


Supplementary material: Taxonomic appendix 

A large number of monothalamid species have now been recognized in the Black Sea. A few have been described formally (Gooday et al., 2006, 2011; Anikeeva et al., et al., 2013; Sergeeva and Anikeeva, 2008), but genetic data are available only for 4 species (Cedhagenia saltatus, Nellya rugosa, Psammophaga sp. and Vellaria pellucida; Gooday et al., 2011). A particular problem is that some species of genera such as Vellaria and Psammophaga have been distinguished based on limited material and minor morphological differences. These Black Sea allogromiid assemblages therefore raise some taxonomic issues that need to be resolved through the examination of additional material combined with genetic analyses. Here, we provide photographs and brief descriptions of previously unrecognized species together with images of open-nomenclature species reported in earlier studies. 

Previously reported species
 
Psammophaga sp. (Fig. S3A,B): Gooday, Anikeeva, Pawlowski (2011, p. 490, Fig. 8). It is represented in our material by 589 specimens (here and further: average of two replicates) (Table III).

Tinogullmia sp. 2: Sergeeva, Anikeeva (2014, p. Pl. 2, Figs K1, K2). It is represented in our material by 2 specimens (Table III).

Vellaria sp. C (Fig. S4E,F): Sergeeva et al. (2010, p. 395, 397, Pl. 1, Fig. A). It is represented in our material by 1 specimen (Table III).

Bathyallogromia sp. 1 (Fig. S4A): Sergeeva et al. (2010, p. 397, Pl. 1, Fig. 1); Sergeeva, Anikeeva (2014, Pl. 2, fig. M). It is represented in our material by 5 specimens (Table III).

Allogromiid sp. E (Fig. S4B): Sergeeva, Anikeeva (2006, Fig. 12A, B); Sergeeva et al. (2010, p. 400, Pl. 4, Fig. A); Anikeeva, Gooday (2016, p. 642). It is represented in our material by 11 specimens (Table III).

Allogromiid sp. F (Fig. S4K): Sergeeva, Anikeeva (2014, p. 240,241, Pl. 3, Figs P1, P2). It is represented in our material by 1 specimen (Table III).

Allogromiid sp. G (Fig. S1G,H): Anikeeva, Gooday (2016, p. 642). The test is oval to spindle shaped measuring 296 µm long and 126 µm wide (Fig. S1G herein) and 220 µm long and 110 µm wide (Fig. S1H herein) in the two illustrated specimens. There are two relatively simple terminal apertures, one more prominent than the other. The test wall is transparent, organic, and devoid of agglutinated particles. The cytoplasm contains numerous inclusions, including dark mineral grains that are distributed throughout the cell. This species is illustrated here for the first time. It is represented in our material by 137 specimens (Table III).

Allogromiid sp. J (Fig. S4I): Sergeeva et al. (2010, p. 400, Pl. 1, Fig. G). It is represented in our material by 295 specimens (Table III).

Allogromiid sp. 1 (Fig. S4H): Sergeeva et al. (2010, p. 398, Pl. 1, Fig. G); Anikeeva, Gooday (2016, p. 642). It is represented in our material by 0,5 specimen (1 specimen in 2 samples) (Table III).


Allogromiid sp. 10 (Fig. S4C,D): Sergeeva et al. (2010, p. 398, Pl. 1, Fig. B); Sergeeva, Anikeeva (2014, p.240-241, Pl. 2, Fig. I).  It is represented in our material by 2 specimens (Table III).


Allogromiid sp. 30 (Fig. S5A-C): Anikeeva, Gooday (2016, Fig. 2A). It is represented in our material by 27 specimens (Table III).


Allogromiid sp. 33 (Fig. S5D): Anikeeva, Gooday (2016, Fig. 2D). It is represented in our material by 2 specimens (Table III).

 
Saccamminid sp. Y (Fig. S4J): Sergeeva, Anikeeva (2014, Pl. 3, Figs Q1-Q6). It is represented in our material by 8 specimens (Table III).


Saccamminid sp. 5 (Fig. S5F): Anikeeva, Gooday (2016, Fig. 2H). It is represented in our material by 1 specimen (Table III).


Saccamminid sp. 11 (Fig. S4G): Sergeeva et al. (2010, p. 402, Pl. 3, Fig. F). It is represented in our material by 39,5 specimens (Table III).


Saccamminid sp. 20 (Fig. S5G): Anikeeva, Gooday (2016, Fig. 2F). It is represented in our material by 22 specimens (Table III).


Saccamminid sp. 21 (Fig. S5I): Anikeeva, Gooday (2016, Fig. 2I). It is represented in our material by 9 specimens (Table III).


Saccamminid sp. 22 (Fig. S5H): Anikeeva, Gooday (2016, Fig. 2E). It is represented in our material by 11 specimens (Table III).


Saccamminid sp. 27 (Fig. S5E): Anikeeva, Gooday (2016, Fig. 2G). It is represented in our material by 3,5 specimens (Table III).


Taxonomic notes on previously unreported morphospecies

‘Monothalamids’ sensu Pawlowski et al. (2013)

The monothalamids constitute a paraphyletic grouping of single-chambered foraminifera with agglutinated or organic test walls (Pawlowski et al., 2013). It comprises a series of clades, defined on the basis of sequence data, which may form a framework for a future natural classification of the group (e.g. Voltski and Pawlowski, 2015).    


Tinogullmia sp. A (Fig. S1A)

Description. Test elongate, somewhat lenticular in shape, length 220 μm, width 63 μm, length/width ratio 3.5 in the figured specimen, with two terminal apertures located at the ends of tubular necks, each ~22 μm long. Wall organic, thin, transparent, without agglutinating particles. Cell body finely granular with a single nucleus and separated from the test wall by a distinct space. A fine thread of cytoplasm extends along the axis of the apertural tubes. 

Remarks. In comparison to the type species, Tinogullmia hyalina (e.g., Sergeeva et al., 2005), Tinogullmia sp. A has a less elongate test with a somewhat lenticular rather than cylindrical shape. However, the well-developed terminal tubular apertural necks, each with a central thread of cytoplasm, are features typical of the genus. The clear space between the test wall and the cell body is also observed in the type species (although this space is particularly wide in the illustrated specimen and possibly exaggerated by artifactual effects). This mix of characters makes generic assignment somewhat problematic, but on balance, and in the absence of genetic data, we feel that a placement in Tinogullmia is the best option. 

Tinogullmia sp. A differs from T. lukyanovae Gooday, Anikeeva, Sergeeva, 2006 (a species that may represent a distinct genus) in the shape of the test and in the presence of apertural necks that are typical for the genus. Three previously reported undescribed species from 120-180 m depth in the northwestern part of the Black Sea (Sergeeva et al., 2010), as well as Tinogullmia sp. 2 (Sergeeva and Anikeeva 2014, Pl.2, Figs K1, K2), differ from Tinogullmia sp. A in some small details, notably the length and width of the apertural necks. The closest to this allogromiid species in terms of morphological features is the Tinogullmia riemanni Gooday 1990. For the present, we regard our form as another distinct species. However, these Black Sea tinogullmid-like foraminifera require further morphological (and ideally genetic) analysis in order to determine whether they represent one or several species. 

Distribution. This species is found in the Yalta area of the Black Sea at a depth 90 m in silty sediment with dead Phaseolina shells (shells of the bivalve Modiolula phaseolina (Philippi, 1844). It is represented in our material by 2 specimens (Table III). 



Tinogullmia sp. 3 (Fig. S1E, F)

Description. The test has an elongate, parallel-sided, cylindrical shape, and measures 377 μm long, 80 μm wide with a length/width ratio of 4.7 in the figured specimen. Two short, rather poorly-defined aperture necks, each ~14 μm long, arise from the smoothly rounded ends of the test. The wall is organic, thin, transparent, without agglutinating particles. The cell body is finely granular and completely fills the test with no space intervening between it and the test wall.   

Remarks. Tinogullmia sp. 3 is somewhat similar to T. lukyanovae, particularly regarding the test shape, but is much more elongate with longer aperture necks. As in the case of T. lukyanovae (Gooday et al., 2006), the placement of this species in the genus Tinogullmia is open to doubt. In contrast to the type species T. hyalina, and Tinogullmia sp. A of the present study, the cell body occupies the entire volume of the test, the terminal apertural tubes are rather poorly defined and lack a central thread of cytoplasm. It seems likely that Tinogullmia sp. 3 and T. lukyanovae will eventually require the establishment of a new genus, although this would require sequence data from one or both species. 

Distribution. Tinogullmia sp. 3 was first discovered in shallow water in Kazach’ya Bay (Sevastopol region of the Black Sea) in 2003 (unpublished data). It also occurs in the Karkinitsky and Feodosiya Gulfs at depths of 19 and 50 m, where it is associated with silt mixed with detritus and a small amount of sand. It is represented in our material by 3 specimens (Table III).


Psammophaga sp. 2 (Fig. S1B)

Description. This species is referred to the genus Psammophaga based on the test shape, the finely agglutinated test wall, the presence of mineral particles in the cell body, and the nature of the aperture. The test of the figured specimen measures 220 x 95 μm and is produced into a short funnel-shaped apertural structure, measuring 15 x 30 μm, the nucleus (18 µm diameter) is clearly visible near the center of the cell.

Remarks.  The genus Psammophaga is common in coastal habitats in many parts of the world. The funnel-like form of the aperture structure is the main difference between this and other species of the genus reported from the Black Sea [(‘P. simplora’. P. sp. 1, P. sp.; illustrated by Sergeeva et al. (2010, 2015) and Sergeeva & Anikeeva, (2014); note that the Black Sea specimens referred to P. simplora are highly unlikely to be the same as the original P. simplora described by Arnold (1983) from Monterey Bay]. Saccamminid sp. 22 of Anikeeva and Gooday (2016, Fig. 2E) is very similar in general appearance but lacks intracellular mineral inclusions. 

Distribution.  Psammophaga sp. 2 was first discovered living in fine silty sediment with dead Phaseolina shells at a depth of 120 m in the area of the Dnieper Canyon (our unpublished data), a region characterized by numerous methane seeps. It also occurs in Karkinitsky Gulf at a depth of 34 m in silty sediment. It is represented in our material by 2 specimens (Table III).


Vellaria sp. X (Fig. S1D)

Description. The test has an elongated form (310-380 μm) with a relatively thick agglutinated wall and a flared, funnel-like aperture. The figured specimen measures 350 x 91 μm (length/width ratio 3.8), the length of aperture structure is 29 μm, and the diameter of the single nucleus is 28 μm.

Remarks Vellaria sp. X displays the flared apertural structure typical of this genus, which is often associated with brackish conditions (Gooday and Fernando, 1992). It differs from other Vellaria species found in the Black Sea (V. pellucida Gooday and Fernando, 1992; V. sacculus Gooday and Fernando, 1992; V. sp. C; V. sp. I - Sergeeva and Anikeeva, 2006; Sergeeva et al., 2010; Sergeeva and Anikeeva, 2014) in having a thicker agglutinated test wall, as well as being slightly larger with a much more elongated outline. In the latter respect it closely resembles Vellaria zucchellii of Sabbatini et al. (2004) from coastal waters of the Ross Sea (Antarctica). However, given the geographical separation between these Antarctic and Black Sea Vellaria, and the lack of genetic data for our form, we hesitate to regard them as conspecific. As in the case of Tinogullmia and Psammophaga species, these Black Sea representatives of the genus Vellaria require further study in order to determine the taxonomic importance of the relatively minor morphological features used to distinguish them.  

Distribution.  The species is found in Yalta area at the depth 81 and 87 m in silty sediment with dead Phaseolina shells, and in the area near Kerch at a depth 95 m in the same kind of sediment. It is represented in our material by 7 specimens (Table III).



Nellya sp. (Fig. S1C)

Description. The test is elongate, approximately oval, 220 μm long, 79 μm wide with a length/width ratio of 2.8 in the figured specimen. The single rounded aperture (~15 μm diameter) is located at the narrower end of the test. The wall is rather thick and agglutinated, becoming thinner at the apertural end.

Remarks. The genus Nellya was described from 5-10 m in Balaclava Bay (Gooday et al., 2011). The present specimens closely resemble the type species, N. rugosa Gooday, Anikeeva & Pawlowski 2011, and may be conspecific with it. However, its occurrence in deeper water, the different form of the distal (apertural) end (broadly rounded and often more or less truncated in N. rugosa), and the absence of an obvious nipple-like apertural projection, lead us to separate this form under open nomenclature for the present.

Distribution This species is found in Feodosiya Gulf at 22 m depth. It inhabits silt mixed with sand and seashells. It is reported here for the first time. It is represented in our material by a single specimen (Table III).


Saccamminidae gen. sp. C (Fig. S2A)

Description. The test is symmetrical and broadly spindle-shaped; length 480 μm, width 234 μm and length/width ratio ~2 in the illustrated specimen. Two simple rounded apertures (diameter ~ 28 μm) are located at the bluntly pointed ends of the test. The cytoplasm is relatively featureless except for a nucleus (diameter ~ 50 μm). It is separated from the test wall by an empty space.
 
Remarks. Some deep-sea saccamminids with two terminal apertures have a similar shape to Saccamminidae sp. C (e.g., Gooday et al., 2004, Figs 2A-D), but can be differentiated from this species by the nature of the cell body, which is characterized by the presence of numerous stercomata, as well as more complex apertural structures. There are interesting similarities between these kinds of broadly spindle-shaped saccamminids and the Palaeozoic monothalamid genus Amphitremoida (e.g. Nestell and Tolmacheva 2004).

Distribution. Saccamminidae gen. sp. C was found for the first time at a depth of 14 m in Kazach’ya Bay (Sevastopol region) in sandy sediment with shell debris (unpublished). In this study we discovered this species in Kalamitskiy Gulf on 36 m in black silt with an admixture of seashells. It is represented in our material by a single specimen (Table III).


Saccamminid sp. 24 (Fig. S2B).

Description. This species is represented by a single specimen. The test is elongate, parallel-sided for most of its length with a rounded proximal end; length 450 μm, width 100 μm, length/width ratio 4.5 in the illustrated specimen. The finely-agglutinated wall is 2-5 μm thick. The aperture forms a simple wide opening (diameter 65 μm) surrounded by a distinct collar-like feature. The cytoplasm completely fills the test interior; it is relatively homogeneous except for the presence of a nucleus (~30 μm diameter), one obvious vacuole and several mineral grains. 

Remarks. Saccamminid sp. 24 is rather similar to Saccamminidae sp. Y of Sergeeva and Anikeeva (2014, Pl.3, Figs Q5, Q6) from Sevastopol Bay. The two forms are comparable in size with a finely-agglutinated wall and a rather similar wide aperture associated with a collar-like feature. For the present, we distinguish them based on the much more elongate and cylindrical test shape in Saccamminid sp. 24, compared to the more rounded test of Saccamminidae sp. Y. However, it is possible that they represent variants of the same species. The elongate test and fine-grained test wall of Saccamminid sp. 24 is somewhat reminiscent of the Conqueria, but the wide aperture persuades us not to refer it to this genus.

Distribution. Saccamminid sp. 24 is found in the Yalta region of the Black Sea (depth 87m) in silty sediment with dead Phaseolina shells. It is reported here for the first time and represented here by 0,5 specimen (1 specimen per 2 samples).


Saccamminid sp. 25 (Fig. S2C).
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Description. The test is broadly spindle-shaped, 230 μm long and 133 μm wide with a length/width ratio of 1.7 in the illustrated specimen. The wall is finely agglutinated and translucent. Two apertures (diameters 18 μm and 13 μm) are situated at the ends of the test. The cell body contains numerous clear mineral particles, small diatoms and vacuole-like features that together completely fill the test interior. 

Remarks.  This species is somewhat similar to Allogromiid sp. E (Sergeeva, Anikeeva 2006, Fig. 12; Sergeeva et al. 2010, Pl. 4, Fig. A) in the general shape of the test and the presence of two terminal apertures, but differs in the form of apertures and the contents of the protoplasm. 

Distribution. The species is found at 61-87 m depth in the Yalta region of the Black Sea in silty sediment with dead Phaseolina shells and in sediment with stony rubble overlain by red silt. It is reported here for the first time. It is represented in our material by a 1,5 specimens (Table III).



Saccamminid sp. 26 (Fig. S2D).

Description. The test is ovoid in outline, 340 μm long and 200 μm wide with a length/width ratio of 1.7 in the illustrated specimen. The wall is dense, translucent, and finely and evenly agglutinated. There is a single rounded aperture (diameter 36 μm) at one end. The cell body is separated by a fairly wide space from the cell wall. 

Remarks.  This species is somewhat similar to Allogromiid sp. N of Sergeeva et al (2010; Pl. 2, Fig. C) in the shape of the test and large space between the test wall and the cell body. However, the thickness of the wall and shape of aperture are different in the two species. 

Distribution. The species is found in the Yalta region of the Black Sea (depth 87 m) in silty sediment with dead Phaseolina shells. It is reported here for the first time. It is represented in our material by a single specimen (Table III).


Allogromiid sp. R (Fig. S2E)

Description. The elongate, tubular test is 480 μm long, 50 μm wide, with a length/width ratio of 9.6 in the illustrated specimen. The organic wall is thin and transparent. Two apertures are situated at the opposite ends of the test at the ends of short necks, 12-14 μm diameter. 

Remarks. This elongate species was initially assigned to the genus Nemogullmia. However, it is much shorter that typical specimens of this genus, which have a thread-like morphology. It probably represents a distinct genus. 

Distribution.  Allogromiid sp. R is found at 81-87 m depth in the Yalta region in silty sediment with dead Phaseolina shells. It is reported here for the first time. It is represented in our material by 1,5 specimens (Table III).


Allogromiid sp. 34 (Fig. S2G)

Description. The test has an elongate oval shape, length 280 μm, width 98 μm, length/width ratio 2.8 in the illustrated specimen. The wall is organic, thin and transparent. The single aperture (14 μm diameter) is situated at the end of the test; it forms a slight projection with an irregular outer margin.  The cell body contains dark mineral grains, most of them located near the apertural end.

Remarks. In terms of the test shape and the appearance of the aperture, Allogromiid sp. 34 is rather similar to an unnamed organic-walled monothalamids from the bathyal NE Atlantic (Gooday, 1986; Fig. 1G-I) and the Barents Sea (Gooday et al., 2013; Fig. 4c). It also resembles Allogromiid sp. 30 of Anikeeva and Gooday (2016, Fig. 2A). However, all three of these species lack dark intra-cellular mineral particles. Allogromiid sp. 34 may be related to the genus Psammophaga, in which such grains are present. It is distinguished from most species of Psammophaga by the fairly elongate, more or less oval test, rather than the droplet-like test that is typical of this genus. The test of P. zirconia, however, is somewhat oval, although not as elongate as that of our species and with a more obviously tapered apertural end (Sabbattini et al., 2016).  We suspect that genetic data will confirm that Allogromiid sp. 34 belongs to the same clade as Psammophaga.  

Distribution. The species is found in the Yalta region, the Karkinitsky Gulf and the near-Kerch area, at depths between 18 and 87 m in silty sediment with dead Phaseolina shells. It is reported here for the first time. It is represented in our material by 3 specimens (Table III).


Allogromiid sp. 36 (Fig. S2F)

Description. The test is broadly oval, 360 μm long, 220 μm wide with a length/height ratio of 1.6 in the illustrated specimen and a thin, transparent organic wall. A nipple-like apertual projection (diameter 26 μm) is situated at one end of the test. The cell body contains a large circular inclusion, possibly a vacuole or an ingested particle.

Remarks. The oval test shape is reminiscent of Allogromiid sp. N of Sergeeva and Anikeeva (2010) from the Dnieper Canyon area (NW Black Sea). However, the form of the aperture and the presence of cytoplasmic inclusions serve to differentiate it. 

Distribution. This species is found in the Yalta region at a depth of 87 m in silty sediment with dead Phaseolina shells. It is reported here for the first time. It is represented in our material by 2 specimens (Table III).


Information Classification: General

