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Shape of deformed Dactylioceratidae specimens.
Most of the Dactylioceratidae specimens described in the literature, including most of the types, are crushed or deformed (e.g. the specimens figured by Fucini 1935). This is likely due to diagenetic deformation of the fossils within the marly sediments, which are particularly widespread in the Lower Toarcian successions. Because of this, it is very hard to observe the shell shape, and classical descriptors such as Wb/Wh (= whorl height or breadth, Fig. 7b, c) seem to be useless. We present two descriptors of the shell shape that can be applied to reconstruct deformed Dactylioceratinae specimens.
[bookmark: _Toc346370186]S: Whorl shape. To calculate S, the two lengths l and L have been taken by applying a thin paper directly on the ammonite whorl. This procedure recalls the peels technique, which has been already used for ammonite sutures (Nicosia et al. 1977) and preliminary observation of thin sections. After the digitalision of the resulting drawing, lengths have been measured using the Cadtools plugin of Illustrator CS5. Two factors make this parameter suitable for restoring the original shell shape:
1) on well preserved specimens, the point of rib branching lies at the transition between the whorl flank and the venter;
2) primary and ventral ribs are rectiradiate. 
We stress that this parameter is valid for the dactylioceratids studied in this paper. If the two above-mentionned conditions are not met, S constitutes a second and different parameter to Wh/Wb.
In order to show that the ratio between the length of ventral and primary ribs captures the same morphological information as the traditional Wb/Wh, we should find a correlation between S and Wb/Wh of undeformed specimens (Fig_SI. 1). To do this, we have used the Pearson's method. A weak correlation between S and Wb/Wh has been found by analysing all specimens (correlation coefficient = 0.16, p-value = 0.35, non significant). 
[image: ]
Figure 1 supplemental material. Diagram showing S against Wb/Wh for undeformed (solid circles) and deformed specimens (empty circles). Three types of deformation are represented by letters A, B, and C. Regression line (dashed) for undeformed specimens: Wb/Wh = 0.7536 S + 0.2854.

Three types of deformation have been observed. The most frequent deformation is the flattening of the shell (Fig_SI. 1A), which artefactually increases Wh and decreases Wb. The second type of deformation is the dorsoventral flattening of the shell (Fig_SI. 1), which produces the opposite effect with an increase of Wb and a decrease of Wh. While these two types of deformation are equivalent on both sides of the ammonite, the third one is not because it corresponds to a shear stress. The value of the ratio Wb/Wh decreases on one side of the shell whereas it increases on the other side (Fig_SI. 1C). The correlation becomes highly significant when only undeformed specimens are analysed (correlation coefficient = 0.96, p-value = 4e-5, Fig_SI. 1 in dashed line). These results highlight the importance of parameter S in reconstructing the whorl shape of crushed specimens. 

[bookmark: _Toc346370187]C: Umbilicus width in incomplete specimens. Most of the specimens are incomplete, thus we need a parameter of the umbilicus width which can be significant in case only a fragment of the whorl is measurable. C is the ratio between the length on the venter (Vc) and the length on the umbilical edge (Uc) for a given portion of the whorl. To test if that ratio is a correct measure of the umbilical width, we tested the correlation between C and Uw/D with Pearson’s method on complete shells (correlation coefficient = 0.68; p-value = 7.2e-7). This result shows the strong correlation between the two variables (Fig_SI. 2). C is therefore a significant measure of the umbilicus width for incomplete whorls. 

[image: ]
Figure 2 supplemental material. Diagram showing C against Uw for complete specimens assigned to the subgenera Orthodactylites Buckman, 1926 and Dactylioceras Hyatt, 1867. Regression line (dashed): Uw = 0.72150 C + 0.08359.

Dvr and Dpr: an alternative to primary and ventral rib densities 
[bookmark: _Toc346370190]Rib interspace. Ontogenetic change in the rib interspace (i.e. distance between two following ribs) has been poorly studied (Checa 1987; Hammer & Bucher 1999). According to Dommergues (1988) the formation of the ribs has been assumed to be dependent on an almost stable rhythmical process. Rib interspace has been measured taking the distance between the most elevated points (from the surface of the whorl flank) of two successive ribs. This distance has been measured on homologous parts of the adult body chamber, the umbilical edge and the middle of the venter for primary and secondary ribs, respectively. This has been realized by taking pictures of one side of each ammonite. On every single picture, Bezier’s curves have been drawn to join ribs on these homologous parts of the whorl. Finally, measures of each distance have been obtained using the Cadtools plugin of Illustrator CS5.
Our aim is to observe both the variation of Dvr and Dpr and their potential covariation during the ontogeny of Orthodactylites specimens. Because of rib branching and occurrence of intercalatory ribs, intervals between primary ribs are less numerous than those between ventral ones. As a consequence, the connection between rib interspaces on the ventral side and on the umbilical side must be defined (Fig_SI. 3). For a single interval between two primary ribs, one or two intervals between ventral ribs can occur. In the case of rib branching, relations between Dpr and Dvr can be of two types (cases 2 and 3 in Fig_SI. 3). Dvr and Dpr have been plotted in the vertical axis of Fig_SI. 4 whereas H, the rank of measured distances between secondary ribs starting from the beginning of the body chamber is plotted in the horizontal axis. 
[image: ] Figure 3 supplemental material. Portion of the whorl showing the three different modes encountered in dactylioceratid ribbing. The table shows the relations between Dvr and Dpr. This method is used to plot Dvr and Dpr in Fig. 11. Mode 1: two single ribs; mode 2: an intercalatory rib between two simple ribs; mode 3: a branching rib between two simple ribs. H: rank of measured distances between secondary ribs starting from the beginning of the body chamber.

[image: ]
[bookmark: _GoBack]Figure 4 supplemental material. Change in length between ribs in adult body chamber. The three specimens (respectively UPMC-733, 696, and 510) plotted represent the three patterns (A, B, and C) encountered in all the studied specimens. Regardless of the pattern, three ontogenetic stages can be recognized, from 1 to 3. Square: ventral ribs, triangle: primary ribs. H: rank of measured distances between secondary ribs starting from the beginning of the body chamber. BC: beginning of the body chamber. 

[bookmark: _Toc346370191]Variation in the body chamber. The plots realised for several specimens show wavy curves that can be analysed at two wave-length orders. At the scale of a single unit H there is no correlation between Dvr and Dpr. Two independent morphogenetic processes can be inferred for the formation of primary and ventral ribs at this scale. However, in most cases there is a covariation between Dvr and Dpr at a larger wave-length (e.g. intervals of, say, twenty unit H). This signal can be produced by variations in the rate of shell accretion as already noted by Dommergues (1988). When shell accretion in a time unit is weaker, rib interspace is lower. 
Three ontogenetic stages can be defined according to changes in rib interspace. The first stage is characterized by the increase of rib interspace from the early whorls up to the beginning of the adult body chamber. In the second stage, corresponding to the adult body chamber, rib interspace is almost constant. The third stage coincides with the end of the growth: rib interspace and the number of ventral ribs abruptly decrease in the portion of the shell that preceeds the adult mouth. The latter is characterized by the formation of a pseudoconstriction and, in some specimens, by the thickening of the very last ribs. In the third stage the decrease of rib interspace can affect only primary (UPMC-696, Fig_SI. 4) or both ventral and primary ribs (the majority of the specimens). In order to compare different specimens and evaluate inter and intraspecific variations, average values have been calculated for Dpr and Dvr for the second ontogenetic stage of each specimen. These average values are designated by Dprm and Dvrm.
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