-Union Petroleum Geologic Exploration Institute 

ABSTRACT: The ammonites from the middle substage of the Upper Jurassic Volgian 
stage on the Russian craton have long attracted investigators because of their wide 
intraspecific variability, which has at times hindered the drawing of boundaries be
tween species. Therefore, quite often, especially in small collections, "atypical" 
specimens have been described as separate species, and the variation within a spe
cies has not been taken into account. In this paper. I have revised the families 
Virgatitidae and Dorsoplanititidae on the basis of the polytypic concept of the spe
cies, and in so doing I have attempted to analyze the variation in the Volgian ammo
nites. 

* * * 

The intraspecific variation in the Volgian ammonites, in sample populations of 
well-preserved specimens, can be broken down into three main types: brady- and 
tachymorphy (the result of variation in rate of morphogenesis of the shell), brady
and tachygeronticity (the presence of "pathologic giants" and "dwarves"), and sexual 
dimorphism. All three variations can be seen in the Virgatitidae, the Dorsoplaniti
dae, and also the Craspedititae. 

The different rates of shell morphogenesis in individuals of the same species 
were first noted, in the Volgian ammonites, by Michalskiy [5] and later came to be 
known as tachymorphy and bradymorphy [13, 14]. In the tachymorphic species, the 
shell or separate elements of it (the sculpture, cross-sectional shape, width of the 
umbilicus, angle of inclination of the umbilical wall) even at small diameters have 
already taken on an appearance usually typical of a later stage of development. In 
the bradymorphic individuals the shell for a long time retains features typical of 
a younger individual. Hrady- and tachymorphy are most clearly manifested in the 
duration of one or another stage of development of the sculpture, the extreme repre
sentatives of the variation series (typical bradymorphs and typical tachymorphs) 
often differing so strongly that, if the collections do not contain "normal" (or nor
momorphic) forms, they may be described as different species, although they occur at 
the same stratigraphic level. Figure la-c shows specimens of Virgatites pusiZZus 
(Mich. ) from the same stratigraphic level (the upper part of the Virgatites virgatus 
s. str. subzone) and from the same locality (open pit No. 9 of the Lopatinskiy phos
phorite mine in the Moscow region). They have phragmocones of similar size and, 
judging by the decrease in involutedness of the last whorl from the beginning of the 
living chamber, also similar fin."l diameters. The individuals shown in figure la, c 
are the extreme or end members of the variation series (the sample population con
sists of 24 specimens), and the specimen represented in figure lb is an average member 
of this series. In this last (normomorphic) specimen, the change from the virgato
tome stage of development to the bifurcate stage occurs at the diameter of about 75 
mm. In the bradymorphic specimen (fig. la) the virgatotome stage is "drawn out" in 
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Fig. 1. Variation in Volgian ammonoid Virgatites 
pusillus (Michalskiy) from open pits of Lopatin
skiy phosphorite mine (Moscow region; Virgatites 
virgatus subzone): a - Spec. PIN 3990/121, brady
morphic individual; b - Spec. PIN 3990/120, normo
morphic individual; a - Spec. PIN 3990/152, tachy
morphic individual; open pit No. 9 (a-a x0.35); 
d - Spec. PIN 3990/104, tachygerontic individual; 

open pit No. 9-bis (x0.7). 

time and the first bifurcate costae appear only at the diameter of more than 100 mm .  

I n  the tachymorphic specimen (fig. lc) the virgatotome stage of costation i s  strong
ly curtailed, and bifurcate ribs already appear at a diameter of about 45 mm; in the 
latter, the virgatotome costae are associated exclusively with constrictions. 

Thus tachy- and bradymorphy mean, respectively, acceleration or retardation in 
the development of features reflecting variation within a population. They can be 
clearly discerned in collections from the same stratigraphic level and the same lo
cality. The phenomena of analogous character, differentiated in space or time, are 
called tachygenesis (author of term, Smith [15)) and bradygenesis (author of term, 
Grabau [9)). Beginning with Schmidt [13), a number of investigators [3, etc. ) have 
used these terms in somewhat altered form- tachygeny and bradygeny. The processes 
of tachy- and bradygenesis, however, go beyond the limits of infrasubspecific varia
tion and obviously lead to the formation of new species (or subspecies). 

Within a species one occasionally encounte•s individuals that are two or three 
times larger or, on the contrary, smaller, than the ordinary representatives of that 
particular species. In view of the fact that the tachymorphic and bradymorphic spe
cimens are of similar size, it must be supposed that the presence of "giants" and 
"dwarves" is due to different causes than tachy- �nd bradymorphy. To designate such 
forms, I shall use Teisseyre's terms [16) "bradygerontic" (aging slowly) and "tachy
gerontic" (aging rapidly), which were initially proposed for forms that later came 
to be called macro- and microconchs (8]. One could probably also use the terminol
ogy of Holder [10), who proposed the term "microgerontic" to designate the individu
als within a species that have features of senescence at small diameters. 

Tachygerontic and bradygerontic individuals occur rarely and are represented 
by only a few specimens in coll-ections; but since there are cases of their descrip
tion as separate independent species, this phenomenon must also be taken into ac
count. 

Tachygerontic individuals are specimens that reached maturity early and then 
evidently ceased to grow. They differ from the usual representatives of a species 
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Fig. 2. Normo- and bradygerontic representatives of Virgatites vir
gatus (Buch) from Volgian (V. virgatus subzone) in Moscow region: a -
Spec. PIN 3990/107, normogerontic individual; Yegor'yevskiy phosphor
ite mine, open pit No. 1 1  (x0.4) ; b - Spec. PIN 3990/112, bradygeron
tic individual; Lopatinskiy phosphorite mine, open pit No. 9 (x0.35) . 

in having adult features of their shell (a slightly involute last whorl and very 
wide umbilicus) combined with a size two or three times smaller. Figure ld shows 
the phragmocone of Virgatites pusillus (Michalskiy) with a well-marked uncoiling of 
the last whorl and a very wide umbilicus, and a mature bifurcate stage of costation. 
With the living chamber, which occupies three-fourths of a whorl, this specimen will 
be twice smaller than the usual (normogerontic) representatives of the same species 
(fig. la-c). 

The bradygerontic specimens are those that two or three times exceed the diame
ter of the normogerontic representatives. For exampl�, Virgatites virgatus (Buch) 
on the average reaches a diameter of 120 mm (with the living chamber) (fig. 2a). 
Figure 2b shows a specimen of the same species (phragmocone) reaching a diameter of 
230 mm. 

Bradygerontic specimens have also been found in other groups of Volgian ammo
nites. Kachp u rites fu lgens (Traut�ch.), the index species of the lower zone of the 
Upper Volgian substage, on the av�rage reaches 60 mm in diameter, but in a few in
dividual cases 250 mm in diameter. Garniericeras caten ulatum (Fischer), which also 
occurs in the Upper Volgian, usually reaches a diameter of 60-80 mm, but individuals 
reaching 220 mm in diameter have been found [2]. 

The bradygerontic individuals, because of their anomalously large size, can be 
readily distinguished against the background of the individuals of normal size and 
have quite often been described as separate species. For example, large specimens 
of various species of Virgatites have been described [6] as the separate species 
Virgatites giganteus. The holotype of Pavlovia menneri Michailov differs from the 
previously described Pavlovia pavlovi (Michalskiy) only in size (which is twice lar
ger), but has middle whorls practically indistinguishable from those of correspond
ing diameter of the holotype of P. pavlovi (the holotype of P. menneri is the only 
known specimen of Pavlovia of such size, and the usual representatives of this spe
cies have a diameter only half as large). 
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Bradygeronticity, like tachygeronticity, may be due to various causes, includ
ing disturbances in the action of sex glands [7] and gene mutations. In the latter 
case it is of definite interest to examine the possible connection between bradyger
onticity and the frequently observed increase in size of the representatives of a 
taxon during its period of flourishing just before it becomes extinct. A general in
crease in size can also be seen both within a species (for example, V iPgatites pusiZ
Zus, which occurs in the viPgatus s. stP. subzone, on the whole is larger than the 
representatives of the same species from the gePassimovi subzone) and within a genus 
(the species of DoPsopZanites from the pandePi zone are far smaller in size than 
their descendants, which are assigned to the same genus, from the viPgatus zone). 
Nevertheless, one must differentiate the bradygeronts from species with a generally 
large shell, and also from geographic populations with large shells. 

The third group of intraspecific differences is represented by sexual dimorphism. 
At the present time, the existence of micro- and macroconchs is commonly regarded as 
a manifestation of sexual dimorphism. But in the case of the Volgian ammonites, no 
very important features of micro- and macroconchs are manifested--the differences 
are in the structure of the peristome and the length of the living chamber. The peri
stome (as far as can be judged by the somewhat rare specimens with mouth aperture 
preserved) in the Volgian ammonites was plain, without ventral and lateral outgrowths, 
with a more-or-less well manifested funnel and a more-or-less deep constriction. The 
length of the living chamber in any single genus and, evidently, also family, is also 
constant. Thus it would not seem possible to distinguish micro- and macroconchs by 
size among the Volgian ammonites. 

Some investigators [2, 11] have considered the variations in shell form and its 
section and the distinctive features of its sculpture to be expressions of sexual di
morphism. And, indeed, in representative populations the vast majority of species 
of Volgian ammonites can be broken down into two intraspecific morphological groups 
(here and below, I shall use this, in my opinion, neutral term that does not imply 
sexual dimorphism as its cause). These groups are characterized by common differ
ences within a particular higher taxon. In the case of the Dorsoplanitidae one can 
easily differentiate individuals with a lower cross section and inflated periumbili
cal costae (dorsoplanoidy) from those with a higher section and costae of equal height 
throughout their length. For example, Vischniakoff [4, 17] understood the species 
DoPsopZanites pandePi (d'Orb. ) to include two " varieties" --typica [17, pl. 2, fig. 
1] and orbignyana [17, pl. lbis, fig. 1], corresponding to my morphological groups 

.within this species. The features enabling a specimen to be assigned to one morpho
group or the other can be discerned beginning with the sixth and in the seventh 
whorl--that is, in the mature adult whorls. In the case of juvenile individuals it 
does not seem possible to distinguish between the representatives of the morpho
groups (sexes)� 

In the Craspeditidae, which some investigators consider to be descendants of 
the Dorsoplanitidae [1], the morphological groups are similarly manifested. In Cras
pedites okensis. (d'Orb. ) there are individuals with and without distinct periumbili
cal tubercles [2]; in Kachpurites fulgens (Trautsch. ), the forms adulta and junioP 
have been distinguished respectively by the analogous criterion [12, pl. K, figs. 
BS, 66]. 

The morphological groups are somewhat differently distinguished in these Virga
titidae. Here the differences lie in the points of branching of the costae and also, 
as in the preceding cases, in the height and shape of the cross section (fig. 3) (the 
specimens of Virgatites pusiZZus used for the illustration of bradymorphy and tachy
morphy (fig. la-c) belong to the same·morphological group). 

Although the morphological groups show a general similarity of the differences 
within a family, they differ in details at the �- .�neric level, and in more particular 
details between species within a genus. The nun .rical ratios of the representatives 
of both morphological groups within each specie> found at the same stratigraphic 
level are approximately equal. 

The mutual intercombination of the three ma�n types of variability described 
here in the Volgian ammonites hinders detection of the boundaries of a species, but 
can be quite easily recognized, if sufficiently representative collections are avail
able. Curiously enough, the tachgerontic and bradygerontic individuals cannot be 
assigned to one morphogroup or the other; however, this may be due to the uniqueness 
of the finds of such specimens. 

Thus, it follows that: 

1. The variation in rate of morphogenesis of the shell or its individual ele
ments is a characteristic feature of the Volgian ammonites, not clearly manifested 
in the duration of one or another stage of development of the sculpture. Specimens 
are _tachymorphic if at an early age they show features usually characteristic of 
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Fig. 3. Morphological groups of Virgatites geras
simovi Mitta in Volgian (V. geraaaimovi subzone) 
of Lopatinskiy phosphorite mine (x2/3): a, b
Spec. PIN 3990/80, open pit No. 14; e, d - Spec. 

PIN 3990/83, open pit No. 7-2-bis. 

more mature individuals, and are brad�orphic in the opposite case. Brady- and 
tachymorphy have the character of intraspecific variability if the specimens are con
fined to one stratigraphic level of a concrete exposure. The analogous phenomenon 
is called brady- and tachygenesis (brady- and tachygeny) if the bradymorphic and 
tachymorphic specimens are differentiated in space or time. Brady- and tachygenesis 
lead to the rise of new species (subspecies) and go beyond the limits of infrasub
specific variation. 

2. Within a species, one finds bradygerontic (macrogerontic) and tachygerontic 
(microgerontic) individuals, which are represented by a few solitary specimens and 
have a final diameter correspondingly somewhat larger or smaller than the normally 
developed individuals. Brady- and tachygerontic specimens should not be distinguish
ed as independent species; bradygeronticity must be differentiated from species and 
also from populations with large shells. 

3. The absence, in the ammonites of the Volgian age, of differences on the 
basis of which micro- and macroconchs can be distinguished--in shape of the peris
tome or in length of the living chamber--compels us to infer a greater variety of 
manifestations of sexual dimorphism than only the presence of macro- and microconch 
forms. The existence of two morphological groups characterized by variations in 
cross-sectional form and sculpture in all thoroughly studied Dorsoplanitinae, Virga
titinae, and some Craspeditinae enables these groups to be presumably regarded as 
particular cases of sexual dimorphism. 

REFERENCES 

1. rlaranov, V. N., 1984, The ontogenetic development of ammonites of the genus 
Kaohpuritea in relation to the questions of their phylogeny. Byul. Mask. o-va 
ispytat. prirody, Otd. geol. , Vol. 59, No. 3, p. 137. 

2. Gerassimov, P. A., 1969, Verkhniy pod"yarus volzhskogo yarusa tsentral'noy 
chasti Russkoy platformy (The Upper Volgian Substage in the Central Part of the 
Russian Craton). Nauka, Moscow. 

3. Ivanov, A. N. , 1945, On the so-called prophetic phase in the evolution of the 
Kosmoceratidae. Byul. Mask. o-va ispytat. prirody, Otd. geol. , Vol. 20, Nos. 
1-2, pp. 11-32. 

14 



4. Michailov, P� P., 1966, Boreal'nyye yurskiye ammonity (Dorsoplanitidae) i zo
nal'noye raschleneniye volzhskogo yarusa (Jurassic Boreal Ammonites (Dorsoplan
itidae) and the Zonal Division of the Volgian Stage). Tr. Geol. in-ta AN SSSR, 
Moscow, Vol. 151. 

5. Michalskiy, .A. 0., 1890, Ammonity nizhnego volzhskogo yarusa (Ammonites of the 
Lower Volgian Stage). Tr. Geol. kom-ta, St. Petersburg, Vol. 8, No. 2. 

6. Yakovleva, N. K., 1979, Virgatites from the upper part of the Virgatites virga
gus zone in the classic outcrop at Glebova settlement on the Volta. In: Pozd
nemezozoyskiye golovonogiye mollyuski Verkhnego Povolzh'ya (Upper Mesozoic Ce
phalopods of the Upper Povolzh'ye Region). Uch. zap. Yaroslavsk. ped. in-ta, 
Vol. 183, Yaroslavl', pp. 29-37. 

7. boettger, C., 1957, Grossenwachstum und Geschlechtsreife bei Schnecken und path
ologischer Riesenwachs als Folge einer gestorten Wechselwirkung beider G Fac
toren. Zool. Anz. Leipzeig, Vol. 17, pp. 468-485. 

8. Callomon, J. H., 1955, The ammonite succession in the Lower Oxford Clay and 
Kellaways Beds. Philos. Trans. Roy. Soc., Vol. 239, pp. 216-264. 

9. Grabau, A. W., 1910, Palaeontology and Ontogeny. Palaeontol. Rec., pp. 54-57. 
10. Holder, H., 1952, tiber Gehausebau, insbesondere Hohlkiel, jurassischer Ammoniten. 

Palaeontographica, Vol. 102, Series A, Fasc. 1-2, pp. 18-48. 
11. Orbigny, A., 1845, Mollusques. In: Murchison, R., E. Verneuil and A. Keyser

ling. Eds. Geologie de la Russie d'Europe et des montagnes de l'Oural. Paris-
London, Vol. 2, pp. 419-512. 

� 

12. Rouillier, C. and A. Vosinsky, 18491 Etudes progressives sur la geologie de 
Moscou. Cinquieme �tude. Bull. Soc. Natur. Moscou, No. 2, p. 356. 

13. Schmidt, H., 1925, Neotenie und beschleunigte Entwicklung bei Ammoneen. Pala
eontol. Z., Vol. 7, No. 2, pp. 197-205. 

14. Schmidt, H., 1935, Die bionomische Einteilung der fossilen Meeresbbden. Fort
schr. Geol. und Palaontol., Vol. 12, No. 38. 

15. Smith, J. P., 1893, The development of Lytoceras and PhyZZoceras. Proc. Calif. 
Acad. Sci. Geol., Ser� V, Vol. 1, No. 4, pp. 129-160. 

16. Teisseyre, L., 1889, Uber die systematische Bedeutung der Parabeln der Persphinc
ten. Neues Jahrb. Miner. Geol. und Palaentol. Bailage-Band, pp. 570-643. 

17. Vischniakoff, N. P., 1882, Description des Planulati (Perisphinctes) jurassiques 
de Moscou. Moscow, Pt. 1 (Atlas). 


	mzm05205
	mzm05206
	mzm05207
	mzm05208
	mzm05209
	mzm05210

