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Abstract
Neocardiochiles Szépligeti, 1908, is a rare Neotropical genus of the subfamily Cardiochilinae Ashmead, 
1900. The genus was previously synonymized with Heteropteron Brullé, 1846 by Dangerfield et al. 
(1999). In this study, we examined multiple specimens of Heteropteron-related genera: Heteropteron, 
Neocardiochiles, and Wesmaelella Spinola, 1851, and resurrect Neocardiochiles as a valid genus based on 
morphological data. As a result, five new species, N. alexeyi Kang, sp. nov. from Ecuador, N. franki 
Kang, sp. nov. from Costa Rica, N. braeti Kang, sp. nov., N. chriscarltoni Kang, sp. nov., and N. victoriae 
Kang, sp. nov., from French Guiana are included as members of Neocardiochiles and described based 
on morphological and molecular data. Additionally, four species previously included in Heteropteron are 
transferred to Neocardiochiles: Neocardiochiles fasciipennis Szépligeti, 1908, comb. nov., Neocardiochiles 
hasegawai (Dabek & Whitfield, 2020) comb. nov., Neocardiochiles kidonoi (Dabek & Whitfield, 2020), 
comb. nov., and Neocardiochiles whitfieldi (Mercado, 2003), comb. nov.. Diagnosis of each taxon and 
both traditional and interactive identification keys to Neocardiochiles species are included. Molecular 
data of N. alexeyi sp. nov., N. chriscarltoni sp. nov., N. victoriae sp. nov., and N. hasegawaii (Dabek & 
Whitfield, 2020), are also provided.
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Introduction

Members of the cardiochiline genera, Heteropteron Brullé, 1846, Neocardiochiles 
Szépligeti, 1908 and Wesmaelella Spinola, 1851 are rarely-collected braconid wasps 
in the Neotropical region, which possess a relatively large body size (6.5–13  mm). 
These three genera have been treated as the most plesiotypic members of the 
Cardiochilinae Ashmead, 1900 based on morphological characters (Dangerfield et al. 
1999). Heteropteron was confirmed as an early-diverging genus based on molecular 
data (Murphy et al. 2008). Prior to the current publication, only seven species were 
recorded from the three genera, including two recently described species: N. hasegawai 
(Dabek & Whitfield, 2020), comb. nov. and N. kidonoi (Dabek & Whitfield, 2020), 
comb. nov.. Detailed biological information for these two species was collected by 
Drs Daniel Janzen and Winnie Hallwachs and their team members at the Area de 
Conservación Guanacaste (ACG) (Dabek et al. 2020).

Despite the rarity of the specimens of the three genera in museum collections, 
their relationships have been frequently discussed and have fluctuated even in recent 
decades (Dabek et al. 2020). All three genera were considered valid by Whitfield and 
Dangerfield (1997), but Dangerfield et al. (1999) later subsumed Neocardiochiles and 
Wesmaelella into Heteropteron. Mercado and Wharton (2003) partly agreed with these 
synonymies, resurrecting Wesmaelella as a valid genus while retaining Neocardiochiles as 
a junior synonym of Heteropteron based on wing venation. Papp (2014) and Dabek et 
al. (2020) further validated separation of Heteropteron and Wesmaelella before the cur-
rent study. Herein, we resurrect Neocardiochiles as a valid genus based on a morphologi-
cal analysis of previously recorded and new species. In addition, both traditional and 
interactive keys to species of Neocardiochiles are given for identification, and molecular 
data for four species of Neocardiochiles are included.

Materials and methods

Specimen information

The type specimens of recorded species for this work were borrowed from the Hungar-
ian Natural History Museum (HMNH; Budapest, Hungary), and a type specimen 
of N. whitfieldi (Mercado, 2003), comb. nov. was examined at the Texas A&M Uni-
versity Insect Collection (TAMU; College Station, Texas, USA) by the first author. 
Two non-type specimens of N. kidonoi and N. hasegawai reared at ACG were also 
included and examined. Other specimens were provided by the Hymenoptera Insti-
tute (HIC; 116 Franklin Ave., Redlands, California, USA), Illinois Natural History 
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Survey (INHS; Champaign, Illinois, USA), University of Wyoming Insects Museum, 
(Laramie, Wyoming, USA), and Mr Yves Braet’s private collection. Holotypes of new 
species will be deposited in Canadian National Collection of Insects (CNC; Otta-
wa, Ontario, Canada), UWIM, and the Royal Belgian Institute of Natural Sciences 
(RBINS; Brussels, Belgium).

Morphological analyses

A Leica MZ75 stereomicroscope was used to examine specimens. The morphological 
terms are mostly based on Dangerfield et al. (1999) and Sharkey and Wharton (1997). 
Terms for sculpturing follow Harris (1979). The following acronyms are used through-
out: POL (distance between posterior ocelli), T1 (first metasomal tergum), T2 (second 
metasomal tergum), and T3 (third metasomal tergum). Color images were taken using 
a Visionary Digital BK Plus imaging system (Dun, Inc.) equipped with a Canon EOS 
5DS DSLR. Captured images were stacked via Zerene Stacker v.1.04 (Zerene Systems 
LLC.), and stacked images were edited in Adobe Photoshop CS 6 and Photoshop 
CC 2022 v. 23.0 (Adobe Systems, Inc). Image plates were produced using Photoshop 
CC 2022 v. 23.0. Using the Atlas of Living Australia (ALA) version of DELTA Edi-
tor (Open DELTA 1.02 beta) (Dallwitz et al. 1999), morphological characters of the 
members of Neocardiochiles were recorded, and an interactive key was generated. The 
interactive key was tested using Intkey (Dallwitz et al. 2000). Morphometric characters 
were measured via the same Adobe software. The numbers in parentheses in species 
descriptions indicate the actual size of body parts, and the unit of length is mm.

Molecular analyses

DNA was extracted from one to two legs of each specimen using the DNeasy Blood 
and Tissue Kit (QIAGEN, Hilden, Germany). Mitochondrial 16S rRNA (16S), and 
nuclear 28S rRNA (28S) genes were targeted and amplified using the primers listed 
in Table 1. PCR reaction volumes were 25 ul containing 12.5 ul of DreamTaq Green 
PCR Master Mix (2X) (Thermo Scientific), 1–2 ul of template genomic DNA, 9.5 ul 
of ddH2O, and 1.0 ul of each primer at 5–10 uM. PCR conditions were 95 °C for 
3 min; 40 cycles of 95 °C for 30 s, 50 °C for 30 s and 72 °C for 1 min; and a final exten-
sion at 72 °C for 7 min for 16S. For 28S, we followed Smith et al. (2008), but reduced 
the cycle number from 35 to 30. PCR products were visualized on a 1.8–2.0% agarose 
gel to confirm the success of amplification. PCR products were initially cleaned by a 
EtOH clean-up method and sequenced on the 3130xl Genetic Analyzers (Applied 

Table 1. Information for genes and primers used in the current study.

Target genes Primer sequences (5’→3’) References
16S rRNA cacctgtttatcaaaaacat (F) Dowton and Austin (1994) 

cttaattcaacatcgaggtc (R) Chen et al. (2006)
28S rRNA agagagagttcaagagtacgtg (F) Belshaw and Quicke (1997)

ttggtccgtgtttcaagacgg (R) Campbell et al. (2000)
tagttcaccatctttcgggtc (R) Belshaw et al. (2001)
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Biosystems) using the BigDye Terminator v1.1 chemistry (Applied Biosystems) at the 
LSU Genomics Facility. DNA assembly and sequence editing were conducted using 
Geneious Prime 2021.2 (https://www.geneious.com). Edited sequences of 16S and 
28S were aligned using MUltiple Sequence Comparison (MUSCLE) (Edgar 2004) 
on the website of EMBL’s European Bioinformatics Institute (https://www.ebi.ac.uk/
Tools/msa/muscle/) (Madeira et al. 2019) with a default setting. Genetic distances 
were estimated using MEGA11 (Tamura et al. 2021). The estimates were performed 
with a Kimura-2-parameter model (K2P) with pairwise deletion for the gaps/missing 
data treatment.

Phylogenetic analyses

Morphological data

Thirty-nine morphological characters for ten Neocardiochiles species were selected and 
included in the phylogenetic analysis (Table 2). Ten characters (as indicated in the 
table) were based on or modified from Dangerfield et al. (1999). Additionally, 29 new 
informative characters were discovered and included in the analysis. Characters were 
coded from females except for N. whitfieldi (Mercado, 2003), comb. nov., which is 
known only from a male specimen. Among 39 characters, 32 characters were coded 
as binary states and seven were coded as multistate characters (Table 2). To reduce 
errors in the parsimony analysis, continuous characters were coded as discrete binary 
or multistates. The character matrix for a phylogenetic analysis was prepared using 
Mesquite version 3.70 (Maddison and Maddison 2021). In the matrix ‘?’ indicates 
character states that were not coded because those characters were absent on specimens 
(Suppl. material 4). Using this matrix, a maximum parsimony (MP) analysis was per-
formed using PAUP* (Swofford 2021). Heuristic searches were conducted via multiple 
TBR + TBR hold. All character states were unweighted and unordered. The tree was 
rooted using Protomicroplitis calliptera (Say, 1836) (Braconidae: Microgastrinae) as the 
outgroup. A list of apomorphic characters was produced using PAUP* and mapped on 
the MP phylogeny using Adobe Acrobat Pro DC (Adobe Systems, Inc) (Fig. 1).

Molecular data

Maximum likelihood analysis (ML) was conducted using MEGA11 (Tamura et al. 
2021). For 16S, the analysis was conducted using the General Time Reversible (GTR) 
model (Nei and Kumar 2000). Bootstrapping was not conducted because only three 
species were included in the analysis. For 28S, the ML was performed using the 
Hasegawa-Kishino-Yano model (HKY) with 1,000 bootstrap replicates (Hasegawa et 
al. 1985). The substitution models were selected using ModelTest-NG (Darriba et al. 
2020) on raxmlGUI 2.0 (Edler et al. 2021). All phylogenetic trees were rooted with 
Protomicroplitis calliptera as outgroup (GenBank Accesion Numbers: ON023818.1 
(16S) and ON040756.1 (28S)) and edited via MEGA11 and Adobe Acrobat Pro DC 
(Adobe Systems, Inc).

https://www.geneious.com
https://www.ebi.ac.uk/Tools/msa/muscle/
https://www.ebi.ac.uk/Tools/msa/muscle/
http://www.ncbi.nlm.nih.gov/nuccore/ON023818.1
http://www.ncbi.nlm.nih.gov/nuccore/ON040756.1
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Results and discussion

Generic relationships and character discussion (Fig. 1)

The Maximum Parsimony (MP) phylogenetic analysis based on morphological char-
acters was conducted due to the issues with Heteropteron and Wesmaelella specimens 
mentioned above, and the limited molecular data obtained from only a few specimens 
of Neocardiochiles. In the MP consensus tree, Protomicroplitis was set as outgroup, and 

Table 2. List of characters and character states used in the data matrix.

Number Characters Character states
1 Y-shaped suture on frons absent = 1; present = 2
2 POD broad = 1; narrow = 2
3 Malar space width as long as basal width of mandible = 1; shorter than basal width of mandible = 2
4* Mouthparts length short = 1; elongate = 2
5 3rd maxillary palpi shape moderately swollen apically in lateral view = 1; strongly swollen apically in lateral 

view = 2
6 Scutellar sulcus shape transversely straight = 1; transversely curved = 2
7 Scutellar sulcus depth shallow and evenly impressed = 1; medially shallow, laterally deep = 2
8 Scutellum length longer than basal width of scutellum = 1; shorter than basal width of scutellum 

= 2
9 Metascutellum length long = 1; short = 2
10 Posterior margin of axilla meeting lateral margin of scutellum with narrow angle = 1; meeting lateral 

margin of scutellum with broad angle = 2
11 Pronotal carina absent = 1; present = 2
12 Episternal scrobe apparent = 1; weakly impressed = 2
13 Ventral margin of metapleuron without carinate margin = 1; anteriorly carinate = 2; entirely carinate = 3
14* Median longitudinal furrow on propodeum absent = 1; present = 2
15 Curved submedial carina on propodeum absent = 1; present posteriorly = 2
16 Lateral margin of propodeum absent = 1; carinate = 2
17* Fore wing 1r present = 1; absent = 2
18 Fore wing 2RS shape angled = 1; basally weakly curved = 2; straight = 3
19* Fore wing 3RSb broken basally = 1; evenly present = 2
20 Fore wing (RS+M)b length shorter than m-cu = 1; longer than m-cu = 2
21 Fore wing (RS+M)b angle meeting 2M with ~140° = 1; meeting 2M with 180° = 2 
22 Fore wing RS2 present as basal stump = 1; absent = 2
23 Fore wing r-m length 0.5 × longer than height of second submarginal cell = 1; 0.3 × longer than height 

of second submarginal cell = 2; as long as height of second submarginal cell = 3
24 Fore wing 1cu-a origin arising from middle of 1CU = 1; arising from basal fourth of 1CU = 2
25* Fore wing 1a absent = 1; present = 2
26 Hind wing M+CU length slightly longer than 1M = 1; shorter than 1M = 2; as long as 1M = 3
27 Hind wing cu-a length as long as 1M = 1; shorter than 1M = 2
28* Hind wing 2-1A length reaching at basal half = 1; not reaching at basal half = 2
29 Second tarsomere of fore leg length shorter than fifth tarsomere = 1; as long as fifth tarsomere = 2
30 Second tarsomere of middle leg length shorter than combined length of third and fourth tarsomeres = 1; longer than 

combined length of third and fourth tarsomeres = 2
31 Basal spur on hind tibia length ~0.33 × longer than hind basitarsus = 1; ≥ 0.40 × longer than hind basitarsus = 2
32* Tarsal claws Simple = 1; pectinate = 2
33* T1 ratio ≤ 1.70 × = 1; ≥ 2.0 × = 2
34 First laterotergite weakly curved posteriorly = 1 strongly curved posteriorly = 2
35 Spiracle of first laterotergite touching dorsal margin of first laterotergite = 1; located near median = 2
36 Spiracle of second laterotergite close to anterior margin, but not touching = 1; located near median = 2
37* Ovipositor sheath length longer than hind femur = 1; shorter than hind femur; unknown = ?
38 Ovipositor sheath shape ventro-apically round = 1; ventro-apically pointed = 2; unknown=?
39* Median longitudinal fold on hypopygium absent = 1; present = 2; unknown = ?

* Characters are based on or modified from Dangerfield et al. (1999)
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all the three ingroup genera are recovered as monophyletic groups. Based on the re-
sults, we resurrect Neocardiochiles to the generic level. A clade including Wesmaelella 
represented by Wesmaelella nigripennis (Szépligeti, 1902) was supported by eight syna-
pomorphies (10-1; 13-2; 17-1; 20-1; 22-1; 33-1; 35-1; 36-1) and one homoplastic 
character (24-1) and recovered as the most plesiotypic member. 1r on fore wing (17-
1) and RS2 (22-1) are easily observable characters to distinguish Wesmaelella from 
the members of Heteropteron and Neocardiochiles. A clade containing Heteropteron and 
Neocardiochiles were supported by six synapomorphies (1-2; 2-2; 21-2; 23-2; 25-2; 26-
2) and five homoplastic characters (6-2 7-2 12-2 18-2 27-2). Three synapomorphies 
(13-1; 29-2; 30-2) and two homoplastic characters (19-2; 37-1) supported a clade 
with Heteropteron represented by the undescribed species. All the three unambiguous 
synapomorphies along with the ovipositor character (37-1; note: the undescribed spe-
cies of Heteropteron possess a distinctively longer and more sinuate ovipositor than the 
members of Wesmaelella and Neocardiochiles) are easily visible diagnostic characters to 
identify Heteropteron. A clade including nine species of Neocardiochiles was support-
ed by six synapomorphies (5-2; 8-2; 14-2; 15-2; 32-2; 34-2) and seven homoplastic 
characters (3-2; 9-2; 11-2; 16-2; 18-3; 28-2; 31-2) (Fig.1). Among six unambigu-
ous synapomorphies of Neocardiochiles, the presence of a median longitudinal furrow 

Figure 1. Maximum Parsimony (MP) phylogeny based on morphological data indicating the relation-
ships of Heteropteron, Neocardiochiles and Wesmaelella. Protomicroplitis calliptera (Hymenoptera: Braconi-
dae: Microgastrinae) is included as the outgroup. Synapomorphies are mapped on the phylogeny. Black 
bars indicate non-homoplastic characters, and white bars represent homoplastic characters. Characters are 
listed above bars, and character states are indicated below bars.
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on the propodeum (14-2) and pectinate claws (32-2) are easily observable diagnostic 
characters to distinguish the Neocardiochiles members from members of Wesmaelella 
and Heteropteron. Regarding species relationships displayed by the phylogeny (Fig. 1), 
some Neocardiochiles species were not clearly delimited because we excluded characters 
only informative at the species-level due to the main purpose of the phylogeny (con-
firming the genus-level relationships). However, species of Neocardiochiles can be easily 
delimited by additional morphological characters and molecular data included below.

Molecular data

We did not attempt to obtain molecular data from Heteropteron and Wesmaelella 
specimens because they were collected in the early 1900s and/or were type specimens. 
Neocardiochiles specimens collected from late 1990s to early 2010s were used to 
obtain molecular data. Among nine species of Neocardiochiles, 16S sequences of two 
species, N. chriscarltoni sp. nov. and N. victoriae sp. nov., and 28S sequences of three 
species, N. alexeyi sp. nov., N. hasegawai comb. nov., and N. victoriae sp. nov., were 
obtained. Unfortunately, attempts to obtain DNA sequences from the other five species 
of Neocardiochiles failed. In the genetic distance analyses and maximum likelihood 
analyses, ~465 bp of 16S sequences and ~420 bp of 28S sequences were utilized as 
the final dataset, respectively. The length of 28S sequences used in the analysis was 
shorter than our target length because only the forward strand of N. hasegawai was 
successfully obtained. Interspecific genetic distance between N. chriscarltoni sp. nov. 
and N. victoriae sp. nov. was 12.1% for 16S (Table 3). For 28S sequences, the distances 
ranged from 1.3% to 1.5% (Table 4). As shown in the results, 28S interspecific genetic 
distances between species were much lower than 16S, indicating confirmation of species 
boundaries based on 28S sequences would be more difficult. 16S sequences exhibited 
high interspecific genetic distances but mitochondrial cytochrome c oxidase subunit I 
(COI) barcodes obtained using universally known markers (Folmer et al. 1994; Hebert 
et al. 2004) may be more useful to delimit Neocardiochiles species than 16S as confirmed 
in many other braconid studies (Smith et al. 2008; Smith et al. 2012; Fernandez-Triana 
et al. 2014; Kang et al. 2017; Fernandez-Triana et al. 2019; Meierotto et al. 2019; 
Fagan-Jeffries and Austin 2020; Sharkey et al. 2021a, b; Slater‐Baker et al. 2022). Two 
single gene trees (See Suppl. material 1: Maximum likelihood (ML) phylogeny based 
on 16S data and Suppl. material 2: Maximum likelihood (ML) phylogeny based on 
28S data) were constructed, and the ML phylogeny based on 28S (See Suppl. material 
2: Maximum likelihood (ML) phylogeny based on 28S data) was congruent with the 
morphology-based phylogeny (Fig. 1) in confirming a relatively early-diverging position 
for N. alexeyi despite the small number of sequenced taxa (Suppl. material 2).

Table 3. Estimates of genetic distances between 16S sequences.

N. chriscarltoni sp. nov. N. victoriae sp. nov. P. calliptera (outgroup)
N. chriscarltoni sp. nov. 0
N. victoriae sp. nov. 0.121
P. calliptera (outgroup) 0.101 0.116 0
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Taxonomy

Neocardiochiles Szépligeti, 1908

Heteropteron Brullé, 1846, synonymized by Dangerfield, Austin, and Whitfield (1999) 
and confirmed by Mercado and Wharton (2003), Papp (2014), Dabek et al. (2020). 
Type species: Heteropteron macula Brullé, 1846, designated by Viereck (1914)

Heteropteron whitfieldi Mercado, 2003 to Neocardiochiles whitfieldi (Mercado, 2003); 
Heteropteron kidonoi Dabek & Whitfield, 2020 to Neocardiochiles kidonoi (Dabek 
& Whitfield, 2020); Heteropteron hasegawai Dabek & Whitfield, 2020 to 
Neocardiochiles hasegawai (Dabek & Whitfield, 2020). New combinations.

Type species. Neocardiochiles fasciipennis Szépligeti, 1908.
Diagnosis. Neocardiochiles is most similar to the genera Heteropteron and 

Wesmaelella and shares the following characters: eyes without setae; median areola on 
propodeum absent; notauli weekly impressed and posteriorly absent; scutellar sulcus 
without any crenula. However, members of Neocardiochiles differ from Heteropteron 
and Wesmaelella by possessing pectinate claws; propodeum with median longitudinal 
furrow (Figs 2E, 3E, 4E, 6E, 7D, 8E), posterior submarginal carinae, and carinate 
lateral margin (Figs 2E, 3E, 4E, 6E, 7D, 8E); hypopygium with median longitudinal 
fold (Figs 3D, 4D, 6E, 8D).

Description. Body 6.5–11 mm. Head: Antenna 34–40-segmented. Face width 
1.36–1.73 × longer than its height. Interantennal space with well-developed median 
carina. Width of anterior ocellus 0.96–1.15 × longer than POL. Eyes bulged and with-
out interommatidial setae (Figs 2D, 3C, 4C, 6C, 7C, 8C); median width of eye about 
0.90–1.32 × longer than the median width of gena in lateral view. Gena extended 
ventroposteriorly into sharp prominence. Clypeus 1.64–2.61 × longer than its height; 
clypeal tubercles absent. Mandible bidentate. Maxillary palpus six-segmented. Labial 
palpus four-segmented. Galea short. Glossa short. Occipital carina absent. Mesosoma: 
Notauli weakly impressed and absent posteriorly (Figs 2C, 3B, 4B, 6B, 7B, 8B). Scutel-
lar sulcus weakly impressed except for Neocardiochiles alexeyi sp. nov., without crenula. 
Postscutellar depression absent. Pronotum entirely or mostly smooth with ventral lon-
gitudinal carina. Mesopleulon mostly smooth; posterior margin crenulate; precoxal 
sulcus absent (Fig. 5B). Metapleuron mostly smooth. Propodeum 0.39–0.50 × longer 
than its median width; mostly smooth; with median furrow; curved submarginal lon-
gitudinal carina on propodeum present posteriorly; lateral margin of propodeum cari-
nate (Figs 2E, 3E, 4E, 6E, 7D, 8E). Legs: Basal spur on mid tibia 0.56–0.71 × longer 

Table 4. Estimates of genetic distances between 28S sequences.

N. alexeyi sp. nov. N. hasegawai N. victoriae sp. nov. P. calliptera (outgroup)
N. alexeyi sp. nov. 0
N. hasegawai 0.013
N. victoriae sp. nov. 0.015 0.013
P. calliptera (outgroup) 0.255 0.258 0.262 0
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than length of basitarsus. Hind tibia without apical cup-like projection; basal spur 
on hind tibia 0.48–0.62 × longer than length of basitarsus. Claws pectinate. Wings: 
Fore wing (RS+M)a vein present; second submarginal cell trapezoid; 1r absent; 3r 
absent; 3RSb evenly curved. Hind wing 2r-m absent; 2–1A absent. Metasoma: T1 
1.06–2.22 × longer than its posterior width, anterior width 0.53–0.83 × longer than 
posterior width, entirely separated with lateral tergum by suture; Y-shaped suture pre-
sent. T2 nearly rectangle, 0.30–0.49 × longer than its posterior width. Hypopygium 
with median fold (Figs 3D, 5D, 6E, 8D). Ovipositor sheath nearly straight to slightly 
downcurved, as long as hind tarsomeres 1–3 combined as long as mesosoma, evenly 
setose except for base.

Distribution. Neotropical region: Costa Rica, Ecuador, French Guiana, Mexico, 
and Suriname.

Biology. The two species for which hosts are known attack pyralid and depressariid 
caterpillars on Roupala (Proteaceae) (Dabek et al. 2020).

Diversity. Nine species (Szépligeti 1908; Mercado and Wharton (2003); Dabek et 
al. 2020; current work).

Key to species of Neocardiochiles of the New World

1	 A. Hind femur entirely melanic...................................................................2
–	 B. Hind femur bicolored..............................................................................4
–	 C. Hind femur entirely pale.........................................................................6

2(1)	 A. Fore wing entirely infuscate.................................................. N. whitfieldi
–	 B. Fore wing two-banded.............................................................................3
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3(2)	 A. T1 ~ 1.06 × longer than its posterior width........ N. chriscarltoni sp. nov.
–	 B. T1 ~ 1.63 × longer than its posterior width...................N. braeti sp. nov.

4(1)	 A. Mesoscutum entirely dark................................................. N. fasciipennis
–	 B. Mesoscutum entirely pale........................................................................5

5(4)	 A. Hind tibia mostly pale..............................................................N. kidonoi
–	 B. Hind tibia mostly dark..............................................N. victoriae sp. nov.
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6(1)	 A. Mesoscutum entirely pale.................................................... N. hasegawai
–	 B. Mesoscutum entirely dark.......................................................................7

7(6)	 A. T1 ~ 2.22 × longer than its posterior width, nearly rectangle.....................
.........................................................................................N. alexeyi sp. nov.

–	 B. T1 ~ 1.09 × longer than its posterior width, trapezoid...N. franki sp. nov.

Interactive key

To use the interactive key to species of Neocardiochiles in the New World (Suppl. 
material 3):

1.	 Download the zipfile of the ALA version of DELTA Editor (Open DELTA 
1.02 beta) (Dallwitz et al. 1999). Extract into the ‘C’ drive. The extracted folder name 
will be ‘open-delta-1.02-bin’. Java is required to operate DELTA Editor and Intkey.

2.	 Download the folder (‘Neocardiochiles_DELTA_Key’), which includes all 
source files and images of the interactive key, using the following link (https://
drive.google.com/drive/folders/1aLS3vzdK52uMV0702IopDWgXaSllpJQm?usp
=sharing).

3.	 Extract the zipfile of ‘Neocardiochiles_DELTA_Key’ into the ‘open-delta-1.02-
bin’ folder.

https://drive.google.com/drive/folders/1aLS3vzdK52uMV0702IopDWgXaSllpJQm?usp=sharing
https://drive.google.com/drive/folders/1aLS3vzdK52uMV0702IopDWgXaSllpJQm?usp=sharing
https://drive.google.com/drive/folders/1aLS3vzdK52uMV0702IopDWgXaSllpJQm?usp=sharing
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4.	 In the folder ‘Neocardiochiles_DELTA_Key’, open the file ‘Neocardiochiles_
Intkey’.

5.	 Users can then identify described species of Neocardiochiles using this interac-
tive key.

Species descriptions

Neocardiochiles alexeyi Kang, sp. nov.
http://zoobank.org/A3A772FE-6C09-4B6A-8CF2-63C9A71E3AD4
Fig. 2A–E

Material examined. Holotype Ecuador • ♀; Yasuni Research Station, Yasuni Nation-
al Park, Orellana province; 00°40.4'S, 76°23.861'W; 18–24.vii.2008; A. Tishechkin; 
AT 853MS-2; H16634. Will be deposited in CNC.

Diagnosis. Neocardiochiles alexeyi sp. nov. can be distinguished from other mem-
bers of the Neocardiochiles by the combination of the following characters: antenna 
34-segmented and with pale apex (Fig. 2A); glossa ~ 2.0 × longer than height of clypeus 
(Fig. 2D); scutellar sulcus moderately impressed (Fig. 2B); mesoscutum entirely dark; 
hind femur entirely pale; anterior width of median furrow of propodeum ~ 0.83 × long-
er than maximum width (Fig. 2E); T1 ~ 2.22 × longer than its posterior width; lateral 
sutures of T1 nearly parallel (Fig. 2E); T2 ~ 0.49 × longer than its posterior width 
(Fig. 2E); ovipositor sheath ~ 0.62 × longer than length of hind tibia (Fig. 2A).

Molecular data. 28S sequences (GenBank accession number: ON040823.1);
ATGAGGAGATTCACTGTTAGCATTACTAGTATTAATGCAAATTATGAT

ATGATTATATGATCCTTGTGGTCACAATTATTATACTTATTTGTATTATTT
TATTGGTTTTGTCAGCATGCACTTCTCCTCTAGTAGAACGTCGCGACCC
GTTGAATGTTTATTTATGAGCCACATGGTAGTCTTATGTATTTTATACGC
AAGACCAGTGAATTTCTAATAAACTATTTGACGGTATCTAAAATGGTATT
GAGCCGCAAATTTTTTTTGCGTTAGATTTATTACAAGCTAGACTTACTTT
AAGCAGTACGAATTTTATGTCGTCGTTTAAACTAGTCTGCTGTTAGTGA
TAATATCTTTAACTGGCTTAATTTTACCGGTCAGCGATGCTACTGCTTTG
GGTACTTACAGGACCCGTCTTG.

Description. Body ~ 7.04 mm. Head: Antenna 34-segmented. Face width 
~ 1.36  ×  wider than high (1.01:0.74). Width of anterior ocellus as long as POL 
(010:0.10). Eyes bulged and without interommatidial setae; median width of eye 
about ~ 1.23  ×  longer than the median width of gena in lateral view (0.37:0.30). 
Clypeus 2.20 × longer than its height (0.55:0.25). Galea 1.64 × longer than height 
of clypeus (0.41:0.25), relatively longer than other members of the genus. Glossa 
1.96 × longer than height of clypeus (0.49:0.25). Occipital carina absent. Mesosoma: 
Notauli weakly impressed at anterior two thirds and absent posteriorly. Scutellar sul-
cus straight, moderately impressed, medially shallow, laterally relatively deep, with-
out crenula. Pronotum mostly smooth, with ventral longitudinal carina. Metapleu-
ron mostly smooth. Propodeum ~ 0.48 × longer than its median width (0.40:0.83); 
median longitudinal furrow present, nearly rectangle, anteriorly opened posteriorly 

http://zoobank.org/A3A772FE-6C09-4B6A-8CF2-63C9A71E3AD4
http://www.ncbi.nlm.nih.gov/nuccore/ON040823.1
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closed by nucha, anterior width ~ 0.83 × longer than maximum width (0.05:0.06). 
Legs: Basal spur on mid tibia ~ 0.60 × longer than length of basitarsus (0.38:0.63). 
Basal spur on hind tibia ~ 0.54 × longer than length of basitarsus (0.60:1.11). Wings: 
Fore wing (RS+M)a present; second submarginal cell trapezoid, ~ 2.81 × longer than 
height (1.32:0.47); 1r absent; 3r absent; 3RSb evenly curved. Hind wing 2r-m absent; 
2–1A absent. Metasoma: T1 ~ 2.22 × longer than its posterior width (0.91:0.41), 
anterior width ~ 0.83 × longer than posterior width (0.34:0.41), dorsally nearly rec-
tangle; Y-shaped suture present. T2 nearly rectangle, ~ 0.49 × longer than its posterior 
width (0.35:0.71), with straight posterior margin. Hypopygium with median fold. 
Ovipositor sheath nearly straight, ~ 0.62 × longer than length of hind tibia (1.31:2.11), 
evenly setose except for base.

Color. Body mostly yellowish pale. The following areas dark: basal antenna (most-
ly), head, mandible, mesonotum, pronotum, mesopleuron, metapleuron, middle coxa, 

Figure 2. Neocardiochiles alexeyi sp. nov. A lateral habitus B wings C dorsal habitus D dorsal anterior 
head E propodeum and T1–T2.
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hind coxa, apical hind tibia, apical hind tarsi, apical metasoma. Fore wing with two 
bands; stigma mostly pale.

Etymology. Named in honor of Dr. Alexey K. Tishechkin, staff in the Plant Pest 
Diagnostics Branch, California Department of Food & Agriculture and a former 
member of the Louisiana State Arthropod Museum at LSU AgCenter, who collected 
the specimen in Ecuador.

Male. Unknown.
Host. Unknown.
Distribution. Neocardiochiles alexeyi sp. nov. is known from only one female speci-

men collected from Yasuni Biological Station, Orellana province, Ecuador.

Neocardiochiles braeti Kang, sp. nov.
http://zoobank.org/2B598860-7AC1-41A3-831E-5E6EB79F526E
Fig. 3A–E

Material examined. Holotype French Guiana • ♀; Roura, Montagne des chevaux; 
22.xi.2008; S.E.A.G.; 2008–2009. Will be deposited in RBINS.

Diagnosis. Neocardiochiles braeti sp. nov. can be distinguished from 
other Neocardiochiles species by the combination of the following characters: 
antenna  ≥  37-segmented; scutellar sulcus weakly impressed (Fig. 3B); fore wing 
with two bands; hind femur entirely melanic; anterior width of median furrow of 
propodeum ~ 0.33 × longer than maximum width (Fig. 3E); T1 ~ 1.63 × longer than 
its posterior width; T2 ~ 0.42 × longer than its posterior width (Fig. 3E); ovipositor 
sheath as long as hind tibia (Figs 3A, 3B, 3D).

Description. Body ~ 8.67 mm. Head: Antenna ≥ 37-segmented, apically bro-
ken. Face width ~ 1.46 × longer than its height (1.02:0.70) Width of anterior 
ocellus ~ 0.96 × longer than POL. Eyes bulged and without interommatidial setae; 
median width of eye about ~ 0.90 × longer than median width of gena in lateral 
view (0.44:0.49). Clypeus ~ 2.61 × longer than its height (0.60:0.23). Malar space 
0.84 × longer than basal width of mandible. Mesosoma: Notauli anteriorly weakly 
impressed and absent posteriorly. Scutellar sulcus weakly impressed, medially shal-
low, laterally relatively deep, without crenula. Pronotum entirely smooth. Propo-
deum ~ 0.44 × longer than its median width (0.57:1.30); median longitudinal 
furrow present, elongate isosceles trapezoid, anteriorly opened posteriorly closed 
by nucha, anterior width ~ 0.33 × longer than maximum width (0.04:0.12). Legs: 
Basal spur on mid tibia ~ 0.64 × longer than length of basitarsus (0.47:0.74). Basal 
spur on hind tibia ~ 0.50 × longer than length of basitarsus (0.68:1.37). Wings: 
Fore wing (RS+M)a vein present; second submarginal cell trapezoid, ~ 3.01 × 
longer than height (1.66:0.55); 1r absent; 3r absent; 3RSb evenly curved; stigma 
about ~ 4.42 × longer than wide medially (2.08:0.47). Hind wing 2r-m absent; 
2–1A absent. Metasoma: T1 ~ 1.63 × longer than its posterior width (1.19:0.73), 
anterior width ~ 0.63 × longer than posterior width (0.46:0.73), dorsally isosce-
les trapezoid; Y-shaped suture partially developed anteriorly, absent posteriorly. 

http://zoobank.org/2B598860-7AC1-41A3-831E-5E6EB79F526E
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T2 nearly trapezoid, ~ 0.42 × longer than its posterior width (0.44:1.06), with 
curved posterior margin. Hypopygium with median fold. Ovipositor sheath slight-
ly downcurved, ~ 1.03 × longer than length of hind tibia (2.92:2.81), evenly setose 
except for base.

Color. Head and mesosoma mostly black, metasoma mostly orange and black api-
cally. Legs black or dark brown except for fore tarsus. Fore wing with two bands; stigma 
pale at apical two thirds.

Etymology. Named in honor of Mr Yves Braet who provided specimens collected 
in French Guiana for this study.

Male. Unknown.
Host. Unknown.
Distribution. Neocardiochiles braeti sp. nov. is known only from one female speci-

men collected from Roura, Montagne des chevaux, French Guiana.

Figure 3. Neocardiochiles braeti sp. nov. A lateral habitus B dorsal habitus C fore wing D anterior head 
E lateral mesosoma F dorsal propodeum and T1.

Neocardiochiles chriscarltoni Kang, sp. nov.
http://zoobank.org/294D2CD0-0762-47EA-BB20-4115F21D9F0C
Figs 4A–E, 5A–B

Material examined. Holotype French Guiana • ♀; Roura, Montagne des chevaux; 
ix.2009; S.E.A.G.; 2008–2009, Piège Malaise. Will be deposited in RBINS.

Diagnosis. Neocardiochiles chriscarltoni sp. nov. is most similar to N. braeti sp. nov. 
However, N. chriscarltoni sp. nov. can be distinguished from other Neocardiochiles spe-
cies by the combination of the following characters: antenna 38-segmented and with 
pale apex (Fig. 5A); scutellar sulcus weakly impressed (Fig. 4B); fore wing with two 
bands; hind femur entirely melanic; anterior width of median furrow of propodeum 
~ 0.11 × longer than maximum width (Fig. 4E); T1 as long as its width (Fig. 4E); T2 
~ 0.30 × longer than its posterior width (Fig. 4E); ovipositor sheath ~ 0.48 × longer 
than length of hind tibia (Fig. 4A, D).

http://zoobank.org/294D2CD0-0762-47EA-BB20-4115F21D9F0C
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Molecular data. 16S sequences (GenBank accession number: ON059709.1);
CACCTGTTTATCAAAAACATGTCTTTTTGAAAATAATTTAAAGTC-

CAATCTGCTCAATGATTAATTAATTTAATAGCTGCAATATTTATAATTG-
TACTAAGGTAGCATAATCATTAGTTTATTAATTGTAAACTTGTATGAAC-
GATTTGATGAAATAAATACTATTTCATTTTAAAAAAATAAATTTTTTTTT-
TAAGTTAAAAAACTTAAATAATATTAAAAGACGAGAAGACCCTTTA-
GAATTTTATAATAATAATTTATAAAAATTTTTATATATTTATAAATAAT-
TAT TAT T TA AT T G G G G T G AT TATA A A AT T TA ATA A A C T T T-
TATATA A ATA A A C A ATA AT T T T T G A ATA A A ATATAT T T T T T T-
TAAAAAAATAAATTAAATTACCTAAGGGATAACAGCATAATTTTTT-
TAAAAAGCACAAATTTATAAAAAAGTTTATGACCTCGATGTTGAATTAAGA.

Description. Body ~ 7.43 mm. Head: Antenna 38-segmented. Face width ~ 1.47 × 
longer than its height (0.97:0.66). Width of anterior ocellus as long as POL (0.12:0.12). 
Eyes bulged and without interommatidial setae; median width of eye about ~ 1.32 × 
longer than the median width of gena in lateral view (0.50:0.38). Clypeus ~ 2.57 × 
longer than its height (0.59:0.23). Mesosoma: Notauli weakly impressed at anterior 
half and disappeared posteriorly. Scutellar sulcus weakly impressed, medially shallow, 
laterally relatively deep, without crenula. Pronotum mostly smooth, with ventral longi-
tudinal carina. Propodeum ~ 0.39 × longer than its median width (0.53:1.36); median 
longitudinal furrow present, elongate isosceles trapezoid, anteriorly opened posteriorly 
closed by nucha, anterior width ~ 0.11 × longer than maximum width (0.02:0.18). 
Legs: Basal spur on mid tibia ~ 0.56 × longer than length of basitarsus (0.38:0.68). 
Basal spur on hind tibia ~ 0.48 × longer than length of basitarsus (0.52:1.08). Wings: 
Fore wing (RS+M)a vein present; second submarginal cell trapezoid; 1r absent; 3r 
absent; 3RSb evenly curved. Hind wing 2r-m absent; 2–1A absent. Metasoma: T1 
~ 1.06 × longer than its posterior width (0.82:0.77), anterior width ~ 0.66 × longer 
than posterior width (0.51:0.77), dorsally nearly rectangular; Y-shaped suture present. 

Figure 4. Neocardiochiles chriscarltoni sp. nov. A lateral habitus B dorsal habitus C anterior head 
D hypopygium and ovipositor sheath E dorsal propodeum and T1–T3.

http://www.ncbi.nlm.nih.gov/nuccore/ON059709.1
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T2 nearly rectangle, ~ 0.30 × longer than its posterior width (0.38:1.28), with curved 
posterior margin. Hypopygium with median fold. Ovipositor sheath nearly straight 
and posteriorly enlarged, ~ 0.48 × longer than length of hind tibia (1.07:2.25), evenly 
setose except for base.

Color. Body mostly melanic; the following areas pale: four apical flagellomeres, 
basal maxillary and labial palpi, fore tarsi, metanotum (mostly), propodeum, anterior 
metasoma (mostly). Fore wing with two bands; stigma entirely melanic.

Etymology. Named in honor of Dr Christopher E. Carlton, the emeritus professor 
in the Department of Entomology at LSU AgCenter.

Male. Unknown.
Host. Unknown.
Distribution. Neocardiochiles chriscarltoni sp. nov. is known only from one female 

specimen collected from Roura, Montagne des chevaux, French Guiana.

Neocardiochiles fasciipennis Szépligeti, 1908, comb. nov.
Fig. 6A–E

Material examined. Lectotype Suriname • ♀; Michaelis.
Diagnosis. Morphological characters of Neocardiochiles fasciipennis are only known 

from holotype. The species is distinguished from other members of Neocardiochiles by 
the combination of the following characters: body ~ 11 mm; posterior margin of meso-
pleuron smooth; basal spur on hind tibia slightly shorter than the half length of hind 
basitarsus (Fig. 6A); forewing length ~ 13 mm; T1 ~ 1.35 × longer than apical width 
(Fig. 6E); ovipositor sheath as long as hind tarsomeres 1–3 combined.

Description. See Papp (2014).
Male. Unknown.
Host. Unknown.
Distribution. Suriname.

Figure 5. Neocardiochiles chriscarltoni sp. nov. A antennae B mesopleuron.
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Neocardiochiles franki Kang, sp. nov.
http://zoobank.org/475828BF-D48F-4362-A4B9-9FEDE8842873
Figs 7A–E

Material examined. Holotype Costa Rica • ♀; 3 km SE of Rio Naranjo, Guanacaste; 
1–5.vi.1992; F. D. Parker. Will be deposited in UWIM.

Diagnosis. Neocardiochiles franki sp. nov. is most similar to N. alexeyi sp. nov. 
However, N. franki sp. nov. can be distinguished from other Neocardiochiles species by 
the combination of the following characters: antenna ≥ 37-segmented; scutellar sulcus 
weakly impressed (Fig. 7B) mesoscutum entirely dark; hind femur entirely pale; anterior 
width of median furrow of propodeum ~ 0.18 × longer than maximum width (Fig. 7D); 
T1 trapezoid and as long as its width (Fig. 7B); T2, ~ 0.34 × longer than its posterior 
width (Fig. 7B); ovipositor sheath ~ 0.58 × longer than length of hind tibia (Fig. 7A).

Description. Body ~ 9.36 mm. Head: Antenna ≥ 37-segmented, apically broken. 
Face width ~ 1.50 × longer than its height (1.11:0.74). Width of anterior ocellus ~ 1.11 
× longer than POL (0.10:0.09). Eyes bulged and without interommatidial setae; median 
width of eye about ~ 1.32 × longer than median width of gena in lateral view (0.47:0.44). 
Clypeus ~ 2.41 × longer than its height (0.77:0.32). Mesosoma: Notauli weakly impressed 
at anterior half and absent posteriorly. Scutellar sulcus weakly impressed, medially shallow, 
laterally relatively deep, without crenula. Pronotum mostly smooth, with ventral longitu-
dinal carina. Propodeum 0.50 × longer than its median width (0.61:1.22); median longi-
tudinal furrow present, elongate isosceles trapezoid, anteriorly opened posteriorly closed by 
nucha, anterior width ~ 0.18 × longer than maximum width (0.03:0.17). Legs: Basal spur 
on mid tibia ~ 0.60 × longer than length of basitarsus (0.47:0.78). Basal spur on hind tibia 
~ 0.62 × longer than length of basitarsus (0.83:1.33). Wings: Fore wing (RS+M)a vein 
present; second submarginal cell trapezoid, ~ 2.20 × longer than height (1.81:0.82); 1r 

Figure 6. Neocardiochiles fasciipennis A lateral habitus B dorsal habitus C anterior head D ventro-lateral 
hypopygium; arrow: median longitudinal fold E dorsal propodeum and T1–T3

http://zoobank.org/475828BF-D48F-4362-A4B9-9FEDE8842873
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absent; 3r absent; 3RSb evenly curved. Hind wing 2r-m absent; 2–1A absent. Metasoma: 
T1 ~ 1.09 × longer than its posterior width (1.20:1.10), anterior width ~ 0.53 × longer 
than posterior width (0.58:1.10), dorsally nearly trapezoid; Y-shaped suture present. T2 
rectangle, ~ 0.34 × longer than its posterior width (0.54:1.58), with straight posterior mar-
gin. Hypopygium with median fold. Ovipositor sheath nearly straight and posteriorly en-
larged, ~ 0.58 × longer than length of hind tibia (1.82:3.15), evenly setose except for base.

Color. Body mostly melanic; the following areas pale: maxillary and labial palpi, 
fore leg, middle femur; mid tibia; basal middle tarsus, hind femur, basal hind tibia, 
anterior metasoma (mostly). Fore wing with two bands; stigma mostly pale.

Etymology. Named in honor of Dr Frank Parker, the former head of the USDA 
Bee lab, who collected the specimen.

Male. Unknown.
Host. Unknown.
Distribution. Neocardiochiles franki sp. nov. is known only from one female speci-

men collected from 3 km SE of Rio Naranjo, Guanacaste, Costa Rica.

Neocardiochiles hasegawai (Dabek & Whitfield, 2020), comb. nov.

Material examined. Non-type specimen Costa Rica • ♀; Guanacaste, Area de Con-
servación Guanacaste, Sector Santa Rosa, Finca Jenny; 10.86333, -85.57443, 205 m; 
14.xii.2010 (host caterpillar collection date); 01.i.2011 (host caterpillar pre-pupal 
date); 17.i.2011 (parasitoid eclosion date); Johan Vargas; DHJPAR0045389; host cat-
erpillar (10-SRNP-15361; Stenoma cathosiota) on host plant (Roupala montana).

Diagnosis. Neocardiochiles hasegawai is most similar to N. alexeyi sp. nov. and 
N. franki sp. nov., but the members of N. hasegawai differ from other Neocardiochiles 

Figure 7. Neocardiochiles franki sp. nov. A lateral habitus B dorsal habitus C fore wing D anterior head 
E dorsal propodeum and T1 F hypopygium, arrow: median longitudinal fold.
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species by possession of the two following characters: mesoscutum entirely pale; hind 
femur entirely pale.

Molecular data. 28S sequences (GenBank accession number: ON040755.1);
ATGAGGAGATTCACTGTTAGCATTACTAGTATTAATGCAAATTAT-

GATATGATTATATATGATTCTTGTGGTCACAATTATTATACTTATTT-
GTATTATTTTATTGGTTTTGTCAGCATGCACTTCTCCTCTAGTA-
GAACGTCGCGACCCGTTGAATGTTTATTTATGAGTCACATGGTAGTCT-
TATGTATTTTATACGCAAGACCAGTGAATTTCTAATAAACTGTTTGACG-
GTATCTAAAATGGTATTGAGCCGCAAATTTTTTTTTGCGTTAGATTTAT-
CACAAGCTAGGCTTACTTTAAGCAGTACGAATTTTATGTCGTCGTT-
TAAACTAGTCTGCTGTTAGTGATAATATCTTTAACTGGCTTAATTACCG-
GTCAGCGATGCTACTGCTTTGGGTACTTACAGGACCCGTCTTG.

Description. See Dabek et al. (2020).
Male. Body length slightly longer than female (Dabek et al. 2020).
Host. Reared from caterpillars of Carthara abrupta (Pyralidae) on Roupala mon-

tana (Proteaceae) (Dabek et al. 2020).
Distribution. Costa Rica (ACG).

Neocardiochiles kidonoi (Dabek & Whitfield, 2020), comb. nov.

Material examined. Non-type specimen Costa Rica • ♀; Guanacaste, Area de Con-
servación Guanacaste, Sector El Hacha, Quebrada Pitahaya; 11.01182, -85.53168; 320 
m; 11.ix.2013 (host caterpillar collection date); 14.ix.2013 (host caterpillar pre-pupal 
date); 02.x.2013 (parasitoid eclosion date); Roster Moraga; DHJPAR0053597; host 
caterpillar (13-SRNP-22162; Stenoma cathosiota) on host plant (Roupala montana).

Diagnosis. Neocardiochiles kidonoi is most similar to N. victoriae sp. nov., but 
members of N. kidodoi can be distinguished from other Neocardiochiles members by 
possession of the following characters: mesoscutum entirely pale; hind femur bicolor-
ed; hind tibia mostly pale.

Description. See Dabek et al. (2020).
Male. Body length slightly shorter than female (Dabek et al. 2020).
Host. Reared from larvae of Stenoma cathosiota (Depressariidae) on Roupala 

montana (Proteaceae) (Dabek et al. 2020).
Distribution. Costa Rica (ACG).

Neocardiochiles victoriae Kang, sp. nov.
http://zoobank.org/432A06CB-A4CC-4773-864E-703BB836B023
Fig. 8A–E

Material examined. Holotype French Guiana • ♀; Degrad Laurens, Crique Sapokaï; 
95 m; 24.x.–30.x1998; leg. A.E.I. guyane; P Malaise. Will be deposited in RBINS.

http://www.ncbi.nlm.nih.gov/nuccore/ON040755.1
http://zoobank.org/432A06CB-A4CC-4773-864E-703BB836B023
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Diagnosis. Neocardiochiles victoriae sp. nov. is most similar to N. kidonoi, but 
the only knonw female member of N. victoriae differs from other members of Neo-
cardiochiles by the following characters: antenna 40-segmented with entirely reddish 
flagellomeres (Fig. 8A); scutellar sulcus weakly impressed; mesoscutum entirely pale; 
hind femur bicolored; hind tibia mostly melanic; anterior width of median furrow of 
propodeum ~ 0.19 × longer than maximum width (Fig. 8E); T1 ~ 1.39 × longer than 
its posterior width (Fig. 8E); T2 ~ 0.39 × longer than its posterior width (Fig. 8E); 
ovipositor sheath as long as hind tibia (Fig. 8A).

Molecular data. 28S sequences (GenBank accession number: ON040754.1);
ATGAGGAGATTCACTGTTAGCATTACTAATATTAATGCAAAT-

TATGATATCATTATATGATCCTTGTGGTCACAATTATTATACTTATTT-
GTATTATTTTATTGGTTTTGTCAGCATGCACTTCTCCTCTAGTA-
GAACGTCGCGACCCGTTAAATGTTTATTTATGAGTCACATGGTAGTCT-
TATGTATTTTATACGCAAGACCAGTGAATTTCTAATAAACTGTTTGACG-
GTATCTAAAATGGTATTGAGCCGCAAATTTTTTTTGCGTTAGATTTAT-
TACAAGCTAGGCTTACTTTAAGCAGTACGAATTTTATGTCGTCGTT-
TAAACTAGTCTGCTGTTAGTGATAATATCTTTAACTGGCTTAATTACCG-
GTCAGCGATGCTACTGCTTTGGGTACTTACAGGACCCGTCTTG.

16S sequences (GenBank accession number: ON059710.1);
TCCCCTGTTTATCAAAAACATGTCTTATTGAAAATAATTTTAAGT-

CAAATCTGCTCAATGATAATTTTATTAAATAGCTGCAGTAAATATGACT-
GTACTAAGGTAGCATAATAAATAGTTTATTAATTATAAACTTGTATGAAA-
GATTTAATGTAATAAATACTGTTTCAATTTAAAAAAATAAATTTTTTTTT-
TAAGTAAAAAAACTTAAATAAAATTAAAAGACGAGAAGACCCTATA-
GAATTTTATAAATTAATTTTAATTAATTTATTTTTAATTAAAATTAAAT-
TATTTAATTGGGGAGATTATAAAATTTAAAAAACTTTTATATAAATTTA-
CAATAATTATTGAATAAAATATAATTTTTAAAAAAAATAAAATAAATTACCT-
TAGGGATAACAGCATAATTTTTTTTTTAAGTTCGTATTACTAAAAAAGAT-
TATGACCTCGATGTTGAATTAAGA

Description. Body ~ 9.35 mm. Head: Antenna 40-segmented. Face width ~ 
1.73 × longer than its height (1.28:0.74). Width of anterior ocellus ~ 1.15 × longer than 
POL (0.15:0.13). Eyes bulged and without interommatidial setae; median width of eye 
about ~ 1.04 × longer than median width of gena in lateral view (0.58:0.56). Clypeus 
~ 2.39 × longer than its height (0.74:0.31). Mesosoma: Notauli weakly impressed at 
anterior half and absent posteriorly. Scutellar sulcus weakly impressed, medially shal-
low, laterally relatively deep, without crenula. Pronotum mostly smooth, with ventral 
longitudinal carina. Metapleuron mostly smooth. Propodeum ~ 0.39 × longer than its 
median width (0.66:1.68); median longitudinal furrow present, elongate isosceles trap-
ezoid, anteriorly opened posteriorly closed by nucha, anterior width ~ 0.19 × longer 
than maximum width (0.03:0.16). Legs: Basal spur on mid tibia ~ 0.71 × longer than 
length of basitarsus (0.62:0.87). Basal spur on hind tibia 0.50 × longer than length of 
basitarsus (0.84:1.68); claw pectinate. Wings: Fore wing (RS+M)a vein present; sec-
ond submarginal cell trapezoid; 1r absent; 3r absent; 3RSb evenly curved. Hind wing 
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2r-m absent; 2–1A absent. Metasoma: T1 ~ 1.39 × longer than its posterior width 
(1.42:1.02), anterior width ~ 0.56 × longer than posterior width (0.57:1.02), dorsally 
isosceles trapezoid; Y-shaped suture present. T2 nearly oval, ~ 0.39 × longer than its 
posterior width (0.49:1.27), with curved posterior margin. Hypopygium with median 
fold. Ovipositor sheath slightly downcurved, ~ 1.04 × longer than length of hind tibia 
(3.38:3.25), evenly setose except for base.

Color. Body mostly orange. The following areas dark: antenna (reddish brown), 
head, ventral fore notum, fore coxa, fore trochanter and trochantellus (mostly), fore fe-
mur (mostly); middle coxa, middle trochanter and trochantellus (mostly), middle femur 
(mostly), mid tibia (apically); hind femur (apically); hind tibia (except for inner tibia), fifth 
to last terga (dorsally), ovipositor sheath. Fore wing with two bands; stigma mostly pale.

Etymology. Named in honor of Ms Victoria Bayless, a curator in the Louisiana State 
Arthropod Museum at LSU AgCenter and a former president of the Coleopterists Soci-
ety, who is the best friend in LSU and has red hair as the specimen has reddish antennae.

Male. Unknown.
Host. Unknown.
Distribution. Neocardiochiles victoriae sp. nov. is known only from one female 

specimen collected from Degrad Laurens, Crique Sapokaï, French Guiana.

Neocardiochiles whitfieldi (Mercado, 2003), comb. nov.

Material examined. Holotype Mexico • ♂; 16 km north of Autlan, Jalisco; 7.vii.1984; 
Carrol, Schaffner, Friedlander. Deposited in TAMU.

Diagnosis. The known male of Neocardiochiles whitfieldi can be easily distin-
guished from other members of Neocardiochiles by the following color characters: head 
and mesosoma darker; wings entirely melanic; metasoma orange.

Figure 8. Neocardiochiles victoriae sp. nov. A lateral habitus B dorsal habitus C anterior head 
D hypopygium E dorsal propodeum and T1–T3.
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Description (Male). See Mercado and Wharton (2003).
Female. Unknown.
Host. Unknown.
Distribution. Mexico.
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