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Editorial – comments
Spring has arrived. So too, have two volumes of Metamorphosis. In addition to this issue,
an Occasional Supplement, the fourth produced to date, deals with the importance of
research in, and conservation of relic forests on the Kenyan coast.
The next important event is the Annual General Meeting, scheduled for 7–8 October
at Onderstepoort, Pretoria. To reiterate, if you have, or would like to make a contribution,
please contact Mark Williams as soon as possible (e-mail: mwilliam@op.up.ac.za) – he
would welcome your call.
Africa is renowned as a continent of fire. For millenia fire has been critical to the
proper functioning of certain biomes such as grasslands, the bushveld and components of
the fynbos in the western Cape. An erudite article concerned with the conservation of a
threatened Australian lycaenid butterfly-threatened due to the absence of natural habitat
fires in a protected environment--discusses strategies and plans to rejuvenate the known
colonies. The tentative results proved encouraging to conserving the Eltham copper.
The African Monarch butterfly, Danaus chrysippus, is well known and ranks among
the commonest butterflies locally. Readers may well ask if there is anything more we can
learn. Just how far is research in this group evolving in the new century? A series of
cutting-edge research images obtained using unfamiliar technologies, are presented.
These of course are based on the American Monarch, Danaus plexippus, but development
inside Afrotropical Monarch chrysalides is likely to be similar. And yes, although
uncommon, occasional migrants have been found in the Afrotropical Region.
The first of two articles dealing with butterflies on a group of Indian Ocean islands
is presented. It deals with phenotypic variation, and offers tentative hypotheses to account
for the differences. The importance of including a small outline map when presenting
papers with unfamiliar or uncommon localities is relevant.
The particular importance of the October AGM hinges around constitutional issues
in the Society. Bennie Coetzer emphasizes this yet again below. Members are urged to
give the matter some serious thought -- then share these thoughts at the meeting.
Council - comments
This is the last communication before the AGM and we trust to see as many of you there
as possible. As you all have been made aware of this is a very important AGM as we will
be redrafting the Society's constitution. Remember if you’re not there, your inputs will
not be taken into account so please come and join us, this is also a very enjoyable affair.
One of the other exciting developments is a brand new LepSoc Website. This site is
currently under construction and soon we expect this to become an important
communications channel between society members and of course any other interested
parties. For further information please watch Metamorphosis where web-addresses and
other information will be published.
Bennie Coetzer - Acting President
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A REVIEW OF THE AFROTROPICAL CABERA SUBALBA GROUP, WITH
DESCRIPTION OF THE FIRST SOUTHERN AFRICAN SPECIES
(LEPIDOPTERA: GEOMETRIDAE: ENNOMINAE)
Martin Krüger
Transvaal Museum of Natural History
Northern Flagship Institution
P.O. Box 413, Pretoria 0001, South Africa

Abstract: the Cabera subalba group, which is entirely Afrotropical in distribution,
is reviewed and its systematic position briefly discussed. In addition to five species
known previously, the first southern African representative of the group, Cabera
nevillei from the eastern highlands of Zimbabwe and Mozambique, is described.
Thysanopyga subalba Warren, 1901 is provisionally transferred to Cabera.
Introduction
The genus Cabera Treitschke, 1825 presently includes 30 species (Scoble, 1999) and is
widely distributed in the Palaearctic, Nearctic, Neotropic and Afrotropical regions. Few
Caberini reach the lndo-Australian region (Holloway, [ 1994]); Cabera itself is absent
from these parts, and the tribe is not represented at all in Australia (Nielsen, Edwards &
Rangsi, 1996).
The 12 species recorded from the Afrotropical region are of diverse habitus and may
not all be correctly placed in Cabera. A monophyletic group of 6 species of uniform
appearance exists within this assemblage, termed hereafter the subalba group. This paper
provides a characterization and review of this group, and describes the first representative
from southern Africa.
Caberini in southern Africa
Currently, six species of Cabera are known from southern Africa, including C. nevillei
described below. Whereas the latter undoubtedly belongs to the monophyletic C. subalba
group, the remaining five species form a heterogenous assemblage of sometimes doubtful
taxonomic affinity, although the structure of the male genitalia is similar throughout.
Cabera strigata (Warren, 1897), originally placed in Petelia Herrich-Schaffer. The
moths do resemble species of Petelia in habitus; the male genitalia are illustrated in Janse
(1932: 124) and are similar to those of the subalba group, but lack socii and groups of
stout setae covering the tips of the valvae. Selidosema crassata Warren, 1904, is a junior
subjective synonym.
C. aquaemontana (Prout, 1913) and C. elatina (Prout, 1913), both originally
described as species of Gyalomia Prout. Adult habitus suggests that these species are
closely related; elatina is the type species of Gyalomia, currently considered a junior
subjective synonym of Cabera Treitschke. Male genitalia correspond to the basic
arrangement shown by C. strigata and the members of the C. subalba group, but lack the
socii and groups of stout setae covering the tips of the valvae, and display some
differences in the shape of the valvae, which are rather acutely pointed and possess a wellsclerotized base (Janse, 1932: 124 ).
C. neodora Prout, 1922 is a small grey species with largely reduced wing markings
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(Janse, 1932, Plate 1: 35). The male genitalia follow the same general pattern displayed
by C. aquaemontana, C. elatina and C. stngata (Janse, 1932: 124).
C. pseudognophos (Prout, 1917). First described in Petelia, the adults resemble
species of Gnophos Treitschke (Janse, 1932, Plate 1: 17), as the name suggests. In this
species, too, the male genitalia answer to the above characterization. The vinculum and
saccus are strongly developed, and the basal two-thirds of the narrow and pointed valvae
display a well-developed costa.
In addition to Cabera, genera so far recorded include Lomographa Hubner, [ 1825
], with 2 species, and Erastria Hubner, [1813], with 3 species. For the generic synonymies
of these two genera, see Scoble, 1999. Both genera are based on extralimital type species,
from the Palaearctic and Nearctic regions respectively, and comparison of their genitalia
with those of the Afrotropical representatitives may yet necessitate transfer of some of the
latter to other genera.
Characterization of C. subalba group
Adults (Figs 1-9). Medium-sized (forewing length 12-15 mm) ennomines with broad and
pointed forewings; hind wings also broad, drawn into a short point at anal angle. Antennae
of males bipectinate, leaving apical one-fifth free, longest rami about six times diameter
of shaft; antennae of females filiform. Labial palpi short, ascending; about 1.5 times
diameter of eyes. Females slightly larger than males, but no sexual dimorphism apparent
in wing markings. Upper side of wings in all species violaceous-grey or brownish-grey,
finely striated with darker grey. Occasionally some areas of wings paler, as in Fig. 5.
Underside of wings markedly paler than upper side, light grey with a violaceous tinge and
finely striated with darker grey. A narrow to broad terminal shade of the upper side ground
colour present. Line pattern on upper side simple, consisting on forewing of basal, median
and postmedian line. Basal and postmedian line more or less straight, median slightly
undulating and passing just basad of the black or, rarely, white discal spot. Pattern on hind
wing similar but basal line absent; discal spots minute, white, circled with black, or black.
Cilia and vestiture of body concolorous with wings.
Male genitalia (Figs 10-15). Uncus moderately long, setose, terminating in a more or less
pronounced knob-like apex. Socii well to very well developed, arising from dorsal side
of uncus base. Gnathos reduced. Genital capsule well developed, broadly elliptical.
Tegumen and vinculum of approximately equal length. Vinculum with prominent median
suture, a likely synapomorphy for the group. Transtilla present in all species but not
prominent. Valvae strongly elongated, with a marked separation into costa and sacculus.
Costa in some species with a weakly setose medial swelling. Tip of valvae with a group
of very stout, short setae, providing a further likely synapomorphy. Aedeagus of medium
size, cylindrical to slightly spindle-shaped. Vesica bearing between one and five nail-like
cornuti, in one species accompanied by groups of microcornuti. Pregenital abdomen.
Segment A8 not modified ventrally to form octavals.
Female genitalia (Figs 16, 17). Strongly elongated, with corpus bursae extending
throughout greater part of abdomen. Papillae anales sparsely setose. Apophyses long and
thin; a. posteriores about twice the length of a.anteriores. Bursa copulatrix long and
tubular, with imperceptible transition between ductus and corpus bursae, and weakly
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sclerotized except for posteriormost portion; in Cabera nevillei displaying a wide
sclerotized ' belt' . Signum absent.
Early stages. Unknown.
Distribution. Western (Sao Tome & Principe islands, Guinea, Ghana, Ivory Coast,
Cameroon) and southern Africa (Zimbabwe, Mozambique); Malagasy subregion
(Madagascar and Comoro Islands).
Taxonomic position
A characterization of the tribe Caberini is provided by Holloway, [1994], noting the
absence of definitive genital features and stressing the importance of host plant
preferences (Rhaimiaceae and Salicaceae) and larval characters instead. As none of the
host plants or early stages of the members of the subalba group are known, their
placement in Cabera, based as it is on a general resemblance of the male genitalia with
those of the Palaearctic type species Phalaena Geometra pusaria L., 1758, must be
considered tentative (compare Figs 10-14 and 15). The rearing of the early stages of any
member of the C. subalba group is therefore a prerequisite for clarifying the taxonomic
position of the group, and indeed all other Afrotropical species currently placed in
Cabera.
Compared with the type species, the subalba group is distinguished as a clade by the
mostly strong development of the socii, groups of apical setae on the valvae and
prominent median suture to the vinculum. A gnathos is absent. The number of cornuti
varies from one to six, although in C. humbloti from the Comoros the three apical cornuti
are embedded in an area bearing numerous microcornuti. In the female, the wall of the
bursa copulatrix of C. pusaria and its close relatives is rather densely instrate, whereas it
is membranous in the species of the C. subalba group that were examined. Female genital
structure appears to be of little diagnostic value and has only been illustrated for
C. subalba and C. nevillei.
Depositories
The following abbreviations appear in the text:
BMNH The Natural History Museum, London, U.K.
HSS
Collection of H.S. Staude, Magaliesburg, South Africa
MNHN Museum National d'Histoire Naturelle, Paris, France
TMSA Transvaal Museum, Pretoria, South Africa
ZSBS
Zoologische Staatssammlung, Munich, Germany
Species accounts
1. Cahera subalba (Warren, 1901), comb. n., Figs 1, 10, 16
Thysanopyga subalba Warren, 1901: 17. Syntypes l ♂, 1 ♀,[Sao Tome & Principe]:
Sao Tome (BMNH) [examined).
‘Thysanopyga’ subalba Warren; Kruger & Scoble, 1992: 116; Scoble, 1999: 939.
Diagnosis: adult (Fig. 1). Ground colour dark brown-grey. Lines on forewings hardly
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discernible, all slightly convex. Discal spots on forewings in most specimens white,
prominent, but occasionally reduced; on hind wing white circled with black, minute.
Underside with terminal shade prominent on forewings, hardly developed on hind wings.
Male genitalia (Fig. 10). Uncus long, acutely pointed, setose. Socii moderately prominent,
densely setose. Genital capsule elliptical, vinculum with prominent median suture.
Transtilla weak. Valvae elongate and slender; dorsal margin not swollen medially and
lacking median group of setae. Sacculus not well developed. Apical region of valvae
bearing groups of very stout setae. Aedeagus short and spindle-shaped. Vesica bearing a
single, nail-like, apical cornutus.
Female genitalia (Fig. 16). Papillae anales normal. Apophyses long and slender,
a. anteriores attaining two-thirds length of a. posteriores. Sterigma apparently not
modified. Posteriormost portion of ductus bursae forming a wide antrum. Bursa copulatrix
proper tubular, without clear transition between ductus and corpus bursae. Signum absent.
The species is characterized by its ground colour, which is darker than in other
members of the group, and the usually prominent discal spots on the forewing. In the male
genitalia, it is easily separated from C. limbata , the only other member of the group
bearing a single cornutus on the vesica, by the much narrower valvae and smaller socii
(compare Figs 10 and 11 ).
Distribution. West Africa, endemic to the islands of Sao Tome & Principe.
2. Cabera limbata (Herbulot, 1954), Figs 2, 11
Thysanopyga limbata Herbulot, 1954: 332. Holotype ♀, [Guinea] Mt. Nimba
(MNHN) [not examined].
Cabera limbala (Herbulot); Scoble, 1999: 98.
Diagnosis: adult (Fig. 2). Lines on forewing weak, median line rather broad. Discal spots
on forewing black, very small; on hind wing pale ochreous and almost absent. Underside
with well-developed tenninal shade on both pairs of wings, slightly darker on hind wings.
Male genitalia (Fig. 11). Uncus long, acutely pointed, setose. Socii very prominent,
setose, arising · from dorsal side of uncus base. Genital capsule broadly elliptical,
vinculum with prominent median suture. Transtilla well developed. Valvae with basal
two-thirds broad, especially characterized by a deep sacculus, then tapering strongly
towards apex. Dorsal margin swollen medially and bearing a median group of setae.
Apical region of valvae bearing groups of very stout setae. Aedeagus short and
spindleshaped. Vesica bearing a single, nail-like apical cornutus.
The upper side is very similar to that of C. toulgoeti from Madagascar (compare Figs 2
and 3). However, in C. limbata the discal spots on the forewing upper side are smaller,
and the terminal shade on the underside is more strongly developed. Cabera limbata is
similar also to C. subalba (Fig. 1), another western African species, but slightly paler, the
fine grey striation being more prominent against the brown background. It should be noted
that not all individuals of C. subalba have the discal spots on the forewing enlarged

September 2000

METAMORPHOSIS, VOL. 11, No. 3

115

as in the specimen illustrated. The third western African representative of the group, C.
nathaliae from Sao Tome & Principe, is only known from the female holotype (Fig. 9).
This specimen is characterized by prominent, evenly convex basal and median lines
across both wings.
The male genitalia structure suggests that its closest relative is C. subalba, as the vesica
in both taxa bears a single, nail-like cornutus only. The much broader valvae and larger
socii, however, distinguish C. limbata from C. subalba (compare Figs l 0 and 11).
Distribution. West Africa (Guinea, Ghana, Ivory Coast, Cameroon).
3. Cabera toulgoeti Herbulot, [1957], Figs 3, 12
Cabera toulgoeti Herbulot, [1957]: 252, 260. Holotype 9, Madagascar: Pennel
(Moramanga district), Analarnazaotra Forest (MNHN) [not examined].
Cabera toulgoeti Herbulot; Scoble, 1999: 99.
Diagnosis: adult (Fig. 3). Lines on forewing moderately well discernible, median line less
broad than in C. limbata. Discal spots on forewing small, on hind wing almost absent. On
underside terminal shade poorly developed on both pairs of wings, hardly present on hind
wings.
Male genitalia (Fig. 12). Uncus long, with knob-like tip. Socii prominent, setose, arising
from dorsal side of uncus base. Genital capsule broadly elliptical, vinculum with
prominent median suture. Transtilla well developed. Valvae narrow, saccus densely
covered with long setae; dorsal margin slightly swollen medially and bearing a small
group of short setae. Apical region of valvae bearing groups of very stout setae. Juxta
diamond-shaped, with median suture. Aedeagus large for the group, spindle-shaped;
vesica with a densely packed group of four or five slender, nail-like cornuti. The upper
side is very similar to that of C. limbata from West Africa. However, in C. toulgoeti the
discal spots on the forewing upper side are larger, and the terminal shade on the underside
is much less strongly developed (compare Figs 2 and 3).
Distribution. Madagascar, endemic.
4. Cabera humbloti Herbulot, 1978, Figs 4, 5, 13
Cabera humbloti Herbulot, 1978: 164. Holotype ♂, Comoros: Grand Comoro
(BMNH) [examined].
Cabera humbloti Herbulot; Scoble, 1999: 98.
Diagnosis: adult (Figs 4, 5). Distinguishable from all other members of the group by
habitus alone. Forewings with apex less pointed than in other species. On forewings, all
three lines rather well developed. Basal line clearly angled a short distance below costa;
median line distinct in male holotype, less well marked in female allotype; postmedian
well developed and weakly angled at level of discal spots. The latter fairly well developed,
with small white nuclei on both wings. On hind wings, only median and postmedian line
present, the latter evenly convex. Underside whitish with intense (male) to moderately
strong grey suffusion (female). Terminal shade prominent, especially in the
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female examined.
Male genitalia (Fig. 13). Uncus shorter than in preceding species, terminating in a small,
knob-like tip. Socii very prominent, of almost equal length to uncus, arising from dorsal
side of uncus base. Genital capsule with vinculum markedly narrower than tegumen, both
evenly rounded; vinculum with prominent median suture. Transtilla fairly narrow. Valvae
tongue-shaped, shorter than in other members of the group and tapering less strongly
towards apex. Saccus bearing a long row of fine setae; medial swelling of costa absent.
Apical region of valvae bearing groups of very stout setae. Aedeagus slender, cylindrical
rather than spindle-shaped. Vesica bearing three straight, nail-like subapical cornuti
protruding from an area occupying some one-third of the length of the aedeagus that is
covered with numerous microcornuti.
The morphology of the male genitalia suggests an isolated position of C. humbloti within
the C. subalba group. Only the male holotype and female allotype were seen of this
species. Based on the examination of these, C. humbloti would appear to be more strongly
sexually dimorphic than other members of this group. However, apparently partly
albinistic specimens are known from C. nevillei sp.n. and C. nathaliae as well, so it is not
presently possible to comment on variation in this species.
The likely sister-species of C. humbloti is C. toulgoeti from Madagascar; both species
sharing a characteristic diamond-shaped juxta with median suture that is absent from the
other members of the group.
Distribution. Comoros, endemic.
5. Cabera nevillei sp. n., Figs 6-8, l4, l7
Type material. Holotype ♂, ZIMBABWE: Rusitu Forest, 4.-6. V.[19]97 (N.J.
Duke).(TMSA).
Paratypes (4 ♂♂, 7 ♀♀). ZIMBABWE: l ♂, Aberfoyle, Honde Valley, 18.X. [l 9]90; 2
♂♂, 3 ♀♀ ibidem , dated 1.X.[19]94 (♀), 3.-4.XII.[ 19]94 (2 ♀♀) and 20.-21.IV. 1996
(20 ♂); 1 ♂, 3 ♀♀, M[oun]t Selinda, 15.X.[1 9]96; 1 ♀, ibidem, dated 14.II[19]75 (all
N.J. Duke legit). - (TMSA, HSS).
Further material (3 ♂♂, 3 ♀♀). ZIMBABWE: Aberfoyle, Honde Valley, 20.-21.IV. 1996
(N.J. Duke) (1 ♂ and 1 ♀ dissected, TM Lep. Heter. Genitalia slides No. 12981, 12982);
1 ♀, Mt. Selinda, 15.X.1996, (N.J. Duke). The specimens were excluded from the type
series because of their poor condition.
DESCRIPTION: Adult (Figs 6-8). Antennae of male bipectinate with short rami, leaving
apical one-fifth free; antennae of female filiform. Wings broad; forewings with rather
straight costa, pointed apex and slightly convex termen; hind wings with somewhat
pointed anal angle. Ground colour of wings greyish-white, densely and evenly suffused
with brown more or less tinged with violaceous, and finely striated with grey. Forewings
with slightly curved basal and median lines and oblique postmedian; all lines brown. Hind
wings with basal and median lines only, less distinct than on forewings. Discal spots on
forewings small, black, in most specimens finely ringed with white, but
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occasionally pure white. Discal spots on hind wings minute, white. Underside greyish
white, finely striated with grey, and with more or less distinct darker grey terminal shades.
Discal spots black, fairly well developed on forewings, small to reduced on hind wings.
Other markings absent. Vestiture of body concolorous with wings on upper and underside.
Setal comb on A3 absent.
Forewing length. 15-16 mm (males) (n = 8); 16-17 mm (females) (n =10).
Male genitalia (Fig. 14). Uncus slender and relatively short, curved, terminating in a blunt,
rounded tip. Sides of uncus bearing coarse setae. Socii arising from dorsal side of uncus
base, bearing sparse and very small setae only. Genital capsule elongate, elliptical. Valvae
elongate and slender; dorsal margin not modified but distinctly swollen medially; this area
bearing a conspicuous group of short setae. Ventral margin of valvae with a weakly
developed sacculus only; base with dense groups of hair-like setae. Apical region of
valvae bearing groups of very stout setae. Aedeagus short and stout, slightly curved
medially. Vesica bearing a group of five nail-like, curved and densely packed cornuti,
arranged in a semicircle.
Female genitalia (Fig. 17). Papillae anales slender, not particularly modified. Apophyses
rod-like, thin. Sterigma not modified. Ductus bursae short and narrow, quasi-cylindrical,
only slightly widening towards ostium and corpus bursae. Colliculum present. Corpus
bursae irregularly spindle-shaped; wall of bursa opaque, with a broad, well-sclerotized
‘belt’ circling middle. Signum absent.
Diagnosis. In adult habitus and male genitalia structure the new species is most similar to
Cabera toulgoeti from Madagascar, followed by the West African C. limbata. The
differences in distribution aside, C. nevillei may be distinguished from the former by its
smaller socii and the shape of the five cornuti on the aedeagus, which are shorter and more
curved. From C. limbata it may be at once distinguished by the presence of five cornuti,
as there is only one present in that species. Occasionally specimens with more strongly
developed markings are observed (fig. 7). One of the male paratypes appears to be partly
albinistic, with much of the violaceous-grey in the postmedian areas of both pairs of wings
replaced by whitish-grey.
Biology. The host plant and early stages are unknown. Adults have been collected in
February, April, May, October and December.
Distribution. Eastern highlands of Zimbabwe (Vumba [c. 19°05'S 32°44'E]; Mt. Selinda
[20°27'S 32°40'E]; Aberfoyle [c. 18°30'S 32°50'E]; Rusito Forest [no co-ordinates
available]); Moçambique (Serra Rolanda, E. of Chimanimani Mts [19°36'S 33 °08'E] ;
Mussapa River Forest [19°59'S 33°20'E]).
Etymology. Named after the late Neville J. Duke, who collected the type material.
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Figs l–8, adults. 1, Cabera subalba (Warren); 2, C. limbata (Herbulot); 3, C. toulgoeti
Herbulot; 4, 5, C. humbloti Herbulot; 6, C. nevillei sp. n.; 7, 8, Cabera nevillei sp. n. Scale
bar in mm.
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6. Cabera nathaliae Herbulot, 1991, Fig. 9
Cabera nathaliae Herbulot, 1991: 209. Holotype ♀, [Sao Tome & Principe]:
Principe Island, Sundi (collection Herbulot, in ZSBS) [not examined].
Cabera nathaliae Herbulot; Scoble, 1999: 98.
Diagnosis: adult female (Fig. 9 of unique holotype, reproduced from Herbulot, 1991).
Basal and median lines on both fore and hind wings well developed, convex. Postmedian
line rather faint on forewings, absent on hind wings. Discal spots on forewings black,
circled with white; on hind wings, blackish and indistinct. Underside, according to the
original description, whitish, forewings with prominent terminal shade; the black
postmedian line as on upper side but discontinual and widening into interneural spaces.
Female genitalia (see Fig. 7 in Herbulot, 1991). Bursa copulatrix tubular, the wall of its
upper third covered with minute denticles (instrate), and extending beyond the antrum,
narrowing into a fine point at connection to ductus seminalis. Signum absent.
The species resembles C. limbata from continental Africa, as well as the Madagascan
C. toulgoeti but may be distinguished from these extemally by the well-developed, convex
basal and median lines on both wings. The absence of prominent, white discal spots
separates it in most cases from the sympatrical C. subalba. The only known specimen has
the mottled appearance possibly due to partial albinism as known also from the allotype
of Cabera humbloti and one of the paratypes of Cabera nevillei.
Distribution. Sao Tome & Principe, endemic.

Fig. 9, adult. Cabera nathaliae Herbulot.
(Fig. 9 from Herbulot, 1991). Scale bar in mm.
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Figs 10-15, male genitalia. 10, Cabera subalba (Warren); 11, C. limbata (Herbulot); 12, C. toulgoeti
Herbulot; 13, C. humbloti Herbulot; 14, C. nevillei sp.n.; 15, C. pusaria (Linnaeus). Scale bar = 0.3
mm.
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Fig; 16-17, female genitalia 16, C. subalba (Warren); 17, C. nevillei sp. n. Scale bar = 0.3 mm.
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NOTES ON THE BUTTERFLIES OF WITSAND – A UNIQUE TERRESTRIAL
ISLAND IN THE NORTHERN CAPE PROVINCE, SOUTH AFRICA – WITH
SPECIAL REFERENCE TO TWO RED DATA BOOK BUTTERFLY SPECIES.
R.F. Terblanche1 & J.C. Taylor1
School of Environmental Sciences and Development
Private Bag X6001, Potchefstroom, 2520

1

Introduction
Witsand 1 can be described as an island of conspicuously whitish sand dunes (20–30 m
high)--though some more reddish sand dunes can be observed in the brulsand part of the
Witsand Nature Reserve. The dune area is surrounded by relatively flat plains of arid
savanna. The Langberge*, which literally means “long mountains”, are situated 4 km to
the east. The altitude at Witsand is 1180–1270 m (grid reference 28°34'S; 22°2 9'E).
Witsand forms part of the Savanna Biome (Rutherford & Westfall, 1994) and contains a
botanical composition which seems to reflect characteristics of the Karroid Kalahari
Bushveld, Kalahari Plains Thorn Bushveld and Kalahari Mountain Bushveld (Van
Rooyen & Bredenkamp, 1996b, c, d). All three of these vegetation types are poorly
conserved in South Africa (Low & Rebelo, 1996). The high frequency or Acacia
haematoxylon (grey camel thorn) in the flat areas which border on the dune landscape
also reminds one of yet another vegetation type: the Shrubby Kalahari Dune Bushveld
(Van Rooyen and Bredenkamp, 1996a). Efforts to clarify the vegetation communities at
Witsand are presently m progress. The average annual rainfall of 350 mm or even less is
erratic in all of the above vegetation types (Van Rooyen & Bredenkamp, 1996).
Investigations on the dune ecosystem are currently conducted in order to shed more light
on factors such as the shallow water table and vegetation which could play a key role in
the presence of the type of Lepidoptera community encountered at Witsand.
When the distinctive Anthene lindae, was discovered at Witsand in 1990 the area
was still farmland (Terblanche, 1994). Fortunately it now forms part of the Witsand
Nature Reserve (Northern Cape Nature Conservation). Though it was clear from our visits
that the Reserve is at present in very good hands, possible future developments should be
considered with the greatest care. Prior to its status as a Reserve the scars of off-road
vehicles and disturbance on the dunes were evident. If anyone would think of putting
pressure on conservation authorities to turn Witsand into a four-by-four playground such
persons should consider the research findings of this and other projects first.
Another RED DATA BOOK species 2, Tuxentius melaena subsp. griqua was found
on 8 November 1990 by R.F. Terblanche during efforts to find Anthene lindae. The
taxonomic position of these Tuxentius melaena specimens seems to be unclear and is
outlined in this paper.

1
2

Witsand is also given as Witsands on detailed topographical maps and *Langberg is spelt Langeberg.

The phrase RED DATA BOOK species is used colloquially, meaning in reality a species of butterfly listed in
one of the categories in the South African Red Data Book- Butterflies.
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Research on the Lepidoptera fauna being conducted at Witsand investigates the extent to
which the composition of the Lepidoptera community might be indicative of a unique
ecosystem. Some research and conservation management priorities could then be
identified. The research forms part of a project for the Department of Nature and
Environmental Conservation - Permit No. 004/2000. Field work on the moth fauna which
started in January 2000 has already yielded some very interesting results which will be
reported in future papers. This paper shares the information about the butterfly fauna of
Witsand gained so far.
Material and methods
As many different habitat types as possible were visited at Witsand to explore the
diversity of species in the area. Collecting of butterflies was done with a butterfly net.
Special efforts were made at all times to record more Anthene lindae with each visit since
its discovery in 1990. Exploration of the Langeberg a few kilometres from Witsand started
in February 2000 and the preliminary results are included in this paper since it may be
important to record the Lepidoptera on a mountain series so close to the Witsand Nature
Reserve. A count of Argyraspodes argyraspis, along a transect of approximately 1.8 km,
was executed on a slope of the Langeberg. The transect was not straight and the
approximate length was calculated by using landmarks and a map. Though some
specimens may have been recounted it is unlikely that the number of such recounts will
have been high due to the territorial behaviour of A. argyraspis and the fact that they
tended to go upwards on the mountain when the count was done in the afternoon (the
researchers were coming down!).
The recording of butterflies at the Langeberg took place on 27 February 2000 by R.F.
Terblanche, J.C. Taylor and V. Jessnitz.
The recording of butterflies at Witsand took place on the following dates by the persons
indicated:
•
8 and 9 September l 990 (R.F., J.E. , J. Terblanche and H.G. Butler)
•
23 September l 990 (R.F., J.E and J. Terblanche)
•
27 October l 990 (R. F., J.E. , J. Terblanche and H.G. Butler)
•
9 November 1990 (R.F. Terblanche)
•
29, 30 and 31March1991 (R.F. Terblanche)
•
29 and ·30 September 1991 (H.G. and AP. Butler)
•
16, 17 and 18 January 2000 (R.F. Terblanche and J.C. Taylor)
•
25 and 26 February 2000 (R.F. Terblanche and J.C. Taylor)
Results
The species list in Table (1) does not include Lepidoptera observed on the Langeberg.
Butterflies that have been observed on the Langeberg but not at Witsand include
Argyraspodes argyraspis (f. labuschagnei), Tylopaedia sardonyx (f. knobeli) and
Lepidochrysops patricia which were found on the western slope of the Langeberg in the
afternoon on 27 February 2000. Only four Tylopaedia sardonyx, all with somewhat worn
wings, were observed of which two were collected. Forty-six Argyraspodes argyraspis
were counted on an approximately 1.8 km transect within two hours and ten minutes.
Males established little territories on (sometimes inconspicuous)
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little rocky outcrops along the western slope of the mountain. The characteristics of these
A. argyraspis were constantly correspondent to those of the so-called form
“labuschagnei” with regard to underside markings as well as the shape and extent of the
black margins on the upperside. It was unusual (based on personal experience) to
encounter so many A. argyraspis. This might be attributed to the above average rainfall
in the Kalahari during the summer (2000).
A species list of the butterflies encountered at Witsand during the visits is presented in
Table 1. The species list can also serve as a checklist for the Witsand Nature Reserve.
Forty-nine butterfly species have been recorded within the borders of the Witsand Nature
Reserve up to the present date [1990-2000].
Table 1: Species list of butterflies (Lepidoptera: Hesperioidea and Papilionoidea) as well
as an indication of the months during which the species were encountered within the
borders of the Witsand Nature Reserve.
Taxon
FAMILY HESPERIIDAE
SUBFAMILY PYRGINAE
Spialia diomus subsp. ferax (Wallengren, 1863)
Spialia mafa subsp. mafa (Trimen, 1870)
Spialia nanus (Trimen & Bowker, 1889)
Gomalia elma (Trimen, 1862)
FAMILY PAPILIONIDAE
SUBFAMILY PAPILIONINAE
Papilio demodocus subsp. demodocus Esper, 1798
FAMILY PIERIDAE
SUBFAMILY COLIADINAE
Catopsilia florella (Fabricius, 1775)
Colias electo subsp. electo (Linnaeus, 1763)
SUBFAMILY PIERINAE
Pinacopteryx eriphia (Godart, 1819)
Colotis antevippe subsp. gavisa (Wallengren, 1857)
Colotis euippe subsp. omphale (Godart, 1819)
Colotis evenina subsp. evenina (Wallengren, 1857)
Colotis lais (Butler, 1876)
Colotis regina (Trimen, 1863)
Colotis eris subsp. eris (Klug, 1829)
Colotis subfasciatus subsp. subfasciatus (Swainson, 1823)
Colotis agoye subsp. bowkeri (Trimen, 1883)
Belenois aurota subsp. aurota (Fabricius, 1793)
Pontia helice subsp. helice (Linnaeus, 1764)

Sep

Oct

Nov

Jan

Feb

Mar
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Table 1 (continued)
Taxon
FAMILY NYMPHALIDAE
SUBFAMILY ACRAEINAE
Acraea neobule Doubleday, 1848
Acraea trimeni Aurivillius, 1899
Acraea stenobea Wallengren, 1860
SUBFAMILY DANAINAE
Danaus chrysippus subsp. aegyptius (Schreber, 1759)
SUBFAMILY SATYRINAE
Melanitis leda subsp. helena (Westwood, 1851)
Ypthima asterope subsp. hereroica (Grünberg, 1910)
Stygionympha robertsoni (Riley, 1932)
SUBFAMILY NYMPHALINAE
Hypolimnas misippus (Linneaus, 1764)
Junonia hierta subsp. cebrene Trimen, 1870
Junonia oenone subsp. oenone (Linnaeus, 1758)
Cynthia cardui (Linnaeus, 1758)

Sep

Oct

Nov
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Jan

Feb

Mar

FAMILY LYCAENIDAE
SUBFAMILY THECLINAE
Crudaria leroma (Wallengren, 1857)
Cigaritis ella (Hewitson, 1865)
Cigaritis natalensis (Westwood, 1857)
Cigaritis phanes (Trimen, 1873)
Aloeides damarensis Trimen, 1894
Aloeides molomo subsp. krooni Tite & Dickson, 1973
Aloeides simplex (Trimen, 1893)
Iolaus subinfuscata subsp. reynoldsi (Dickson, 1980)
Leptomyrina sp.
SUBFAMILY POLYOMMATINAE
Anthene lindae Henning & Henning, 1994
Cupidopsis jobates subsp. jobates (Hopffer, 1855)
Lampides boeticus (Linnaeus, 1767)
Leptotes sp.
Tuxentius melaena subsp.?griqua (Trimen & Bowker,
1887)
Tarucus sybaris subsp. linearis (Aurivillius, 1924)
Zintha hintza (Trimen, 1864)
Brephidium metophis (Wallengren, 1860)
Azanus jesous subsp. jesous (Guerin-Meneville, 1847)
Azanus ubaldus (Stoll, 1782)
Chilades trochylus (Freyer, 1844)

Notes on variation, distribution and flight period of some species
The occurrence of Melanitis leda subsp. helena at Witsand was unexpected. One was seen
at the Witsand campsite on 26 February 2000 while J.C. Taylor captured a worn specimen
(wet season form) at the base of the Langeberg 5 km to the east of Witsand on 27 February
2000. Pringle (1996) drew the attention to a single record of Melanitis leda in the Karoo
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National Park as well as two which were collected in the Tiras Mountains in southern
Namibia. Pringle (1996) noted the fact that M. leda is perhaps more widespread than
previously thought. Van Son (1955) mentioned a record of M. leda from Bloemfontein in
the Free State. Finding M. leda at Witsand might be regarded as remarkable since Witsand
is more than 350 km away from Bloemfontein, the nearest of the above-mentioned
localities.
It is unlikely that M. leda can be regarded as a migratory species, covering great
distances to settle for a limited time at places far from its known distribution. It is more
likely that M. leda occurs at places with enough water or shade even in times of drought.
Trees with enough shade are probably essential so that the [shade seeking] grasses the
larvae feed on are sustained. The occurrence of M. leda in the Witsand area can be
indicative of the importance of available water in an area with an erratic rainfall on
average below 350 mm per annum. The real indicative value of the occurrence of M. leda
at places like Witsand will become much clearer when information on the distributions of
Lepidoptera is available in atlas format. This confirms that it is important for members of
the Lepidopterists' Society of Africa to pay attention to distribution records of more
“common and widespread” species in arid areas like the Northern Cape. Such distribution
records might be vital keys in our understanding of butterflies as indicators for
environmental management.
No mention is made of the existence of Colotis regina in the Northern Cape in
standard reference works on South African butterflies (Van Son, 1949; Pringle, Henning
& Ball, 1994; Henning, Henning, Joannou & Woodhall, 1997). Though much rarer in
general at Witsand compared to other Colotis spp., individuals of C. regina were recorded
regularly during the visits in February and March (Table 1).
Differences in coloration of quite a number of species are detectable in comparison
to the “normal” specimens from the north easterly savanna areas of South Africa such as
those in KwaZulu-Natal, Mpumalanga, the Northern Province and the North West
Province. Considerable individual variation, however, warns the taxonomist not to jump
to hasty conclusions. Species amongst which these variations can be observed include
Cigaritis phanes, Azanus ubaldus, Iolaus subinfuscata subsp. reynoldsi (with extension
of dark markings on forewing underside) and Colotis euippe (black markings heavily
reduced in the summer forms as well). Undersides of specimens of C. natalensis occurring
at Witsand are often of a lighter colour with more restricted bars while the orange on the
upperside is often lighter and more expanded compared to specimens from moister areas
in the North West Province. Stygionympha robertsoni specimens appear to be darker than
those found in the Free State. The Aloeides damarensis specimens at Witsand are
extremely variable. Light orange specimens with very reduced black markings on the
upperside are often encountered. Once again these characteristics are very variable and
more “normal” specimens occur among the others.
The Aloeides species at Witsand comprise Aloeides simplex, Aloeides damarensis
and Aloeides molomo subsp. krooni. Well-marked and large A. simplex specimens are a
feature at Witsand. One or two males have often been observed at the top of the sand
dunes. Many males, however, establish territories in the relatively flat sandy areas
adjacent to the dunes. No A. simplex occur in the less sandy areas further away from the
dunes at Witsand. A. molomo subsp. krooni is common at Witsand. Aloeides molomo
subsp. krooni, being much smaller than the other subspecies of Aloeides molomo, should
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be investigated further with regard to its taxonomy and ethology since this subspecies in
general behaves and looks different when compared to the other Aloeides molomo
subspecies.
Neither A. damarensis nor A. molomo subsp. krooni venture as far into the dune area
as A. simplex. In the flat sandy areas 30-50 m from the dunes all three the above Aloeides
species can be observed flying together in the same habitat.
The taxonomic status of Tuxentius melaena specimens that were discovered on 8
November 1990 at Witsand and previously referred to as T. melaena subsp. griqua
(Pringle, Henning & Ball, 1994; Terblanche, 1994) is in doubt. Many of the male
specimens have very faint dark markings on the underside, a dirty yellow ground-colour
and reduced white markings on the upperside appearing superficially more similar to T.
hesperis than to T. melaena subsp. griqua. Though some females of the Witsand
specimens have similar reduced black markings as well as the dirty yellow ground-colour
on the underside, the white markings on the hindwing upperside can (in contrast) even be
more expanded than is the case with T. melaena subsp. griqua. Individual variation of T.
melaena subsp. griqua is also detected among the series of O.G. Garvie collected in
Griqualand West. Unstable hybrid populations such as those suggested by G.A. Henning
in Pennington's Butterflies of Southern Africa Ed. 2 (Pringle, Henning & Ball, 1994)
might be a possibility. From the series of T. melaena subsp. griqua in the Transvaal
Museum 3 and those of Garvie it is, however, clear that the specimens of Witsand in
general differ from both “proper” T. melaena subsp. griqua as well as T. hesperis and
cannot with authority (with the information available at present) be regarded as one of the
above two species. The uncertain taxonomic status of the Tuxentius specimens from
Witsand has led to a provisional revision of the Tuxentius melaena species group.
Anthene lindae (illustrated on the front cover of this Metamorphosis) is a small but
very distinct butterfly species with a unique pattern on the underside of the wings
(Henning & Henning, 1994; Terblanche, 1994). Its nearest relative, Anthene minima is
found hundreds of kilometres away to the east in KwaZulu-Natal, rarely in the eastern
part of Mpumalanga and in the north at the Okavango Delta in Botswana (Pringle,
Henning & Ball, 1994). A. talboti which was described in 1936 when it was split from the
Anthene otacilia species group was the last Anthene species to be described prior to A.
lindae in South Africa. The genus Anthene has its centres of endemism farther north in
the more tropical woodland of Africa (Larsen, 1991), highlighting the importance of A.
lindae being endemic to the arid Northern Cape. A. lindae is known from only five
specimens caught at Witsand in the Northern Cape. Though given as RARE in the updated
list of RED DATA butterfly species (Henning & He1ming, 1995), at present A. lindae
may still be regarded as data deficient. It is imperative that the possibility of other
localities for A. lindae should be continuously investigated. Despite exploring a variety
of habitats in the Witsand area during favourable weather conditions the area adjacent to
the chalets and up to the dunes remains the only spot where A. lindae has been found. No
A. lindae were caught either before, or after 1990, despite the visits of avid collectors as
well as expeditions to the Kalahari and Langeberg area in the past (See for example the
references to records from the Kalahari Gemsbok National Park and Olifantshoek in the

3

Renamed the Transvaal Museum of Natural History
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discussion of butterflies such as Tylopaedia sardonyx and Argyraspodes argyraspis in
Pennington's Butterflies of Southern Africa). It is possible that A. lindae is an indicator of
a unique type of ecosystem which should be conserved as a whole. A. lindae may be a
“spring butterfly” since the only months it has been collected to date are September,
October and early November (Table 1). The November specimens were more worn than
those earlier in spring. Despite favourable weather conditions on 16–18 January 2000 as
well as 25–26 February 2000 (and lots of determination) no A. lindae was noted by R.F.
Terblanche and J.C. Taylor (Table 1). Many Azanus ubaldus were collected with an
extension net to inspect the possibility of specimens being an Anthene (this small butterfly
however, generally has a different flight behaviour compared to the Anthene species, is
small and may fly rather fast). Acacia karroo flowered during 16–18 January 2000 at
Witsand and the yellow flowers were inspected during different times of the day which
resulted in many Polyommatinae and small Cigaritis specimens being “checked” but this
endeavour, too, was fruitless with regard to Anthene lindae.
Conclusions
Pointers for management and research strategies for the Witsand Nature Reserve
It is clear, considering the butterfly fauna, that Witsand is a unique arid landscape. The
Witsand Nature Reserve does not comprise a large area and the size of it is of some
concern since it may be regarded as a unique “sand and water catchment area” at the
southern end of the Langeberg. A more ideal situation would be if a part of the Langeberg
could be included in the Reserve. More investigations on the Lepidoptera fauna of this
part of the Langeberg should take place.
Whenever developments of tourist facilities take place in the future at Witsand it can
now be borne in mind that the only place on earth that A. lindae has been found up to date
(five specimens), is the small flat area from a series of large Acacia erioloba trees to near
the sand dunes. The main objective of research and management should be to secure the
future of A. lindae which means the conservation of its unique habitat. A thorough
investigation on the status of A. lindae as well as its habitat requirements is imperative to
be able to propose the best management options of its habitat within the Witsand Nature
Reserve.
Pointers for research on the more “common and widespread” species occurring in the
more arid areas of Africa
Little is known of the distribution patterns of some of the more widespread butterflies of
South Africa in the Northern Cape and probably elsewhere in the more arid parts of
Africa. To understand the distribution patterns of such butterflies on a zoogeographical
level, information of distributions in reference works like Pennington's Butterflies of
Southern Africa are often limited. A butterfly atlas is becoming increasingly relevant for
the interpretation of these distribution records.
An interesting degree of variation compared to specimens from further north east
was observed in a lot of the more “common and widespread” species. Individual variation
suggests that care should be taken when the taxonomy of these species is considered.
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These variations are linked with some adaptations to the drier parts of Southern Africa
and probably important to understand underlying biological and evolutionary processes.
Pointers for research on the more “localized or threatened” species occurring in the
more arid areas of Africa
Exploring areas where little/no butterfly collecting/investigation had taken place in the
past in arid areas will make a contribution towards the information needed for updating
the RED DATA BOOK of butterflies of South Africa or updating the status of threatened
species elsewhere in Africa. A vegetational analysis of localized species can further
enhance their conservation (Warren, 1987; Henning & Henning, 1989; Deutschlander &
Bredenkamp, 1999). A good habitat analysis of selected species may then complement
the search for new localities. Allowing research that many times also includes the
responsible collecting of Lepidoptera on farms, in National Parks and Nature Reserves in
Africa will provide an opportunity for new ground to be broken.
The necessity of exploring for Lepidoptera in Nature Reserves and National Parks in
Africa
The available knowledge of the Lepidoptera in Nature Reserves and National Parks in
Africa is often so poor that an updated species list or any species list at all is lacking in
many instances. A number of Lepidoptera, especially the endemic ones like Anthene
lindae are probably good indicators of special habitat types. Much research, however,
remains to be done on these specialized Lepidoptera, their habits and habitats. It is also
not good enough to say that a localized species that occurs in a Nature Reserve is safe,
especially if only one or two localities are known-such localities can easily be destroyed
by mismanagement or a catastrophe.
What is the real bio-indicative value of butterflies in Africa?
A lot of research remains to be done to explore the real value of Lepidoptera species as
bio-indicators in Africa – of which the scientific world has some ideas – some also being
assumed in this paper.
The importance of taxonomic clarifications for the use of butterflies as bio-indicators of
specific habitat conditions
Once the taxonomy of entities like Tuxentius melaena subsp. griqua which is discussed
in this paper becomes more clear, different criteria may be applied as indicators of
different habitat conditions. Personally, we believe that there is much to be done to rectify
the wide artificial gap between taxonomy and applied ecology which is often evident in
the practice of biological science in general at present.
Call for locality information from the Northern Cape
This project is part of a larger project to expand the knowledge on Lepidoptera in the
Nature Reserves and National Parks of the Northern Cape. Locality records outside these
conserved areas are just as important. During the literature survey concerning species that
occur at Witsand it was clear that the Northern Cape is neglected with regard to
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distributional and locality records and especially of the more “common and widespread
species”. Vaughan Jessnitz (a new member of the Society based at Witsand) as well as
Owen and Wendy Garvie (based at Kimberley) already made some valuable contributions
relevant to the Lepidoptera of the Northern Cape. This is a call for anybody who wants to
make a contribution to send locality records to the above authors, especially if the
localities may not have been visited by a lepidopterist before.
Final remark
The butterfly fauna at Witsand indicates that the Witsand landscape comprises one of the
most unique but vulnerable arid ecosystems in (Southern) Africa.
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WATCHING THE INSIDE OF A MATURING MONARCH
CHRYSALIS USING MRI
by Richard P. Stringer MS, ScD. •
Introduction
One day as I watched a pristine monarch butterfly emerge from its chrysalis I could not
help but to marvel at the magic of the process. How could a worm-like caterpillar
transform into this exquisite creature I was seeing and do it all within the privacy of its
own jewel-like changing room called a chrysalis? In Figure 1 are pictures of a monarch
caterpillar, chrysalis and butterfly (l). Would it be possible somehow to get inside a living
butterfly chrysalis and watch as the caterpillar changes to the butterfly? Anyone with the
slightest interest in butterflies has asked the same question. Amazingly, information is
very limited in literature about what occurs inside a chrysalis during the caterpillar-tobutterfly transformation. The question, “What happens inside the chrysalis?” is usually
answered something like this: “The caterpillar liquefies within its chrysalis and gradually
the cells come back together in the form of the butterfly.” I wanted to know more.
When confronted with the prospect of looking inside a chrysalis some people have
commented, “Don't spoil the magic and mystery of the butterfly. I don't want to know the
secrets of the chrysalis.” This response reflects the special role that the butterfly plays in
many cultures and even religions. To some, the butterfly represents the miracle of
creation. Hans Schnauber looked at a sphere hidden within a MRI image of a chrysalis
and thought of the origin of life. To some, butterflies represent the souls of the dead. To
others, they symbolize the resurrection of the human spirit when the physical body dies.
In fact the butterfly has been selected to be the symbol of our new millennium because it
represents renewal, rebirth, and hope. Maybe it is the thought that butterflies are God's
way of giggling that causes people to smile when they see them!
Here are some more legends involving butterflies. At Easter time in Christian
churches a butterfly is often embroidered into the altar tapestry. There it represents the
resurrection of Jesus. On November 2 each year, Mexicans celebrate the “Day of the
Dead”. This is the same time when enormous numbers of Monarch butterflies arrive from
the north on their way to overwintering sites in the mountains west of Mexico City. The
village people believe these butterflies are the souls of deceased loved ones coming to
visit each year. The fact that the adult Monarch is black and orange (two colours
associated with death) reinforces this belief. Then, there are the Nagas of Assam who
believe the dead go through a series of transformations in the underworld and are finally
reborn as butterflies and that the soul dies when the butterfly dies (2). In southern
Germany, there is a belief that the dead are reborn as children who fly about as butterflies.
Because the Hindus worship the butterfly as the God of marriage it is imprinted on
wedding invitations. Through marriage the couple emerges into a new life form. If one
examines almost every religion he will find a story of an unusual birth. The birth of a
butterfly is no less unusual and miraculous.
Our project was born as a question, “What really happens inside the chrysalis?” I
began looking for a tool that would allow us to peek inside a viable monarch chrysalis.
My first thought was to use what the obstetrician uses to look at the developing baby
inside the chrysalis-like womb of an expectant mother, ultra sound. An obstetrician friend
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cleared his examining room one afternoon so that we could examine a fresh monarch
chrysalis with his ultra sound equipment. Not much detail could be seen despite a
generous application of gel between the chrysalis and the probe. A mammography x-ray
revealed only slightly more detail. Next, I saw some exquisite Magnetic Resonance
Images (MRI) taken of the human foetus at various stages of development (3). The work
had been conducted by Brad Smith at The Center For In Vivo Microscopy (Duke
University Medical Center’s Department of Radiology). Magnetic Resonance Imaging
had to be the perfect tool for examining the inside of a monarch chrysalis. My inquiry
intrigued the people at Duke as well. Here was a unique non-clinical application for their
state-of-the-art MRI facilities.
MRI operates on the principle that when a specimen is placed in a magnetic field the
protons in the atoms of the specimen align according to the magnetic field. Then, when a
separate radio frequency pulse is applied, the protons become unaligned. When the radio
frequency pulse is turned off, energy is given off as the protons in the specimen realign
in the magnetic field. This energy is picked up by an antenna and transmitted to a
computer which then converts the information to an image. For a description of the
physics of MRI the reader is referred to Duke University Center for In Vivo Microscopy's
web page (4).
Duke agreed to examine our chrysalises with support being provided by the
International Federation of Butterfly Enthusiasts (IFBE), a subsidiary of Zipee Corp (5).
The investigation was performed during June of 1998. This paper reports on a few of our
findings during the investigation. This is the first time that live monarch butterfly
chrysalises have been examined using MRI.
Methods
Chrysalides of the monarch butterfly (Danaus plexippus) were scanned using MRI.
Whole chrysalis scans were performed at intervals starting on the day when the
caterpillars converted to chrysalises and they continued over a period of ten days until an
adult monarch emerged. The power of the MRI field used for the scans was 9 Tesla, far
more powerful than the typical 1.5 Tesla magnetic field used in most clinical MRI’ s.
Greater magnetic power results in greater image detail. Specimens were placed in a tube
within the MRI chamber and as the scanning took place over a four to twelve hour period
signals produced by the chrysalises were recorded on a computer and converted into
images. Image detail and scan times are directly related. Two types of scans were used;
water proton density weighted and water diffusion weighted. Each picks up different
detail in the specimen. All the data was stored on compact discs and a video documented
the activity during the investigation. Specimens could be viewed from a variety of angles.
Sequential slices of the whole specimen could also be viewed as a “QuickTime” movie
and it was possible to slow down or stop the sequencing to examine individual slices. It
was even possible to put two “QuickTime” movies next to each other on the computer
screen and to examine the same slice of the same chrysalis on different days of
development. Three chrysalises were used for the study and two were scanned on different
days. The monarch chrysalises were raised in captive colonies (see acknowledgements).
Magnetic fields produces by the MRI coil did not appear to affect the viability of
specimens.
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Results
Figure 2 demonstrates the versatility of Magnetic Resonance Imaging for examining
specimens. The image shown is of a mid-section of a 5-day male chrysalis and
several cross sections through the same chrysalis. The same tissues seen in the
angled view of the chrysalis can also be seen in the cross sections. Longitudinal
flight muscles appear as stacked fibers in the cross section. A section of trachea
seen in the angled view appears as a tracheal fan in the cross section. The round
white organ seen in both orientations is the sac holding the two testes.
Figure 3 compares a midline-angled view of a 1-day chrysalis with a 10-day chrysalis
containing an adult butterfly ready to emerge. The overall impression is that by
the 10th day the remnants of the caterpillar’s digestive tract (clearly visible in
the 1 day chrysalis) have transformed into the organs that the adult butterfly
will need; namely flight muscles and the associated tracheal tubes for delivering
oxygen to the muscles in the anterior half, and reproductive organs in the
posterior half. It is surprising to see that the young chrysalis has not liquefied
internally. In fact quite to the contrary – there is plenty of rather undefined tissue
present which will differentiate during tile next 10 days as the butterfly forms.
The inserts in each of the images in Figure 2 are of cross sections of the anterior
portion of each chrysalis showing the round digestive tract of the I-day chrysalis
and the stacked longitudinal flight muscle in the 10 day chrysalis.
Figure 4 compares the same slice of the same chrysalis on day 1 and day 4 and another
chrysalis on days 6 and 8. By the 4th day of development sexual differentiation
is not evident. By the sixth day it is. Wing development, barely visible on day
4, is quite evident by day 6.
Figure 5 is further evidence of the gradual wing development which occurs between day
1 and day 10.
Figure 6 is a cross section of an 8-day chrysalis showing the veins in the fore and hind
wings and a portion on tile compressed wings. The abdomen containing the
round testes is clearly separate from the wings.
Figure 7 shows the eyes and brain of the developing butterfly in a 4-day chrysalis. The
eyes but not the brain were visible in the 1-day chrysalis. Even though the
caterpillar seems to lose its head when it sheds its skin its eyes remain within
the chrysalis and they become the butterfly's eyes. The insert in Figure 1 shows
how the eyes of this same chrysalis appeared on day 1.
Figure 8 shows muscles for the four active legs of the butterfly. Even at four days these
leg muscles can be seen but they are far more defined by day 10. I am always
amazed at the power of these leg muscles that enable the butterfly to pull itself
out of its chrysalis and either hang from the chrysalis or climb up the nearest
vertical surface and unfurl its wings.
Figure 9 shows the elaborate labyrinth of tracheal tubes evident by the 8th day of
development. These tubes will carry air to each muscle cell from external
openings called spiracles. Figures 4 and 5 also show the spiracles in the area of
the flight and leg muscles.
Figure 10 is a MRI image of a 5th instar monarch caterpillar which had been injected with
formalin to immobilize it. Compared to the chrysalises, this was a short-term
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scan and with the exception of the silk gland which stands out as a white strand,
spiracles, and some trachea the level of detail is low.
Discussion and Summary
The goal of the study was to document the sequential changes which take place as larval
tissues within a monarch butterfly (Danaus plexippus) chrysalis transform into an adult
butterfly. Viable monarch chrysalises were examined at intervals during the 10-day
incubation period using Magnetic Resonance Imaging (MRI). The earliest scan was made
eight hours after the chrysalis formed. The last scan was made just before the butterfly
emerged on the tenth day. A 5th instar monarch butterfly larva was also scanned. As
would be expected, the most obvious changes occur as the digestive system of the
caterpillar atrophies and the flight muscles, trachea and reproductive organs of the adult
butterfly develop. The most startling discovery was that the eyes, flight muscle, trachea
and reproductive tissue of the butterfly are visible at the time the caterpillar encloses and
that the cells of the caterpillar do not form amorphous soup within the chrysalis. The
immature organs in the early chrysalis simply mature during the ten day incubation
period.
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MESO-DISTRIBUTION, ABUNDANCE AND PHENOTYPIC VARIATION IN
HYPOLIMNAS MISIPPUS (LEPIDOPTERA: NYMPHALIDAE) ON COUSINE
ISLAND, SEYCHELLES
James M. Lawrence
21 Venus Street, Atlasville, Boksburg, 1459, SOUTH AFRICA
email: davlaw@mweb.co.za

Abstract:

The meso-distribution, abundance and female phenotypic variation in
Hypolimnas misippus on Cousine Island, Seychelles, were assessed.
Butterflies were confined to the disturbed coastal areas. Rainfall affected
daily abundance. Peaks in butterfly abundance were mirrored by similar
peaks in rainfall, with the rainfall peaks occurring before those of the
butterfly. The female misippus phenotype was the most common form.
Other female phenotypes present were: alcippoides, dorippoides, inaria and
immima-alcippoides intermediate.

Key words: Abundance, Cousine Island, Hypolimnas misippus, phenotypic variation,
rainfall, Seychelles.
Introduction
Hypolimnas misippus L. is well known for its sexual dimorphism, with the female
mimicking Danaus chrysippus (L.) (Swinhoe, 1895; Te1miel Evans & Bush, 1946;
Edmunds, 1966; Pierre, 1980; Pringle, et al., 1994). The male is monomorphic and the
female polymorphic (illustrated in Leigh, 1904; Rothschild, et al., 1975; D’Abrera, 1980).
However, intermediates between the female phenotypes exist (Smith, 1973). It is widely
distributed throughout the Indian Ocean islands (Corbet & Pendlebury, 1956; Desegaulx
de Nolet, 1984; Lionnet, 1984 ), and in Seychelles has been recorded on the islands of
Mahe, Saint Anne, Silhouette, North, Praslin, Aride, Aldabra, Cosmoledo, Coetivy,
Desroches, Cousin and Cousine (Holland, 1896; Fletcher, 1910; Fryer, 1912; Viette,
1958; Legrand, 1965; Limmel, 1984; Bullock, 1989; Bourquin, 1997; Gerlach, et al.,
1997; Bowler & Hunter, 1999).
Adults on Cousine are usually on the wing during late summer (i.e. March and April), and
may fly for between one and six weeks (Bourquin, et al., in review). Although H. misippus
has been the subject of many ecological, behavioural and genetic studies (e.g. Stride,
1956; Ford, 1964; Umamba, 1968; Edmunds, 1969a, b; Smith, 1976, 1984), very little
work has centred on the Seychelles population.
In response, this paper will focus on three aspects of the Cousine H. missipus adults:
1) their meso-distribution on Cousine; 2) the influence of rainfall on daily abundance,
and; 3) the phenotypic variation in female wing patterning.
Site and Methods
Cousine is a small granitic island situated approximately 4°20'S and 55°40'E (Braithwaite,
1984). It is just over 1 km long, 400 m at its widest point and 27 ha in area (Bourquin,
1997). The Seychelles experience a humid, tropical climate as defined by Tricart (1972),
in that mean monthly temperatures are generally above 20°C and annual rainfall exceeds
700–800 mm. Although the climate is aseasonal, the summer NW monsoon brings a
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higher rainfall than the winter SE monsoon (Walsh, 1984). Relative humidity varies little
throughout the year averaging 77% (Iyer & Francis, 1941). Topographically, Cousine
consists of two hills separated by a saddle, and a coastal flat on the northern and eastern
sides of the island (Fig. 1) (Bourquin, 1997). The vegetation of the hilly region is mostly
undisturbed forest dominated by Euphorbia pynfolia Lam., Ficus reflexa Thunb., Ficus
lutea Yahl., Pisonia grandis R.Br. and Pandanus balfouri Mart. trees. An Ipomoea
pescaprae (L.) R.Br. herbland, mowed Cynodon dactylon (L.) Pers. grass area, and a
secondary herb land/woodland dominate the coastal flat. Portulacea oleracea L. and
Asystasia gangetica (L.) commonly occur in the coastal flat region. The saddle is
dominated by mowed C. dactylon grass. The vegetation of the coastal flat and saddle is
mostly disturbed.
During 1998, adult butterflies were seen between 15 March and 7 April. The sex and
position on the island of all individuals encountered during this time were recorded. The
relative density of butterflies per day was estimated. Relative density is defined here as
the number of individuals encountered per hour (i.e., ind./h) (following Scott, 1968;
Smith, 1976). This abundance measure was chosen as on most days very few individuals
were seen. A total of 32 observation hours were collected. Using the descriptions of
Bernardi (1959) and Van Son (1979) the phenotype of nine females were identified. Daily
rainfall was measured using a standard rain gauge.
Meso-distribution on Cousine
The general area in which the butterflies were seen is shown in Fig. 1. Butterflies were
confined mostly to the disturbed coastal flat, with a few individuals seen in the disturbed
saddle area, and the eastern base of hill 1 (i.e., the edge of the undisturbed forest).
Clearly vegetation type affects the distribution of H. missipus on Cousine, with
butterflies preferring the disturbed areas. Similarly, Larsen (1996) found that it is a species
of more open formations and disturbed habitats, and not common in undisturbed forest.
Also the presence of its larval food plants A. gangetica (Yan Son, 1979) and P. oleracea
(Paulian, 1956) no doubt play a role in determining this meso-distribution.
The coastal flat and saddle has been used at various times in the past for coconut and
fruit trees, cattle grazing, and as a development area (Bourquin, 1997). Although it is
unclear what the original vegetation was, the remnants of P. grandis forest on the northern
section of the coastal flat indicate that this forest type used to occupy this area (Bourquin,
1997). Possibly the disturbance and removal of the coastal flat vegetation has aided this
species in establishing itself on Cousine. In support of this, several authors (Owen, 1971;
Smith, 1976) have stated that H. missipus has increased in numbers in areas subject to
human disturbance.
Daily abundance fluctuations in relation to rainfall
A total of 111 butterfly observations were made, of which 85 were male and 26 female.
Relative daily density fluctuations and daily rainfall between 13 March 1998 and 8 April
1998 are shown in Fig. 2. Three main peaks in butterfly abundance are evident, with the
most individuals recorded on the 29 March 1998 (i.e. 7.75 ind.th.). These peaks in
butterfly abundance are mirrored by similar peaks in rainfall, with the rainfall peaks
occurring before those of the butterfly.
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The appearance of H. misippus on Cousine follows the wettest months of January and
February (Bourquin, et al., in review). Smith (1976) found that in Tanzania, H. misippus
is commonest during the rains and rarely seen during the dry season. Also, in Ghana this
species is generally scarce during the dry season, but may become abundant for a few
days after rain (Edmunds, l 969a).
Although rainfall affects this butterfly's abundance, the very close relationship
between rainfall and emergence demonstrated here is very interesting. There are two
possible explanations: I) Rainfall affects resources, such as food-plant growth rates, with
high rainfall creating suitable conditions for larval growth (Smith, 1976; Bourquin et al.,
in review). As the Cousine H. misippus butterflies emerge after the wettest months, days
with high rainfall may act as a cue for the adults to emerge indicating when larval
resources are optimum; 2) Rain may create suitable conditions for the adults by decreasing
ambient temperatures and increasing humidity. This would reduce the chance of
desiccation, especially as in the granitic Seychelles March and April are the warmest and
least humid months (Walsh, 1984). Support for this comes from two studies. Scott (1974)
suggested that Hypaurotis crysalus Edwards lycaenids evolved a flight period which
coincided with the wettest months so as to reduce desiccation. Furthermore, he found that
the adult males were more active in the late afternoon, when rain was more frequent than
in the morning. Emmel & Leck (1970) found that in Panama, the pierid Italballia
demophile Hewitson shifted its activity from open areas to the cooler, more humid, forest
during the dry season. This idea is supported by data in this study in that the abundance
of H. misippus decreased rapidly during times of little or no rain.
Phenotypic variation in female wing patterning
Of the 26 female sightings, nine individuals were netted and examined. Five were taken
for later reference, and are illustrated in Fig. 3. Five of the nine examined butterflies were
form misippus (L.), one form alcippoides Butler, one form dorippoides Aurivillius, and
one form inaria Cramer. The remaining specimen was an intermediate between the form
immima Bernardi and alcippoides.
The form misippus is clearly the dominant female phenotype on Cousine.
Comparison with other Seychelles islands is difficult as very few studies make any
mention of the female forms. Nevertheless, iriaria has been collected from Mahé,
Silhouette, Aldabra, Coetivy and Desroches, while a single immima specimen has been
taken on Mahé (De Joannis, 1894; Legrand, 1965).
Four different female phenotypes were collected on Cousine, as well as an
intermediate form. The presence of the intermediate could possibly be because of the
absence of D. chrysippus from Cousine. Carpenter (1949) found that in areas where a
model is absent, a higher proportion of intermediate mimics occur than in areas where the
model and mimic are sympatric, resulting in the breakdown of the mimicry complex.
Further support for this comes from the observation that all of the females examined
showed evidence of either bird or skink attacks (i.e. portions taken out of the wing).
Although no attacks on females were seen, one male perched on the ground was observed
being captured by a Seychelles skink (Mabuya sechellensis (Dumeril and Brown)).
A similar situation exists in the West Indies, where D. chrysippus is absent and
H. misippus occurs on several of the islands, albeit rarely (Brown & Heineman, 1972;
Opler & Malikul, 1992; Pyle, 1996). Interestingly, a female immima-alcippoides
intermediate

September 2000

METAMORPHOSIS, VOL. 11, No. 3

149

was collected by S. Ramos in Puerto Rico (D. S. Smith pers. comm.), and is illustrated in
Smith, et al. (1994).
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MAP 1. The main central group of granitic islands of the Seychelles, showing the position
of the study island, Cousine.

Fig. 1. Meso-distribution of Hypolimnas misippus on Cousine Island, Seychelles
(redrawn from Bourquin, 1997). Area in which butterflies were seen indicated by dashed
lines.
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Fig. 2. Hypolimnas misippus abundance (ind./h) (top graph) and rainfall (mm) (bottom
graph) between 13 March 1998 and 8 April 1998 on Cousine Island, Seychelles. No
butterfly data were collected on the 27 March 1998.
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Fig. 3. Phenotypic variation in female Hypolimnas misippus on Cousine Island,
Seychelles: (a) form misippus; (b) form alcippoides; (c) form dorippoides; (d) form
inaria; (e) intermediate form immima-alcippoides. Black and white markings are as
shown, orange areas are stippled, brown is densely stippled, and pale orange is sparsely
stippled.
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Abstract. Paralucia pyrodiscus lucida occurs in several small, discrete urban sites in
Eltham, Melbourne, each of only 1–2.5 ha, and surrounded by houses. The
monophagous caterpillars feed nocturnally on foliage of Bursaria spinosa
[Pittosporaceae] and pass the days and overwintering period in subterranean nests of
Notoncus ants. After a decade of non-interventionist site management since the
butterfly’s rediscovery in 1987, site aging (including canopy closure and weed
invasion) has caused concern for the well-being of the Bursaria, as well as social
pressures to reduce the amounts of combustible fuel on sites to alleviate risks from
accidental wildfire. A ‘hot bum’ was conducted on two sites in early April 1998. The
rationale, execution and consequences of such high risk management for a notable
conservation flagship species are discussed in the broader context of using fire as a
management tool for terrestrial invertebrates in southern Australia.
Key words: conservation, land management, Lycaenidae, succession
INTRODUCTION
Fire in Australian ecosystems.
Use of fire in conservation management is controversial in temperate Australia, a region
with a history of severe wild fires and where much of the biota is adapted to withstanding
these. Many species depend on burning for their persistence, with the implication that
fires are necessary to regenerate many communities. Many native plants can shed or
germinate seed only after they have been burned or exposed to smoke, and fire has come
to be employed increasingly as a tool in conservation management in the region. However
the relative perceptions of fire as a major threat or a vital management adjunct exemplify
well the controversies over its deliberate use. They reflect both the ecological and social
context, and the importance of parameters such as frequency, intensity, extent and
seasonality of burning. Predicting the effects of fire on any given system and species is
very difficult; as Gill (1996) noted ‘A number of principles of relating fire to biodiversity
are known, but how fires affect all Australian species is far from well-known’.
In terms of resource preservation and human need, controlled burning is used widely
to reduce amounts of ground debris (‘fuel’, as a major correlate with future fire intensity)
before excessive quantities accumulate. Most studies of the effects of such fires, usually
of rather low intensity, are on plants or vertebrate responses, but studies on invertebrates
are proliferating. Friend (1995) reviewed 24 studies of fire effects on Australian temperate
region invertebrates, including seven involving Lepidoptera. About two-thirds of these
seven cases indicated decreases of Lepidoptera as a post-fire response, with the remainder
exhibiting no change. Friend concluded that ‘there are insufficient fire ecology data
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data available at the species level (perhaps with the exception of ants) to categorise
invertebrate species as indicators’ for fire ecology studies. Ants, as in many other contexts
of indicator use in Australian terrestrial environments, are an important exception
(Andersen & Yen, 1985; York, 1996; Neville & New, 1999).
Nevertheless, use of fire in site conditioning for rare Lepidoptera is poorly
understood, and is regarded as a ‘high risk’ management strategy because the outcomes
are largely unpredictable. The case described here is the first in which risk of extirpation
by burning was accepted in planning site management for a notable flagship invertebrate
in Australia, as an option whose possible benefits might outweigh such loss.
The Eltham copper butterfly
The Eltham copper, Paralucia pyrodiscus lucida Crosby, a putative subspecies of the dull
copper, is an important flagship for butterfly conservation in south-east Australia (Yen et
al., 1990), and studies on its status, biology and distribution as a basis for effective
conservation management have been undertaken since 1987. They render it one of the
best-known Australian Lycaenidae (Braby et al., 1999). Relevant details for the present
appraisal are that it occurs in small, largely discrete colonies in a tripartite association
between butterfly, soil-nesting ants of the genus Notoncus Forel (N. capitatus Forel
around Eltham) and the sole larval food plant, Bursaria spinosa spinosa Cav. (sweet
bursaria). Caterpillars overwinter in ant nests at and near the base of foodplants, and
pupation takes place there. They feed by night on foliage, and then leave the ant nests to
ascend the plants, being attended by ants throughout their activities. Female butterflies
lay small groups of eggs, commonly near the base of Bursaria plants. At Eltham,
butterflies fly from late November to early February, and there is a second, shorter flight
period from early March to mid April, representing either a partial second generation or
retarded development which reflects poor food quality. Caterpillars appear from late
December, and are evident until late autmru1 before overwintering. They do not feed
during winter, but resume feeding in spring before undergoing a short pupation period.
Counts of larvae (direct counts at night) and adults have been undertaken in most
years to monitor Eltham copper abundance and distribution on the sites (Braby et al.,
1999). The two main Eltham sites, the subject of this account, are each permanently
marked into grids of 10 x 10 m squares to facilitate small-scale monitoring of distribution
and abundance of butterflies and Bursaria. The butterfly is known from 10 colonies, some
very small, in the Eltham area, and others at two localities in country Victoria (KiataSalisbury, 6 colonies; Castlemaine, 1 colony). Populations at each of these main
distribution centres are effectively isolated from each other. Although those distant
populations are thereby essentially closed, there is some evidence of local movement of
concentrations in response to shifting resources. Thus, the single Castlemaine colony
apparently moved across the site from 1994 to 1995, so that local distribution on a site
can change from year to year (Braby et al., 1999). All the Eltham sites are within about 5
km of each other, and there is some suggestion-although, not direct evidence-that
individuals might be able to move between some sites and, even, that a broader
metapopulation structure might exist, even though this is now hampered by inhospitable
intermediate zones over this area. At Eltham, most colonies occur in dry, open Eucalyptus
forest with an open grassy understorey containing patches of Bursaria.
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Colonies are localized, and only rarely occupy more than about a quarter of the apparently
suitable habitat. More broadly, Notoncus and Bursaria spinosa are both much more
widely distributed than Paralucia. The butterfly is listed as ‘Threatened’ under Victoria's
Flora and Fauna Guarantee Act 1988.
CONTROL BURNING AND MANAGEMENT OF PARALUCIA COLONIES
The two major Eltham sites, known as the Western colony (1.6 ha) and the Eastern colony
(1.47 ha), both on Diosma Road, each support up to a few hundred Paralucia, and are
separated by about 0.4 km (Fig. 1 ). Another, small, colony occurs on private land only
some 50 m from the Western colony, separated from it by a paved road. The third major
Eltham colony occurs on the Pauline Toner reserve (2.5 ha), about 0.3 km from the
Western colony. Well-being of these three sites is crucial to the conservation of Paralucia
in the Melbourne area. Management is overseen by a coordinating group of scientists,
local and state government representatives and concerned community groups, and is
supported also by the ‘Friends of the Eltham copper’, whose practical aid in monitoring
activities has been critical.
ELTHAM

1. PAULINE TONER RESERVE (2.5 ha)
2. WESTERN COLONY (1 .6 ha)
SCALE: SQUARES 400 m SIDE
3. EASTERN COLONY (1.47 ha)

Fig. 1. Map of part of Eltham to show the positions of the Eltham copper sites discussed, and their
proximity and isolation.
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During the decade of investigation since the butterfly became a major conservation target
in 1987, its numbers have declined around Eltham. The Western and Eastern colonies
remain relatively strong, but changes in site condition from plant growth, progressive
canopy closure and successional change, together with increased impacts (such as weed
invasion, trampling, and debris) from nearby housing have changed their nature
substantially. These changes have led to concerns over decline of Paralucia and Bursaria
as the conditions needed to sustain the complex interrelationships between them
apparently decline; much of the site area appears increasingly unsuitable. Additionally,
local residents and government authority have increasing concerns over build-up of fuel
on the sites, rendering them increasingly vulnerable to high intensity wild fires and
consequent increased likelihood of destruction of nearby residential properties.
Options and execution
The management options available were the following:
1. Do nothing. Continue the general option of non-intervention. This was not
considered satisfactory, as it does not meet the demands to alleviate apparently declining
conditions.
2. Mechanical change. Measures would include removal of scrub and opening of the
canopy by cutting selected trees, hand removal of fallen timber and other accumulated
fuel materials, and selective herbicide application to cut stumps and weeds. This option
was discarded because of the difficulties of avoiding undue harm by trampling, accidental
damage from use of machinery, and possible unwise use of chemicals, as well as the sheer
extent needed. Its outcome, other than in the short term, was uncertain and it is regarded
as an ‘unnatural’ process.
3. Burning. A control burn to - at least in part - approximate a natural regeneration
process for vegetation in the area, and one to which the biota might be pre-adapted.
The last was adopted as the preferred option, but the optimal method of conducting the
burn raised the following discussion points, amongst others:
1. That extreme care would be needed to avoid any risk of fire spreading from the
site(s). Burning could thus proceed under only very limited conditions of weather, and
under substantial supervision.
2. All or some of the area(s). Whether the two sites should both be burned at the
same time, or one retained as ‘insurance’, and whether the whole area of each should be
burned were debated. If part of each site was to be protected, the method by which this
was to be achieved must be defined and deemed feasible. For example, it was considered
likely that particular Paralucia ‘hot spots’ could be protected by damping them down, but
use of fire-retardant chemicals or foam for this was undesirable because of unknown toxic
hazards.
3. Timing of the fire. Natural fires in the area would be most likely to occur in middle
to late summer. At this time, the butterfly might be particularly vulnerable through direct
cremation or asphyxiation of adults, destruction of eggs and oviposition sites and removal
of food needed by young caterpillars. Fire earlier in the season might have similar
consequences. Fire during the day is necessary, to afford protection to the caterpillars
which are then sheltered in Notoncus nests.
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4. Intensity of fire. Botanical advice was that the ‘hottest possible’ bum should be
used, to assure opening of the canopy, destruction of scrub and ground debris, and
optimise regeneration of native flora. Cooler burns, though apparently less severe, might
not achieve these objectives and also lead to more rapid weed invasion and establishment,
to the possible detriment of native species.
5. Control of the operation. Because the two sites are wider different administrative
tenure, clear allocation and coordination of responsibility was necessary. The rationale to
be attempted was eventually defined as:
1. To burn parts of the two sites at the same time, protecting sensitive areas, namely
those with the highest densities of Paralucia revealed by monitoring during the previous
year, and boundaries with neighbouring private properties.
2. To undertake the hottest possible bum.
3. To bum as late as possible in the summer, for maximum destructive effect but also
to anticipate that at least some caterpillars would by then be sufficiently well fed that they
might survive by entering the over winter phase, and that fresh Bursaria foliage would be
available by early spring.
Extirpation of caterpillars by a hot fire was recognized as a possible outcome, but
reluctance to proceed was countered by the likelihood of at least local survival on the
sites, the availability of nearby colonies for possible natural colonization or translocation
in the future, and recognition that management could not reasonably be delayed without
compromising the butterfly’s current status on the sites. This was coupled with the
realisation that gaining experience in use of fire, and modifying the procedure for
anticipated management of other sites within the next few years, was also important.
Because of the vagaries of weather, it is not possible to plan such operations to the
day, or even to the week. Maps were prepared of both sites, areas for protection marked
on the ground with stakes and tapes; all local residents were informed of the plan for the
burn to occur, local Country Fire Authority branches agreed to cooperate in the operation
as a training exercise under coordination of Parks Victoria, and the weather forecasts were
watched keenly. Plans to undertake the burn in 1997 did not eventuate because of lack of
suitable weather conditions, and the burn eventually took place during the first week of
April 1998.
The Eastern colony was burned earlier in the day, so that the burn was classed as
only ‘moderately hot’, and was followed by a ‘hot burn’ of the Western colony. Both fires
were confined to the sites, though both were somewhat more extensive than planned (Fig.
2). About 75% of the Western colony area and 50% of the Eastern colony area was burned.
Nevertheless, the exercise proved that it is feasible to regulate the distribution of even hot
fires on small sites to within a few metres of a prepared plan.
Monitoring
At the time of burning, no adult Paralucia were evident on the sites, and caterpillars found
in preceding weeks were reasonably large. Pre-fire data were available on Paralucia and
Bursaria on both sites (van Praagh, 1996; Braby et al., 1999), as well as at the Pauline
Toner reserve, and monitoring continued after the fire. The metal tags used to
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mark individual Bursaria plants on which caterpillars had been found survived the fire,
as did the numbered stakes marking the site grids.
Immediately after burning, the sites were blackened, and no traces of ground foliage
were present on the charred areas. Leaf fall from the scorched Eucalvptus canopy
continued for several weeks. Counts of caterpillars soon after the fires suggested strongly
that direct mortality had been small, as also appeared the case for Notoncus, but the lack
of Bursaria foliage clearly limited the food available to surviving caterpillars. A
caterpillar count on the Western colony a week after the burn yielded a record high of 580
caterpillars, probably reflecting (1) greater visibility of individual caterpillars exposed on
bare stems of Bursaria and (2) that a high proportion of the total population was seeking
food, rather than only a small proportion on any one night. The caterpillars were tended
by Notoncus. Many caterpillars observed in ensuing months could feed little, if at all, and
appeared progressively emaciated. However, many caterpillars, perhaps the larger
individuals in particular, appeared to survive the winter and resumed feeding on fresh
growth in spring. Bursaria spinosa is a ‘sprouter’ in response to burning, thus
regenerating from old rootstocks and rhizomes rather than producing new plants from
seeds, so that caterpillars and ants near the bases of old plants do not need to travel across
ground to obtain new food supplies. Indeed, fire supports subsequent spread of Bursaria
at the expense of fire-sensitive taxa.
Numbers of Paralucia caterpillars were somewhat lower by the following spring in
comparison with the spring 1997 counts, but were present in the burned areas as well as
on the unburnt parts of the two fired sites. During the 1998–1999 flight season, butterflies
were observed throughout the burned areas of the Western colony, but fewer on the
Eastern colony. Butterflies on the Eastern colony site were more concentrated on areas
which were not burned, but they were more evenly distributed across the Western colony.
It is, thus, clear that the feared extirpations had not occurred, although numbers of larvae
completing development in burned areas had apparently declined. However, numbers
observed vary considerably between years and sampling occasions, and the significance
of the numbers is unclear. Protection of concentrations of larvae during burns appears to
be an important facet of the strategy. Monitoring of the sites is continuing.
DISCUSSION
Paralucia is an endemic Australian genus of only three species, and a second of these,
the Bathurst copper (P. spinifera Edwards & Common) is listed as ‘Endangered’ in New
South Wales and ‘Vulnerable’ federally. It occurs in very limited areas of New South
Wales, the caterpillars also feed on a form of Bursaria spinosa, and are attended by ants,
Anonychomyrma itinerans (Lowne). It has been the subject of considerable study in recent
years leading to design of a draft recovery plan in early 1999. Many of the extant
populations of P. spinifera have apparently been exposed to frequent fires, including both
deliberate bums for fuel reduction or arson, and wild fires. Despite the reported decline
of one population immediately after a fire, at six sites the butterfly was thriving two
seasons later, with ant populations also strong at some sites.
Maintenance of an open habitat for this species by fire may be an important
component of sustaining populations, so that exclusion of fire from Bathurst copper
habitats may itself be a threat and, conversely, the use of fire may be an appropriate habitat
management tool. Timing of any such deliberate fires is of critical importance, as

September 2000

METAMORPHOSIS, VOL. 11, No. 3

161

for the Eltham copper. Until now trials for the Bathurst copper paralleling those for
P. pyrodiscus lucida noted here have not been undertaken. They may become a priority
for the future.
As Swengel (1996) emphasized, fire can affect butterflies by causing direct mortality
and by affecting continuity of resources, and the latter is often the more important
consideration for ecologically specialized species. For North American prairie and
savannah species, she suggested that several features of the biology of individual species
might be important in assessing their likely responses to fire. Species with broad habitats
are most likely to have source populations nearby from which burned areas might be
recolonized. Narrow habitat specialists, in contrast, might be more vulnerable. Second,
multivoltine species have more generations in which to renew populations between fires.
Vagility, reflecting that species with greater tendencies to disperse can re-colonise burnt
areas more rapidly and effectively, may also reflect population structure, so that some
such taxa may manifest metapopulation features. Last, the location of individuals during
a fire clearly affects likelihood of survival of resident taxa. Such species are clearly
vulnerable unless they are ‘protected’ in some way, such as by being underground or high
in trees beyond the reach of ground fires.
For most Australian Lycaenidae, such characteristics can be inferred only within
broad and ill-defined limits. It is reasonable to presume that many of the species have
evolved in fire -prone environments, and might thus have evolved features which help
them to resist the effects of fires to some extent. Without fire, as is the case for North
American prairie/savannah butterflies (Swengel, 1998) the habitat might not be
maintained in sufficient condition to maintain the species, and extirpations would be
largely inevitable (Dana, 1991).
The two Paralucia spp. noted above both occur in small, largely discrete colonies
on localized areas of larger, apparently suitable, sites, and are not co-extensive with the
larval food plant or the obligatory host ants. The features which restrict the butterflies in
this way are unknown. Both species are ecological specialists, but the currently known
distributions of several small colonies within (at most) a few km of each other implies
some possibility for local re-colonization of sites. This has not yet been demonstrated, but
was considered as a positive feature in reducing the risks of extirpation whilst planning
the Eltham burns. Phenological patterns are of critical importance in appraising possible
temporal refugia for such drastic management. In Eltham, the ‘entomological need’ was
thus for the latest possible burn, in the expectation of increasing chances of caterpillar
survival on the sites, through increasing the period before the fires in which they could
feed. In contrast, the ‘botanical optimum’ would have been an earlier burn to facilitate
germination of seeding plants before onset of cooler weather, and as a closer mimic to
natural fire periodicity. The former view prevailed, largely because the prime purpose of
these dedicated small reserves is conservation of the Eltham copper, but such other
considerations may be important in considering more holistic management for such sites
for broader conservation needs.
The key to management of Paralucia sites by controlled burning is the balance
between immediate direct mortality and assuring future food supply, but – especially for
small urban sites surrounded by housing-the ‘ideal’ timing of a burn is necessarily
tempered by practical considerations of risks to property. In the present case, the
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proposed burns were delayed for a year because of unsuitable weather, so that optimal
management is tempered by opportunity. The practice of avoiding concentrations of
butterfly abundance is clearly feasible, but only so if adequate pre-fire monitoring has
been undertaken to define these, and sufficient personnel are present to control the burns.
Deliberate burning of such intensity is likely to be an infrequent occurrence on any given
site, perhaps being undertaken only every decade or so as conditions change. This very
infrequency is important. Examples cited in New (1993) of fires benefiting lycaenid
species typically noted the creation of new habitat patches by infrequent burns and
occupation of these for long fire-free intervals. More frequent fires are more commonly
assessed as a general threat to species, and the two contexts must be differentiated clearly
in conservation planning (Swengel, 1998). For P. p. lucida, extension of the site area is
not feasible for the colonies discussed here, but fires might be useful in helping to extend
the areas of habitat occupied on each site and, thus, to increase overall population sizes
of the butterfly.
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