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Appendix 2. Notes on the brachiopod fauna 

The current study is based on the first systematic assessment of the bed-by-bed occurrences of rhynchonelliformean brachiopods from the Eastern Baltic Kundan Stage (C. Rasmussen, unpub. cand. scient. thesis, Univ. Copenhagen, 2005). A discussion on the individual taxa is beyond the scope of this paper. Therefore, only taxa of particular significance in our analyses or those that are of more general interest are highlighted here. Readers interested in the individual ranges of taxa can request the unpublished systematic descriptions as a pdf file from the first author. 


The 6200 specimens investigated are distributed across at least 80 species. Of these, 45 belong to the orthides, 14 to the clitambonitoids, 11 nonarticulates, eight to the plectambonitoids, and one craniid, in addition to a number of porambonitoids. 


With at least 20 new originations within the Sillaoru and Lynna formations, this study supports the idea of an abrupt faunal change at the Volkhov–Kunda boundary, as suggested by Hansen & Harper (2003). This striking α-diversification pattern seen in rhynchonelliformean brachiopods right from the onset of the Kundan has previously been described in detail (Hints & Harper, 2003; Rasmussen, Hansen & Harper, 2007; Rasmussen and Harper, 2008) and may well be a global event (Sepkoski, 1981; Hammer, 2003). 


A key taxon in this study is Orthis callactis Dalman (Fig. 3f, g) which is confined to the expansus Biozone. It commonly totally dominates the beds where it occurs. In the part of the expansus beds where it is not well represented, the species Lycophoria nucella Lahusen (Fig. 3a, b) dominates, especially in the upper part of the biozone. Lycophoria has a range throughout the Putilovo section, as previously noted by Lamansky (1905). Additional acme-levels occur in the uppermost Obukhovo (BIIIβ) to lowermost Sinjavino (BIIIγ) formations. However, at this level L. nucella is succeeded by L. globosa Gagel, which is larger and more ventribiconvex. However, the shells are equally thick and are mostly present in beds with a high marl content. Previous studies have shown that Lycophoria is typical of very nearshore environments (Cocks, McKerrow & Staal, 1997). This fits well with its external morphology, being round like a ball and having thick, almost equiconvex shells. In addition, a change in lithology in the expansus Biozone, together with an increase in the size of iron ooliths, is associated with the Lycophoria-bearing beds. This supports the view that iron ooliths have been deposited in an agitated environment (Sturesson, Dronov & Saadre, 1999). 


Egerquist (1999) reported a new first appearance of L. lamanskii Rubel from the Billingen Stage. The lower part of this stage was deposited during a substantial highstand for most of the elegans and evae conodonts zones but with a considerable shallowing at the top of the elegans zone, whereas the upper parts of the evae and elegans zones were deposited under a more moderate water depth (Nielsen, 2004). However, it is not clear if the species occurs in either the elegans or the evae zones, depending on which range-chart one looks at (Egerquist, 1999; E. Egerquist, unpub. Ph.D. thesis, Univ. Uppsala, 2004). Thus the actual first appearance is uncertain and thus its relation to the palaeowater depth cannot be determined. 


A species closely associated with L. nucella in the expansus Biozone is Antigonambonites planus Pander. The current study extends its known range into the lowermost beds of the raniceps Biozone (bed K-18). This is further supported by the presence of two species of Antigonambonites in the raniceps beds of Öland, A. planus probably being one of them and A. aequistriatus Gagel the other (C. Rasmussen, unpub. cand. scient. thesis, Univ. Copenhagen, 2005). Öpik (1934) showed that A. planus first appeared in the Billingen Stage (BI) and its last appearance was in the expansus Biozone. Thus, the current study has extended the species range a few beds up into the lower part of raniceps Biozone. 


A. aequistriatus is much larger (a width of up to 5 cm is common) and has a range from the uppermost bed of the expansus Biozone to the uppermost beds studied, which is near the top of the Kundan Stage. This supports Öpik (1934), who suggested that this species occurs throughout the Kundan. Ecologically the two species seem to differ: A. planus prefers shallow water environments whereas A. aequistriatus only is found in deeper water environs. 


Antigonambonites spp. is listed for specimens within this genus that could not be assigned to the species level. However, due to the ranges noted above, members of this group appearing above the ‘Lower Oolite Bed’ are regarded as belonging to A. aequistriatus. 


The most common clitambonitoid in the section is Gonambonites Pander (Fig. 3c). This genus apparently had its acme in the middle and upper expansus Biozone and from the middle part of the raniceps Biozone, though it is rather abundant throughout the entire section. The material almost certainly contains several species. However, efforts have not been made to separate them. 


Orthambonites Pander dominates the lower raniceps Biozone, where up to three species are present and occur in the same beds following the detailed taxonomical revision of the genus by Jaanusson & Bassett (1993). Species assigned to this genus dominate particularly in glauconitic wackestones. This genus is very similar in shape to O. callactis, and thus is likely to have replaced O. callactis, ecologically, by the raniceps Biozone. The type species, O. calligramma Dalman (Fig. 3d, e) has its acme in beds K-17L and K-5. According to Pander (1830) and Lamansky (1905) O. calligramma has its first appearance in the expansus Biozone. This was disputed by Jaanusson & Bassett (1993) and the current study further supports the latter observations. Hansen (2003) also found O. calligramma in expansus zone beds. However, after having examined the specimen from Hansen’s material it has now been ascribed to O. cf. aequalis Pander, a species also found in beds of expansus age in Putilovo Quarry. 


Ujukella Andreev occurs sporadically in the expansus Biozone. Egerquist (1999) noted that possibly three species of Ujukella occur in the Kundan Stage, one of which might occur in the oolitic beds of the lower raniceps Biozone (bed 34 of this terminology). Hansen & Harper (2003) reported U. fastigata Rubel occurring across the Volkhov–Kunda boundary. Hence, the specimens found in expansus beds of Putilovo Quarry can probably be assigned to this species. 


Ahtiella Öpik is by far the most common plectambonitoid in the section. This genus seems to have its acme in the lower raniceps beds, but is still very abundant in the upper Obukhovo, Sinjavino and lower Simankovo formations. The current study supports Hessland’s (1949) observations that Ahtiella is absent in the expansus Biozone. 


Finally, the sections in Saka and Lava yielded 1 and 2 specimens, respectively, of the very rare and thus poorly known plectambonitoid Ukoa Öpik. This very large genus appears in the lower part of the raniceps Biozone in Saka (bed E31), whereas it is found in beds 32U and 33A in the upper part of the expansus Biozone in the Lava section. 

