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A B S T R A C T

Macaria kruegeri Vargas, Hausmann & Parra sp. nov. is described and illustrated based on adults reared from larvae 
collected on the shrub Adesmia spinosissima Meyen (Fabaceae) at about 3200 m elevation in the Andes of northern 
Chile. Macaria kruegeri resembles Macaria alba (Bartlett-Calvert, 1893), described from southern Chile. However, 
the two species can be accurately separated based on subtle differences in wing pattern and the shape of the 
valvula of the male genitalia. In addition, there is a DNA barcode divergence (COI gene) of 4.9% between both taxa.
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Macaria Curtis, 1826 (Lepidoptera: Geometridae: Ennominae: 
Macariini) is a mainly New World moth genus also represented in the 
Palearctic region (Krüger, 2001; Scoble and Krüger, 2002). Seventy six 
species were listed from the Neotropics (Pitkin, 2002), with only one 
species having been added later on (Vargas et al., 2005).

Two species of Macaria have been recorded from Chile (Bartlett‑Calvert, 
1893a, 1893b; Vargas  et  al., 2005). Macaria mirthae Vargas, Parra 
& Hausmann, 2005 was described from the Atacama Desert, in the 
northernmost part of the country; its larvae feed on leaves of at least 
four Fabaceae trees and shrubs, including native species and the 
invasive Leucaena leucocephala (Vargas & Mundaca, 2014). Macaria alba 
(Bartlett‑Calvert, 1893a, 1893b) was described from southern Chile, with 
type locality in Araucanía. It was also recorded in Argentina and Bolivia 
(Scoble and Krüger, 2002); its host plants remain unknown. Although 
intrageneric phylogenetic relationships of the species of Macaria have 
been not explored in detail, the morphology of M. mirthae suggests 

relationships with the widespread Neotropical Macaria abydata Guenée, 
[1858] (Vargas et al., 2005). In contrast, M. alba has a distinctive wing 
pattern (Scoble and Krüger, 2002) and no closely related species have 
been mentioned.

In addition to the two species recorded in Chile, adults of Macaria 
with a wing pattern reminiscent of that of M. alba were recently reared 
from larvae collected on a native shrub in the Andes of the northern 
part of the country. Morphological examination of their genitalia and 
analysis of DNA barcode sequences (sensu Hebert et al., 2003) revealed 
that the specimens of northern Chile represent a new species for which 
the description is provided below.

Material and Methods

Sampling, rearing and morphological observations

The sampling site (18°21’26”S; 69°37’28”W) is at about 3200 m 
elevation on the western slopes of the Andes of northern Chile, about 
4 km western Zapahuira village, Parinacota Province. It is characterized 
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by a tropical xeric bioclimate with seasonal rains between December 
and March (Luebert and Pliscoff, 2006). Four larvae were collected on 
Adesmia spinosissima Meyen (Fabaceae) in July 2018. The collected 
larvae were placed in individual plastic vials with towel paper at bottom 
and pieces of A. spinosissima shoots with leaves as food. The vials were 
brought to the laboratory, where these were periodically cleaned and 
fresh pieces of the plant were provided until the larvae finished feeding. 
The pupae were kept in the vials until adult emergence. Mounting of 
the adults was performed following standard procedures. The legs of 
the holotype were removed before mounting and kept in 95% ethanol at 
-20°C until DNA extraction. Genitalia dissection follows the procedures 
described in Vargas (2019). A Sony CyberShot DSC-HX200V digital camera 
attached to a Leica M125 stereomicroscope and a Micropublisher 3.3 
RTV-QImaging digital camera attached to an Olympus BX51 were used 
to capture the images.

DNA extraction and analysis

Genomic DNA was extracted from the legs of one adult by staff of 
the “Laboratorio de Biología Molecular de Plantas” (Facultad de Ciencias 
Agronómicas, Universidad de Tarapacá, Arica, Chile) following the 
procedures described in Huanca-Mamani et al. (2015). DNA purification, 
PCR amplification and sequencing of the barcode fragment with the 
primers LCO-1490 and HCO-2198 (Folmer et al., 1994) were performed in 
Macrogen Inc. (Seoul, South Korea) following the PCR program described 
in Escobar-Suárez et al. (2017). The obtained sequence information was 
deposited in the Barcode of Life Data Systems (BOLD: Ratnasingham 
and Hebert, 2007). Its  divergence from two sequences of M. alba 
(downloaded from BOLD) was assessed using the Kimura 2-parameter 
(K2P) approach in the software MEGA6 (Tamura et al., 2013).

Abbreviations of institutional collections

MNNC Museo Nacional de Historia Natural de Santiago, Santiago, Chile
IDEA Colección Entomológica de la Universidad de Tarapacá, Arica, Chile

Results

Macaria kruegeri Vargas, Hausmann & Parra sp. nov.
urn:lsid:zoobank.org:act:C810E577-19D5-4D62-BE4D-33DD5B87B7DC
(Fig. 1)
Type material. HOLOTYPE, male, CHILE: Zapahuira, Parinacota, 

Chile, emerged August 2018, H.A. Vargas coll, ex-larva Adesmia 
spinosissima, July 2018, genitalia slide HAV-1340 (MNNC). BOLD 
specimen page BC ZSM Lep add 00229. Type locality: 18°21’26”S; 
69°37’28”W.

Paratypes. One female, same data as holotype, genitalia slide 
HAV-1246 (MNNC). Two males, same data as holotype, genitalia slides 
HAV-1196, HAV-1245 (IDEA).

DNA

One sequence of DNA barcode of 658 bp was obtained from the 
holotype (BOLD specimen page BC ZSM Lep add 00229). Genetic 
divergence from M. alba (567/633 bp; BOLD specimen pages BC ZSM 
Lep 07756/105148) was found to be 4.9% K2P.

Diagnosis

The wing pattern and male genitalia of M. kruegeri resemble those 
of M. alba, described from southern Chile. However, the two species 
can be accurately separated. The wings are mainly whitish grey in 
M. kruegeri (Fig. 1A-B), while the wings of M. alba are mainly yellowish 

white (see Macaria alba page at http://www.boldsystems.org/). The apex 
of the valvula reaches the ventral margin of the sacculus in M. kruegeri 
(Fig. 1C), while it does not reach the apex of the sacculus in M. alba.

Male (Figs. 1A-E)

Forewing length 14.5–16.1 mm (n = 3).
Head. Vertex dark brown; frons dark brown centrally with a few 

creamy white scales scattered, sides yellowish white. Antenna filiform; 
scape and pedicel mainly light brown with creamy white scales 
scattered; flagellum dorsally mainly yellowish white, distal half with 
scattered dark brown scales, ventrally ciliate. Labial palpus with light 
brown first and second segments and a few scattered yellowish white 
scales; third segment light brown ventrally, yellowish white dorsally.

Thorax. Whitish grey and greyish brown scales intermixed. Legs 
mainly concolorous with thorax; tarsus yellowish white; tibial spurs 
yellowish white. Forewing upperside whitish grey with a few scattered 
greyish brown scales mainly concentrated close to costal margin; 
a short greyish brown stripe arising from close to distal fourth of costa; 
coloration of underside similar but with more abundant greyish brown 
scales near apex. Hindwing upperside mainly whitish grey with a few 
scattered dark brown scales; basal two thirds of wing underside with 
whitish grey and greyish brown scales intermixed, a slightly differentiated 
whitish grey postmedial line, distal third mainly greyish brown with 
scattered whitish grey scales.

Abdomen. Whitish grey and greyish brown scales intermixed. 
Sternum A8 with deeply U-shaped cleft on posterior margin (Fig. 1E).

Male genitalia (Figs. 1C, 1D). Tegumen with deep cleft on middle 
of anterior margin, a depressed posterior projection at centre. Uncus 
depressed, sub-triangular with fine setae, two weak horns dorsally 
near apex, apex slightly concave. Gnathos with conical posterior 
process at centre. Saccus narrow, U-shaped. Juxta somewhat ellipsoid, 
ventral margin excavated at centre, dorsal margin slightly expanded 
dorsad. Valva with costa about two times length and half width of 
sacculus, medial surface of the free part with fine setae, distal half 
of the free part slightly taller, apex rounded; sacculus somewhat 
ellipsoid; valvula as a narrow ridge along the dorsal and distal margins 
of sacculus, its round apex reaches the ventral margin of the sacculus. 
Aedeagus cylindrical, length similar to that of costa, a small lateral 
process near distal fourth.

Female

Forewing length 14.2 mm (n = 1).
Similar to male but antennae not ciliate ventrally and sternum A8 

not modified like in male.
Female genitalia (Fig. 1F).
Papillae anales lobous, covered with long, fine setae. Apophyses 

posteriores rod-shaped, about 2.5 times length of papillae anales. 
Apophyses anteriores similar in shape to apophyses posteriores, length 
similar to that of papillae anales. Lamella antevaginalis developed as a 
transversal stripe posteriorly projecting at centre concealing the ostium 
bursae. Antrum cylindrical, postero-ventral margin posteriorly broadened. 
Corpus bursae slightly sclerotized, striated. Ductus seminalis arising 
on the right side of posterior end. Corpus bursae ovoid, membranous, 
without signa.

Geographic distribution

Macaria kruegeri is known only from the type locality (Figure 2A), 
in the surroundings of Zapahuira village, at about 3200 m elevation in 
the Andes of the Parinacota Province, northern Chile.
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Figure 1. The adult stage of Macaria kruegeri sp. nov. A) Holotype male in dorsal view. B) Holotype male in ventral view. C) Male genitalia in ventral view, aedeagus removed. 
D) Aedeagus in lateral view. E) Sternum VIII in ventral view. F) Female genitalia in ventral view. Scale bars 2, 2, 0.2, 0.2, 0.2, 0.2 mm, respectively.
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Host plant

Based on rearing observation and feeding records the larvae of M. 
kruegeri feed on leaves of the native shrub Adesmia spinosissima (Fig. 2B).

Etymology

The name of the species is dedicated to the memory of Dr. Martin 
Krüger (Pretoria, South Africa), founding member of the Forum 
Herbulot research initiative, as an acknowledgement to his outstanding 

Figure 2. Habitat and host plant of Macaria kruegeri sp. nov. A) Habitat in the type locality at about 3200 m elevation near Zapahuira village, Parinacota Province, Chile. B) The 
host plant, Adesmia spinosissima Meyen (Fabaceae) in the type locality.

contribution to the systematics of Lepidoptera, especially for his studies 
on Geometridae.

Discussion

A wide range of plants are known as hosts of Macaria, including 
coniferous and dicotyledonous plants (Scoble and Krüger, 2002). The host 
plants of the Neotropical species of the genus remain poorly known. 
Besides of the above mentioned host plant records of M. mirthae, whose 
larvae feed on Fabaceae, Osorio (2005) recorded larvae of Macaria 
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abydata Guenée, [1858] feeding on two species of Stryphnodendron 
(Fabaceae), Marconato et al. (2008) described feeding of Erythroxylum 
microphyllum St.- Hilaire (Erythroxylaceae) by larvae of Macaria regulata 
(Fabricius, 1775), Geraldo (2011) reported Macaria rigidata Guenée, 
[1858] feeding on Jacaranda mimosifolia D. Don (Bignoniaceae) and 
Sousa-Lopes  et  al. (2016) found Macaria sp. on Mimosa setosa var. 
paludosa (Benth.) Barneby (Fabaceae). The larvae of M. kruegeri have 
been found only on Adesmia spinosissima, despite they were also 
searched for on two other congeneric shrubs in the neighborhood of the 
study site: A. atacamensis Phil. and A. verrucosa Meyen, suggesting a 
certain specificity in the host use by this moth. However, further studies 
are needed to understand better the host plant range of M. kruegeri. 
In addition, although M. kruegeri is only known from the type locality, 
surveys along the geographic range of A. spinosissima on the western 
slopes of the Andes of southern Peru and northern Chile (MacBride, 
1943; Gatica-Castro et al., 2015) could be helpful to better characterize 
the geographic range of the moth.

Macaria kruegeri is the third species of the genus described from 
Chile and the second one from the arid environments of the northern 
part of this country. Macaria mirthae, the only other representative 
of the genus in the north, is easily differentiated from M. kruegeri 
based on wing pattern, shape of male sternum A8, on the presence of 
a sclerotized sinuous longitudinal stripe with a lobe at the sacculus 
apex of male genitalia, and on a well-developed signum in the female 
genitalia (Vargas  et  al., 2005). In addition, the minimum pairwise 
divergence between DNA barcode sequences of M. kruegeri and 
M. mirthae was found to be 12.9% K2P (BOLD accession GBGL17228‑15). 
Accordingly, morphology and DNA barcodes suggest that these two 
species are distantly related, probably belonging to different lineages 
within Macaria. In contrast, the remarkably similar morphology and 
the smaller genetic divergence, suggest a near relationship between 
M. kruegeri and M. alba. The genetic divergence between M. kruegeri 
and M. alba is well above the DNA barcode divergence recorded for 
morphologically close species of Geometridae (Hausmann et al., 2009; 
Skou et al., 2017; Müller, 2018) warranting recognition of the two as 
different species. However, as only DNA barcodes of three specimens 
were compared, additional sequences are needed for a better assessment 
of the genetic divergence between the two species.

The wing pattern of M. alba has been described as distinctive 
among the representatives of the genus (Scoble and Krüger, 2002). 
In addition, a wide geographic range has been recognized for M. alba, 
including localities from east (Argentina and Bolivia) and west (Chile) 
sides of the Andes (Scoble and Krüger, 2002). However, the detection 
of M. kruegeri and the extremely subtle morphological differentiation 
among these two species suggest that records of M. alba away the 
type locality require further confirmation based on morphology and 
DNA sequence analysis, especially in cases involving localities on the 
eastern slopes of the Andes. Dey et al. (2019) described four cases of 
high intraspecific DNA barcode divergence between geometrid moths 
collected in eastern and western Himalaya, India, and suggested that 
further in-depth taxonomic studies should be needed. The type localities 
of M. kruegeri and M. alba are separated by more than 2000 km and 
between them there are a considerable diversity of environments 
characterized by distinctive vegetation (Luebert and Pliscoff, 2006). 
Certainly, sampling throughout this area would be helpful to assess 
the taxonomic diversity of Macaria in Chile.
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