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Life orientation of heteromorph ammonites under the negatively buoyant
condition: a case study on the Fubostrychoceras muramotoi Matsumoto
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Abstract. To restore the living attitude of Eubostrychoceras muramotoi Matsumoto, 1967, from the Upper
Cretaceous of Hokkaido, Japan, computer simulations based on a newly developed hydrostatic model with
hypothesizing negative buoyancy were carried out. The adequacy of restorations was tested by the inclination
of ribs which depends tightly on the life orientation of the ammonite during growth. The results of computer
simulations suggest that a rapid upside-down of the shell would take place at about one and a half whorls after
the shell apex when the ammonite had a small and light phragmocone. This stage corresponds well to the
changes in rib inclination observed in the actual specimens, whereas it is significantly late comparative to the
previous calculation with hypothesizing neutral buoyancy. These results suggest that E. muramotoi was negatively
buoyant and probably had a nektobenthic mode of life.

Since the life orientation is essential information for living animals, ammonites would have used it as a “guide”
for morphogenesis. The establishment of the new technique covering negatively buoyant shells enables us to
make some farther computer simulations in order to understand the meanings of ammonites’ shell forms.
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Fig. 1. Methods of restoration for the life orientation of ammonites under the neutrally buoyant condition (A) and negatively buoyant condition
(B, C). In the planispiral ammonites, the contact point to the sea floor would be restricted along the bentral margin. However, all orientations
must be examined for the three-dimensionally coiled ammonites.
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Fig. 2. Morphological properties of Eubostrychoceras muramotoi. A, juvenile shell; B, immature shell; C, mature shell. After forming a hamitoid
shell, the shell rapidly turns at the end of early growth stage. Then several helical whorls are formed so as to involve the previous shafts during
the medium to late growth stages. The rib orientation changes from ruisiradiate to prorsiradiate at about one and half whorls after the shell
apex.
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Fig. 3. Histogram showing the stage of ribbing inversion measured in the actual specimens. The ribbing inversion takes place at about 1.5 whorls
after the shell apex. On the other hand,the stage of ribbing inversion theoretically estimated by Okamoto (1988b) (1.1 whorls after the shell

apex) is significantly earlier than those of the actual specimens.
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Fig. 4. Schematic figures showing the Soft-part creeping model
(Okamoto, 1999). Both the growth of shell aperture and the
phragmocone terminal are automatically determined by inputting
body length B (>0) and creeping rate y (z1). A, Instead of the
Raupian generating curve, a soft-part having the radius R and the
body length BR is defined. B, When the soft-part moves forward
R in length, the length of soft-part is expressed as (8+1/y) R.
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Fig. 5. Schematic figures showing some results of computer calculations. While the life orientation always converges, there are three cases in
which (A) a single contact point R;, (B) double contact points R; and Ry, or (C) triple contact points R;, R, and R, appear, respectively. If the
position of the fulcrum P, that externally divides the line segment GB in the ratio | B|/| G|, is considered within vertical projections to a
horizontal plane, P coincides to R; in (A), P locates on the line segment R;R, in (B), and P locates inside of the triangle R;R,R; in (C).
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Neutral buoyancy
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Db=120g/em’ & Z N ZARE LTz,

Fig. 6. Results of computer simulation as to the life orientation throughout ontogeny of Eubostrychoceras muramotoi with hypothesizing neutral
buoyancy (A) and negative buoyancy (B, C). The upper calculations are based on Trueman (1941) with assuming a constant phragmocone
length relative to the total cone length (P/T ratio=58.3%). The middle and lower calculations are based on the soft-part creeping model
(Okamoto, 1999).
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BEDONS WK EGE L 1R I HEOMBRZ L &b L CBTE 2.

Fig. 7. Morphospace showing theoretically produced ribbing patterns with assuming various values of body length B and phragmocone density
Da. A constant inclination of aperture (50degrees) is hypothesized throughout simulations. The shell having small phragmocone with low
density (on the bottom left of this morphospace) is the most approximated to the actual shell ornamentation.
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8. Eubostrychoceras muramotoi Matsumoto DFEARGE, £ T OFERIGIIFENEHIOBRER (a=7v 7)) 2LELIZHD. A-B,
ShAERR, [AT1554], x5, BHEERELEE. C-D, [WEA003T-1], x2.5. E-F, [TP7045], x2.5. G-H, m4FE%E, [TP1220], x 1.3, B

BRI,

Fig. 8. Eubostrychoceras muramotoi Matsumoto. All specimens are from Yezo Group in Tappu area, Northern Hokkaido, Coniacian. A-B, Juvenile
shell, [AT1554], x5, Coll. by Dr. Y. Shigeta. C-D, [WEA003T-1]. x 2.5. E-F, [TP7045], x 2.5. G-H, Adult shell, [TP1220], x 1.3, coll. by Dr. H.

Maeda.
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