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A REVISION OF THE GENUS CALLIORATIS  FELDER (LEPIDOPTERA: 
GEOMETRIDAE: DIPTYCHINAE) 

H.S. Staude 
P O Box 398, Magaliesburg, 1791, South Africa 

staude@mweb.co.za 
 

Abstract: The morphology, life history, behaviour, habitat, distribution, 
phenology, larval foodplant associations and conservation status of the adult and 
early stages of the six known Callioratis species, including two new species C. 
mayeri spec. nov. and C. curlei spec. nov., are detailed. A historical review is 
presented of the previously published literature dealing with the subfamily and 
the genus. Species currently regarded as belonging to the subfamily Diptychinae 
are listed and the status of the subfamily is discussed.  
 
Key words: Lepidoptera, Geometridae, Diptychinae, Callioratis, cycad, 
secondary foodplant, conservation, tympanum, Africa, taxonomy. 
 

INTRODUCTION 
 
The genus Callioratis Felder 1874, is placed here in the subfamily Diptychinae Janse 
[1935]. The name Diptychinae is currently applied to a group of geometrid moths, 
evidence for the morphology of which is equivocal. This paper is the first in a series of 
envisaged contributions each dealing with a different genus of the taxon. It is hoped that 
these will form a basis for better morphological and biological comparison, which should 
help to clarify the status of the Diptychinae. 

This paper deals with the morphology, geographical distribution, life history, 
behaviour and foodplant associations of the genus Callioratis. It further provides a means 
to identify the adults as well as the early stages through descriptions and illustrations, 
discusses the conservation status of each species and describes two new species. 
 
HISTORICAL REVIEW AND DISCUSSION OF THE SUBFAMILY DIPTYCHINAE 
 
Janse [1935] created a tribe Diptychini comprising the genera Diptychis Felder, 1874, 
Zerenopsis Felder, 1874, Veniliodes Warren, 1894 and Callioratis, based on similarities 
in male and female genitalia structure and wing venation. It is important to note that Janse 
used the category of tribe to accommodate what are regarded as subfamilies today, thus 
effectively according diptychines subfamilial rank. At the time the close cycad association 
of the early stages were unknown. Although Encephalartos sp. was listed as a foodplant 
for Zerenopsis lepida, it was listed as one of many foodplants and the significance of 
Encephalartos was not understood. [Note: Zerenopsis lepida (Walker, 1854) is generally 
known in the literature as Zerenopsis leopardina Felder, 1874, a junior subjective 
synonym of]. 

Although agreeing with Janse in principle, Prout (1938), preferred not to use the 
taxon until further studies, particularly of the genitalia, have been conducted. He also 
mentioned the close morphological relationship between Diptychis and Paraptychodes 
Warren, 1894. Pinhey, (1975) recognised Diptychinae, placing Zerenopsis, Veniliodes 
(mistakenly illustrating Durbana setinata as Veniliodes inflammata) and Diptychis in it.  
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He, however, removed Callioratis from Diptychinae without explanation, by illustrating 
and briefly describing C. millari in the Ennominae. 

Vári & Kroon (1986) listing the southern African Geometridae, did not include the 
taxon nor explain the reason for the omission. 

Staude (1994) recognized Diptychinae, demonstrating the larval foodplant 
association (cycads) and the changing to a secondary foodplant during their larval cycle, 
shared between diptychine genera. 

Scoble et al. (1999) listed the world Geometridae, did not mention Diptychinae and 
in a tentative arrangement of the phylogeny of geometrid genera assigned Paraptychodes 
to the Sterrhinae; Diptychis, Veniliodes, Callioratis, Zerenopsis and Durbana to the 
Ennominae interspersed between other non-African genera, thus not recognizing any close 
relationship between the genera. 

Staude, (1999) gave the primary larval foodplant for Durbana setinata as the cycad 
Stangeria eriopus. The secondary foodplant source for this species is now known to be 
the flower heads of various herbaceous dicotyledons (Staude unpublished). 

It can be seen from the above that the taxon has been either accepted, provisionally 
rejected, ignored or overlooked by various authors over the years. The reasons for the lack 
of agreement on this matter are probably based on the fact that the evidence for the 
subfamily is not based on wing venation, as is the case with the other accepted subfamilies. 
It is also probably the uncharacteristic and unstable wing venation of these genera that has 
been the cause of their being shifted between subfamilies by different authors (diptychines 
have been placed variously in the Larentiinae, Sterrhinae, Ennominae and Oenochrominae 
respectively, mostly without explanation). It is possible that the Diptychinae may be a 
heterogeneous group of ancient origin, which may have diverged from the geometrid 
rootstock before the stable wing venation seen in other extant subfamilies had become 
established. It therefore does not readily fit into a current established taxonomic 
framework. The taxon is, however, here retained because of the mounting evidence 
binding the group together. 

Preliminary findings of a study of the tympanal organs of 24 selected geometrid 
species (Staude in prep.) indicate that the merging of the anterior end of the ansa with the 
tympanic lacinia and the outer tympanal rim to form a single rigid structure, is a possible 
apomorphy for the Diptychinae. This is also the case in the genera Durbana and 
Paraptychodes. The primary larval foodplant for a newly discovered Paraptychodes sp. 
Is Encephalartos ferox (Staude & Curle in prep.). The genera Durbana and Paraptychodes 
are thus regarded as forming part of the subfamily on the grounds of their tympanal organs 
and cycad association. 

The six genera and sixteen known species, their distribution and known cycad 
associations are as follows: 
 
Genus Callioratis Felder, 1874: 
C. abraxas Felder, 1874. First bred from ova on E. altensteinii by Duke & Duke, 1988 – 
since then found on many other Encephalartos spp. [South Africa (Eastern Cape, 
KwaZulu-Natal and Mpumalanga); Malawi (Mulanje)]. 
C. millari Hampson, 1905. – larvae found on Stangeria eriopus. [Only one colony left – 
Entumeni Nature Reserve, KwaZulu-Natal, South Africa] (refer C. millari in this paper). 
C. apicisecta Prout, 1915. – larvae found on E. tegulaneus. [Southern Sudan & northern 
Kenya] (see under C. apicisecta in this paper). 
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C. mayeri spec. nov. - larvae found on E. friderici-guilielmi. [Queenstown to Cathcart, 
Eastern Cape Province, South Africa] (see under C. mayeri in this paper). 
C. curlei spec. nov. - larvae found on E. friderici-guilielmi. [Queenstown to Cathcart, 
Eastern Cape Province, South Africa] (see under C. curlei in this paper). 
 
Genus Zerenopsis Felder, 1874: 
Z. lepida (Walker, 1854) - larvae first found on cycads by Platt, 1921; since then found to 
feed on many cycads including 'exotics' such as Cycas and Dioon. [South Africa (Eastern 
Cape Province, KwaZulu-Natal, Mpumalanga and Northern Province); Swaziland; 
Moçambique]. 
 
Genus Veniliodes Warren, 1894: 
V. pantheraria (Felder, 1874). – larvae found on E. villosus (Staude in Kroon, 1999). 
[Eastern Cape Province to KwaZulu-Natal, South Africa]. 
V. inflammata Warren, 1894. bred on E. villosus from ova (Staude unpublished). [Eastern 
Cape Province to KwaZulu-Natal, South Africa]. 
Veniliodes undescribed species - larvae found on E. ngoyanus & reared on E. villosus 
(Staude, 1994 [as V. inflammata]). [Found only in one kloof, Ubombo, KwaZulu-Natal, 
South Africa]. 
 
Genus Durbana Warren, 1904: 
Durbana setinata (Felder & Rogenhofer, 1875) - larvae found on S. eriopus (Staude, 
1999). [Eastern Cape Province to southern KwaZulu-Natal, South Africa]. 
 
Genus Paraptychodes Warren, 1894: 
P. costimaculata Prout, 1913 - a single larva, specimen preserved in alcohol donated by 
S.C. Collins, found on E. hildebrandtii in the vicinity of where this species flies is thought 
to belong to this species. [Kenya & Tanzania coast]. 
P. tenuis (Butler, 1878) - larva unknown. [Kenya & Tanzania coast, Zanzibar]. 
P. kedar (Druce, 1896) - larva unknown. [Dar-es-Salaam & Zanzibar, Tanzania]. 
Paraptychodes undescribed species - larvae found on and bred from ova on E. ferox 
(Staude and Curle in prep.). [Southern Moçambique]. 
 
Genus Diptychis Felder, 1874: 
D. geometrina Felder, 1874 - larva found on S. eriopus (Duke in Goode, 1989). [Eastern 
Cape Province, South Africa – Swaziland]. 
D. meraca Prout, 1928. Larva unknown. [Maputoland; Maputo, Tembe Elephant Park, 
Manguze Forest Reserve]. 
 
HISTORICAL REVIEW OF THE GENUS CALLIORATIS 
 
The Afrotropical genus Callioratis was named by Felder in 1874, without providing a 
description. Adults of both sexes of the type species Callioratis abraxas (the ♀ as 
C. boisduvalii) were illustrated in colour. Felder did not comment on phylogenetic 
affinities. 
Hampson, 1905, placing Callioratis in the Callimorphini (Arctiidae), briefly described the 
genus and a new species C. millari. He split the genus into two sections: Section 1 – ♂ 
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androconia present (C. abraxas); Section 2 – ♂ androconia absent (C. millari). 
Prout, 1915, described Callioratis apicisecta correctly placing it in the Geometridae. 
Prout, 1922, described the subspecies C. abraxas grandis from Nyasaland. 
Janse, 1932, redescribed the genus, C. abraxas and C. millari. He illustrated the wing 
venation of C. abraxas. He also described and illustrated the male genitalia of C. millari. 
He followed Prout in placing the genus in the tribe Geometrini (currently Ennominae) of 
the Geometridae. 
Janse, [1935], created the tribe Diptychini comprising the genera Diptychis, Callioratis, 
Veniliodes and Zerenopsis. 
Pinhey, 1975, although recognizing the Diptychinae, removed Callioratis from it, without 
explanation, by illustrating and briefly describing C. millari in the Ennominae.  
Duke & Duke, 1988, described the early stages of C. abraxas. 
Staude, 1996, detailed the mating behaviour and briefly described the male androconial 
organs of C. abraxas. 
Scoble et al., 1999, listed all the species in the genus and placed Callioratis in the 
Ennominae. 
 
MATERIALS AND METHODS 
 
Descriptions of early stages are based on rearing notes, preserved material and 
photographic material in the Staude collection as well as photographic material in the 
Curle Trust collection and Roos collection. Material for the early stages was collected in 
the following localities: 
C. curlei - South Africa, Eastern Cape Province, Cathcart, Bell Rock Farm, 1350m, 
32°15'S : 27°12'E. 
C. mayeri - South Africa, Eastern Cape Province, Queenstown, Longhill, 31°53'S : 
26°53'E, 1500m. 
C. apicisecta - north central Kenya, Wamba, Matthews Range, Kitich camp, Podocarpus 
forest, 1°15'N : 37°16'E, 1800m. 
C. abraxas - South Africa, Natal, Pinetown, Krantzkloof Nature Reserve, 200m, 24°49'S 
: 30°50'E. South Africa, KwaZulu-Natal, Entumeni Nature Reserve, grassland, 700m, 
28°53'S: 31°23'E. 
C. millari - South Africa, KwaZulu-Natal, Entumeni Nature Reserve, grassland, 700m, 
28°53'S : 31°23'E. 
Larvae and ova were collected by hand on the respective foodplants and transported in 
white, plastic 35mm film canisters, containing some foodplant. Larvae were reared 
initially in 60x40x30mm clear plastic canisters and then in progressively larger canisters. 
Some larvae were sleeved on the leaves of potted plants. The canisters were kept closed 
in order to keep sufficient humidity in the containers (because of the dry climate where 
the laboratory is situated). Daily cleaning and airing was necessary in order to prevent 
mould from forming in the canisters. Foodplant was kept fresh by placing the petiole in a 
glass vial containing previously boiled water and the entrance was sealed using "Press 
stick" putty. Larvae were reared in an unheated laboratory or in a heated laboratory kept 
at approximately 20°C (as outlined in the text for each species). Loose soil rich in compost 
was provided for final instar larvae to pupate in. Pupae were removed from the soil after 
3 weeks and transferred to "ziplock" plastic bags suspended and inflated weekly to provide  
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some moisture (this method resulted in some adults not fully forming their wings before 
drying out). Ova, larvae and pupae were preserved by placing them in a 70% ethanol 
solution in well-sealed glass vials. 
Explanations of terminology used can be found in Scoble 1994, Kristensen 1999, and the 
procedure used in the morphological descriptions of the adults follows Krüger 1997 Janse 
(1932) and Fletcher (1974). 
Adult material examined is based on dried material housed in the following collections: 
Staude Collection, Magaliesburg, South Africa (HSS); Curle Trust Collection, Bryanston, 
South Africa (CTC); N. K. Owen-Johnston Collection, Johannesburg, South Africa 
(NKOJ); Transvaal Museum, Pretoria, South Africa (TM); The National Museums of 
Kenya, Nairobi, Kenya (NMKE); the Natural History Museum, London, U. K. (BMNH); 
the Durban Museum of Natural Sciences, Durban, South Africa (DMNS); the Albany 
Museum, Grahamstown, South Africa (AM); I. Coetzer Collection, Pretoria, South Africa 
(IC). 
Adults were collected in the field using a standard "Butterfly-type" hand net and were 
prepared in the standard way. 
Tympanal preparations were dry mounted on cardboard and pinned. Terminology of 
tympanal descriptions follows Cook & Scoble (1992). Genitalia slides were prepared by 
M. Krüger following the techniques outlined in Robinson, (1976). Genitalia slides and 
tympanal preparations have been numbered and a label with a corresponding number has 
been attached to the specimen (all in HSS). 
Morphological observations were made using a 5x optivisor and a 20x- 140x stereo 
microscope. Photography was done using a 60mm makro lens on a NIKON F60 camera 
and a NIKON SB21 ring flash where necessary. Tympanal preparations and genitalia 
slides were photographed with the aid of a research stereo microscope (range 3x-500x), 
using transmitted and/or reflected light. 
 
Genus Callioratis Felder. 
Callioratis Felder, 1874: Plate 100, Figs 17, 18. Type species Callioratis abraxas, by 
subsequent designation by Hampson, 1905: 416 
 
Adult (Plates 1- 5, 14, 15) 
 
Adult Callioratis are medium to large moths, some females of C. mayeri being amongst 
the largest of African Geometridae. They are diurnal and aposematically coloured. Each 
species, in the case of C. abraxas each sex, displays the warning signal typical to the 
habitat it frequents (see Staude & Curle, 1998). They have developed distinctive mating 
behaviours and sometimes male androconial organs to suit. 
 
Forewing length. (♂ 23–34mm) (♀ 27–42mm) 
 
Female larger than male; sexes similar or dimorphic; male androconial organs present or 
absent, of different types; 
 
Head. Relatively small; antennae filiform in both sexes; proboscis well developed; labial 
palpi short porrect, may extend just beyond proboscis in some species; pecten bristles 
present. 
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Wings. Variable in ground colour; sub-basal, antemedial, medial, post-medial and terminal 
lines always present, lines black, may be suffused with brown, often sprinkled with white 
scales; lines may be broad or thin sometimes broken into spots; position of lines constant 
within but variable between species; hindwing discoidal spot present in all species, 
variable, may be reduced or absent in some specimens. Different parts of wings modified 
into male sex disseminating organs in some species. 
 
Tympanal organ (Plate 9). Of typical geometrid type except that anterior end of ansa is 
not loose but merged with lacinia, which in tum is merged with outer rim, holding 
tympanum to form a single rigid structure; outer rim sclerotized throughout. Tympanal 
organ relatively large in relation to abdomen diameter. Cavus tympani open, not sheathed 
by setae, may be fractionally larger or smaller than tympanum; tympanum half-moon-
shaped; ansa broad at base, curving over tympanum, tapering symmetrically or 
asymmetrically toward apex where it broadens sharply to merge with the tympanic lacinia; 
sclerotized lacinia always present, broadly circular anteriorly, covered in tiny white 
spines, lies within cavus tympani at angle of approximately twenty degrees to tympanum; 
scoloparium white, thread-like, variably broadened at tympanal attachment, in some 
species also at ansal attachment; central projection of variable shape. 
 
Male genitalia (Plate 10). Uncus sharply pointed. Gnathos absent or weakly developed. 
Valva broad. A very well-developed armature arises from near the base of the valva, 
heavily chitinized, long, reaching at least 70% of valva length. Vesica containing brushes 
with numerous bristle-like or needle-like cornuti. 
 
Female genitalia (Plate 11). Papillae anales relatively small, densely setose with setae 
variable in length. Apophyses very thin with a. anteriores much shorter, around one sixth 
the length of a. posteriores in most species. Antrum small, weakly to heavily sclerotized. 
Bursa copulatrix with length of ductus bursae not exceeding twice that of corpus bursae. 
Ductus bursae with numerous rib-like sclerotizations that may be tubular or thread-like, 
sometimes reaching into the corpus bursae; corpus bursae teardrop- to kidney-shaped with 
bulla of varying size and shape; sclerotized spines within bursa copulatrix usually present. 
Signum present, relatively large, situated in upper part of corpus bursae, pear-shaped or 
U-shaped with well-developed thorn-like spiculae of variable length. 
 
Immature stages (Figs 1–5, 9–14, 17–21, 23–27, 29–34, 37–42) 
 
Ovum (Fig. 29). Shell translucent; appears yellow at first, becoming gradually darker as 
larva develops inside, black before hatching; circular in dorsal view, dome shaped with 
flat bottom in lateral view. Surface finely sculptured with irregular circular grooves; 
emergence hole of larva large, circular, spanning almost all of dorsal area. There seem to 
be no discernable differences between the known ova of Callioratis spp. 
 
Larva. 1st instar larvae possess a full complement of well-developed primary setae that are 
as long as or slightly shorter than the body diameter. From the 2nd instar onward larvae 
also have long or short secondary setae and the primary setae may become bristle-like. 
Setae may be white, black or brown. Prolegs present on segments A4, A5, A6 and A10 
anal segments in all instars. Prolegs on A4 and A5 may become reduced from the 3rd instar 
onwards. Larval colouration and markings distinctive for each species. Final instar larvae 
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are distinctly different from other instars and may have more than one colour morph. 
Larvae possesses well-developed chalaza. 
 
Pupa. Reddish-brown. The length and curvature of the cremastral hooks are distinctive 
for each species. 
 
DIAGNOSIS 
 
Adult Callioratis spp. may be distinguished from other diptychines by their large size and 
by the presence of dark, well-developed sub-basal, antemedial, medial, post-medial and 
terminal dark lines, sprinkled with white scales, on the forewing. Larvae may be 
distinguished from other diptychines by the presence of prolegs on anal segments A4 and 
A5. 
 
BIOLOGY 
 
Larval foodplant (Figs 43, 45, 46, 48) 
All species utilize one or more species of cycad as primary foodplants, on which the 1st to 
3rd instar larvae appear to be host specific. Some species also utilize one or more species 
of secondary foodplants, which are fed upon by some 4th to final instar larvae. 
 
Distribution and habitat (Figs 43, 44; Plates 15b, 16) 
 
Callioratis spp. are known to have a patchy distribution along the eastern parts of the 
African continent from the Eastern Cape Province, South Africa, in the south to Sudan in 
the north, always in the vicinity of wild cycad populations. The habitat for each species is 
distinctive and Callioratis spp. may live on temperate mountains, in open grassland, or in 
tropical forests. 
 
Life history and behaviour 
 
Ovum. Where known, eggs are deposited in single short rows on the upper side or 
underside of cycad leaves. 
 
Larva. The feeding behaviour of the 1st instar larvae, and thus the feeding damage to the 
cycad leaves, is distinctive for each species of Callioratis. 2nd to final instar larvae feed 
on the edge of leaves in typical Lepidoptera fashion. The duration of the larval stage varies 
between populations and between species, it is shorter in tropical areas (six weeks for C. 
apicisecta - tropical forest) and longer in temperate areas (six months for C. mayeri - 
temperate mountain). In temperate areas larvae may stop feeding and construct a cocoon-
like nest (Figs 39, 40) when the temperature drops. Pupation takes place in the soil where 
the larvae spin a loose cocoon incorporating surrounding substrate in the construction. 
 
Pupa. Rigid, does not wriggle when disturbed. 
 
Imago. The adults are diurnal and may fly from dawn till dusk. Adults display typical  
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warning signals that are prevalent in the area in which they occur. Callioratis spp. Have 
developed distinctive mating behaviours. 
 
Phenology 
 
Callioratis spp. appear to have a single brood annually in temperate areas, two broods in 
sub-tropical areas and three or more broods in tropical areas. 
 
CONSERVATION 
 
Wild cycad populations are sparsely dispersed in Africa and their numbers are reported to 
be dwindling in many areas due to over-utilization by humans (Goode, 1989). Callioratis 
spp. are wholly dependent on these wild cycad populations, therefore Callioratis 
populations are at least equally threatened. In some cases Callioratis populations are far 
more restricted in distribution than those of their cycad hosts, probably due to climatic or 
secondary foodplant requirements, and are therefore even more vulnerable. Of the five 
known Callioratis spp. one is endangered, two are widespread and two are restricted in 
their range. 
 
SPECIES ACCOUNTS 
 
Callioratis mayeri spec. nov. Figs 29–44, 52, 57, 60, 63, 68, 73, 79; Plate 15b. 
 
TYPE MATERIAL 
 
Holotype: ♂, South Africa, Eastern Cape Province, Queenstown, Longhill, 31°53 'S : 
26°53'E, 1500m, emerged March 1999 ab larva collected 16-05-1998 on Encephalartos 
friderici-guilielmi, Zamiaceae (H .S. Staude). – (TM). 
 
Paratypes: (33♂, 25♀); 2♂, South Africa, Eastern Cape Province, Queenstown, Longhill, 
31°53'S: 26°53'E, 1500m, 10-04-1998, (A. Mayer); 3♂, ibidem dated 02-04-1999, (H.S. 
Staude); 1♀, ibidem except emerged March 1999 ab larva collected 16-05-1998 on 
Encephalartos friderici-guilielmi, Zamiaceae (H.S. Staude). - (HSS). 2♂, 7♀, ibidem 
dated 02-04-1999 (A. I. Curle); 2♀ 31°53'S: 26°53'E, +1500m, l♂, ibidem except 8-03-
1999 emerged (A. I. Curle). - (CTC). Larva obtained on cycad Encephalartos friderici-
guilielmi, 16-05-1998; 1♂, ibidem dated 06-04-1999 (N.K.O.J.). - (NKOJ). 1♂, 1♀, 
ibidem 02-04-1999 (H.S. Staude); l♂, 1♀, ibidem emerged March 1999 ab larva collected 
16-05-1998 on Encephalartos friderici-guilielmi, Zamiaceae (H.S. Staude). - 
(BMNH). 
3♂, South Africa, Eastern Cape Province, Cathcart, Bell Rock Farm, 32°12'50"S: 
27°08'25"E, 1400m, 04-04-1999 (H.S. Staude); 8♂, 1♀, ibidem dated 01-04-2000, (H.S. 
Staude). - (HSS). 5♂, 2♀, ibidem except emerged February 2000 (A. I. Curle); 1♂, ibidem 
dated 25-03-2000 (A. I. Curle); 3♂, 1♀, ibidem dated 3-03-2000 (A. I. Curle); 2♂, 1♀, 
ibidem dated 01-04-2000,; l♂, ibidem dated 25-03-2001 (A. I. Curle); l♂ ibidem C. Ficq.- 
(CTC). 1♀, ibidem dated 05-04-1999 (N. K. O. J.). - (NKOJ). 6♀, South Africa, Eastern 
Cape Province, Oakleigh farm, Bongolo Basin, 31°48'S: 26°53'E, 04-04-1999 (H.S. 
Staude). - (HSS). 6♂, 8♀, ibidem dated 04-04-1999, (A. I. Curle). – (CTC) 1♀, ibidem 
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(N. K. O. J.). – (NKOJ). 
3♂, South Africa, Eastern Cape Province, Cathcart, Whittlesea, Waterdown Dam, 
32°14'47"S: 26°52'29"E, 1400m, 01-04-2000 (H.S. Staude). - (HSS). 2♂, 23♀, South 
Africa, Eastern Cape Province, Cathcart, Whittlesea, Waterdown Dam, 32°14'47"S: 
26°52'29"E, 1400m, 01-04-2000 (H.S. Staude). - (HSS). 2♂, 2♀, ibidem (A. I. Curle). –
CTC). 
 
MORPHOLOGY 
 
Adult (Figs 35, 36, 52, 57, 60, 63, 68, 73, 79) 
 
Forewing length. 30–34mm (♂) (n = 35); 36–42mm (♀) (n = 25). 
 
Head. Base black, frons orange to cream, pecten bristles white throughout; proboscis well 
developed, black; labial palpi short, porrect, orange to cream. 
 
Wings. Forewing upperside ground colour grey, suffused with rusty-red scales, denser at 
base and along inner margin; sub-basal, antemedial and post-medial lines black, heavily 
suffused with brown scales except along margins, sprinkled with white scales; medial line 
and terminal spots lacking the sprinkling of white scales; post-medial and antemedial lines 
not merging at inner margin; medial short, rounded and turned toward base at apex; 
terminal spots merging at apex. Underside ground colour cream; lines similar to upperside 
but lacking brown suffusion and sprinkling of white scales. 
Hindwing black patch at base of inner margin absent; rusty-red suffusion much denser 
than on forewing, totally covering ground colour on upperside but not along veins on 
underside; post-medial line broad, fully developed, dusted with white scales on both sides 
of the wing, ending at apex of inner margin; terminal spots merged to form terminal band 
in male, less so in female; cilia cream, black opposite terminal spots; discoidal spot 
elongated, well developed. 
 
Male androconial organ (Fig. 52). A tuft of numerous brown pheromone-disseminating 
setae arising out of inner margin of hindwing underside, near base; setae as long as inner 
margin, contained inside inner-marginal fold; scales inside fold red; androconial glands 
present on setal base. 
 
Abdomen. Banded slate grey and yellow. 
 
Tympanal organ (Figs 57, 60). Cavus tympani open, not sheathed by setae, fractionally 
larger than tympanum; tympanum half-moon-shaped; ansa broad at base, curving over 
tympanum, tapering asymmetrically toward apex where it broadens sharply to merge with 
the tympanic lacinia; sclerotized lacinia broadly circular, covered in tiny white spines, 
situated within cavus tympani at an angle of approximately twenty degrees to tympanum; 
scoloparium white, thread-like, sharply broadening at tympanal attachment, less so at 
ansal attachment. 
 
Male genitalia (Fig. 63). Uncus with broad triangular base, tapering evenly to a long sharp 
point, curved ventrally. Gnathos weakly developed, curved ventrally. Valvae widening 
from base, then curving sharply outward towards broad rounded apex; costa and tornus 
sclerotized. Valva armature well developed, hollow at basal third then contracted into a  
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solid chitinized needle-like point, curved inwards; length - 80% of valva. Vinculum U-
shaped, not indented at base. Aedeagus slender, cylindrical, slightly curved, tapering 
toward a sharp posterior point. Vesica with broad brush of bristle-like cornuti ending with 
a number of needle-like cornuti at apex. 
 
Female genitalia (Figs 68, 73). Papillae anales relatively small, rounded, sclerotized and 
densely setose, with short and long setae. Apophyses long, thin, and needle-like. 
Apophyses anteriores not stout at base. Antrum small, weakly sclerotized. Bursa 
copulatrix without sclerotized spines; ductus bursae relatively long, funnel shaped, with 
many tubular ribs reaching posterior area of corpus bursae; corpus bursae slightly 
sclerotized, kidney-shaped with bulla anteriorly. Signum (Fig. 73) situated in posterior 
part of corpus bursae; large, pear-shaped with long, thorn-like spicula of even length; 
posterior edge flat with very short spicula; very few sclerotized spines randomly spaced 
on inner surface. 
 
Immature stages (Figs 29-34) 
 
Ovum (Fig. 29). Shell translucent; initially yellow becoming gradually darker as larva 
develops inside, black before hatching; circular in dorsal view, dome-shaped with flat 
bottom in profile; Ø 0.9mm x 1.0mm; surface finely sculptured with irregular circular 
grooves; emergence hole of larva large, circular, spanning almost all of dorsal area.  
 
Larva 1st instar (Fig. 37). Head shield 0.45mm x 0.56 mm; body 2.5mm at hatching 
growing to 8mm long; body slate grey; thoracic shield, anal shield and head black; primary 
setae white, length about body Ø; prolegs slate grey, present on A4, A5, A6 and A10, 
prolegs on A10 and A6 twice the size of prolegs on A4; planta with multiserial, uniordinal 
crochets arranged in a mesopenellipse on all prolegs; thoracic legs dark brown. 
 
Larva 2nd instar (Fig. 30). Head shield 1.8mm x 2,0mm; larva grows to 12mm; secondary 
setae now present, very short in relation to primary setae, white; primary setae brown, 
more spine-like, length less than 0.5 body Ø; body slate gray, dorsal line brownish white, 
dull white lateral lines connected over dorsal area of pro thorax between head and thoracic 
shield; prolegs on A4 & A5 reduced but still bearing crochets, pro legs on A6 & A10 well 
developed. 
 
Larva 3rd instar (Fig. 31). Head shield 2.4mm x 2.6mm; larva grows to l 7mm; setae as in 
2nd instar except for longer secondary setae, almost half the length of primary setae. Head 
reddish-brown with two dorsal black blotches either side of epicranial notch; thoracic and 
abdominal segments ivory white with a thin black lateral line just above proleg base on 
anal segments, broad black lateral band above spiracle on all segments; dorsally cream to 
orange, speckled intermittently with black spots and lines giving an overall impression of 
a broad dusty cream to orange band. 
 
Larva 4th instar (Fig. 32). Larva grows to 24mm; larva and setae similar to 3rd instar except 
dorso-lateral setae black, ventral setae white. 
 
Larva 5th instar. Larva grows to 30mm, similar to 4th instar. 
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Larva final instar (Figs 33, 34). Larva grows to 48mm; head reddish brown; rest of larva 
slate grey ventrally , laterally below spiracle brick red with no lines including on prolegs; 
dorso-laterally above spiracle black without lines; chalaza bright golden yellow; setae 
orange to yellow, secondary setae as long and thick as primary setae; thoracic legs mud 
brown; black spot present on A6 & A10 prolegs. 
 
Pupa 24 x 9.0mm (n = 5). Reddish brown, cremastral hooks slightly curved, 0.9mm long. 
 
DIAGNOSIS 
 
The species could only possibly be confused with C. curlei or C. millari. From C. curlei 
it is immediately separated in that the post-medial and antemedial lines do not merge at 
the forewing inner margin. It is separated from C. millari by its mustard forewing and red 
hindwing ground colour in contrast to the uniform orange ground colour of C. millari 
(compare Figs 78- 80). 
 
BIOLOGY 
 
Larval foodplant (Fig. 43) 
 
Appears to be host specific on the cycad Encephalartos friderici-guilielmi Lehm. 
(Zamiaceae). Ova and 1st to 3rd instar larvae were found on this plant only. All larval stages 
were successfully reared on E. friderici-guilielmi in the laboratory. Leaves of 
Encephalartos villosus Lehm., E. natalensis R. A. Dyer & I. Verd. and Stangeria eriopus 
(Kunze) Baillon (Stangeriaceae) were offered to 2nd–5th instar larvae and were rejected on 
all occasions. Leaves of Diospyros lycioides Desf. (Ebenaceae) [a plant used by other 
diptychines as a secondary foodplant] offered to 4th & 5th instar larvae were also rejected. 
E. friderici-guilielmi together with E. cycadifolius (Jacq.) Lehm., E. lanatus Stapf & Burtt- 
Davy, E. laevifolius Stapf & Burtt-Davy, E. humilis I. Verd. and E. ghellinckii Lehm. 
Seem to form a monophyletic group within the genus Encephalartos (P. Vorster pers. 
comm.). As none of the plants in this group, apart from E. friderici-guilielmi, were offered 
to larvae, the possibility that the species may be host specific to this group, rather than to 
E. friderici-guilielmi only, cannot be ruled out. E. friderici-guilielmi, however, appears to 
be the only cycad growing in the known habitats of C. mayeri. 
 
Distribution and habitat (Figs 43, 44; Plate 15b) 
 
The foodplant E. friderici-guilielmi occurs in relatively moist microclimates in grassland, 
on mountains, mountain slopes and along river courses in the Queenstown and Cathcart 
areas as far east as Kokstad, of the Eastern Cape Province, South Africa (Goode, 1989), 
at elevations ranging from 950 to 1700 m. Queenstown (31°54'S: 26°52'E, 1094m) 
receives an average annual rainfall of 534mm mostly in the summer months; an annual 
average minimum temperature of - 4.9°C, annual average maximum temperature of 
33.6°C (unpublished statistics 1961-1990, Weather Bureau, Pretoria). Winter frost and 
snow occur at higher elevations (Goode, 1989); however, no statistics are available for 
climatic conditions on the mountains in the area, which are the habitat of C. mayeri. The 
existence of remnant montane forest plants, indicates a much wetter climate. The range of  
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C. mayeri appears to be more restricted than that of its foodplant; adults, larvae and/or 
typical feeding damage were found in all areas above 1400m in places where E. friderici-
guilielmi grows that were visited, but found to be absent at lower elevations even where 
E. friderici-guilielmi is plentiful. 
 
Life history and behaviour 
 
Ovum. Up to five ova were found laid in a row on the upper side and underside of young 
and mature leaves of E. friderici-guilielmi in the wild. Twelve eggs were laid on a single 
leaf of E. friderici-guilielmi in captivity. 
 
Larva – 1st instar. Hatch after 8–10 days by eating away the dorsal dome of the eggshell, 
rest of eggshell is not consumed. Larvae tunnel into the leaf between two veins eating the 
softer inner tissue; entrance to tunnel often closed by larval frass, which is occasionally 
pushed out of tunnel by larva (Figs 37, 38). Duration of instar very variable (6- 15 days) 
dependent on quality and age of leaf. 
 
Larvae – 2nd to 4th instar. Feed by cutting away from the edge of the leaf in typical external 
feeding lepidopteran fashion. Larvae stop feeding and construct a cocoon-like nest (Figs 
39, 40), incorporating surrounding debris, when the temperature drops; may stay in nest 
for weeks until the ambient temperature increases again; in captivity a temperature of 
under 6°C triggers a nest making response; temperatures which fluctuate daily between 
1°C and 15°C do not induce the larvae to leave the nest; only when the minimum daily 
temperature remains above 6°C do the larvae emerge from the nest and resume feeding; 
the number of days that the minimum temperature needs to remain above 6°C has not been 
determined. Larvae drop off and roll up, in a way that is more typical to noctuid larvae, 
when disturbed (Fig. 42). Probably due to the temperature-related hibernation behaviour 
in these instars the duration of the instars varies considerably; larvae, in captivity, left to 
ambient conditions at 1550m (26°02'S: 27°33'E) during May to August took four months 
to complete these stages; larvae under heated conditions during the same period took two 
months to complete these stages. 
 
Larva final instar. Continues to feed by cutting away the edge of the leaflet; will rear up 
by holding on to A6 and A10 prolegs only in typical geometrid fashion, curling head 
inward when threatened (Fig. 41); when touched will drop off and curl up as in previous 
instars; nesting behaviour ceases. The larvae move off plant to find suitable site for 
pupation; pupation takes place in the soil where the larva spins a loose cocoon 
incorporating surrounding substrate in construction. 
Larval stages took six months to complete under ambient conditions. 
 
Pupa. Rigid, does not wriggle when disturbed. 
 
Imago. The adults are diurnal. The very active males were found in areas where large rock 
faces occur (Fig. 44) and were even found to frequent a large road cutting simulating a 
natural cliff. Males patrol rock faces from early morning onwards, pausing occasionally 
on the face where they curl up the abdomen, splay open their valvae and slowly open and 
close their wings. Females were only found flying around the foodplants in the morning, 
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frequently settling in shady areas around the foodplants and visiting flowers; oviposition 
was not observed. Only in the afternoon were females found at the cliffs frequented by 
males, where they settle on the rock face. Males alight close to a settled female, dancing 
in a semicircle around the female; female rejects male by keeping her abdomen away from 
the male; up to three males were observed around a single female at a time. On one 
occasion a female was observed to tum around and present her abdomen to the male and 
they subsequently copulated and remained in the same position, not flying away (A. I. 
Curle pers. comm.). Only the mustard-coloured forewing is visible when the species is at 
rest, perfectly matching the colour of the rocks in the habitat. When in-flight the species 
resembles the satyrine butterfly Aeropetes tulbaghia (Linnaeus, 1764), with which it 
possibly shares a warning signal. 
 
Phenology 
 
The species appears to be single-brooded. Adults were collected from late March till mid-
April. The species is in its larval state during the winter months when growth may be 
interrupted by cold weather; larvae may still be on the cycads as late as October. Duration 
of pupal state 5-8 months. 
 
ETYMOLOGY 
 
This species is named for Andrew Mayer who had the good foresight to look for moths 
"for Hermann" around the cycad plants growing on Long Hill, Queenstown and thereby 
discovering this species. 
 
CONSERVATION 
 
The species' restricted known distribution (mountains between Queenstown, Cathcart and 
Whittlesea, only where the foodplant is sufficiently abundant) makes it vulnerable to 
habitat destruction and to the removal of wild cycads. It was only found in four localities, 
but there are other likely mountain localities in this area where the species should occur. 
In all four of the localities visited the species was found to be abundant at the right time 
and it therefore does not seem to be under any immediate threat. 
 
Callioratis curlei spec. nov., Figs 9-16, 53, 54, 58, 64, 69, 74, 80; Plate 15b. 
 
TYPE MATERIAL 
 
Holotype: ♂, South Africa, Cathcart, Bell Rock Farm, 1350m, 32°15'S: 27°08'E, 03-04-
1999 (A. I. Curle). – (TM). 
Paratypes: (21♂, 13♀). l♀, South Africa, Cathcart, Bell Rock Farm, 1350m 32°15'S: 
27°08'E, 01-04-2000 (H. S. Staude). – (HSS). 5♂, 4♀, 32°12'S: 27°08'E, 1400m, "Ridge" 
Bell Rock Farm, Cathcart, E. Cape, 25.iii.2000 (A. I. Curle); 1♂, ibidem except emerged 
29-03-2000 (A. I. Curle); 1♂, ibidem dated 25-03-2000 (A. I. Curle); 2♂, 2♀, ibidem 
dated 23-03- 2001 (C. H. Ficq); 1♂ ibidem 25-03-2001; 3♂, l♀, ibidem 23-03-2001 (A. I. 
Curle); 2♀, ibidem dated 03-04-1999 (A. I. Curle). – (CTC). 3♂ l♀, ibidem dated 
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19-03-2001, (I. Coetzer). – (IC); 2♀, ibidem dated 05-04-1999 (N.K.O.J.); 1♀, ibidem 
dated emerged 27-10-1999 (N.K.O.J.). – (NKOJ). 
1♂, 31°53'S: 26°53'E, + 1500m, Longhill, Queenstown, Eastern Cape Province, 02-04- 
1999 (A. I. Curle). – (CTC). 
l♂, Farm Oakleigh, Bongola basin, E. C. P., 31°48'S: 26°53'E, 05-04-1999 ( N.K.O.J.). - 
(NKOJ). 2♂, ibidem dated 16-03-2001 (I. Coetzer); l♂, ibidem 17-03- 2001 (I. Coetzer). 
– (IC). 
 
MORPHOLOGY 
 
Adult (Figs 15, 16, 53, 54, 58, 64, 69, 74, 80) 
 
Forewing length. 26–29mm (♂) (n = 11); 28–32mm (♀) (n = 10) 
 
Head. Base black, frons orange to cream. Pecten bristles black, some tipped greyish-white. 
Proboscis black, well developed. Labial palpi short and porrect, orange to cream. 
 
Wings. Sexes similar. Ground colour creamy white. Forewing finely suffused with rusty 
orange around basal area, less so on underside; sub-basal line black, sprinkled with 
creamy-white scales, extending along inner margin; antemedial line black, sprinkled with 
creamy-white scales, merging with post-medial line at inner margin; medial short, black, 
ending in hammer-like projection, not sprinkled with creamy-white scales; post-medial 
line merged with subterminal spots, black, sprinkled with creamy-white scales; terminal 
spots black, merged along apex; forewing underside as upperside but lacking the 
sprinkling of white scales. In hindwing rusty orange suffusion much denser covering 
whole wing surface in most specimens; underside less densely suffused; elongated black 
patch at base of inner margin; post-medial band weak, thin, incomplete in some 
specimens, ending two-thirds down inner margin, not sprinkled with white scales; 
discoidal spot large, round to oval; terminal spots seldom merged. Cilia white in ♂, cream 
in ♀. 
 
Abdomen. Banded black and orange. 
 
Male androconial organ (Figs 53, 54). A tuft of white pheromone disseminating setae 
arising from inner margin of hind wing underside, near base; setae about half the length 
of inner margin, contained inside inner marginal fold; scales inside fold black; androconial 
glands present at setal base. 
 
Tympanal organ (Fig. 58). Cavus tympani open, not sheathed by setae; ansa broad at base, 
tapering almost symmetrically over tympanum, broadening sharply towards apex where 
it is merged with the tympanic lacinia; tympanic lacinia covered with short, dense white 
spines situated inside cavus tympani at an angle of about twenty degrees to tympanum; 
scoloparium broadened at both ends, with a round projection at centre. 
 
Male genitalia (Fig. 64). Uncus from broad triangular base, tapering evenly into a long 
sharp point, curved inwards; Gnathos absent. Basal third of valvae parallel, curving 
towards blunt apex; costa and tornus sclerotized. Valva armature well developed; hollow 
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at basal third then contracted into a solid, chitinized, needle-like point, curved inward; 
length approximately 70% of valva. Vinculum almost rectangularly U-shaped; slightly 
indented at base. Aedeagus slender, cylindrical, tapering to a rounded posterior point. 
Vesica with one slender brush containing a number of needle-like cornuti at apex. 
 
Female genitalia (Figs 69, 74) Papillae anales relatively small, sclerotized with web-like 
ribs; fairly densely setose with short and long setae. Apophyses long and thin, needle-like; 
a. anteriores less than one-sixth length of a. posteriores and stout at base. Antrum small, 
not sclerotized. Bursa copulatrix with loose sclerotized spines; ductus bursae relatively 
short, stout, cylindrical, sclerotized with thread-like ribbing not reaching corpus bursae; 
corpus bursae teardrop-shaped, not sclerotized, with narrow tube-like anterior projection. 
Signum (Fig. 74) small, situated in posterior part of corpus bursae, oval; spicula thorn-
like, very small posteriorly becoming gradually larger with anterior spicula large and 
triangular; some thorn-like sclerotizations randomly distributed on inner surface. 
 
Immature stages (Figs 9-14) 
 
Ovum (Fig. 9) 0.9mm x 1.0mm; shell translucent, appears yellow at first becoming 
gradually darker as larva develops inside; circular in dorsal view, dome-shaped with flat 
bottom in lateral view. 
 
Larva 1st instar (Fig. 10). Head shield 0.4mm x 0.5mm; larva 2.5–7mm, rusty brown; 
thoracic shield black; anal shield brown; head black; primary setae white, length about 
body diameter; prominent cream dorsal line along thoracic and abdominal segments; DI 
& D2 setal base cream on all segments; pro legs rusty brown, present on A4–A6 and A10; 
prominent black spot on A10 proleg; A4 and A5 prolegs slightly reduced but bearing 
crochets, arrangement as in C. mayeri. 
 
Larva 2nd instar (Fig. 11). Head shield 1.7–2.0mm; larva grows to 11mm; secondary setae 
now present shorter than primary setae, white; primary setae white; body colouration 
similar to 1st instar except dorsal line now broader and more pronounced and cream base 
of Dl & D2 now more conspicuous appearing as white spots adjacent to dorsal line. A4 & 
A5 prolegs reduced but still bearing crochets, A6 & A10 prolegs well developed. 
 
Larva 3rd instar. Head shield 2.3x2.5mm; larva grows to 15mm; D2 setae now black, all 
other setae still white; coloration as in 2nd instar except that dorsal line is broader and 
even more pronounced and head now orange with black spots. 
 
Larva 4th instar (Fig. 12). Grows to 23mm; ground colour of dorsal half black, of ventral 
half cream; head as in 3rd instar; anal claspers (A10), including anal shield orange; setal 
coloration as in 3rd instar; setal bases DI, D2 & SD1 cream, now very conspicuous on 
black ground colour; dorsal line appears orange-yellow and irregular, thinner at every 
second abdominal segment; L1 & L2 setal base orange-yellow on cream ground colour. 
 
Larva final instar (Figs 13, 14). Setal colouration as in 4'h instar; ground colour of dorsal 
half (above spiracle) still black, now extending from anal shield to dorsal half of head, 
dorsal line now orange, broader and more uniform, setal bases DI, D2 & SD1 still cream; 
ground colour of ventral half now orange-yellow, large red blotches covering virtually all 
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of the lateral setal area on Al–A5 and surrounding L1–L3 setal bases on A6–A9, cream 
L1 base conspicuous on red blotches. A prominent black spot dorso-laterally on prothorax; 
true legs yellow. 
 
Pupa. 22x9.0mm, reddish brown, cremastral hooks slightly curved 0.9mm long, merged 
at base. 
 
DIAGNOSIS 
 
The species could only be confused with C. mayeri and can be easily separated from it in 
that the forewing post-medial and antemedial lines merge at the inner margin. 
 
BIOLOGY 
 
Larval foodplant (Fig. 43) 
 
Ova and 1st to 3rd instar larvae were found only on Encephalartos friderici-guilielmi 
(Zamiaceae) in situ. All larval stages were successfully reared on this foodplant in 
captivity. No other plants were offered to the larvae in captivity, thus host specificity was 
not tested. 
 
Distribution and habitat (Fig. 44; Plate 15b) 
 
The foodplant E. friderici-guilielmi apparently occurs in relatively moist microclimates 
on mountains, mountain slopes and along river courses in the Queenstown and Cathcart 
areas of the Eastern Cape Province of South Africa, at elevations ranging from 950 to 
1700m. 
Queenstown (31°54'S: 26°52'E, 1094m) receives an average annual rainfall of 534mm 
mostly in the summer months; an annual average minimum temperature of - 4.9°C, annual 
average maximum temperature of 33.6°C; winter frost and snow occurs at higher 
elevations (unpublished statistics 1961-1990, Weather Bureau, Pretoria). No statistics are 
available for climatic conditions on the mountains above the town, which is the habitat of 
C. curlei. The presence of remnant montane forest patches, however, indicates a much 
wetter climate. The range of C. curlei appears to be even more restricted than that of 
C. mayeri and that of the foodplant; adults and larvae were found on only three mountains 
that seem sufficiently elevated from the surrounding plains to trap passing clouds, where 
E. friderici-guilielmi grows and where forest remnants were present. The species was 
found to be absent from lower elevations even where C. mayeri and E. friderici-guilielmi 
were found to be plentiful (Whittlesea). 
 
Life history and behaviour 
 
Ova. Were laid on a leaf of E. friderici-guilielmi in captivity. 
 
Larva – 1st instar. Hatch after 6–8 days by eating away the dorsal dome of the eggshell, 
rest of eggshell is not consumed. Larvae do not tunnel into the leaf, but start to feed from 
the edge of the leaf, which may appear to be a trench when the leaf is thicker than the larva 
(Fig. 10). Duration of instar 6–8 days. 
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Plate 1. Callioratis abraxas life history.  
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Plate 2. Callioratis curlei life history. 
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Plate 3. Callioratis millari life history. 
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Plate 4. Callioratis apicisecta life history. 
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Plate 5. Callioratis mayeri life history. 
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Plate 6. Callioratis mayeri behavioural traits. 
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Plate 7. Callioratis habitat and foodplants. 
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Plate 8. Callioratis ♂ androconia.  
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Plate 9. Callioratis tympana. 
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Plate 10. Callioratis ♂ genitalia. 
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Plate 11. Callioratis ♀ genitalia. 
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Plate 12. Callioratis ♀ signum. 
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Plate 13. Callioratis adults, left upperside, right underside. 
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Plate 14. Callioratis adults, left upperside, right underside. 
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Plate 15a. Callioratis adults, left upperside, right upperside. 

 

 
 

 
Plate 15b. Distribution of South African Callioratis spp. 
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Plate 16. Distribution of northern African Callioratis spp. 
 
 C. apisecta 
 
 C. abraxas grandis 
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Errata 

Please correct the following: 
Figure 43. replace E. friderici-guilielmii with E. friderici-guilielmi. 
Figure 45. replace in sito with in situ. 

Figure 58. replace image with:  

Figure 63. replace image with:  
 

Figure 64. replace image with:  
 
Plates 13, 14, 15b: replace ‘Callioratis adults, left upperside, right upperside.’ 

with ‘Callioratis adults, left upperside, right underside.’ 
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Larvae 2nd – 4th instars. Feed in the standard fashion by cutting away from the edge of the 
leaf. Larvae have not been observed to construct a nest in cold weather similar to the larvae 
of C. mayeri. Larvae took two months to complete these stages in the laboratory. Larval 
stages took four months to complete. 
 
Imago. The adults are diurnal, flying from early morning till late afternoon. The species 
appears less active than C. mayeri. Females were seen to fly only in close proximity to E. 
friderici-guilielmi plants. Males were observed by A. I. Curle (pers. comm.) and N.K. 
Owen-Johnston (pers. comm.) to fly over the cycads and to drop suddenly in amongst the 
cycad leaves, presumably after a female. No specimen was found any distance away from 
E. friderici-guilielmi plants. 
 
Phenology 
 
Adults have been recorded from late March till early April. Adults in captivity emerged 
on 27 October and 29 February and the species completed its life cycle quicker than C. 
mayeri. It is thus possible that the species may be double-brooded in the wild. 
 
ETYMOLOGY 
 
This species is named after Alf Curle, not only because he caught the first specimen on 
our memorable trip, but also because of his enthusiasm and relentless efforts in the field 
in pursuit of diptychines. 
 
CONSERVATION 
 
This species has so far only been found in three localities between Cathcart and 
Queenstown and seems to be less abundant than C. mayeri, but this could be due to the 
fact that it flies earlier and its habits are more sedentary than those of C. mayeri. As it 
probably has a similar distribution to and because it utilizes the same food source as 
C. mayeri, comments on conservation made for C. mayeri are probably as valid for C. 
curlei as well. 
 
Callioratis abraxas abraxas Felder. Figs 1–8, 46, 49–50, 56, 62, 67, 72, 76; Plate 15b. 
Callioratis abraxas Felder, 1874. 
 
MATERIAL 
 
Type material examined 
Syntype(s) ♀, Callioratis Boisduvalii [illegible], Very rare, ? ♀ of A., Type, Rothschild; 
4♂, Bashee River, Caffraria (Bowker); 1♀, Natal, Durban & Karkloff [sic], (Leigh), 1912, 
C. Milleri [sic] sp. Nov. Tres Rares, Karkloof, 2.3.12; 1♂, Natal, 1901. - (BMNH). 
 
Further material examined (15♂ and 23♀) 
4♀, South Africa, Natal, Nkonkoni estates, Ubombo Mountains, 27°51'S: 32°02'E, 600m, 
montane mist-forest patch, 05-09-1992 (H.S. Staude); 3♂, 4♀, South Africa, Natal, 
Pinetown, Krantzkloof Nature Reserve, 200m, 24°9'S: 30°50'E, riverine forest (H.S. 
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Staude), 07-12-1994 emerged, ab larva collected on Encephalartos villosus (Zamiaceae), 
13-05-1994; 1♀, Oribi Gorge [Nature Reserve], 14-04-1995; l♀, South Africa, Eastern 
Cape Province, Kwelera east, 05-01-1996 (S. E. Woodhall); 5♂, 3♀, South Africa, 
KwaZulu-Natal, Entumeni Forest Reserve, coastal scarp forest, 700m, 28°53'S : 31°23'E, 
emerged 21-05-1997 (H. S. Staude), ab larva collected on Encephalartos villosus 
(Zamiaceae). - (HSS). 
l♂, Barberton, 19-01-09 (W. Jeffrey); 6♂, 8♀, from egg, Buffalo Pass, EL [East London], 
Eastern Cape, Em[erged] 24-01-84 (N. J. Duke), f/p Encephalartos altensteinii; l♀, 
Buffalo Pass, EL, Cape, 13/9/81 (N. J. Duke); 1♀, Malalane (sic.) [Malelane], (H), m?, ii 
/03 (Gould); Trapp's Valley, 1-'13, c.c. Coll. Janse, Ex Albany Mus. - (TM). 
 
Further records 
l♀, Ngqeleni Forest, South Africa, Eastern Cape Province, Transkei, March (C. D. 
Quickelberge); l ♀, Qukma Forest, Transkei, March (C. D. Quickelberge). - (DMNS). 
Larvae on leaves of Encephalartos princeps, The Claims' nr Komgha, 32°29'S: 27°53'E, 
04-12-1992 (J. Donaldson); larvae on leaves of Encephalartos villosus, Oceanview nr Kei 
Mouth, 32°39'S : 28°05'E, 11-04-1994 (J. Donaldson); larvae on leaves of Encephalartos 
altensteinii, Granta nr Komgha, 32°37'S: 27°45'E, 05-11-1991 (J. Donaldson) ( pers. 
comm. John Donaldson). 
2♀, South Africa, KwaZulu-Natal, Nkandla Forest Reserve, 28°43'S: 31°08'E, 1200m, 
montane forest/grassland, 08-04-2000 (H.S. Staude pers. obs.). 
Cape Colony, Bashee River (Trimen) (Hampson, 1905). 
Larvae on leaves of Carissa sp. (Apocynaceae), Kubusi Valley, Eastern Cape Province, 
November 1992 (R. Oberprieler in Staude, 1994). 
 
MORPHOLOGY 
 
Adult (Figs 6–8, 49–51, 56, 62, 67, 72, 76) 
Forewing length. (♂ 23–28mm)(n = 15) (♀ 27–38mm) (n = 18). 
Head. Base black, frons orange; antennae filiform in both sexes; pecten bristles creamy 
white; labial palpi very short not extending past proboscis, black in ♂, black with orange 
base in ♀ ; proboscis brown, well developed. 
 
Wings. Sexes distinctly dimorphic (compare Figs 6 and 7, 76). 
 
Male forewing. Upperside ground colour orange; sub-basal, antemedial and post-medial 
lines black, broad to very broad, merging along inner margin, in some specimens 
completely replacing ground colour in medial area, lines heavily suffused with ivory-
white scales; terminal spots merged to form terminal line in most specimens. Underside 
ivory white with central golden androconial patch, margins composed of flattened black 
to grey scales. 
 
Male hindwing. Upperside, apart from comb of long scent-disseminating setae covering 
central androconial patch, similar to forewing underside; underside as in forewing but 
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lacking androconial patch and scales along margin not flattened. 
 
Female wings. Ground colour creamy yellow; both wing surfaces more or less evenly 
suffused with orange, in some specimens sparsely so in costal area of forewing upperside; 
sub-basal, antemedial and post-medial lines much narrower than in male, with white scales 
on lines much reduced; terminal spots variable in size and only merged at apex of 
forewing; hindwing post-medial line curved evenly, ending at apex of inner margin; 
discoidal spot round, small, reduced or absent in some specimens. 
 
Male androconial organ (Figs 49-51). Underside of forewing and upperside of hindwing 
forming a scent-disseminating organ; round androconial patches present centrally on both 
surfaces; comb of white scent-disseminating setae attached to hindwing upperside 
sandwiched between androconial patches when wings are closed; flattened scales in 
marginal area of both wings forming a closed pocket. 
 
Abdomen. (Fig. 76). ♂ completely black; 9 black, orange in genitalic area, in some 
specimens abdomen fully or partially banded orange and black. 
 
Tympanal organ (Fig. 56). Cavus tympani open not sheathed by setae, fractionally smaller 
than the crescentic tympanum; ansa broad at base, tapering almost symmetrically over 
tympanum toward apex, where it broadens sharply to merge with the tympanic lacinia; 
sclerotized lacinia broadly circular, covered in tiny white spines, situated within cavus 
tympani at an angle of approximately twenty degrees to tympanum; scoloparium white, 
broadened at both ends with tear-drop like projection at centre. 
 
Male genitalia (Fig. 62). Uncus with broad dome-shaped base, then tapering abruptly to a 
short sharp point; Gnathos weakly developed. Valvae broad at base tapering terminally 
toward blunt apex; tornus sclerotized. Valva armature relatively weakly developed; 
hollow, tapering smoothly to a sharp point; equaling valva in length. Vinculum almost 
rectangularly U-shaped; slightly indented at base. Aedeagus slender, cylindrical, slightly 
curved, tapering toward rounded posterior end. Vesica with slender brush containing 
tightly packed needle-like cornuti. 
 
Female genitalia (Figs 67, 72). Papillae anales relatively small, elliptical, slightly 
sclerotized, sparsely setose with short and long setae. Apophyses posteriores long, almost 
thread-like; a. anteriores spine-like with stout base tapering rapidly to sharp point, less 
than one sixth length of a. posteriores. Antrum large, sclerotized, kidney-shaped. Bursa 
copulatrix with loose sclerotized spines; ductus bursae long, thin, tubular with numerous 
thread-like ribs reaching well into the corpus bursae; corpus bursae broadly elliptical 
without sclerotizations, heavily indented centrally to give the impression of a double 
sphere. Signum (Fig. 72) situated in posterior part of corpus bursae, large, pear-shaped; 
spicula triangular, thorn-like, small posteriorly becoming gradually larger towards 
anterior; posterior edge not flattened; many evenly spaced thorn-like sclerotizations on 
inner surface. 
 
Immature stages (Figs 1-5) 
 
Ovum and 1st instar larva. Not examined, for a description see Duke & Duke, (1988). 
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Larva 2nd instar (Fig. 1). Length 10–15mm; head black dorsally, remainder of head orange 
with extensive white sprinkling; thorax and abdomen: ground colour black dorsally and 
orange ventrally, dividing line just below SD1 setae, three broad dorsal white lines, two 
outer lines broken on either side of A3, thin black lateral line along spiracle and a white 
ventro-lateral patch between thoracic and A1–A8 segments; primary setae black, 
secondary setae relatively short, white; chalaza orange; spiracles and anal shield black. 
 
Larvae 3rd–4th instar (Fig. 2). As in 2nd instar but colours more pronounced and head 
black. Larvae grow to 22mm in 4th instar. 
 
Larva final instar (Figs 3–5). Head reddish with black sprinkling; ground colour as in 
previous instars, in some specimens three dorsal lines still present but yellow and thinner 
except on A9–10, in other specimens two outer dorsal lines absent except on A9–10, 
central line orange; lateral black line may be thin or broad; L1 and L2 chalaza may be red, 
especially on anal segments A5–A9; a sixth instar sometimes present; larva can grow to 
40mm before pupation. 
 
Pupa. Reddish brown, 22 x 10mm, cremastral hooks l.2mm long, not merged at base. 
 
DIAGNOSIS 
 
Only the female of this sexually dimorphic species could possibly be confused with 
C. millari, from which it can be easily distinguished by the forewing post-medial and 
antemedial lines, which merge at the inner margin. 
 
BIOLOGY 
 
Larval foodplants (Fig. 46) 
The larvae of C. abraxas have been found to feed on the leaves of the following cycads: 
Encephalartos altensteinii Lehmann 1834 (Duke & Duke, 1988); E. lebomboensis 
Verdoorn 1949 (Staude, 1996); E. princeps R. A. Dyer 1965, (R. Oberprieler in Staude, 
1994), and E. villosus Lemarie 1867, (Staude, 1994). With the exception of E. princeps 
1st and 2nd instar larvae were found on freshly opened soft leaves. In the case of E. 
princeps, 1st and 2nd instar larvae tended to feed on older leaves (A. I. Curle pers. comm.). 
The larvae of C. abraxas readily utilize secondary foodplants after the 3rd instar and have 
been found to feed on Carissa sp. (R. Oberprieler in Staude, 1994), Apodytes dimidiata 
and Diospyros whyteana (Staude unpublished) in the field. Some larvae do not utilize a 
secondary foodplant and remain to feed on their primary cycad host until pupation. 
 
Distribution and habitat (Fig. 46; Plate 15b) 
 
Only cycad plants that grow either under the forest canopy or are surrounded by dense 
foliage, have been found to be used as foodplant, with plants growing under the forest 
canopy being preferred. Free-standing cycads have not been found to harbour larvae of 
C. abraxas. This was observed to be the case at Oribi Gorge Nature Reserve, Krantzkloof 
Nature Reserve, Entumeni Nature Reserve, Nkandla Nature Reserve and in the Lebombo 
Mountains near Ubombo. This would also explain the apparent absence of C. abraxas  
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larvae from gardens that surround the Krantzkloof Nature Reserve, where females are 
regularly seen flying over and where numerous E. villosus plants are growing (the same 
plant used by the species in the adjacent reserve). From the above it seems that C. abraxas 
is restricted to the forest. It is widely distributed in suitable forest habitat from the Eastern 
Cape Province through KwaZulu-Natal Province and Swaziland to southern Mpumalanga 
Province. 
 
Life history and behaviour 
 
Larva 2nd instar. Usually a single larva was found per cycad leaf (with a maximum of 
three), and never more than one per leaflet. Second instar larvae and presumably first 
instar larvae were found feeding on the underside of the leaflet making oval patches not 
penetrating the upper cuticle of the leaflet. These patches are quite distinctive and can be 
observed on the leaves long after the larvae have vacated the plants. 
 
Larvae 3rd and 4th instar. Feed on the edge of the cycad leaflets in typical lepidopteran 
external feeding fashion in the laboratory. In the wild, larvae were found resting on the 
underside of leaves near feeding damage but were never found to be feeding by day. Night 
observations were not made. 
 
Larva final instar. Were only found on one occasion on primary foodplant in the wild (two 
larvae on E. villosus that were parasitized by flies). Larvae were more readily found on 
secondary foodplants as outlined under larval food plants above. Final instar larvae burrow 
into loose soil up to a depth of 100mm and make a loose cocoon incorporating the 
surrounding debris into the cocoon. Larval stages took three months to complete in 
captivity. 
 
Pupa. Rigid, does not wriggle when disturbed. 
 
Imago. Diurnal. The females widely patrol the forest and surrounding areas, often along 
river courses, forest edges and over grassland hills. The females visit nectar sources and 
are active from early in the morning till dusk. The female moves around and finds suitable 
male leks for mating. The males form leks (a term used where males communally attract 
females and where the males doing the attracting do not necessarily get to mate the 
attracted females) on trees suitably elevated from the surrounding forest canopy (Staude, 
1996). Males have been found to be restricted only to the immediate vicinity of their leks 
and are probably siblings (see Staude, 1996). In the two cases where the terrain allowed it 
cycads with typical feeding damage were found to be growing at the base of or near the 
lek tree. 
Visual warning signals differ in different between habitats (Staude & Curle, 1997). The 
predominantly black-and-white coloration of the males conforms to the warning signal 
typical of the forest canopy habitat where the leks are formed, whereas the black and 
orange colouration of the females conforms to the warning signal typical of the grassland 
and forest ecotone habitat, which the females patrol (see Staude & Curle, 1997). Although 
the female enters the forest habitat when finding male leks and when laying eggs, it 
probably is the most vulnerable to attack when dispersing and it is therefore not surprising 
that the female has evolved the warning signal of the forest ecotone and grassland habitat. 
  



 146 METAMORPHOSIS, VOL. 12, No. 4 December 2001 
 
Phenology 
 
The species appears to be double brooded. In the southern parts of its range adults are on 
the wing in April and again in January. In the Lebombo Mountains adults are on the wing 
during September and again in February. 
 
CONSERVATION 
 
C. abraxas is a widely distributed Callioratis species. The Lebombo populations (which 
have a different flight period) do not occur in Nature Reserves and seem to be vulnerable 
to cycad removal, which appears to be prevalent in the area. C. abraxas, however, seems 
to be well protected within the Oribi Gorge, Krantzkloof, Nkandla and Entumeni Nature 
Reserves. It therefore does not seem to be under any immediate threat here. 
 
Callioratis abraxas grandis Prout, Plate 160. 
Callioratis abraxas grandis Prout, 1922. 
 
MATERIAL EXAMINED 
 
1♀ Holotype, Mlanje, Nyasaland [Malawi]; Joicey Bequest. Brit. Mus. 1934- 120; 1♀ 
Paratype, Mlanje, Nyasaland, Callioratis abraxas grandis Prout, ♀ Paratype, Joicey 
Bequest. Brit. Mus. 1934-120. - (BMNH). 
 
NOTE 
Prout (1922) characterised this subspecies, apart from the larger size, by ".... the terminal 
black spots of the hindwing [being] larger anteriorly than posteriorly ..." This character is 
however inconsistent as some South African specimens display larger anterior terminal 
spots. The size of C. abraxas abraxas can vary considerably, with specimens reared in 
captivity reaching 70mm, almost that of the 84mm of ♀ type specimen of C. abraxas 
grandis. The subspecies is provisionally retained. However, until specimens belonging to 
the Mlanje population have been reared, making a proper comparison possible, this taxon 
should be considered of doubtful validity. 
 
Callioratis millari Hampson, Figs 17–22, 45, 47, 59, 65, 70, 75, 78; Plate 15b. 
Callioratis millari Hampson, 1905. 
 
MATERIAL EXAMINED 
 
Type material examined 
Syntypes 1♂; 'Type', 1♂, Durban, Natal, 2500ft. (G.F. Leigh), 1902. (A.D. Millar), Gillets 
[Gillitts], 2500 feet; Callioratis millari, Hmpsn. type ♀. - (BMNH). 
 
Further material examined 
2♂ & 3♀, South Africa, KwaZulu-Natal, Entumeni Forest Reserve, coastal scarp forest, 
700m, 28°53'S: 31°23'E, 10-04-1998 (H.S. Staude); 1♂ & 2♀ ibidem except: emerged 
March 1999, ab ovis collected on Stangeria eriopus (Stangeriaceae) on 10-04-1998. - 
(HSS). 1♂, ibidem dated 27-04-1998 (A.I. Curle). - (CTC). 
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1♂, Durban, Natal (G.F. Leigh); 2♂, Durban, January; lo, S. Africa, Lathey, C. millari 
last new moth v/rare; 1♀, C. millari bred 11 -04-08, Durban (A.D. Millar); 1♂, 1♀, Natal, 
Gilletts (H. Millar) 1906-84; 1♂, Krantzkloof, 8-04-1907 (H.W. Simmonds), 1907-02-08. 
- (BMNH) 
1♂, 1♀, Krantzkloof, 10-03-12; 1♀, Durban, 18-10-06 (G.F. Leigh); l♂, Durban, Nat., 
(G.F. Leigh); 1♂, Durban Natal, June 1918 (H.M. Millar); 2♂, Durban Natal (E.L. Clark); 
1♂ [Bell-] Marley, Kloof, 1915. - (TM). 
 
Material not examined 
Unspecified quantity of ♂ and ♀, Gillitts, 1917 bred, E.E. Platt (pers. comm. E. Pringle - 
AM). 
1♂, Gillitts North, 23-03-23; 1♂, Hillcrest, May 1902 (pers. comm. C. Quickelberge - 
DMNS). 
 
MORPHOLOGY 
 
Adult (Figs 22, 59, 65, 70, 75, 78) 
 
Forewing length. 29–32mm (♂) (n = 5) 30–35mm (♀) (n =5). 
 
Head. Black base, orange to cream frons; antennae filiform in both sexes; some pecten 
bristles black, some creamy white; labial palpi short and porrect, extending beyond 
proboscis, cream to orange, third joint black; proboscis black, well developed. 
 
Wings. Sexes similar; ground colour creamy yellow; except along costa almost entirely 
suffused with deep orange on both pairs of wings; area between antemedial and postmedial 
lines sprinkled with white scales in fresh specimens; all lines and spots black, subbasal, 
antemedial and post medial lines sprinkled with white scales on forewing upperside; post-
medial sparsely sprinkled with white scales on forewing underside in some specimens; 
post-medial and antemedial lines not merging at inner margin; medial line short and 
straight. Cilia of ground colour, not black, opposite terminal spots. Hindwing black patch 
at base of inner margin present, post-medial fully developed, evenly rounded, ending at 
apex of inner margin; discoidal spot kidney-shaped, well developed; terminal spots 
variable, not merged, partially reduced or absent in some specimens. 
 
Male androconial organ. Absent. 
 
Abdomen. Banded black and creamy-yellow. 
 
Tympanal organ (Fig. 59). Cavus tympani open not sheathed by setae, larger than 
tympanum; tympanum half-moon-shaped; ansa broad at base, curving over tympanum, 
tapering asymmetrically toward apex where it broadens sharply to merge with the 
tympanic lacinia; sclerotized lacinia broadly circular, covered in tiny white spines, situated 
within cavus tympani at an angle of approximately twenty degrees to tympanum; 
scoloparium white, thread-like, broadened only at tympanal end, circular projection at 
centre. 
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Male genitalia (Fig. 65). Uncus with broad two-lobed triangular base; tapering sharply at 
base, then evenly into long sharp point, curved inward; Gnathos absent. Valvae almost 
parallel-sided for basal third, then curving terminally to rounded apex; tornus sclerotized. 
Valva armature well developed, broadly hollow for basal half then sharply contracted into 
a solid needle-like point, curved sharply inward; exceeding valva in length. Vinculum 
almost rectangularly U-shaped; slightly indented at base. Aedeagus slender, cylindrical, 
tapering posteriorly to a double-pointed tip. Vesica with a slender brush containing short 
bristle-like cornuti. 
 
Female genitalia (Figs 70, 75). Papillae anales relatively small, elliptical, heavily 
sclerotized, densely setose with short and long setae. Apophyses long, thin, almost 
threadlike; a. anteriores stouter at base rapidly tapering to become thread-like, more than 
one sixth length of a. posteriores. Antrum small, sclerotized. Bursa copulatrix without 
loose sclerotized spines; ductus bursae relatively short, stout, cylindrical, sclerotized with 
tubular ribbing not reaching corpus bursae; corpus bursae slightly sclerotized, tear drop 
like with rather broad anterior projection. Signum (Fig. 75) situated on posterior corpus 
bursae, large and U-shaped, with uneven, triangular, thorn-like spicula on ventral and 
posterior edges; many, evenly spaced, thorn-like sclerotizations on inner surface. 
 
Immature stages (Figs 9, 17-21) 
 
Ovum (Fig. 9). 0.85mm x 0.9mm; shell translucent, appears yellow at first becomes 
gradually darker as larva develops inside; circular in dorsal view, dome-shaped with flat 
bottom in lateral view. 
 
Larva 1st instar (Fig. 17). 2.5–9.5mm; head black, anal shield black; a prominent black 
patch on dorsal half of prothorax; rest of larva translucent orange; all setal bases black 
appearing as spots on each segment; primary setae white, relatively short; prolegs on A4–
A6 and A10, crochets absent on A4. 
 
Larva 2nd instar. 9,5–13mm; ground colour creamy-yellow; secondary setae now present, 
white, shorter than primary setae; primary setae white; true legs black; prolegs yellow 
with prominent black spot above crotchet and black line at base of proleg; anal shield 
black. 
 
Larvae 3rd & 4th instar (Fig. 18). Larvae grow to 23mm; ground colour deep yellow to 
orange; rest of larva as in 2nd instar. 
 
Larva 5th instar (Fig. 19). Grows to 30mm; black setal bases larger, spots merging to form 
band in some areas, chalaza now prominent, black; all setae still white; crochets pink; 
otherwise as for previous instars. 
 
Larva final instar (Figs 20–21). Grows to 45mm, black setal bases now merged to form 
two distinctive black dorso-lateral bands and a broken lateral line on each side; dorsal 
ground colour now appears as a distinctive yellow band; lateral ground colour sometimes 
completely suffused with red, in some specimens; setae still entirely white, spine-like; 
larva otherwise as for 5th instar. 
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Pupa. Reddish brown, 21 x 8mm, 0.8mm long cremastral hooks, widely spaced, merged 
at base of cremaster. 
 
DIAGNOSIS 
 
Callioratis millari could possibly only be confused with C. mayeri or the female of 
C. abraxas, but can be easily separated as detailed under these species. 
 
BIOLOGY 
 
Larval foodplant (Fig. 45) 
 
Ova and larvae of C. millari were found on the underside of leaves of the cycad Stangeria 
eriopus (Stangeriaceae) in two open grassland patches within the Entumeni Forest 
Reserve, near Eshowe, KwaZulu-Natal, South Africa ( ± 700m, 28°53'S: 31°23'E) on 10-
04-1998 and 27-04-1998 respectively. Although S. eriopus plants were far more numerous 
under the canopy in the surrounding forest, no ova or larvae were found on these plants. 
1st, 2nd and 3rd instar larvae easily switched over to the leaves of Encephalartos villosus, 
when offered in captivity, but no larvae were found in situ on E. villosus, which only 
grows under the canopy, deep inside the forest at Entumeni. Larvae refused to feed on the 
leaves of Encephalartos friderici-guilielmi that were offered. Final instar larvae of 
C. millari readily fed on the leaves of Diospyros lycioides Desf. (Ebenaceae), and the 
flower petals of Tropaeolum majus (Tropaeolaceae) [Nasturtium], in captivity. It appears 
that the early instar larvae of C. millari are not host specific on S. eriopus but will feed on 
other 'green' cycads during early instars and the larvae will readily feed on other plants in 
the final instars. 
 
Distribution and habitat (Fig. 47; Plate 15b) 
 
In recent years, adults and larvae of C. millari have only been found in two open grassland 
patches surrounded by coastal scarp forest within the boundaries of the Entumeni Nature 
Reserve and on a small wet patch, surrounded by drier grassland, nestled against a hillside 
on private land. These grassland patches support a good number of low-growing Stangeria 
eriopus plants. No other cycads occur in the grassland although both S. eriopus and 
E. villosus occur under the surrounding forest canopy. Old records indicate that the type 
locality is in the area between Kloof, Gillitts and Hillcrest railway stations near Durban, 
South Africa. This area is today virtually built-up and original grasslands have long been 
destroyed. The last record for C. millari from this area was 1928. Adults of C. millari were 
only seen to fly within the confines of the two grassland islands at Entumeni. No adults 
were seen to venture into or over the surrounding forest. It appears that the range of 
C. millari is restricted to this grassland habitat and that it will only breed in the grassland 
in spite of a plentiful supply of food plant under the canopy of the surrounding forest and 
in grasslands at lower elevations. 
 
Both the original type locality and the Entumeni locality are higher than 700m above sea 
level. Many areas of grassland, containing similar quantities of Stangeria eriopus to those 
at the known locality, are still found in KwaZulu-Natal at lower elevations. In spite of 
  



 150 METAMORPHOSIS, VOL. 12, No. 4 December 2001 
 
extensive searches over the past few years in these areas, no sign of C. millari occurring 
in these apparently suitable habitats was found. (Staude, unpublished reports to KZNNCS, 
1999, 2000, 2001). Diptychines generally have a secondary food source (Staude, 1994) 
and some species have specific secondary foodplants (e.g. Durbana setinata utilizes only 
certain flowers as a secondary food source after leaving its primary cycad foodplant 
(Staude, unpublished)). It is therefore suspected that C. millari may have a preferred 
secondary foodplant, which possibly only grows in suitably wet grasslands higher than 
700m above sea level. The existence of such a secondary foodplant at Entumeni would 
explain the absence of C. millari from the large areas of apparently suitable habitat. 
Although the larvae of C. millari can complete their cycle successfully on S. eriopus plants 
only, the limited supply of this resource and competition by Z. lepida probably forces it 
to utilize a secondary food source, as is the case with other diptychines. 
 
Life history and behaviour 
 
Ovum. Up to seven ova were found laid on the underside of the leaves of Stangeria eriopus 
plants, growing in open grassland. 
 
Larva 1st instar. Hatches by eating away the dorsal dome of the eggshell, the rest of the 
eggshell is not consumed. Usually one or two larvae were found per plant, in an extreme 
case six larvae were found on one plant, but only one larva per leaflet. Larvae feed by 
forming trenches between veins on the underside of the leaf, the outer cuticle is not eaten. 
Generally trenches are not made between adjacent veins resulting in a distinctive feeding 
pattern that can easily be detected even after I" instar larvae have disappeared. 
 
Larvae 2nd–5th instar. Feed on the edge of the cycad leaflets in typical lepidopteran fashion 
in the laboratory 2nd–5th instar larvae were not found in the wild. 
 
Larva final instar. Were also not found in the wild. A secondary foodplant is suspected, 
see comments under larval foodplant. Larvae in the laboratory dig into the soil and pupate 
using the surrounding debris as part of the cocoon. Larval stages took two and a half 
months to complete. 
 
Pupa. Rigid, does not wriggle when disturbed. 
 
Imago. Adults are diurnal. They were observed to fly from about 9.00 am to about 3.00 
pm and do not appear to fly later or earlier. Both males and females were found to fly 
around the grassland area in which they completed their cycle and have not been found to 
fly outside of this area. Males and females were observed to visit nectar sources. No 
mating behaviour was observed. 
 
Phenology 
 
Early records (before 1928) indicate that adults were collected from mid-March till early 
June at the type locality. Records over the past four years at the Entumeni locality indicate 
a flight period of about three weeks from early to mid-April. Males appear before females. 
The species appears to be single brooded. 
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CONSERVATION 
 
Callioratis millari is the most threatened of the Callioratis species. It disappeared from 
its type locality around 1928 and had not been seen for over 75 years despite efforts by 
the author, N. J. Duke, A. I. Curle and a media campaign to try and relocate it. It was 
regarded as extinct until a specimen was found by Glen Holland, the local conservator, at 
Entumeni Nature Reserve some 120km from the type locality, in 1997. After having 
established the species' foodplant and habitat during 1998 (as described in this paper), the 
author and A. I. Curle in collaboration with local Stangeria eriopus experts embarked on 
a survey of all known likely localities from Mtwavuma Reserve in the south to Ngoye 
Forest Reserve in the north of KwaZulu-Natal (unpublished reports to KZNNCS, 1999, 
2000, 2001). To date, the species has not been found outside of the Entumeni area. There 
C. millari is restricted to three small patches of grassland surrounded by forest, cultivated 
land or unsuitable drier grassland. In one of the patches the species seems to be reasonably 
well established, in an adjacent patch found only rarely and in the third patch only a few 
larvae have been found. All three localities are within 5km of each other: two within the 
Entumeni Nature Reserve and another on private land. On a government website* on the 
state of South African environmental management, C. millari is one of only two threatened 
invertebrates mentioned. The conservation status of C. millari must be regarded as 
endangered. 
*(see http://www.gcis.gov.za/documents/publications/yearbook/environment.html.). 
 
Callioratis apicisecta Prout, Figs 23–28, 48, 55, 61, 66, 71, 77; Plate 16. 
Callioratis apicisecta Prout, 1922. 
 
MATERIAL EXAMINED 
 
Type material examined 
 
Holotype ♂, Kojokaji, Lado Enclave, 6. v. 1912; Callioratis apicisecta Prout 1♂ paratype 
ibidem (Rothschild); 1♀ paratype, South Soudan [south Sudan] Rabu, 25. iii. 1915. - 
(BMNH). 
 
Further material examined 
1♀, Kitich camp, Matthews range, Kenya, early Oct. 1993 (Leg. Michael Roberts), 5500ft; 
1♂, north central Kenya, Wamba, Matthews range, Kitich camp, Podocarpus forest, 
1°15'N: 37°16'E, 1800m, 16-06-1998 (S.C. Collins); 2o, 3'?, ibidem except: ab larva 
collected 16-06-1998 on Encephalartos tegulaneus, Zamiaceae, emerged 20 to 25-10-
1998 (H.S. Staude). - (HSS). 
2♀, Matthews Range, Kenya N.F.D., June 1955, J.G. Williams. - (NMKE). 
 
MORPHOLOGY 
 
Adult (Figs 28, 55, 61, 66, 71, 77) 
 
Forewing length. 32–34mm (♂) (n = 3); 34–36mm (♀) (n = 4). 
 
Head. Base and frons orange; pecten bristles black, some tipped brown; labial palpi  
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orange, short and porrect, extending beyond proboscis, third joint black; proboscis well 
developed. 
 
Wings. Sexes similar. Ground colour creamy orange; unevenly suffused with red scales; 
forewing upperside and underside of both wings finely sprinkled with white scales over 
red scales. Lines and spots black, much reduced, antemedial broken not reaching inner 
margin in some specimens; medial line very short, pointed, not reaching end of cell; 
postmedial line curving strongly outward merging with terminal line halfway along of 
both wings; terminal line broken into variable spots on lower half in most specimens; 
discoidal spot in hindwing small, rounded, reduced or absent. 
 
Male androconial organ. Absent. 
 
Abdomen. Creamy orange, sometimes partially black-banded, genitalic area black in some 
specimens. 
 
Tympanal organ (Fig. 55). Cavus tympani open not sheathed by setae, fractionally smaller 
than the half-moon-shaped tympanum; ansa broad at base, curving over tympanum, 
tapering asymmetrically toward apex where it broadens sharply to merge with the 
tympanic lacinia; sclerotized lacinia broadly circular, covered in tiny white spines, situated 
within cavus tympani at angle of approximately twenty degrees to tympanum; 
scoloparium white, thread-like, broadened at tympanal attachment, less so at ansal 
attachment, a dewdrop-shaped projection at centre. 
 
Male genitalia (Fig. 61). Uncus with a broadly two lobed rounded base; tapering unevenly 
with two indentations to a short point, curved inwards; Gnathos weakly developed. Valvae 
almost parallel-sided for basal half, then tapering sharply toward rounded apex; tornus 
sclerotized. Valva armature relatively weakly developed, hollow, tapering gradually to a 
short sharp point; length approximately 80% of valva. Vinculum U-shaped, not indented 
at base. Aedeagus broad, slightly curved, tapering sharply toward rounded apex. Vesica 
with broad, short brush containing short bristle-like cornuti. 
 
Female genitalia (Figs 66, 71). Papillae anales relatively small, elliptical, sclerotized, 
densely setose with short and long setae. Apophyses long, thread-like; a. anteriores less 
stout at base, less than one-sixth length of a. posteriores. Antrum large, sclerotized, funnel-
shaped. Bursa ·copulatrix with numerous spine-like sclerotizations on posterior wall of 
corpus bursae; ductus bursae short, thin, cylindrical with uniform sclerotization tapering 
into corpus bursae; corpus bursae sclerotized, kidney-shaped with bull a. Signum (Fig. 71) 
situated anteriorly on corpus bursae; U-shaped with the thorn-like spicula long on ventral 
and anterior edges; many evenly spaced thorn-like sclerotizations on inner surface. 
 
Immature stages 
 
Ovum. Known from fragments only. Translucent eggshell found on foodplant of similar 
size and form as eggs of other Callioratis spp.; larval emergence hole of similar size as 
that made by larvae of C. mayeri. 
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Larva 1st instar. Unknown. 
 
Larva 2nd instar (Fig. 23). Length 9.0–14.5mm; head black with orange frons, rest of larva 
including anal shield and prolegs of ground colour; ground colour yellowish-orange; 
primary setae D2 on mesothorax, metathorax and abdominal segments A1–A3 modified 
as black leaf-like platelets which taper outwards from raised chalaza, as long as other 
primary setae, D2 setae on other segments normal but black; secondary setae present, 
white, shorter than primary setae; other primary setae white; true legs black; setal base 
brown on anal segments A1–A8; prolegs on A4–A6, and A10, crochets present on all 
prolegs. 
 
Larvae 3rd & 4th instar (Fig. 24). Larvae grow to 24mm; head red; a black D2 platelet now 
present on prothorax, setal bases now black on all segments; ground colour pinkish 
orange; otherwise as for 2nd instar. 
 
Larva 5th instar (Fig. 25). Grows to 32mm; ground colour brick red; head red sprinkled 
with black; setal arrangement and colour as in previous instar; prominent black shield on 
claspers and a smaller one on other prolegs; crochets pink; larva otherwise as for previous 
instars. 
 
Larva final instar (Figs 26, 27). Grows to 45mm. Apart from a brick red dorsal patch on 
each segment, forming a broken line, larva now almost completely black; head red; rest 
of larva as in 5th instar. 
 
Pupa. Reddish brown, 22x8.5mm, cremastral hooks greatly reduced to two widely spaced 
projections 0.2mm long. 
 
DIAGNOSIS 
 
C. apicisecta could not possibly be confused with any other known Callioratis sp. 
 
BIOLOGY 
 
 
Larval foodplant (Fig. 48) 
First to third instar larvae were found on Encephalartos tegulaneus Melville (Zamiaceae) 
in the Matthews range, north central Kenya (1.15N: 37.16E; 1800m) on 16-06-1998. The 
known range (Goode, 1989) of E. tegulaneus does not appear to extend northwards to the 
type locality of C. apicisecta (Kojokaji, Lado Enclave, southern Sudan). However, E. 
septentrionalis Schweinf. occurs in southern Sudan and may be the foodplant used there. 
In captivity larvae, which were switched to feed on the leaves of E. villosus, produced full 
size adults. Thus, the larvae of C. apicisecta are not host specific on E. tegulaneus and 
appear to feed on 'green' Encephalartos species. The leaves of 'blue' Encephalartos species 
and of cycad species not belonging to Encephalartos were not offered. Final instar larvae 
that were offered fresh leaves of both E. villosus and Diospyros lycioides Desf. 
(Ebenaceae) only fed on the E. villosus leaves. 
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Distribution and habitat (Fig. 48; Plate 16) 
 
Due to continuing political turmoil the type locality in the south of Sudan could not be 
visited. The habitat at the type locality is thus uncertain. In the Matthews Range of 
mountains the foodplant E. tegulaneus was found to be abundant in thick Podocarpus 
forest and the forest appeared to be undisturbed. C. apicisecta larvae and larval damage 
on cycads was only found on exposed cycad leaves protruding from the canopy. Cycads 
growing under the forest canopy were plentiful but no larvae or feeding damage was 
observed on these cycads. The foodplant E. tegulaneus occurs also abundantly on 
surrounding mountain ranges. C. apicisecta is thus probably widely distributed on suitable 
mountain ranges in north-central Kenya and southern Sudan. Typical feeding damage seen 
on photographs of Encephalartos ituriensis Bamps & Lisowski, 1989, growing in 
northwestern Democratic Republic of Congo, may have been caused by the larvae of 
C. apicisecta, which would further extend its range. 
 
Life history and behaviour 
 
Ovum. A single eggshell was found on the underside of a young leaf of E. tegulaneus. 
 
Larva 1st instar. Unknown. 
 
Larva 2nd instar. Representatives were found rolled up in fresh new leaflets that had not 
yet uncurled. Larvae were also found in leaflets rolled up by another lepidopterous larva. 
Only a few larvae were found per leaf and only on cycads protruding from the canopy. 2nd 
instar larvae feed, similar to those of C. abraxas, by excavating a central patch of leaflet, 
only rarely cutting through the outer cuticle. 
 
Larva 3rd – final instar. Larvae feed in the normal lepidopteran way by cutting away at 
the edge of the leaf. A 5th instar larva was found feeding on cycad leaves in situ. Final 
instar larvae dig into the soil and pupate in a loose cocoon incorporating surrounding 
debris. Larval stages took six weeks to complete. 
 
Pupa. Rigid, does not wriggle when disturbed. The pupal stage lasted only eight weeks in 
the laboratory. 
 
Imago. Adults are diurnal. Two females were found flying along a river on the forest edge. 
Adults were observed flying high over the canopy in the vicinity of cycads protruding 
from the canopy and regular chasing of each other occurred. No mating was observed, and 
the sex of these adults could not be established. 
 
Phenology 
The few known records of C. apicisecta show adults to be on the wing during March, 
May, June and October. On the same day in June, 2nd and 5th instar larvae as well as adults 
were found. The above evidence and the relatively short life cycle (four months) indicate 
that C. apicisecta possibly does not have a particular flight period and probably flies 
throughout the year. 
  



December 2001 METAMORPHOSIS, VOL. 12, No. 4 155 
 
CONSERVATION 
 
Due to continuing political turmoil the type locality could not be visited. In the Matthews 
Range of mountains the foodplant E. tegulaneus was found to be abundant in the forest, 
which appeared to be undisturbed. Due to the habit of C. apicisecta larvae of feeding only 
on exposed cycad leaves protruding from the canopy, the extent of the colony could not 
be easily established. Reports of the foodplant being common also in adjacent mountain 
ranges and due to the inaccessibility and virgin nature of the terrain it appears likely that 
the species is probably widely distributed in north-eastern Africa. However, the 
conservation status of this species is considered as undetermined due to data deficiency. 
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