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Cercophana frauenfeldiiFelder (Lepidoptera: Saturniidae), also known as the “Andean Moon Moth”, is a Neotropical
species native to continental Chile whose larvae feed on species of the families Gomortegaceae, Laureaceae and
Winteraceae. We describe and document C. frauenfeldiiimmature stages, namely, egg, its four larval instars, and
chaetotaxy of the last instar, pupa and cocoon for the first time. In terms of its phenology, we extend its larval
activity, originally described to occur between November and mid-December, to June until the end of January.

We report the adult flight period depends on the species’ distributional range following two well-differentiated
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patterns: February to mid-April in Central-North Chile and April to June in Central-South Chile. Furthermore, we
provide a unified view of its current distributional range and host plants (including the endangered tree Gomortega
keule) through bibliographic data, field observations and laboratory rearing. Finally, we discuss aspects of the
species’ conservation as part of the unique ecosystems found in the temperate forests of southern South-America.

Introduction

The Saturniidae family is represented in Chile by two subfamilies,
two tribes, seven genera and 19 species distributed from the Coquimbo
to the Magallanes regions (Angulo et al., 2004). Within these groups,
the conspicuous Cercophaninae, also known as “Andean Moon Moths”
(Heppner, 2002), is a subfamily distributed along Chile, whose species
resemble the northern hemisphere species of the genus Actias Leach,
1815 or “moon moths”. This subfamily has also been considered to be a
basal group of the family Saturniidae (Regier et al., 2008) with a “New
World” distribution (Lemaire and Minet, 1999). Within this subfamily,
the tribe Cercophanini represents an endemic group that of Chile and
Argentina and includes the genera CercophanaFelder, 1862, Microdulia
Jordan, 1924 and Neocercophanalzquierdo, 1825 (Kitching et al., 2018).

The genus Cercophana Felder, 1862 is represented in Chile by two
species: Cercophana frauenfeldii Felder, 1862 and C. venusta (Walker,
1856; Jordan, 1924; Artigas, 1994; Wolfe and Balcazar-Lara, 1994;
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Angulo et al., 2004), which are also present in Argentina (Ndfiez-Bustos,
2015). Both species are medium sized moths with prominent tails in
the males and variable colouration (Wolfe and Balcazar-Lara, 1994).

Although the latter authors described in detail the immature stages and
some aspects of the biology of C. venusta, very little is known regarding the
immature stages of C frauenfeldii, with the available literature restricted
only to the descriptions of the last larval instar carried out by Butler (1882)
and descriptions of the cocoon made by Jordan (1924). Within this context,
the aim of this study is to contribute to the knowledge of the immature
stages of C frauenfeldiiby describing the external morphology of the egg
and the first three instars, to report new aspects of its phenology and to
integrate its distributional records and host plants.

Material and methods

Eggs and larvae were collected in Los Queules National Reserve
(36°01°S,72°42'W, 360 m.a.s.l.) and Copiulemu (36 ° 02'S, 72 ° 40'W,

© 2021 Sociedade Brasileira de Entomologia Published by SciELO - Scientific Electronic Library Online. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (type CC-BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original article is properly cited.


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-8390-3739
https://orcid.org/0000-0002-1665-4434
https://orcid.org/0000-0002-1636-0575
https://orcid.org/0000-0002-3271-0037
https://orcid.org/0000-0002-5355-3157

2-10 J.E. Septilveda et al. | Revista Brasileira de Entomologia 65(2):e20190017, 2021

435 m.a.s.l.), in the Maule Region, and Ralbin (36°03°S, 72°38'W, 540
m.a.s.l.), in the Region of Nuble, Chile. Larvae were collected manually
from leaves of the endemic species Cryptocarya alba (peumo) and
Gomortega keule (queule), belonging to the families Lauraceae and
Gomortegaceae respectively. Larvae were placed in a 36x36x26 cm
breeding cage and were fed with fresh shoots of both plant species.
Shoots were changed every 3-4 days to avoid dehydration.

Drawings of the samples were obtained by using a stereo microscope
MOTIC® TYPE 102 M. Details of the ultrastructure of the fourth instar
larva, structures of the head, fourth instar chaetotaxy and details of the
pupa were made with the scanning electron microscope Auto scanning
ETEC® at the Centre of Spectroscopy and Electronic Microscopy (CESMI),
Universidad de Concepcidn, Chile.

The chaetotaxy was described using the terminology of Hinton
(1946) and modifications made by Stehr (1987). The pupa description
was carried out following descriptions made by Wolfe and Balcazar-
Lara (1994) who described the pupa and cocoon of C. venusta and the

directions given by Angulo and Weigert (1974) who described the pupa
of Polythysana cinerascens (Philippi, 1859).

Examined material: one adult male, two females plus their genitalia,
one pupa, one larva and eggs (fixed in 70% alcohol) were deposited at
the Museo de Zoologia Universidad de Concepcién (MZUC), Concepcién,
Chile. Two larvae (fixed in 70% alcohol) were deposited at the Laboratorio
de Interaccion Invertebrado - Planta (LinvPla), Campus San Isidro
Universidad Catélica del Maule, Curicé, Chile.

Results

Egg (Figs. 1A-F)

Eggs are 1.8 mm long and 1.6 mm in diameter. Elliptically shaped
and laterally flattened (Figs. 1A, 1B) as in C venusta, with aeropiles
distributed in a random pattern through the chorion surface (Fig. 1C).

Figure 1 Cercophana frauenfeldii egg details. (A) General view of the egg; (B) Egg side view showing a conspicuous depression; (C) Aeropiles distributed randomly across the
chorion surface; (D) Non-fertilized eggs laid by the female inside the rearing cage; (E) Fertilized egg collected from queule leaves and (F) Details of the egg after larval hatching.
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Pearly green coloured with smooth and shiny surface (Fig. 1E, 1F).
Both, colour and lateral depression, gradually change as a result of
the embryonic development turning the egg into an elliptic structure,
slightly flattened and of a translucent colour (Fig. 1D).

Larva (Figs. 2A-D)

Solitary. All four instars eruciform. Hypognatous head with five
stemmata arranged in half moon shape. Stemmata I, II, Il close to
each other and separated from stemmata IV and V (Fig. 2D), separated
from each other by setae (Fig. 2B, 2D). Antennae with three segments,
white to greenish coloured when compared to the rest of the head
(Fig. 2A). Mouthpieces with well-differentiated labrum, mandibles
and hypopharyngeal complex. Hypopharyngeal complex with conical
spinneret slightly flattened (Fig. 2C). Oval spots located in the meso and
metathorax and in abdominal segments I, II, I1I, V and VIII, ranging from
red to dark reddish in second, third and fourth instars. Their presence,
number and colouration change among specimens. Uniordinal crochets
arranged in homoidean mesoseries.

Larval instars (Figs. 3A-E)

First instar: Translucent after hatching from the egg, acquiring a
greenish colouring after feeding from the foliage. Head 1 mm wide,
yellowish-green coloured after hatching. Head with whitish setae. Body’s

maximum length 7-9 mm initially whitish turning into light green in
the dorsal area, and turquoise-green from the subdorsal towards the
ventral area. Dark reddish spots inconspicuous when present, in meso,
metathorax and abdominal segments V to VIII. White elongated setae
located in the thoracic and anal shields, pointing forward and backward
respectively. Dorsal setae distributed along the entire body. Lateral setae
present in groups of 3 with a wart-shape under the spiracles (Fig. 3A).

Second instar: Head 2 mm wide, whitish-green coloured. As in the
previous instar, disproportionately large when compared to the rest of
the body. The first dark reddish coloured spot becomes conspicuous
on the body. Body 16-20 mm long, light green to yellowish green,
similar to the first instar but with a variable number of spots on the
thoracic segments two and three; and abdominal segments five and
eight. The presence and shape of dorsal and lateral setae changes, with
small dorsal setae becoming more noticeable and visible only at high
magnification. Lateral setae forming a curtain-like structure across the
body, below the spiracle line (Fig. 3B).

Third instar: Head, 2.4 mm, whitish green coloured. Morphological
changes become evident at this instar. The head changes position, hiding
almost entirely within the prothorax. Body 23 mm long when at rest
and approximately 25 mm when moving, light green to yellowish green
coloured. Dark reddish to violaceus coloured process becomes slightly
protuberant on the metathorax. Simultaneously, a yellow line appears
laterally immediately below the spiracles and above the lateral setae.
This yellow line originates at the scolus and ends at a sharp point by
the end of the tenth abdominal segment. The long setae of the thoracic
and anal shield become brownish. Lateral setae present in groups of

Figure 2 Cercophana frauenfeldiilarva head. (A) Trisegmented Antenna (TrA); (B) Details of the mouthparts, Labrum (Lb) and Mandibles (Man). (C) Hypopharyngeal complex,

showing Maxillary Palpi (MaP) and Spinneret (Spn); and (D) Stemmata (Ste) arrangement.
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three setae located immediately under the spiracle line. The larva
retains the curtain-like setae structure covering the subventral area
of the body as the previous instar (Fig. 3C).

Fourth instar: Head approximately 4.3 mm wide, whitish green
coloured, without major morphological changes when compared

to the previous instar. Body length 50 mm when at rest; 55-60 mm
when moving actively. The thoracic dorsal setae of the previous instars
are replaced by longer black coloured and club-shaped setae. Setae
arranged as a “mane” on the thoracic shield. Scolus densely covered
with yellowish warts carrying translucent setae oriented towards the

Figure 3 Larval instars of C. frauenfeldii. (A) First instar showing long setae and lack of coloured spots. (B) Second instar, showing first spots variable in size and number. (C)
Third instar, exhibiting the first stages of the scoli on the third thoracic segment and the false eye on the second thoracic segment. (D) Fourth instar showing scoli and false eye
fully developed and the yellowish line running from the scoli to the last segment with the hypognathous head hidden within the first and second thoracic segments. (E) Larval

camouflage pattern.
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frontal area, with an oval white spot surrounded by a dark red ring,
giving the spot the appearance of a “false eye”. Lateral area sprinkled
with yellowish warts originates at the peak of the scolus, located below
the spiracles on both sides of the body ending in a sharp point by the
anal shield. Spiracles are located above this line, each surrounded by
dark red coloured spots of irregular shape (Fig. 3D). Larval camouflage
pattern exhibited by the last instar (Fig. 3E).

Chaetotaxy of the fourth instar (Fig. 4)

Prothorax: XD1,XD2,SD1,D1 and D2 present on the thoracic shield.
All setae arrange as a mane protruding forward. XD1, XD2, D1 and SD1
similar in length. D2 twice the length of D2 present in the rest of the
body. L1 unique, located before the spiracle, L2 absent. SV1 and SV2
with one bristle located above the coxa. V group absent.

Mesothorax: D2 located on the anterior margin of the segment
followed by D1 located on the opposite margin. SD1 located further
down between D1 and D2 on the subdorsal area. L group bisetose.
Spiracles absent. SV1 and SV2 following the same location as the one
observed in the prothorax. V group absent.

Metathorax: Groups D and SD absent, instead a scolus horn of Vb
type with several setae present. Groups L, SV and V as observed in the
mesothorax. Spiracles absent.

Abdomen: A1-2, D2 located on the anterior margin of the segment,
followed by D1 on the opposite margin. SD1 located further down
between D1 and D2 on the subdorsal area. Group L trisetose located
below the spiracle. L2 located before the spiracle. L1 immediately
below the spiracle and between L2 and L3. Group SV monosetous with
a single SV1. V1 present on the ventral line. A3-6: similar pattern for
groups D, SD and L as observed in A1-2, except for the presence of
SV2 on the proleg and the absence of the V group. A7-8 similar setal
pattern to D, SD and L as observed for A1-6. Spiracles larger than in
the rest of the body. SV group absent. A single seta V1 present at the
same level as the proleg. A9: just four setae present: D1, SD1, L1 and
V1. Spiracle absent. A10: D1, D2 and SD1 present on the anal shield.
L1 single, thrice the length of the rest of the L1 present on the rest of
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the body: located at the same level as the spiracles. SV1 and SV2 on
the anal proleg. Group V absent.

Pupa (Figs. 5A-D, 6A-C)

Pupa obtecta, 18 mm long and 7 mm wide. Brownish-red tegument
(Figs. 5A-D). Pectinated antennae half of the body length. Semicircular
eyes separated by the sub-quadrangular shaped clypeus-labrum, two
thirds the length of the antennae. Seven spiracles present from the
second to the eighth abdominal segment (Fig. 6B). Fourth, fifth and
sixth abdominal segments divided by a dark brownish-red band, located
below the spiracles crossing the whole segment. An orange-yellow
pleural membrane, which gives mobility to these segments, located
immediately under the brownish-red band. Opening of the ovipositor,
whose anterior border projects medially towards the eighth segment,
located in the ninth-tenth segments. The anal opening is located towards
the centre of the tenth abdominal segment (Fig. 6A). Cremaster with
a large number of hook-shaped spines located towards the end of the
abdomen (Figs. 6A-C).

Cocoon (Figs. 7A-F)

Cocoon oval shaped, 23 mm long and 11 mm wide. Light to brownish-
yellow ivory coloured, compactly built through the interlacing of silk
threads (Figs. 7E, 8F). Sealed from the outside by both poles, since it is
possible to find remains of the last exuvia when opening the cocoon.
The larva weaves the cocoon around a tree branch (Fig. 7D), sheltering
it by neighbouring leaves (Figs. 7B, 7C) or even between rocks (Fig. 7A).

Phenology (Fig. 8)

The eggs were collected between the last week of June (in Ralbtin)
and early September (in Los Queules National Reserve). On the other
hand, first instar larvae (recently hatched) were found at the end of
June. Second instar at the beginning of August and third instar larvae
between September and the beginning of November (observations

D2

T T Lk} Al-A2

Figure 4 Fourth instar Chaetotaxy of C. frauenfeldii.
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Figure 5 Pupae of C frauenfeldii. (A) Frontal view. (B) Detail of the cremaster. (C) Yellow-orange membranes of the fourth, fifth and sixth abdominal segments; and (D) pupa

inside the cocoon.

Vertex

Forelegs Labial Palps

Ceratotheca

Pterotheca 2

Genital Opening
Anal Opening

A

Figure 6 (A) Ventral, (B) Lateral and (C) Dorsal view of the female pupa of C. frauenfeldii. Modified from Angulo and Weigert (1974).

made in the locality of Ralbin). Fourth instar larvae occur from the
beginning of November to the beginning of January (observations
made in the laboratory from third instar larvae collected in the field).
In the final instar, before the ecdysis, the larva stops feeding and
moving around for a period ranging from three to seven days, when
it also produces a silk shelter where moulting occurs. The pupation
period extends from the beginning of November to March (Fig. 8).
Field observations showed that from April onwards all cocoons found
showed evidence of imago emergence (Figs 9A-D). Adults fly from
February to June.

Clypeus-Labrum

Notum

Pterotheca 2

Ptetotheca 3

Spiracles

Cremaster

B C

Distributional range (Fig. 10)

Cercophana frauenfeldii shows a wide distribution along continental
Chile, occurring from the V to the XII regions (Fig. 10). Based on our
observations and previous studies, we determined that, depending on
the geographical distribution, the flight period of C. frauenfeldiiexhibits
two different time patterns. In Central-North Chile (between the V and
VIl regions, including the Metropolitan Area), adults can be found from
February to mid-April. In Central - South Chile (between the VIII and
XII regions), adults can be found from April to June.
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Figure 7 Cercophana frauenfeldiicocoon. (A) Collected from rocky substrate at Laguna Torca National Reserve, Vichuquén, Chile. (B-D) Cocoons from larvae reared at the laboratory.
(E-F) Details of the silk thread arrangement in the cocoon.

Larva .

1

i
L]

Adult

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Figure 8 Phenology of C. frauenfeldii. Striped area of each phenology bar shows previous records. Grey coloured area of the bars represents the findings of this study.
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Figure 9 Cercophana frauenfeldiiadults emerged from laboratory rearing. (A) Recently emerged female perching on a twig and (B) Details of the wing design. (C) Recently emerged

male perching on a twig and (D) details of its wing design.
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Figure 10 Cercophana frauenfeldii distributional map of continental Chile showing
Central-North and Central-South areas (Roman numbers = Administrative regions,
MA=metropolitan area).

Host plants recorded in this study (Fig. 11)

Larvae of C. frahuenfeldii were recorded feeding on leaves of two
host plant species: Cryptocarya alba(Mol) (peumo) (Lauraceae) (Fig. 11A)
and Gomortega keule(Mol) Baillon (queule) (Gomortegaceae) (Fig. 11B).

Discussion

In this study, we described all immature stages, from egg to pupa,
of Cercophana frauenfeldii. We found that eggs of C. frauenfeldii
were individually laid on the abaxial surface of a single leaf in the
host plant. Although Lemaire and Minet (1999) indicated that in
several subfamilies of Saturniidae larvae have a gregarious behaviour,
for C. frauenfeldii we observed a solitary behaviour similar to the
larvae of the species C. venusta described by Wolfe and Balcazar-
Lara (1994). Morphologically, C. frauenfeldii larvae exhibit some
remarkable morphological differences among its four instars, such
as a prominence present from the second instar, which looks as the
metanotal protuberance mentioned by Wolfe and Balcazar-Lara (1994)
for C venusta. In C. frauenfeldii, however, such structure is present
only in the first instar and evolving into a type Vb scolus, derived
from warts (Deml and Dettner, 2002), in the second instar showing
a conspicuous structure in the third instar, and acquiring a “horn”
shaped structure in the fourth instar. The pupa of C. frauenfeldii,
on the other hand, shows many morphological similarities to those
described for the pupa of C. venustaand pupae of species of the genus
Polythysana (Wolfe and Balcazar-Lara, 1994; Angulo et al., 2004).

Regarding its phenology, we extended the presence of larvae of all
instars, which were originally described to occur from November to
mid-December (Butler, 1882; Barlett-Calvert, 1894; Ureta, 1944), to June
until the end of January. We also reported for the first time the pupation
period to occur from November to the end of March. Furthermore,
we found that the flight period depends on its geographical location,
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Figure 11 Larvae of C frauenfeldii occurring on two host plants. (A) Last instar larva feeding on Cryptocarya alba (peumo). (B) Second instar larva feeding on Gomortega keule

(queule) leaves.

spanning from February to mid-April in Central-North Chile, and mid-
April (as reported in Butler, 1882; Barlett-Calvert, 1894; Ureta, 1944;
Artigas, 1994; Angulo et al., 2004; Rebolledo et al., 2006) to mid-June
(as reported in this study) in Central-South Chile.

In relation to its distributional range, we summarise in this article
all the information available so far about the species distribution. We
indicate, for example, that the report made by Zuiiiga-Reinoso and
Sepulveda (2016) of a parasitized larva of C. frauenfeldiioccurring at the
Omora Ethnobotanical Park in Magallanes, confirms previous reports
made by Ureta (1944), validated by Artigas (1994) and Angulo et al.
(2004), who proposed a distributional range between Valparaiso and
Tierra del Fuego (in the XII Region).

In regards to its host plants, we add G. keule as a new host plant
for the larval stage of C frauenfeldii, which has also been recorded
in Cryptocarya alba (Mol.) (peumo) by Butler (1882) and on buds of
Beilschmiedia miersii(Gay) (the northern acorn) by Barlett-Calvert (1894).
Furthermore, Artigas (1994) mentions that larvae of C, frauenfeldiican
defoliate Persea americana (Mill.) (common avocado tree), which was
in turn also confirmed by Angulo et al. (2004), although in the case of
Beilschmiedia miersii this should be carefully considered as no other
observations have been made so far. Also, the record of C. frauenfeldii
feeding on Drymis winteri].R. Forst. and G. Forst (winter’s bark or canelo)
made by Zaiiga-Reinoso and Sepilveda (2016) makes it possible to
consider D. winteri as the first non-Laurales species of host plant ever
recorded for C. frauenfeldii. In this regard, all five recorded host plant
species are aromatic trees phylogenetically placed in the Magnoliid
clade, a basal lineage of the angiosperms (Endress and Igersheim,
2000). Three hosts belong to the Lauraceae family: C. alba, B. miersii
and P, americana, the latter being the only non-native host recorded
so far. These three species, along with G. keule (Gomortegaceae),
belong to Laurales.

Another remarkable feature of C. frauenfeldiiis the colouration
pattern observed on the dorsal area, which resembles that of a
damaged leaf of G. keule (Fig. 3E). This interesting feature should
be carefully explored in the future as it could represent a case of,
for instance, the ‘reduction in camouflage’ hypothesis proposed
by Koski et al. (2017), which states that changes in leaf colour
caused by the herbivore can increase its conspicuousness and the
risk of being detected by predators. In the case of this species, this
could be crucial to understand its life cycle and survival strategies
(Gunnarsson et al., 2018).

Conclusions

This study contributes to advancing the knowledge of the immature
stages of C. frauenfeldii. Furthermore, the paper also unifies scattered
knowledge about its phenology, distributional range and host plants,
which becomes crucial to understanding the relationship of the species
with its environment. Of particular interest is the presence of this
saturnid on the host G. keule, since few insects have been consistently
observed to feed on this endangered tree that is endemic to the Central-
South coast of Chile. Future research should investigate the relation of
C. frauenfeldii with its special set of primitive angiosperm host trees.
The conservation of these organisms becomes particularly relevant since
their habitat occurs in a global biodiversity hotspot (Myers et al., 2000).
Hence, the temperate forests of southern South America in Chile and
Argentina are part of insufficiently known ecosystems, where species
such as the one studied here face severe threats posed by forestry and
agricultural activities, urban expansion and climatic change.
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