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1. INTRODUCTION

Mating patterns have been studied in several groups 
of invertebrates but only a few occurrences have been 
recorded in the geological past. Most previous studies 
dealing with ancient behaviors focused on trace fossils. 
The cases of animals caught in the act of mating represent, 
however, rare opportunities in this field of study. Sexual 
dimorphism is widespread among animals and it is well-
studied for some fossil groups, such as the ammonites 
for instance (Shine, 1989). Sexual dimorphism among 
gastropods have been studied in extant species, but 
scarcely reported in fossil species. The purpose of this 
study is to examine a case of sexual dimorphism recorded 
among fossil ampullinid gastropod obtained from the 
Chehelkaman Formation deposits of the Kopet-Dagh 
Basin in northeastern Iran. The population of Globularia 
spp., an extinct representative of Ampullinidae, is 
abundant in the upper part of Chehelkaman Formation 
in the Kopet-Dagh Basin. The studied bed is located 
in the uppermost part of this Formation with a matrix 
composed of sandstone and silty marls. Fossils from this 
bed comprise the bivalves Pycnodonte sp., Cardiidae, 
and Ostrea spp., and by an ampullinid gastropod 
species belonging to the genus Globularia. They are 
largely preserved as moderately common calcarenitic 
internal and external moulds with a few traces of test. 

The shells are rarely broken and there are no signs of 
fragmentation. The few preserved shells, are heavily 
affected by bioerosion and encrustation by serpulid 
polychaetes and other bioeroders (Salahi et al., 2018). 
Petrographical examination indicated that Chehelkaman 
Formation sediments were deposited on a shallow 
carbonate platform of ramp type (Rivandi et al., 2013). 
Sclerobiont assemblages of the uppermost Chehelkaman 
Formation indicate shallow, nearshore and shelf deposits 
(Salahi et al., 2018). Ampullinids were adapted to paleo
environments on marine shallow shelf to brackish waters 
(Kaunhowen, 1898). Globularia is one of the most 
important macro-benthic shelled organisms in the shallow 
marine environments of different regions in the Paleogene 
of the Tethys domain. Late Paleocene is the oldest 
stratigraphic occurrence of the Globularia in Tethys. 
They are found in late Paleocene to early Eocene settings 
in various parts of the Kopet-Dagh Basin in northeastern 
Iran and represent an important biostratigraphic marker 
for the uppermost part of Chehelkaman Formation and 
its boundary with Khangiran Formation. In some regions 
in the east and central part of the Kopet-Dagh Basin, they 
also form fossil concentrations in the form of shell beds 
in calcareous, marl and sandy facies (Fig. 1) (Salahi et al., 
2019). Globularia associations can also be used as a key 
bed between the Chehelkaman and Khangiran formations 
in the Kopet-Dagh Basin. One couple of gastropods in 

Revue de Paléobiologie, Genève (décembre 2020) 39 (2): 391397

Gastropods in love: a fossilized mating behavior of coupling ampullinids in the 
Paleocene of Kopet-Dagh Basin, NE Iran

Amir Salahi1* & Abbas Ghaderi1

1 Ferdowsi University of Mashhad, Department of Geology, 9177948974, Mashhad, Iran.
* Corresponding author: Salahi.amir.33@gmail.com

Abstract
A sole couple of mating specimens of the extinct genus Globularia, an ampullinid gastropod is described from the Paleocene 
Chehelkaman Formation in the eastern part of the Kopet-Dagh Basin, northeast Iran. Difference in size between the mating specimens 
is an indication of sexual dimorphism, with the female being larger than the male in overall size. The data suggests that males of this 
taxon preferred to mate with large females. The identification of the larger individual as the female is confirmed by the presence of scars 
corresponding to the egg capsules that she carried on the dorsal part of the shell. This study is the second report of a mating behavior 
observed in the ampullinid fossil record. It is indicative of a rapid burial during coupling.

Keywords
Ampullinidae, Caenogastropods, shell shape, sexual dimorphism, mating, Chehelkaman Formation.

Submitted December 2019, accepted July 2020
Editorial handling: L. Cavin
DOI: 10.5281/zenodo.4460694



392 A. Salahi & A. Ghaderi

mating position was collected in these beds. Characters 
such as size, shape and sculpture are the only way to 
detect the presence of sexual dimorphism in gastropod 
fossils. Of these, size and shape are the most important 
for gastropods (Sohl, 1969). In marine gastropods males 
and females are usually different in body size (Arak, 
1988; Son & Hughes, 2000). Using both shape and size, 
one can easily separate the male and female from each 
other.

2. GEOLOGICAL SETTING

The Shorlukh section exposed in the vicinity of Shorlukh 
village (Sarakhs city) is the most complete sequence 
of the Cretaceous-Paleogene series in the Kopet-Dagh 
Basin (Fig. 1). The Paleogene succession consists of 
continental red beds of the Pesteligh (Ps) Formation 
(lower to lower middle Paleocene) that were deposited 
in fluvial environments (MoussaviHarami & Brenner, 
1992; Robert et al., 2014). In this section (longitude 60° 
37′ 1″ E and latitude 36° 17′ 5″ N), the Chehelkaman 
(Ch) Formation (middle Paleocene to lower Eocene) 

mainly consists of limestones, sandstones, siltstones, 
marls with interbedded evaporites that were deposited on 
a shallow carbonate platform (Rivandi et al., 2013). The 
uppermost marine deposit of this basin, the Khangiran 
(Kh) Formation, consists of an alternation of siltstone and 
marls deposited in an epicontinental sea (Eocene-lower 
Oligocene) (Hadavi & Senemari, 2002). The present 
study focus on material obtained from upper Paleocene 
sedimentary sequences at the top of the Chehelkaman 
Formation.

3. MATERIALS AND METHODS

The material of ampullinid was collected at the top of 
Chehelkaman Formation in fossiliferous sandstone and 
limy marls, and registered under catalogue numbers 
MASSHRlG 001MASSHRlG 032. The studied samples 
were initially collected in the field for taphonomical 
studies. A unique sample (MASSHRlG 001002) pre
serves two specimens in mating position, which is a 
rare mode of preservation for upper Paleocene marine 
sediments. The shell width (SW), shell length (SL) and 

Fig. 1: A: Paleocene palaeogeographic map along with the position of the KopetDagh sedimentary Basin (modifid after Scotese, 
2001), B: Map of structural units of Iran and the location of the KopetDagh Basin in northeast Iran, C (enlargement, right): 
Location of the studied section (Shorlukh) along the MashhadSarakhs main roads, D: Location of the studied section in the 
geological map of Sarakhs in Razavi Khorasan Province, E: Globularia associations in the uppermost part of Chehelkaman 
Formation in sandy facies of Sarakhs region, F: Globularia associations in the uppermost part of Chehelkaman Formation in 
silty marl facies of Bojnurd region.
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aperture length (AL) of all specimens were measured 
(Fig. 2 & Table I). Systematic classification of the studied 
gastropods follows Bouchet & Rocroi (2005), with more 
recent updates as presented in WoRMS (World Register 
of Marine Species) and WMSDB (Worldwide Mollusc 
Species Data Base). 

4. SYSTEMATIC PALAEONTOLOGY

Class Gastropoda Cuvier, 1797
Subclass Caenogastropoda Cox, 1960

Superfamily Campaniloidea Douvillé, 1904
Family Ampullinidae Cossmann, 1918

Genus Globularia Swainson, 1840
Type species: Ampullaria sigaretina Lamarck, 1804

Globularia sp.
Fig. 3am

Locality: The specimens were found in the vicinity of 
Shorlukh village (60° 37′ 3″ E and latitude 36° 17′ 7″ 
N) (Sarakhs city), in the uppermost part of Chehelkaman 
Formation, Shorlukh section, KopetDagh Basin.
Material: MASSHRlG001002.
Shell description: Shell is dextral, medium-sized, 
naticiform, globose semispherical to ovoid with relatively 
thick walls. Aperture is relatively large with a round to 
oval shape. The protoconch is not preserved in male and 
female. The spire is low conical and blunt, comprising 
four rapidly expanding, slightly convex and regularly 
bulging whorls separated by a narrowly impressed 
incised sutures. The upper portion of the whorls is flat in 
male and bulging in female, becoming strongly convex 
toward the lower portion. The last teleoconch globular 
whorl is greatly inflated and significantly larger than spire 
whorls that occupy 80 percent of the total height both 

in male and female. Sculpture is unknown due to shell 
dissolution. Base is moderately convex and umbilicus is 
absent. Measureable parameters of paired specimens are 
presented in Table I.
Taxonomic comments: The globular shell with a low, 
blunt and convex spired, naticiform, the larger and more 
convex last teleoconch whorl suggest an assignment to 
Globularia. A lot of species of Globularia have been 
reported from late Paleocene and early Eocene deposits 

Fig. 2: Shell measurements of Globularia sp.

Table I: Measurement parameters of studied specimens and 
mating forms of the Globularia sp.; size in mm. Ab-
breviations: SL, shell length; SW, shell width; AL, 
aperture length; BWL, body whorl length.

Specimens SL SW AL BWL

001 (Male) 24 28 20 21

002 (Female) 32 35 28 29

003 14 16 8 9

004 16 17 10 11

005 17 14 11 12

006 15 15 11 12

007 19 17 11 13

008 24 19 16 17

009 22 26 16 18

010 29 27 16 17

011 44 37 31 34

012 18 14 10 12

013 32 29 23 25

014 17 15 10 12

015 29 28 24 26

016 25 23 18 20

017 16 16 12 13

018 19 17 11 13

019 24 23 17 19

020 17 16 12 13

021 35 32 27 29

022 37 34 29 31

023 27 24 20 21

024 32 29 24 26

025 29 29 24 25

026 19 18 14 15

027 24 25 20 22

028 28 25 22 23

029 26 24 20 21

030 17 17 14 15

031 33 29 23 24

032 19 18 13 14
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Fig. 3: am: Thirteen different views of mating action in Globularia. Males and females are seen in the image. The female looks a little 
larger and thicker. mo: Egg and capsule traces on dorsal side of female.



Fossilized mating behavior of ampullinids in the Paleocene of Kopet-Dagh Basin, NE Iran 395

of the Tethys realm. Their stratigraphic occurrence in the 
KopetDagh Basin is similar to that of Turkey (see: Okan 
& Hoşgör, 2008). Our specimens differ from Turkish 
ones in having less number of whorls (4 whorls), less 
prominent and less acute spire. Moreover, our specimens 
can be differentiated by the more globose and rounded 
outer shape, which is rather oblong in Turkish specimens. 
The state of preservation, however, does not allow a 
specific identification.
Description of the mating of Globularia: In the 
literature, distinction between males and females, or 
sexual molluscan dimorphism, is mostly based on size 
and shape differences (Gardner, 1875; Morse, 1876; 
Lamy, 1937; Pelseneer, 1926; Collin, 2006; Márquez 
& Averbuj, 2016). Typically, the largest individuals are 
identified as females and males are regarded as smaller 
(Fig. 3). Additionally, some sexual differences can be 
seen in the shape of the aperture that has generally a 
larger and broader aperture in the females. 
Because in the mating pair one specimen is bigger than 
the other, we identified the larger individual as the female 
and the smaller as the male. This sexual identification is 
reinforced by the presence on the larger shell of circular 
scars corresponding to the presence of egg capsules fixed 
on the shell. 

5. DISCUSSION

Based on studies of recent species, low spired gastropods 
mate reciprocally and face to face (Asami et al., 1998). 
On the other hand, Jordaens et al. (2009) show that 
this rule is not strict because some low spired species 
mate face to face as well as by shell mounting. During 
copulation, the penis is inserted into the mantle cavity 
of the female (Saur, 1990; Erlandsson & Johannesson, 
1994; Burela & Martín, 2007; Gwynne, 2008; Burela 
& Martín, 2010). In the mating specimens described 
here, the position is face to face with the shell of one 
individual mounting the other (Fig. 3). The mating pair 
MASSHRlG 001002 indicates that in Globularia, the 
male prefer to mate with larger females. Large females 
were favored as mating partners as they probably were 
more fecund and had increased chances of mating and 
fertilization. Additionally, it has been shown that large 
females remain in copulation for a longer time than small 
females, a behavior that may favor the transfer of more 
sperm (Ridley, 1983; Erlandsson & Johannesson, 1994; 
Cardoso et al., 2007). Another possible explanation 
for the relatively larger size of females is that it may 
maximize the internal space available for eggs (Crothers, 
1985; Fretter & Graham, 1994; Kirby et al., 1994; Son 
& Hughes, 2000). This mating choice may have led to 
a sexual selection with females becoming larger than 
males.
Some of the gastropods such as Caenogastropoda are 
internally fertilizing snails (Barker, 2001; Strong, 2003). 

Females are easily distinguished because they carry 
their egg capsules attached to the shell, usually near the 
apertural area and sometimes to the dorsal part of the 
shell (Albrecht et al., 1996; Pastorino, 2007; Burela & 
Martín, 2010). After the capsules are gone, a shallow, 
circular scar is present and visible in the position where 
each capsule was attached to the shell, facilitating 
recognition of females. Based on the occurrence of scars 
of the largest individual of the mating couple, Globularia 
appears to have produced and have carried egg capsules 
(Fig. 3mo). In the females of Ampullinidae, the apertural 
margins are flared due to an increase and development of 
egglaying capability (Fig. 3jm).
This study is the second example of mating gastropods 
reported worldwide after Dieni (2008). The latter, for 
first time, described how mating individuals from the 
Paleogene of Italy were pressed themselves so closely 
together during death and burial that the apertures showed 
signs of crushing where they touched. In the Phanerozoic, 
the palaeontological records of this mode of preservation 
are rare. As can be seen in Fig. 3 the degree of closeness 
of individuals during the mating act is maximal. Under 
laboratory conditions, it is reported that in gastropods 
the frequency of copulations is higher during the night, 
suggesting that this could be an innate behaviour to 
reduce the risk of predation by visual predators (Wada 
& Yoshida, 2000; Heiler et al., 2008; Burela & Martín, 
2010). It is expected that the act of mating in gastropods 
takes place on top of the substrate and not within the 
sediment. Dieni (2008, 2012) suggested that in his case
study, the pair formations were likely associated during 
rapid burial by sediment and volcanic products. For this 
situation associated with volcanic activity and burial 
under volcanic tephra, the term Pompeian or Pompeian 
fossil was coined (Dieni, 2008).
No traces of volcanism have been found in the Kopet
Dagh Basin, and accordingly our discovery shows the 
possibility of the formation of this type of preservation 
even in cases of non-volcanic events. Many benthic 
animals will not survive being swept away in a storm 
surge (tempestite), seismic generated slide or other local 
types of slides. Both the burial and the transport may 
be fatal to them, even without the aftermaths volcanic 
activity, such as acidification or rising temperatures as 
discussed by Dieni (2008). This report shows that sudden 
destructive sedimentation events, such as storm surges, 
seismic activity or just a slope collapse in a shallow basin 
may preserve mating pairs of gastropods.

6. CONCLUSION

Preservation of organisms in the act of mating is 
extremely rare in the fossil record. In this study, the 
occurrence of a mating pair is reported for the second 
time in the ampullinid gasteropods. The larger specimen 
is identified as the female and the smaller as the male. A 



396 A. Salahi & A. Ghaderi

dramatic increase of the rate of deposition can explain 
the preservation of this mating couple. 
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