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Revision of the Bicyclus sciathis species-group (Lepidoptera: Nymphalidae) with descriptions of four new species and corrected distributional records
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Review of previously described species for which no nomenclature changes were made during the revision

Bicyclus sciathis (Hewitson)
(Figs. S1A-C, S9A-B)

Mycalesis sciathis, Hewitson WC. 1866. Illustrations of new species of exotic butterflies. 4: plate ‘Mycalesis VIII’, fig. 55-56. (Type locality: Cross River area ‘Old Calabar’, Nigeria/Cameroon)

Type material. According to Kirby (1879), Hewitson had four specimens identified as Mycalesis sciathis in his collection at the time of his death in 1878. Because all of Hewitson’s specimens of Bicyclus had been assigned individual numbers on their labels, together with his original identification to species level, we were able to locate all four specimens in the collection of BMNH (Fig. S9A-D). As with many other entomologists of his era, Hewitson did not designate formal types and unfortunately his B. sciathis material belongs to what we recognise today as two different species. Specimens 1 and 2 (Fig. S9C-D) are males of what Karsch later (1893) described as Bicyclus procora, while specimens 3 (female) and 4 (male) (Fig. S9A-B) both belong to what is currently considered as Bicyclus sciathis. Hewitson’s (1866) original description of M. sciathis includes morphological notes regarding both sexes, but he only pictured the female. The location in the description is given as ‘Old Calabar’. The male description is quite detailed and he points out the clear violet tinge on the dorsal surface of the forewing, something which is characteristic of what we currently consider to be B. sciathis. The two specimens of B. procora from his collection (specimens 1 and 2) have no such visible violet colouration, while specimen 4 accurately matches the written description of a male B. sciathis. Hewitson also mentions a reduction of several of the eyespots on the ventral surface of the hindwing, which also further suggests he is indeed referring to male number 4 as the subject of his description. The female specimen matches the description as well as the illustration; it is also labelled ‘Old Calabar’. All of the male specimens are labelled ‘Cameroons’. We cannot know for certain which of these four specimens Hewitson had to hand in 1866 as the numbers were likely assigned after his death when Kirby (1897) assembled the catalogue of his collection. Because he generally did not mention androconial characters (which clearly would have set the males of the two species apart) in his texts there is no way of knowing whether the two B. procora specimens were available to him at the time of writing the description. Taking all of the above into account we hereby designate the female specimen (Fig. S9A) (BMNH(E)#1054533) as Lectotype of M. sciathis as it fully agrees with the original treatment. We also propose to treat only the male that fully fits the original description (except for the location) as Paralectotype (Fig. S9B) (BMNH(E)#1054532) of M. sciathis as it almost certainly must have been available to Hewitson when writing his description. The two males belonging to B. procora (Fig. S9C-D) may also have been available, but because they do not agree with the morphological description Hewitson might have acquired them at a later date. Their status as types is therefore uncertain. But as Kirby (1879) notes in his introduction: ‘Mr. Hewitson allowed great latitude for variation, and many Entomologists would probably consider the Collection to contain a far greater number of species’, and thus it is possible that the complete series was available in 1866, but treated as a single variable species. Later work by Aurivillius (1893, 1895) mentions the anal area androconia (which is missing in B. procora), as well as the unique way veins 1A+2A and 3A on the hindwing are shaped, as characters for B. sciathis (for more information see section about B. elishiae and B. sigiussidorum in the main text). This suggests that the morphological characters defining B. sciathis were generally known and agreed upon among entomologists actively involved in work on African butterflies around the time when B. procora (the second member of the group to be recognised) was formally described by Karsch (1893).

Separation from similar species. Males of B. sciathis can be confused with B. makomensis, B. elishiae and B. sigiussidorum, but a combination of diagnostic differences in the androconia as well as the venation and shape of the wings makes accurate identification possible. Compared to all of the other above-mentioned species the hindwing of B. makomensis is less circular (looking more like the typical Bicyclus shape), and the androconia in the anal area of the hindwing is usually less well developed, as well as angled slightly outwards. The distal end of the patch fully crosses vein 1A+2A, while in the other species the vein either clears the patch or at most touches the edge of it. For separation from B. elishiae and B. sigiussidorum details are given in the descriptions of these species (see separate sections in main text). Females of the four above-mentioned species cannot always be accurately separated from one another solely on a morphological basis, but knowing the exact sample location can sometimes help as there appear to be large regions where males of only a single species occurs. They all share a prominent white apical band on the forewing separating them from all other species in the sciathis-group. Vande weghe (2009) identified two morphological sub-groups that were genetically distinct and linked to B. sciathis and B. makomensis, but with the closely related species in the group now having increased from two to four, the situation is less clear (see separate section below). 

Distribution. The species is recorded from eastern Nigeria (Oban Hills and Okwangwo), most of the tropical forest areas of Western Cameroon and also on Bioko (Main text Fig. 8B). All specimens from Gabon and Equatorial Guinea that we have investigated belong to either B. makomensis or two new species (B. elishiae and B. sigiussidorum) described in the main text. B. sciathis was listed as present in Liberia by Büttikofer (1890), but this must relate to B. procora that had not yet been described at the time. Condamin (1973) also lists the species from Ghana, but this must be due to a mistake or due to repeating older records made in error. Ghana is probably the best investigated West African country with regard to butterflies and it is very unlikely that such a distinct species would have been missed in all the more recent surveys.


Bicyclus procora (Karsch)
(Figs. S2A-C, S9C-D)

Mycalesis procora, Karsch F. 1893. Berliner Entomologische Zeitschrift 38: p. 210. (Type Locality: Yégué ‘Bismarckburg’, W Togo)

Type material. The holotype of B. procora was not found in MNHB where most of Karsch’s other types are located. None of the species of Mycalesina described in the same paper about the butterflies of Togo (Karsch, 1893) could be found either, suggesting they might all be deposited elsewhere. We know that one male type was likely deposited in Berlin in the early 1900s because it is referred to directly in the description of Mycalesis procora var. makomensis (Strand, 1913). Some of the types from the German Togo expedition appear to have been placed in NHRS and there are two contemporary specimens of B. procora in their collections. The types were collected in 1890-91 in ‘Bismarckburg’. However, the NHRS pair was collected in ‘Misahöhe’ (presently Missahohé) in 1893 and so they must originate from a later expedition. The description is sufficiently detailed so that, combined with the type locality, there is no doubt that what today is recognised as B. procora would match the type material should it eventually be located. For the moment we have not assigned a neotype as  there is no confusion about the species assignment. For further discussion see section about B. makomensis (Strand) in the main text.

Separation from similar species. Compared to most species in the sciathis-group this is a small species, only B. feae and B. subtilisurae are of similar size. Most specimens of B. procora have a violet shine to the lighter submarginal areas immediately outside the discal band on the underside of both wings. In addition, they almost always have a clearly developed orange ring around the apical eyespot on the dorsal forewing. Females regularly have a second, even larger spot in cell CuA1, also fully developed with an orange ring. The male can always be distinguished by the combination of two androconial characters: a small but distinct black brush in cell CuA2 of the dorsal hindwing, combined with a basally dark area of cells 1A+2A and CuA2 on the ventral side of the forewing. No other species displays these two characters in combination. Females of B. madetes (Hewitson) and B. trilophus (Rebel) are frequently misidentified as B. procora and, very rarely, the same happens to small specimens of B. uniformis.

Distribution. B. procora is the most widespread species in the group occurring in almost all of the African rainforests with verified records from Guinea (Nimba), Sierra Leone, Liberia, Côte d'Ivoire, Ghana, Togo, Nigeria, Cameroon, Gabon, DRC, and Uganda. Condamin & Soltani (1980) lists the species from RCA and we see no reason to doubt these records even if we have not seen any material ourselves. There are no known records from Congo or Equatorial Guinea, but the species must almost certainly be present there as well given the distribution of the known records (Main text Fig. 8A).


Bicyclus analis (Aurivillius)
(Figs. S3A-D, S9E)

Mycalesis analis, Aurivillius POC. 1895. Entomologisk Tidskrift 16: p.113, Fig. 1. (Type Locality: Yaoundé area, ‘Hinterland, Jaunde-Stat.’, Cameroon)

Type material. The only currently known type specimen (Fig. S9E) is located in NHRS (NHRS-KAJO-0782). The original description states that the female is ‘unknown’ and there are no other specimens in the NHRS collection. Although the description says material was present in both Berlin and Stockholm, no specimens were found at MNHB despite a recent re-curation of all available Bicyclus specimens. It is therefore likely that part of the original material is lost. All data for the above-mentioned specimen in NHRS matches the original description (including an illustration of the dorsal wing surface) and so we hereby designate this specimen (NHRS-KAJO-0782) as lectotype of Mycalesis analis.

Separation from similar species. There has been considerable confusion on how to separate this species from B. hyperanthus, leading to an overestimation of the range for both species. Condamin (1973) emphasised the large amount of short hairs found in the dorsal region below the hindwing discal cell. On closer examination of all the material we have seen, this appears to be a quite variable character, to which variation in wing wear is likely to contribute. The original description of B. analis makes comparison to B. sciathis, but the hairs mentioned in the text (possibly misleading Condamin) refer to the main androconial brush in the hindwing discal cell, not to the less dense and shorter hairs often found on the basal areas of the hindwing of several Bicyclus species. We found that the androconia in the anal area of the hindwing of the males and the appearance of the dorsal forewing eyespots in both sexes are more robust characters. The androconial patch in the anal area of vein 1A+2A on the hindwing (Fig. S3D) is fairly faint and compared to B. hyperanthus (Fig. S4D) it is slightly angled outwards in a basal to distal axis in relation to vein 1A+2A, which  it bisects. The dorsal forewing eyespots of both sexes usually have clear outer rings and a well defined central white pupil (Fig. S3A-B). The outer ring is golden in females and often of a darker, more orange, colour in the males. There are often additional smaller eyespots between the two main spots, especially in large female specimens. Frequently female specimens have a dorsal eyespot in cell CuA1 on the hindwing as well (Fig. S3B). The underside banding pattern is quite contrasting, but usually less than in B. hyperanthus. It would also be possible to confuse B. analis with B. amieti and B. heathi, but the distribution records for all similar species suggest that none of them occur in sympatry with B. analis.

Distribution. All records we have been able to verify are from Cameroon south of Sanaga river (Main text Fig. 8C). Condamin (1973) listed the species from the region west of Ghana, but this must be due to misidentified females of other species. It has been suggested that the species is present in the extreme south-east of Nigeria, Larsen (2005) reports of old unverified records from the region for both B. analis and B. hyperanthus, but as he could not find any vouchers to back up these records he doubted their validity. It is possible that B. amieti might have local populations just across the border from Cameroon that would explain these records (more details given in the species listing for B. amieti). All records from DRC that we have investigated are due to misidentifications of B. hyperanthus. There are no known records from Equatorial Guinea, Gabon or Republic of Congo, but there are many verified specimens caught just north of the border of the two latter countries and so the species is almost certainly present in the northern border areas of these countries. 


Bicyclus hyperanthus (Bethune-Baker)
(Figs. S4A-D, S9F-H)

Mycalesis hyperanthus, Bethune-Baker GT. 1908. The Annals and Magazine of Natural History, ser. 8. 2: p. 469. (Type Localities: Makala & Beni-Mawambe, NE DRC)

Type material. The original description mentions material from two locations: Makala (July 1906) and Beni-Mawambe (February 1906), both in the north-eastern part of The Democratic Republic of Congo. The material used for the description was from the Bethune-Baker collection (now kept in UMZC but with material including the types of B. hyperanthus on loan to BNHM) and the Cotton-Powell Collection now kept at PCM. There are two specimens matching these data in BNHM and one of them (Fig. S9G) (BMNH(E)#1054534) is currently placed in the type collection with a round label saying ’Type’. The other specimen (Fig. S9F) (BMNH(E)1377789) in the main collection and one specimen kept in PCM (Fig. S9H) (OB-POW-0003) are both labelled as ‘Paratypes’. These typewritten labels appear to have been added some time after the original work describing the species. The description does not comment on the number of specimens that made up the original series, nor do we know of any published account that designates any of them with any special ranking with regard to type status. The specimen currently assigned with a ‘Type’ label is a rather atypical representative of the species. On this specimen the yellow outer rings of all the ventral eyespots are very much enlarged. This happens infrequently in most species of Bicyclus, but breeding records of other species do not suggest that this is due to any geographic variation. Nor is it linked to genetically determined colour morphs within populations. It is instead just a developmental aberration. To avoid confusion and to clarify the application of the name, we hereby designate the specimen BNHM(E)1377789 (Makala, July 1906) as lectotype of M. hyperanthus. Both other specimens mentioned above (BMNH(E)#1054534 & OB-POW-003) should hereby be considered as paralectotypes. 

Separation from similar species. The main difference compared to B. analis (Fig. S3) is in the anal area androconia and the much more reduced eyespots on the dorsal forewing. In particular, the lower eyespot in cell CuA1 of B. hyperanthus is very much reduced in contrast, even though it can still be quite large (Fig. S4A-B). The androconia along vein 1A+2A on the hindwing is quite prominent and angled in the same direction as the vein (Fig. S4D). The vein itself is usually clearly visible in the middle of the androconia as a groove in the centre. As B. analis is fully allopatric with B. hyperanthus there should be no risk of misidentification between the two species if the sample location is known. More important to note are the differences compared with B. subtilisurae and B. heathi, two similar species that occur sympatrically with B. hyperanthus. The first of these is much smaller than B. hyperanthus and has even more reduced dorsal eyespots. The underside patterning is also less contrasting. For details about the exact identification see the description of B. subtilisurae in the main text. Females of B. heathi can be separated from B. hyperanthus by an almost complete lack of any hint of dorsal eyespots, while the males can be separated by androconial characters as  B. heathi has a prominent brush at the base of cell CuA2 on the dorsal hindwing. Both sexes of B. heathi also have a less densely coloured dorsal wing surface, making the ventral pattern show through in more detail than in B. hyperanthus.

Distribution. Just as for B. analis, the range has been overestimated due to misidentifications. The species have been erroneously reported from Ivory Coast, Cameroon (Condamin, 1973), Bioko (Viejo 1984, listed in Spearman et al., 2000) and Nigeria (discussed in Larsen, 2005) but after inspecting in detail all available material it is clearly restricted to the north and north-eastern parts of DRC and the extreme west of Uganda (only positively recorded from the Semuliki area and Bwindi NP) (Main text Fig. 8D). All records, from which we have been able to see voucher material, from Tanzania belong to a new species described in this paper as B. subtilisurae (see below).


Bicyclus uniformis (Bethune-Baker)
(Figs. S5A-E, S9I-L)

Mycalesis uniformis, Bethune-Baker GT. 1908. The Annals and Magazine of Natural History, ser. 8. 2: p. 470. (Type Locality: Makala-Beni, NE DRC)
= Mycalesis benina, Grünberg K. 1912. Wissenschaftliche Ergebnisse der Deutschen Zentral-Afrika-Expedition 1907-1908, Band. 3, pp. 508-509. (Type locality: Westl. v. Ruwenzori, NW Beni, NE DRC) syn. nov.
= Mycalesis ribbei, Neustetter H. 1916. Deutsche Entomologische Zeitschrift Iris, 30, p. 97. (Type locality: Cameroon)

Type material. The type material is stated to be from the PCM (Bethune-Baker, 1908), but there is no longer any material present in the collection. The type drawer has a vacant spot large enough for a single specimen, with a label reading ‘Mycalesis uniformis’ (placed below the paratypes of M. hyperanthus). The material was probably sent as a loan to Bethune-Baker as he assisted in identifying and describing much of Powell-Cotton’s material. Two facts suggest it never made it back to PCM following the description. Firstly, the paper covering the base material of the drawer is not pierced, suggesting nothing was ever pinned in place. Secondly, an archived envelope containing the original hand written identification labels, which appear to have been pinned to the returned Powell-Cotton material after the descriptive work was finished, has no label for B. uniformis. However, there are removed identification labels (pin holes present) for the two specimens of B. hyperanthus that are present in the type drawer. As a result, the specimen kept in the type collection at BMNH (Fig. S9L) cannot possibly have been part of the original series. The original description gives Makala-Beni as the type locality, whilst the label for this specimen gives the location as ‘Nairobi, B. E. Africa’ (an area further east than where B. uniformis is likely to have extended in recent times). The date on the label also does not match the original description. The specimen comes from the Bethune-Baker collection and no specimens matching the original data were found in BNHM or UMZC (the latter being the original depository for the Bethune-Baker collection, but several types and other material have been removed and kept in BNHM as a loan). Letter correspondence archived at PCM dated from early 1928 discusses lost type material, and B. uniformis had apparently already been lost at that time. With regard to designating a neotype, we suggest leaving this species without a known type until the supplementary material of Bicyclus at BMNH has been thoroughly re-curated. It is still possible that a true type or type series might be found.
The type pair of Mycalesis benina (Fig. S9I-J) is located at MNHB and conforms to typical specimens of Bicyclus uniformis from the eastern part of the distribution. Condamin (1973) considered M. benina to be a junior synonym of B. procora, but did not list the type material as inspected. The type of M. ribbei (Fig. S9K) is located in NHMW (together with a female specimen not included in the description). The specimen conforms to the typical appearance of B. uniformis from central and western regions (see next section).

Separation from similar species. B. uniformis is a large species for the group and can usually be separated without difficulty from similar species. For males, the androconial characters aid identification, but it can still be confused with B. heathi, B. ivindo or B. procora. Males of B. procora have a darkened area in cell CuA2 on the ventral forewing (Main text Fig. 1F) not found in any of the other species mentioned above. B. heathi has a prominently scalloped hindwing and generally lacks any clear dorsal surface eyespots (Main text Fig. 4A-B). Males of B. ivindo have a different colour hue (Fig. S8A), and also have a faint but quite large patch of androconial scales on the hindwing in cells CuA1 and M3. Females can be more difficult to identify, but in general they are more uniformly coloured on the underside than any similar species. In the western part of the distribution large females of B. procora (Fig. S2B) can appear surprisingly similar, but these can often be distinguished from B. uniformis by the presence of a diffuse but broad violet band just outside the discal band on the ventral surface. For other similar females, the key is to look for pattern in the dorsal surface eyespots, combined with a lack of strong contrasts on the ventral surface. The figures provided in this paper should aid in identification, but this remains one of the most difficult species to separate accurately without examining numerous specimens of extensive material. One factor that makes identification harder is the presence of a clinal variation in this species when moving from East (Fig. S5A-B) to West (Fig. S5D-E), with eyespots on both dorsal and ventral surfaces gradually increasing in size. Specimens from the western part of the range have a hindwing that is a little more drawn out at the tornal angle. There is, however, a considerable variation across the range, especially in specimens from the eastern parts of DRC which are often quite different with a very dark, almost blackish-green base colour. 

Distribution. Together with B. procora this species is one of only two widespread species in the group. There are literature records from Nimba in Ivory Coast (Condamin, 1963), and a single female specimen collected in the same country is clearly pictured in Condamin (1973). It is widely distributed in Ghana, but there are no records from Togo or Benin. Surprisingly it is also largely absent from Nigeria except for a single verified record from the highlands in the South East (Obudu) and a reliable literature record (Larsen et al., 1980) from Agege in the Lagos area in the south west. It is then widely found throughout the rest of the forested areas of Africa with a large number of records from Cameroon, Gabon, CAR (Condamin & Soltani, 1980), Congo, DRC, Uganda and Tanzania. (Main text Fig. 8A)


Bicyclus feae (Aurivillius)
(Figs. S6A-C)

Mycalesis feae, Aurivillius POC. 1910. Annali del Museo civico di storia naturale di Genova, vol. 44, ser. 3, vol. 4, pp. 516-517. (Type Locality: Moka, Bioko, Equatorial Guinea)

[bookmark: _GoBack]Type material. The type(s) was deposited in MSNG. We have not been able to inspect the type series, but it was studied by Condamin (1973), and later by Libert (1996). B. feae is a very distinct butterfly considered endemic to the island of Bioko and its status as a species is well supported by the molecular phylogeny. Libert (1996) does mention that one of the specimens in the type series bears a label saying ‘Buea’ (a semi montane area close to Mount Cameroon). This sounds most unlikely given that no other records are available, but could be a possibility as Bioko is part of the same mountain range and the sea separating it from the mainland is rather shallow. The sea has a maximum depth around 60m and so Bioko has regularly been connected with the mainland during ice ages. Reconstructions of global sea level fluctuations (Bintanja et al., 2005) suggest Bioko was connected to the mainland more than ten times in the last million years, with the most recent isolation event beginning around 10 000 years ago. The original description (Aurivillius, 1910) is part of a larger report on butterflies caught by Leonardo Fea from many islands and coastal areas of West Africa in 1897-1902. Fea did indeed visit Buea and there are several butterflies mentioned from that location in his paper. However, it seems unlikely that Aurivillius should not have pointed out the mainland record if it was there when studying the collection. For the moment we therefore suggest that the mainland record should be considered as a labelling error, but further investigations of the montane areas of Cameroon might prove us wrong.

Separation from similar species. Both sexes are straightforward to distinguish from any other Bicyclus species by the warm reddish brown colour of both wing surfaces (Fig. S6A-B). It is one of the smallest species in the sciathis-group and as it is almost certainly fully endemic to Bioko. The only other member of the same species-group present on Bioko is B. sciathis and identification should therefore not be problematic.

Distribution. The species is almost certainly endemic in high altitude habitats on Bioko (Main text Fig. 8C), but may potentially be found in isolated relict montane locations on the mainland (see above).


Bicyclus amieti  Libert
(Figs. S7A-C)

Libert M. 1996. Bulletin de la Société entomologique de France, 101(2), 201-204, Fig. 1-4,9. (Type locality: Mont Bana, Cameroon)

Type material. The male holotype and the allotype are placed at MNHN, but have not been studied as part of this revision. The species is very distinct and as no other species in the group appears to be sympatric with B. amieti we believe it is adequate enough to verify the morphology of the samples available to us by using the photos in the original description alongside discussions with the author of the species (Michel Libert, personal communication). 

Separation from similar species. This species is similar to B. analis and B. hyperanthus, but the ground colour is a much darker, almost black, shade of brown. The eyespots on the dorsal forewing are usually well developed with a narrow dark orange ring surrounding the black area (as in B analis). The androconia in the anal area is well developed and aligned perfectly with vein 1A+2A that bisects it in the middle (as in B. hyperanthus). The androconia along vein 1A+2A on the ventral forewing is well developed and can clearly be seen as a dark spot, more than twice as large as in the two previously mentioned species (a trait shared with B. subtilisurae). The hindwing ventral eyespots in cells M1 to M3 are quite reduced, and in some cases even missing. Both the genetic sequence data and the morphological characters support its validity as a distinct species.

Distribution. The species is only known from a handful of montane locations in Cameroon, all located north of Sanaga river (Main text Fig. 8C). We have been able to verify records from Mt. Bana, Mt. Kupe, Bakossi Mts., Koutaba and Manengouba Mts. All records are from altitudes between 1500-2000m a.s.l., an elevation where no other Bicyclus species in this region – except B. anisops – regularly occurs (Robert Tropek, personal communication). It is quite possible that the species is present in a few more locations, but given the altitude of the known records it is unlikely to be found much further south due to the lack of any suitable high altitude habitats. Larsen (1997) reports on B. analis from the Rumpi Hills region of Western Cameroon. We have not seen any voucher material from the area, but it is likely that this record refers to B. amieti which had not been describeded at the time when Larsen made his identification work of Rumpi Hills material (Torben Larsen, personal communication). Comparing the distribution of all other records of both species, and taking into account that Rumpi Hills is of quite high altitude with many other montane elements, we feel confident treating this record as B. amieti. 


Bicyclus ivindo  Vande weghe
(Figs. S8A-C)

Vande weghe G. 2007. Lambillionea, 107(3)(Tome II), 455-458, Fig. 1-4. (Type locality: Langoué, Ivindo NP, Gabon)

Type material. The original description was based on  a series of approximately 50 specimens with similar numbers of each sex. According to the text, the holotype and allotype were supposed to be deposited at MRAC (Vande weghe, 2007), but after investigating all of their available Bicyclus specimens (including supplemental material) we were still unable to locate them. Amongst the specimens at ABRI there is a female (BC-GVW00015) with the correct label data, as well as identical wear marks to the allotype pictured in the original description. We consider this to be the allotype and it has now been re-labelled as such. There is, however, no specimen matching the imaged holotype. ABRI has several paratypes (from the same location as the primary types) that should be used as a basis for selecting a neotype if the holotype prove impossible to find.

Separation from similar species. This species is quite similar to B. uniformis and B. heathi, but the males can easily be separated by several morphological differences. The main diagnostic character is a faint, but large, patch of graphite coloured androconial scales in the area around cells CuA1 and M3 of the dorsal hindwing. It is best observed at an oblique angle to the light, as a consequence, it is not visible in the photographs on the plate (Fig. S8A). The patch of yellowish scales on the dorsal hindwing along the basal part of vein Rs (usually covered by the hindwing discal cell-brush) is better developed than in B. uniformis. There is a single well developed apical spot on the dorsal forewing. However, as both sexes have quite thin dorsal colouration; the large eyespots on the ventral side can be seen through the wings on the dorsal surface. This sometimes gives an impression of a large faint dorsal spot in cell CuA1.

Distribution. This species is mainly known from the area around Ivindo NP in Gabon, there are specimens at ABRI collected south of Ivindo, just across the border into Republic of Congo in the northern part of the Lèkoumou Department. It is likely that the species will also be found in the neighbouring Niari Department and possibly also in the western part of the central and north-western part of the country, but no specimens have been recorded so far (Main text Fig. 8C).



Identification key for male specimens

The identification key is only applicable to males and focuses on giving as few characters as possible at each stage. Once identification is confirmed from the key it is still advisable that the reader consults the ‘Separation from similar species’ section found under each species in the taxonomic listings in both the main and supplemental text to verify the identification accurately. There is always intra-specific variation and we have therefore tried to use characters that are either binary (presence/absence) or of very disparate size or shapes. Some androconial scales are hard to see clearly except at a certain angle, it is therefore important to try to study the specimen from different angles before deciding whether an androconial structure is present or not. Investigation of the ventral forewing androconia is difficult to perform using traditionally set specimens, but with some experience most species can be identified without seeing this character clearly. 


Key to males of the Bicyclus sciathis species-group


1. 	The anal area of the dorsal hindwing has a distinct androconial patch (Main text Fig. 1B-D, 3D and S3D, S4D). The patch is usually graphite grey or satin black, but in one species the centre is lighter (Main text Fig. 1D).	…………..…2

	No androconial patch present in the anal area of the hindwing.	…………..…9

2.	The basal area of cells 1A+2A and CuA2 on the ventral forewing has substantial amount of shiny dark scales (Main text Fig. 1E, F).	………………..3

	The basal area not darkened, instead usually of a shiny silvery, ivory or grey tone. A small, but well defined, androconial patch may be present within the shiny area (Main text Fig. 1G).	………………………………………………6

3.	Vein 1A+2A on the hindwing is curved in a distinct way, so that almost none of the androconial scales forming the outer area of the anal patch extend into cell CuA2. (Main text Fig. 1B.).	................................................................sciathis

	Vein 1A+2A is running across a large part of the anal patch (Main text Fig. 1C-D).	…………………………………………………………………………..4

4.	The anal androconia has a light yellow centre, surrounded by darker androconial scales (Main text Fig. 1D).	……………..…….sigiussidorum sp.n.

	The anal androconia is darker and more uniformly coloured.	…………………5

5.	The hindwing is almost circular, with a flatter part along the margin of cell CuA2. The anal androconia is well developed and raised from the wing surface (Main text Fig. 1H). 	……………………………………………….elishiae sp.n.

	The hindwing shape is more elongated and the margin not noticeably flattened in cell CuA2. The anal androconia is less distinct and not clearly raised from the wing surface (Main text Fig. 1I, 3D).	……….………………….makomensis

6.	There is a clearly visible androconial patch of dark scales in the basal part of cell CuA2 just above vein 1A+2A on the ventral forewing (Main text Fig. 1G).……………………………………………………………………………..7

	There is at most a tiny patch of androconial scales in cell CuA2 on the ventral forewing barely visible to the naked eye. 	………….…………………………8

7.	The dorsal wing surface is very dark with two fairly well developed eyespots on the forewing that both have a narrow dark orange outer ring.	……….amieti

	The ground colour on the dorsal surface is lighter and there is usually only a tiny eyespot apical without a clear outer ring.	…….........……subtilisurae sp.n.

8.	There are two prominent eyespots on the dorsal forewing, both with a clear outer yellow or orange ring. Additional small eyespots are frequently present between the two main eyespots.	……………………………….………..analis

	The eyespots on the dorsal forewing are not clearly marked, the lower spot is usually just a darkening of the surface with at most a faint white centre and no clear outer ring.	…………………………………………..………hyperanthus

9.	The basal area of cells 1A+2A and CuA2 on the ventral forewing has a substantial amount of shiny dark scales (Main text Fig. 1F)……………procora

	The basal area is not darkened, instead usually of a shiny silvery, ivory or grey tone. A small, but well defined, androconial patch may be present within the shiny area (Main text Fig. 1G).	……………………………………………..…10

10.	There is a clearly visible androconial patch of dark scales in the basal part of cell CuA2 just above vein 1A+2A on the ventral forewing (Main text Fig. 1G). 
	……………………………………………………………………...……….feae

	Any androconial scales found on the ventral forewing around vein 1A+2A are lightly coloured.	…………………………………………………….………..11

 11.	Most of the hindwing discal cell brush (except the most basal area) has a light yellow colour.	………………………………………………………….uniformis

	The discal cell brush is darker, usually brown or black.	………….…………..12

12.	There is a well developed apical eyespot on the dorsal forewing. The hindwing margin is not clearly scalloped.	….………………………..ivindo

	There is at most a small and faintly visible apical eyespot on the dorsal forewing. The hindwing margin is clearly scalloped.	………….heathi sp.n.

Identification of sciathis-subgroup females

The main unresolved question in the sciathis-group is whether it is possible to fully separate the females of B. sciathis, B. elishiae, B. sigiussidorum and B. makomensis on morphological characters alone. The males are all very distinct and the phylogenetic analysis supports the four currently described species as well defined taxa. Females from all of these four species share a general wing pattern with a prominent white subapical band on the forewing that is not present in the males. The ventral side resembles the male pattern, but while the male wing shape is quite different from the typical Bicyclus wing shape (less so in B. makomensis), the wing shape of the females is not altered in a similar fashion. A previous study (Vande weghe, 2009) investigating morphological differences with the aim of identifying the then unknown female of B. makomensis (only males known at that time) used five specimens clearly divided into two morphological sub groups. A barcode analysis showed that the general shape of the ventral hindwing discal band was linked with two different clusters of haplotypes. Females with a rather straight band clustered with males of B. makomensis, while females with a more prominent bulge at the middle of the band clustered with what was then considered to be B. sciathis. Since then we have now identified two new species in the same clade, B. elishiae and B. sigiussidorum, and have also realised that it was males from the former of these two new taxa that were used as representatives of B. sciathis in Vande weghe’s (2009) study. 
Before selecting the final taxa to be included for our phylogenetic tree we initially ran analyses including more specimens of the white banded females. We used  downloaded BOLD barcodes from the five specimens that were included in Vande weghe’s (2009) study with vouchers deposited at ABRI available for morphological investigations. The clustering of those samples around the male samples for the species in question helped to assign a small number of females with certainty to either of the species. To improve the support values in the final tree most of the samples that only had barcodes were removed from the final analysis resulting in the tree presented in this paper (Main text Fig. 2). Using all genetically identified females as a guide and investigating photographs of all the 194 female specimens kept in the studied museum collections, we found a gradual variation across the morphological spectrum. The extreme ends of the spectrum can almost certainly be assigned to B. sciathis or B. makomensis, but intermediate specimens are hard to confidently assign to any specific species. After sorting the images with regard to the ventral wing pattern and disregarding the capture locations, we mapped the distribution of these four groups and compared it to the distribution of all known male specimens from the four species (Main text Fig. 8B). There was an encouragingly good correspondence between the males and the female morphology groups, but the ratio of females assigned to B. makomensis compared to the number of males was much higher than expected. This suggests that a fair number of specimens in this group have been misidentified and as a result the following text should be viewed with some caution. For the rare species B. elishiae we found suspected female specimens well away from the nearest male specimens, but one of these outliers is well connected with the males through the phylogeny, suggesting that the species is rather widespread. The sections below summarises the main characters that we believe help to define the female morphology for the four species.

Bicyclus sciathis. The known distribution of B. sciathis extends south of Sanaga river making it partly sympatric with B. makomensis and B. sigiussidorum in southern Cameroon, but it appears to be the only species found north of Sanaga. It is also the only one of the four species that reaches Bioko. From the male samples we know that this species is the sole representative of the sciathis sub-clade in a large and well defined geographic area. This in turn helps to verify that B. sciathis females always have a very prominent bulge on the distal edge of the discal band on the ventral hindwing. They also have a generally more even outline of the band compared to the other species that seem to have many more small indentations across the whole band. In general females of this species seem to frequently miss the spot in cells M2 and M3 of the hindwing (Fig. S9A). However, occasional specimens with a full row of spots are still encountered (e.g. Fig. S1B)

Bicyclus makomensis. As previously shown the discal band is much straighter than B. sciathis (Vande weghe, 2009), but still with a clear angle at the end of the discal cell. The light area outlining the distal part of the band is quite narrow and evenly distributed along the length of the band. There is considerable variation in the presence or absence of the eyespot in cell M3 on the ventral hindwing. However, the spot in cell M2 is always present. B. makomensis appears to be broadly sympatric with all the other three species but is never found north of Sanaga river, nor does it extend as far to the southeast as B. elishiae. 

Bicyclus elishiae. The general shape of the hindwing discal band shows a bulge as in B. sciathis, but it is harder to see since the shape is broken up as a result of the band being more irregular and jagged. The band is constricted from both sides at the level of cell Rs. The margin is less regular than B. sciathis on the basal side of the band, especially in the costal area. The white areas distal to the discal band are markedly broader towards the costal part of the hindwing compared to the other species and is almost missing completely in the anal area. The ventral eyespots appear similar to B. makomensis.

Bicyclus sigiussidorum. With only two genetically identified female specimens this species is the hardest to define. However, both of the specimens are unusually large compared to the males (Main text Fig. 6B) and a small number of similarly large specimens are known from across the distributional range of the known males. However, the same phenotype was also found in many smaller specimens. The discal band is shaped in a similar way as in B. elishiae. The white outline of the band also shows a similar pattern with regard to it widening close to the costa, albeit less prominently, making it a little more similar to B. sciathis. The ventral eyespots appear similar to B. makomensis.
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Figure legends SOM1

Figure S1. Bicyclus sciathis. A, Male (ABRI-14-636); B, Female (OB-ABRI-1047); C, Male genitalia (OB-IND-1015).

Figure S2. Bicyclus procora. A, Male (OB-ABRI-1022); B, Female (OB-ABRI-1023); C, Male genitalia (OB-IND-1907).

Figure S3. Bicyclus analis. A, Male (OB-VIE-0036); B, Female (KAP-ABRI-12-894); C, Male genitalia (OB-ABRI-0030); D, Lectotype male lectotype hindwing androconia (NHRS-KAJO-782).

Figure S4. Bicyclus hyperanthus. A, Male (OB-ABRI-0029); B, Female (OB-ABRI-1024); C, Male genitalia (RMCA_ENT20193); D, Male hindwing androconia (OB-VIE-0028), image lightened to better show characters.

Figure S5. Bicyclus uniformis. A, Male (OB-ABRI-1030); B, Female (OB-ABRI-1031); C, Male genitalia (OB-ABRI-0082); D, Male (OB-ABRI-1027); E, Female (OB-ABRI-1028).

Figure S6. Bicyclus feae. A, Male (ABRI-14-205); B, Female (ABRI-14-207); C, Male genitalia (OB-ABRI-0091).

Figure S7. Bicyclus amieti. A, Male (OB-ABRI-1025); B, Female (OB-ABRI-1026); C, Male genitalia (PP070-Robert Tropek)

Figure S8. Bicyclus ivindo. A, Male paratype (OB-ABRI-1005); B, Female allotype (BC-GVW0015/KA-11-123); C, Male genitalia (OB-ABRI-0003).

Figure S9. Photographs showing known type material from the sciathis species-group not shown on the other plates (Fig. 3-7 and S1-8).
A-D, The four specimens from Hewitsons’ collection treated as Mycaleis sciathis at the point of his death. The female (A) is designated as lectotype (BMNH(E)#1054533) and one male (B) as paralectotype (BMNH(E)#1054532). The two other specimens (C: BMNH(E)#1377787 and D: BMNH(E)#1377788) are not considered as paralectotypes as they do not fit in with the original description and might have been acquired by Hewitson after the species description was published.
E-G, The type series of Mycalesis hyperanthus consist of three male specimens. We have designated one specimen (E) as lectotype (BMNH(E)#1377789) and the remaining specimens as paralectotypes (F: BMNH(E)#1054534 and G: OB-POW-0003). 
H, The single known type specimen of Mycalesis analis (NHRS-KAJO-0782) is designated as lectotype.
I-J, The type series of Mycalesis benina (No specimen codes). The name is a junior synonym of Bicyclus uniformis.
K, The type of Mycalesis ribbei (OB-VIE-0024). The name is a junior synonym of Bicyclus uniformis.
L, The pictured specimen (BMNH(E)#1054537) has been considered as possible type of Mycalesis uniformis. All our evidence suggest otherwise, and the real type(s) is still not located. A neotype has not been assigned at the moment.
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Type material

. 

According to Kirby (1879), Hewitson had four specimens identified 

as 

Mycalesis sciathis

 

in his collection at the time of his death in 1878. 

Because

 

all of 

Hewitson’s specimens of 

Bicyclus

 

ha

d

 

been assigned individual numbe

rs on their 

labels, together with his original identification to species level, we 

were able to 

locate 

all four specimens in the collection of BMNH (Fig. 

S9

A

-

D). As 

with 

many other 

entomologists of his era

,

 

Hewitson did not designate formal types and unfor

tunately 

his 

B. sciathis

 

material belongs to what we recognise today as two different species. 

Specimens 1 and 2 (Fig. 

S9

C

-

D) are males of what Karsch later (1893) described as 

Bicyclus procora

, while specimens 3 (female) and 4 (male) (Fig. 

S9

A

-

B) both bel

ong 

to what is currently considered as 

Bicyclus sciathis

. Hewitson’s (1866) original 

description of 

M. sciathis

 

includes morphological notes regarding both sexes, but he 

only pictured the female. The location in the description is given as ‘Old Calabar’. 

T

he male description is quite detailed and he points out the clear violet tinge on the 

dorsal surface of the forewing, 

something 

which is characteristic of what we currently 

consider to be 

B. sciathis

. The two specimens of 

B. procora

 

from his collection 

(sp

ecimens 1 and 2) have no such visible violet colouration, while specimen 4 

accurately matches the written description of a male 

B. sciathis

. Hewitson also 

mentions a reduction of several of the eyespots on the ventral surface of the hindwing, 

which also 

fu

rther 

suggests he is 

indeed 

referring to

 

male number 4 as the subject of 

his description. The female specimen matches the description as well as the 

illustration; it is also labelled ‘Old Calabar’. All 

of 

the male specimens are labelled 

‘Cameroons’. We cannot know for certain 

which

 

of these four specimens Hewitson 

had to hand in 1866 as the numbers were likely assigned after his death when Kirby 

(1897) assembled the catalogue of his collection. 

Because

 

he g

enerally did not 

