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Abstract

The enigmatic Nearctic parasitoid Perilampus hyalinus Say (Hymenoptera: Chalcidoidea: Perilampidae)
has long been suspected as a species complex with a wide range of host associations and differing modes
of parasitism. In this study we clarify the status of this species by combining morphological evidence, two
genes (COI and ITS2) and host information and recognize ten species in the 2 yalinus species complex
in the Nearctic region. Eight new species are described: Perilampus arcus Yoo & Darling, sp. nowv., P crassus
Yoo & Darling, sp. nov., P neodiprioni Yoo & Darling, sp. now., 2 monocteni Yoo & Darling, sp. nov., P
pilosus Yoo & Darling, sp. now., P seneca Yoo & Darling, sp. nov., 2 sonora Yoo & Darling, sp. nov., and
P ute Yoo & Darling, sp. nov. A reared specimen with a COI sequence is designated as the Neotype of
P hyalinus Say establishing this species as either a hyperparasitoid that parasitizes dipteran parasitoids of
Orthoptera or a parasitoid of dipteran kleptoparasites of Crabronidae and Sphecidae that provision their
nests with Orthoptera. Perilampus sirsiris (Argaman) and four of the new species are hyperparasitoids, par-
asitizing hymenopteran and dipteran parasitoids of Lepidoptera. Perilampus neodiprioni and P monocteni
can develop as both primary parasitoids of Diprionidae (Hymenoptera) and as hyperparasitoids, parasitiz-
ing dipteran and hymenopteran parasitoids of diprionid sawflies. Perilampus neodiprioni is strictly associ-
ated with Neodiprion sawflies, and R monocteni is associated with Monoctenus sawflies.
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Introduction

The Perilampus hyalinus species group contains the most conspicuous species of Per-
ilampus in the Western Hemisphere. Specimens are large (3-5 mm) and brightly
iridescent in color and are frequently collected on flowers. It is one of the 6 species
groups recognized by Smulyan (1936) in the last comprehensive study of the ge-
nus and three species were recognized, two of which were new: Perilampus carolin-
ensis and P regalis. All remaining specimens were referred to the already enigmatic
P, hyalinus Say.

Perilampus hyalinus Say has been shrouded in confusion for at least 100 years, since
biological studies of these parasitoids indicated divergent host associations and modes
of parasitism (Smith 1912; Kelly 1914; Smith 1958) and suggested that there were
morphological differences in the first-instar larvae or planidia associated with various
hosts (Ford 1922; Tripp 1962). The search for morphological differences of the adults
that were correlated with these biological differences is still best summarized by Burks
(1979:771), “This may be a species complex, rather than a single species; careful rear-
ings have produced specimens, at present indistinguishable, that are either primary or
secondary parasites”.

Resolving the status of P hyalinus could have important implications for the
biological control of insect pests important to agriculture and forestry. Careful rear-
ing studies have revealed P hyalinus (s./) as primary parasitoids attacking Neodipri-
on sawflies (Hymenoptera: Diprionidae), which are serious forest pests particularly
in boreal forests (Alfaro and Fuentealba 2016; Johns et al. 2016). But this nominal
species is also a common hyperparasitoid, parasitizing dipteran (Sarcophagidae and
Tachinidae) and hymenopteran (Ichneumonoidea) primary parasitoids of Lepi-
doptera and Orthoptera (Smith 1912; Kelly 1914; Clausen 1940; Smith 1958),
thereby possibly interfering with population regulation of insect herbivores by the
primary parasitoids.

To clarify the status of the P hyalinus species group, Yoo (2023) has incorpo-
rated molecular data from two genes (COI and ITS2) along with a critical analysis
of morphological characters to identify 25 “candidate” species in which morphology
and genes were in agreement, and 5 “candidate” species with unique combinations of
morphological character states consistent across multiple specimens. A phylogenetic
analysis of the molecular data indicated that the 2 hyalinus species group is comprised
of two strongly supported monophyletic species complexes, both of which contain
species in the Nearctic and Neotropical regions (Fig. 1, modified from Yoo 2022): the
P, carolinensis species complex (including P carolinensis Smulyan, P regalis Smulyan and
5 undescribed species, Yoo and Darling, in preparation) and the P hyalinus species
complex (including P hyalinus). Phylogenetic analyses of the combined COI and ITS2
data suggest that the 9 Nearctic species of the P hyalinus species complex belong to
three separate clades of the P hyalinus species group (Fig. 1).

In this paper we revise the P hyalinus species complex and recognize 10 Nearctic
species using morphology, molecular data (COI and ITS2), and host information.
We also designate a Neotype for Perilampus hyalinus Say. Most of Thomas Say’s type
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Figure 1. Maximum likelihood tree of Perilampus hyalinus species group retrieved from the combined
analysis of COI and ITS2 (modified from Yoo 2023). Bootstrap support values are shown on the left
side of the nodes. The roman numerals and black dots adjacent to the nodes indicate the major morpho-
logical clades recovered as monophyletic (I = P hyalinus species group; 11 = P carolinensis species complex;
ITa = “pseudocarolinensis” clade; IIb = 2 carolinensis clade; 111 = P hyalinus species complex; Ila = P hyalinus
clade 1; I1Ib = P, hyalinus clade 2; Illc = P hyalinus clade 3; I11d = “regalishyalinus” clade. The morphospecies
designation for the sequences is marked by vertical bars, colored according to their placements within their
respective morphological subgroups. The names of the species described herein are indicated in white boxes.
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material is regarded as lost and the surviving Say specimens are in the Museum of
Comparative Zoology (MCZ), Harvard University (Mawdsley 1993). There are no
specimens of Chalcidoidea described or identified by Say in the MCZ and a Neotype
needs to be designated to fix the name Perilampus hyalinus objectively. The new spe-
cies described and recognized herein present “exceptional need” (as defined by Article
75.3 of the International Code of Zoological Nomenclature [fourth edition] 1999)
justifying the designation of a Neotype. We also discuss reasons for the diverse host
associations in the P hyalinus species complex and suggest areas for future research on
the Nearctic species.

Methods
Morphology

Specimens were examined with a Leica MZ7.5 stereo zoom microscope and were il-
luminated with a Leica 20-watt halogen light source, filtered through a strip of trans-
lucent Mylar® film. Images of specimens were taken with a Keyence digital microscope
VHX-7000 series, and edited with Adobe® Illustrator CC ver. 21.0.2 (Adobe Systems
Inc., California, USA). The material examined and descriptions for each species were
generated by a series of R coding commands and an Excel spreadsheet; the R-codes
are freely available on GitHub (https://github.com/esdarling/r-taxonomy). The Excel
spreadsheet for the species descriptions was output from Lucid Builder 3.3 (Univer-
sity of Queensland, Australia). Morphological terms mostly follow Darling (1983),
Gibson (1997), and Darling and Yoo (2021) with the following modifications and
additional terms. Frontal carina is a raised knife-edged ridge extending from the vertex
(Fig. 2B: fc) ventrad along the margin of the parascrobal area (Fig. 2A: psa) to near the
lower eye margin (Fig. 2A: fc). The pronotum is “carinulate” if it has a raised carina
running along the upper posterior margin visible from dorsal view (Fig. 2H: ca). This
state was discovered and termed as “bicarinulate” by Argaman (1990), but we prefer
the term “carinulate” because only one distinct carina can be observed. The setae on
the face are considered sparse if the distance between two adjacent setal pores is usually
about equal to or longer than the length of the setae (Fig. 41), or dense, if the distance
between two adjacent setal pores is usually shorter than the length of the setae (Fig.
14]). Pits on male scape are depressions or indentations that have pores (Fig. 3F).
Pores on the male scape are well documented for various groups of Chalcidoidea such
as Torymidae (Goodpasture 1975), Perilampidae (Darling 1983), Eulophidae (Dahms
1984), and Aphelinidae (Shirley et al. 2019). Also referred to as release-and-spread
structures (RRS), these pores are connected to glandular cells within the scape and
suggest the release and spread of pheromone for mate-recognition during courtship
(Isidoro et al. 1996). Courtship in Chalcidoidea often involves elaborate movements
of male antennae (e.g. Girault and Sanders 1910; Barass 1960). The male scape of
Perilampidae has conspicuous pits that contain pores (Darling 1983) and are likely
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RRS. The scape morphology of males, e.g. the distributions and shape of pores and
pits, are useful for species discrimination in Perilampidae and other Chalcidoidea (e.g.
Darling 1983; Shirley et al. 2019; Darling and Yoo 2021). Interestingly, many female
specimens of the P hyalinus species group and other species of Perilampidae also have
pits, albeit distinctively fewer in numbers and often inconspicuous or entirely absent
(Fig. 3D, E cf. Fig. 3F), and do not show consistent interspecific variability. In ad-
dition, the pits on the female scape are restricted to mesad on the anterior surface,
covering no more than 0.2 x scape length. It is unclear if the pits on the female scape
contain pores. The pits on scape are considered sparse if separated by distance usually
longer than diameter of pits (Fig. 7F, G), dense if separated by distance usually equal
to or shorter than the diameter of pits (Fig. 17G, H). The pitted area of the male scape
in the 2 hyalinus species group is never swollen anteriad, in contrast to several species
in the other groups with a swollen pitted area. The axillar shelf is a horizontal cliff-like
edge on the axilla extending from the anterior to posterior margin of the axilla in lat-
eral view (Fig. 2F: axsh). Males usually have more bulbous eyes and larger ocelli than
females which results in shorter lateral ocellar line, ocular ocellar line, and postocellar
line in males.

All measurements were taken with the Keyence Communication software, either
directly from the specimens or from digital images, in which case care was taken to
avoid problems associated with parallax. The measurements of each species were taken
from four to five specimens per sex. Holotype and paratypes were measured for each
new species. The primary type for the previously described Nearctic 2 hyalinus complex
species could not be borrowed for measurement (e.g. P sirsiris). For this species, the
measurements were taken from conspecific specimens that were sequenced and/or with
collection localities close to that of the types. Most of the following abbreviations for
measurements follow Darling (1983) and Gibson (1997): AL, anellus length; AxH, axil-
lula height at midpoint; AxL, axillula length; CH, clypeus height; CW, clypeus width;
EH, eye height; EL, eye length; FC, frontal carina width across maximum diameter
of median ocellus in dorsal view; FCLO, shortest distance between frontal carina and
lateral ocellus; Fu#L, funicular segment length; Fu#W, funicular segment width; HH,
head height; HL, head length; HW/, head width in dorsal view; PSA, parascrobal area
width at maximum eye width; LPP, lateral panel of pronotum width; LOD, lateral ocel-
lus diameter; LOL, lateral ocellar line, the shortest distance between the median and a
lateral ocellus; ML, mesosoma length in lateral view; MW, mesosoma width in dorsal
view; MOD, median ocellus diameter; MSL, malar space length; MSC, length of mes-
oscutum in lateral view; OOL, ocular ocellar line, the shortest distance between the eye
and a lateral ocellus; PL, pedicel length; PN, pronotum length in dorsal view; POL, pos-
tocellar line, the shortest distance between the lateral ocelli ; PPT, prepectus width; PW,
pronotum width in dorsal view; PSW, width of parascrobal area at maximum eye length;
SC, length of mesoscutellum in lateral view; SCH, supraclypeal area height; SCW, su-
praclypeal area width; SW/, scrobe width at maximum width of head in anterior view;
WL, wing length; WW, wing width. In addition to specified ratios (e.g. POL/OOL),
POL, OOL, and LOL were compared with LOD as ratios (LOD: POL: OOL: LOL).



1306 Jeong Jae Yoo & D. Christopher Darling / Journal of Hymenoptera Research 97: 13011383 (2024)

Material examined

Specimens were examined from the following collections: American Museum of
Natural History, New York City, NY, United States (AMNH); California State Col-
lection of Arthropods, Sacramento, CA, United States (CSCA); California Academy
of Sciences, San Francisco, CA, United States (CAS); Canadian National Collection
of Insects, Arachnids, and Nematodes, Ottawa, ON, Canada (CNC); Centre for
Biodiversity Genomics, University of Guelph, Guelph, ON, Canada (CBG); Cor-
nell University Insect Collection, Ithaca, NY, United States (CUIC); University of
Guelph Insect Collection, Guelph, ON, Canada (DEBU); Entomological Museum
at Utah State University, Logan, UT, United States (EMUS); Field Museum of Natu-
ral History, Chicago, IL, United States (FMNH); Florida State Collection of Arthro-
pods, Gainesville, FL, United States (FSCA); Great Lakes Forestry Centre, Sault Ste.
Marie, ON, Canada (GLFC); Illinois Natural History Survey, Champaign, IL, Unit-
ed States (INHS); Ministry of Agriculture, Fisheries and Food in Québec, Québec
City, QC, Canada (MAPAQ); Museum of Comparative Zoology, Harvard Univer-
sity, Cambridge, MA, United States (MCZC); Natural History Museum, Berlin,
Germany (MNHB); National Museum of Natural History, Paris, France (MNHN);
Hungarian National Museum, Budapest, Hungary (HNHM); North Carolina State
University Insect Collection, Raleigh, NC, United States (NCSU); Natural History
Museum, London, United Kingdom (NHMUK); the Royal Ontario Museum, To-
ronto, ON, Canada (ROM); Snow Entomological Museum Collection, Lawrence,
KS, United States (SEMC); Texas A&M University, College Station, TX, United
States (TAMU); University of Arkansas, Fayetteville, AR, United States (UAAM);
University of Arizona Insect Collection, Tucson, AZ, United States (UAIC); Univer-
sity of California, Davis, CA, United Staes (UCDC); University of Central Florida,
Orlando, FL, United States (UCFC); University of Colorado Museum, Boulder,
CO, United States (UCMC); Entomology Research Museum, University of Califor-
nia, Riverside, CA, United States (UCRC); W.R. Enns Entomology Museum, Uni-
versity of Missouri, Columbia, MO, United States (UMRM); Smithsonian National
Museum of Natural History, Washington, DC, United States (USNM); Insect Col-
lection, University of Texas, Austin, TX, United States (UTIC); Wisconsin Insect
Research Collection, University of Wisconsin-Madison, W1, United States (WIRC);
J.B. Wallis/R.E. Roughley Museum of Entomology, University of Manitoba, Win-
nipeg, MB, Canada (WRME). The primary types of the previously described species
of the P hyalinus species group were studied by examining available specimens or
images sent by the repositories the repositories (Suppl. material 6). A summary of the
non-type specimens examined is provided for each species in the Suppl. materials.
The specimens of particular interest that are mentioned in Variation and/or Remarks
sections or that were unsequenced and collected from outside the Nearctic region
are listed as Additional Material Examined. The label data of holotypes are reported
as verbatim.
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DNA sequencing

Hind legs and/or middle legs were removed from the specimens of each morphospecies
for DNA extraction. The molecular work was done either Canadian Centre for DNA
Barcoding (CCDB) at the University of Guelph or in the Laboratory of Molecular
Systematics (LMS) at Royal Ontario Museum. At LMS, DNA was extracted using a
Qiagen DNeasy Blood and Tissue Kit following the manufacturer’s instructions and
DNA was eluted with 50 pl of AE buffer. Each 25 pl PCR reaction consisted of 1 pl of
template DNA, 18.89 ul ddH20, 0.56 pl dNTPs [10 mM], 0.05 pl Platinum Taq (In-
vitrogen), 1 pl [0.01 mM] each of the universal COI primers LCO1490 and HCO2198
(Folmer et al. 1994) and 2.5 pl 10 x PCR buffer (Invitrogen). PCR thermo-cycling
conditions were an initial hot start of 94 °C for 1 min, 5 cycles of denaturation at 94 °C
for 30 s, annealing at 42 °C for 40 s and extension at 72 °C for 1 min, then 35 cycles
of denaturation at 94 °C for 30 s, annealing at 46 °C for 40 s and extension at 72 °C
for 1 min, with a final extension at 72 °C for 5 min. Three microliters of PCR prod-
ucts were combined with 3 pl loading dye and visualised using 1% agarose gel. Only
amplicons with single, intense bands were sequenced. Before sequencing the remaining
23 pl of PCR product was treated with 0.5 ul of ExoSAP-IT (Applied Biosystems) and
1.5 ul ddH20 and placed in a thermocycler under the following conditions: 37 °C for
15 min, 80 °C for 15 min, and then a 4 °C hold. Each sequencing reaction consisted
of 2 pl of PCR product along with 0.5 pl BIG DYE 3.1 reagent (Applied Biosystems),
0.5 ul LCO1490/HCO2198 primer, 5 pl ddH20 and 2 pl 5 x sequencing buffer (Invit-
rogen) and were then run on an ABI 3730 capillary sequencer (Applied Biosystems). At
CCDB, DNA was extracted using the automated CCDB glass fiber membrane method
for 96-well plates (Ivanova et al. 2006). PCR amplification and sequencing reactions fol-
lowed standard CCDB protocols (Hajibabaei et al. 2005). Identical primers were used
in both institutions for PCR amplification: primers LepF1 (5°- ATTCAACCAAT CAT-
AAAGATATTGG-3’) and LepR1 (5 TAAACTTCTGGATGTCCAAAAAATCA-3)
were used for COL; and ITS2F (5 TGTGAACTGCAGG ACACATG-3’) and ITS2R2
(5-TCTCGCCTGCTCTGAGGT-3") were used for ITS2. At CCDB, various mixes of
primers were also used for additional amplifications for the taxa with poor qualitcy DNA.
The majority of the assembled sequences were uploaded to and downloaded from the
Barcode of Life Data Systems (Ratnasingham and Hebert 2007). Prior to alignment,
trace files of COI sequences were inspected with Chromas ver. 2.6.6 (Technelysium Pty
Ltd., Helensvale, Australia) and edited where necessary for quality control.

Molecular analyses

The Perilampus platigaster species group is regarded as the sister group to the P hya-
linus species group based on two putative morphological synapomorphies, frontal
carina and finger-like axillula (Darling 1996), and was used as the outgroup. COI
sequences were aligned with MUSCLE algorithm (Edgar 2004) implemented in
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MEGA ver. 10.1.6 (Kumar et al. 2018) with default settings. ITS2 sequences were
aligned with MAFFT v.5 online server (Katoh 2013) with default settings except
for the alignment strategy was changed to L-INS-i, and scoring matrix for the se-
quences was changed to 1PAM/K=2. COI and ITS2 datasets were concatenated with
MEGA ver. 10.1.6, using only the specimens that were successfully sequenced for
both genes. COI and ITS2 sequences were trimmed with MEGA ver. 10.1.6 to a
maximum length of 600 bp and 450 bp, respectively. Sequences shorter than 50% of
the maximum alignment length were excluded from the analyses. jModelTest (Dar-
riba et al. 2012) implemented in IQ-TREE ver.2.1.3 (Nguyen et al. 2015) was used
to select the most suitable nucleotide substitution models for the phylogenetic analy-
ses, restricted to only those supported by MrBayes, for the analyses under Bayesian
Information Criterion: GTR +I+G4 for COI; and HKY+G4 for ITS2. Maximum
likelihood (ML) and Bayesian phylogenetic inference (BI) analyses were conducted
for both single and concatenated datasets, using IQ-TREE ver.2.1.3 and MrBayes
ver. 3.2.7 (Huelsenbeck et al. 2001; Ronquist et al. 2012), respectively. Each ML
analysis was conducted in IQ-TREE ver.2.1.3, with 1000 initial parsimony trees, 20
best trees retained during search, and 1000 ultrafast bootstrap iterations for branch
support (Hoang et al. 2018). The convergence was evaluated by inspecting the trace
plots with Tracer ver. 1.7.1 (Rambaut et al. 2018) to verify if all estimated sample
sizes (ESS) were > 200. The first 25% of the samples were discarded as burn-in, and
the remaining trees were used to construct the 50% majority rule consensus tree. All
trees were visualized with Figtree ver. 1.4.4 (Rambaut 2018) and further edited with
Adobe® Hllustrator CC ver. 21.0.2.

The pairwise uncorrected p-distances within and between preliminary species in-
ferred from morphology were calculated in PAUP* 4.0a169 (Swofford 2003) using
minimal evolution and constraining negative branch lengths to be non-negative, ig-
noring gaps for affected sites, with equal rates for variable sites, and estimating varia-
tion for all substitutions. For each morphospecies, the minimum interspecific distances
to the nearest neighbor and the maximum intraspecific distances were obtained.

Three molecular species delimitation methods were employed for each locus to
estimate the number of molecular operational taxonomic units (MOTUs): Automatic
Barcoding Gap Discovery (ABGD) (Puillandre et al. 2011), Barcode Index Number
(BIN) system (Ratnasingham and Hebert 2013), and Poisson Tree Processes (PTP)
(Zhang et al. 2013). The finalization of preliminary species was based on compari-
son across the partitioning of morphospecies and MOTUs, further supported with
available host information. ABGD delimits MOTUs by recursively partitioning the
data using the barcode gap between pairwise interspecific and intraspecific distances
(Puillandre et al. 2011). In ABGD, the position of the barcode gap is inferred based
on a range of genetic intraspecific divergences (P) and relative gap width (X) defined
a priori. In this study, ABGD method was performed on the online web application
(https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html) with pairwise uncorrected
p-distances calculated with PAUP. Default P values from 0.001 to 0.1 were used
for both the COI and ITS2 datasets. The number of steps was set to 30, and the X
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value of 0.5 was analyzed. ABGD resulted in highly variable number of MOTUs
across the P values, likely due to the lack of clear barcoding gaps (Yoo 2023). The
partitioning schemes from Yoo (2023) that were best corroborated by morphology
and other delimitation methods were presented as the most biologically plausible
(Puillandre et al. 2011). The initial and recursive partitions at P = 0.0057-0.0067
was selected for COL. The recursive partition at P = 0.0036-0.0067 was selected for
ITS2. The BIN system is another distance-based species delimitation method. Bar-
code of Life Data Systems (Ratnasingham and Hebert 2007) automatically assigned
BINs to each sequence with Refined Single Linkage Analysis (RESL) which delim-
its molecular operational taxonomic unit based on a 2.2% threshold of sequence
divergence, then refined by Markov clustering (Ratnasingham and Hebert 2013).
Since BOLD currently assigns BINs only for COI, this method could not be ap-
plied for the ITS2 sequences. PTP is a tree-based species delimitation method which
models speciation rates using the number of substitutions obtained from branch
lengths of phylogenetic tree (Zhang et al. 2013). Under the assumption that there
are a significantly higher number of substitutions between species than within spe-
cies, the method identifies the transition points between speciation and coalescent
processes (Zhang et al. 2013). The PTP analyses were performed using the online
web application (https://species.h-its.org) using the above ML trees obtained from
IQ-TREE ver.2.1.3 as inputs. 500,000 MCMC generations, thinning value of 100,
a burn-in of 10%, and outgroups were removed to improve the species delimitation.
MCMC chains did not converge despite using the available maximum number of
generations (500,000), thus only the results of maximum likelihood solutions are
reported. With ITS2, the inclusion of the complete P hyalinus species group data set
resulted in grouping of the majority of the species in the P hyalinus species complex
into two molecular taxonomic units (MOTUs) while the exclusion of most diver-
gent species such as those in the P carolinensis species complex partitioned MOTUs
closer to morphology and COI (Yoo 2023). This is likely due to the greater degree
of uneven branch length distributions between P carolinensis species complex and
the most members in the P hyalinus species complex in ITS2. Because PTP assumes
constant speciation and coalescent rates across phylogeny (Zhang et al. 2013), the
algorithm may have classified longer branches outside the 2 hyalinus species com-
plex as speciation processes, while classifying the mostly shorter branches within the
species complex as coalescence processes (Yoo 2023). Therefore, the results from two
separate PTP analyses with ITS2 were merged to obtain the total MOTU partition-
ing scheme.

Species distributions

The species distribution maps were made with the online GIS tool SimpleMappr
(Shorthouse 2010), and further edited with Adobe® Illustrator CC ver. 21.0.2 (Adobe
Systems Inc., California, USA). The complete data for each specimen, including spe-
cies, type status, locality information with coordinates and sequencing information is
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archived on the TMS Collections Management System (ROM) and will be added to
the Global Biodiversity Information Facility (www.GBIF.org) after publication and the
validation of the new species.

Host associations

The host association of individual specimens was obtained from the associated labels,
available host remains, and/or publications. Where necessary, the host names were up-
dated to reflect the current nomenclature. In many instances, the dipteran or ichneu-
monid primary parasitoid hosts pupated inside the cocoons or pupae of their herbivore
hosts. This necessitated a careful examination of the inner contents of the cocoons and
pupae to determine whether the Perilampus had developed as primary or hyperparasi-
toids. The sawfly cocoons and lepidopteran pupae from which Perilampus exited were
either dissected (Fig. 26B cf. 26A) or their interiors were examined through the exit
hole (Fig. 26A: eh) using halogen light sources. The presence of parasitoid cocoons
(Fig. 26C, E: Ic) or puparia (Fig. 26D, F, H: Tp) indicated the development as hyper-
parasitoids, while their absence (Fig. 26B, G) indicated primary parasitoids.

Results

The molecular analysis provides strong support for both the P hyalinus species group
and the P hyalinus species complex—both the ML and BI analyses yielded similar tree
topologies (Fig. 1, Suppl. material 1: BS > 96, PP = 1). In addition, the P hyalinus spe-
cies complex is further divided into three well supported major clades (Figs 1, Suppl.
material 1: BS > 86, PP = 0.90) and eight of nine Nearctic morphospecies, including
the parasitoids associated with Neodiprion sawflies, show well supported monophyly
with the combined data (Figs 1, Suppl. material 1 BS > 95, PP = 1) or at least one or
both loci (Suppl. materials 2—4, COI BS = 92, PP > 0.76; ITS2 BS = 90, PP > 0.94).
The eight species were also successfully delimited with at least one gene (Suppl. ma-
terials 2, 5). The molecular analysis pertaining to the entire Western Hemisphere and
phylogenetic structure within the 2 hyalinus species group are discussed in detail in
Yoo (2023).

The BINs assigned for each specimen by BOLD are shown in the material exam-
ined. The current BINs (December 28, 2023) and the number of BINed specimens are
indicated in the remarks section for each species. The pairwise uncorrected distances
for each gene for the Nearctic species are summarized in Table 1. The minimum inter-
specific divergences with COI range from 1.2% to 4.6%, and maximum intraspecific
divergences range from 0.7% to 2.3%. The minimum interspecific divergences with
ITS2 range from 0.7% to 4.5%, and maximum intraspecific divergences range from
0 to 0.7%. The overlap of minimum interspecific and maximum intraspecific diver-
gences suggests the absence of a global barcode gap (Wiemers and Fiedler 2007; Kvist
2016) in the Nearctic P hyalinus species complex in both COI and ITS2.
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Table . Pairwise uncorrected p-distances for two genes among Nearctic members of the Perilampus
hyalinus species complex. Intraspecific distances are along the diagonal, ITS2/COI. Interspecific distances
for COI are below diagonal, for ITS2 are above diagonal.

P arcus  P.crassus P neodiprioni P hyalinus P pilosus P seneca P sirsiris P, sonora P ute
P, arcus 0/0-1.2 4.5 4.1 3.4-4.5 4.1-4.2 0.7 4.5-4.8 3.1 2.1-2.8
P, crassus 4.0-5.5 0/0.2-0.5 2.8 1.0 2.4 3.8 2.4-2.8 3.4-3.5 4.5-5.2
P neodiprioni 4.0-5.3  2.7-3.7 0/0-0.9 1.7 2.4 3.4 1.7-2.1 2.8 4.5-4.9
P, hyalinus 42-62 1.6-4.0 3.0-4.7 0/0-2.3 1.4 2.8 1.4-1.7 2.4 3.4-4.2
P, pilosus 3.5-44 23-3.6 2.3-3.4 1.2-2.9  0/0-1.0 3.4 2.1-2.4 2.4 4.1-4.9
P seneca 2540 4.0-5.3 3.4-4.7 4.3-6.7 3.8-5.2  0/0.2-0.7 3.8-4.1 2.4 1.4-2.1
P, sirsiris 3.3-45 22-4.1 1.3-2.6 2.1-3.8 1.3-2.2 3.2-50 0-0.3/0-1.3 3.1-35 4.5-5.6
P, sonora 3.9-58 4.2-63 4.0-5.2 46-65 3.7-48 3454 3.5-47  0-0.3/1.0-1.3 3.8-4.5
P, ute 3.1-4.4 3.7-55 3.2-4.2 4.1-6.5 4.1-6.5 2.2-3.0 2.9-4.7 4.0-5.2 0-0.7/0.3-2.0

Perilampus hyalinus species group
Figs 2A, B, D,E H, 3

Family Perilampidae Férster, 1856
Genus Perilampus Latreille, 1809

Taltonos Argaman, 1990 (subjective synonym, Darling, 1996).

P hyalinus species group sensu Smulyan (1936) and Darling (1996)

Description. Female. Color: head and body entirely or at least partially brightly iri-
descent (Fig. 2A, H).

Head: in anterior view weakly transverse, slightly wider than high, HW/HH 1.2
1.3; slightly wider than pronotum, HW/PW 1.1-1.2. Frontal carina: distinct, extend-
ed from posterior margin of median ocellus (Fig. 2B) to near lower eye margin (Fig.
2A); in dorsal view narrow near median ocellus. Ocelli: median ocellus in line with
lateral ocelli or only slightly advanced (Figs 2B, 12G). Eye: slightly shorter than head
height, EH/HH 0.6-0.7. Vertex: rounded behind. Occiput: with vertical groove below
vertex, with subparallel costulae; occipital carina absent. Malar space (Fig. 2A): with
oblique striae obliterating malar sulcus (Fig. 2D). Clypeus (Fig. 3A): weakly trans-
verse to strongly transverse, CW/CH 1.3-1.6; lateral sulci straight or weakly curved,
strongly divergent; with small and indistinct tentorial pits; epistomal sulcus concave,
deeper and more distinct than lateral sulci; ventral margin concave or nearly flat. Su-
praclypeal area (Fig. 3A): subquadrate; shorter and narrower than clypeus, SCH/CH
0.5-0.6. Scape (Figs 3C-E): length about 0.6 x EH; narrow throughout; pits absent
or if present distad covering no more than 0.2 x scape length (Figs 3 D, E). Flagellum
(Fig. 31): anellus transverse, AL/PL about 0.3; Ful subquadrate, FulL/FulW 1.0-1.1;
subequal to or slightly longer in length than pedicel, FulL/PL 1.0-1.3; Fu2 subquad-
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Figure 2. The morphological characters of Perilampus hyalinus species group (A B D H F) and other Per-
ilampus species groups (C E G I) A head, anterior-oblique view, P seneca B vertex, dorsal view, P neodiprioni
C vertex, dorsal view, P auratus D malar space, P seneca E malar space, P platigaster F axilla and axillula, 2 /ya-
linus G axilla and axillula, Perilampus sp. H pronotum and mesoscutum, posterior oblique view, P neodiprioni
I pronotum and mesoscutum, posterior oblique view, 2 platigaster. Abbreviations: ax, axilla; axl, axillula; axsh,
axillar shelf; ca, carina; fc, frontal carina; ms, malar space; msl, malar sulcus; not, notaulus; psa, parascrobal
area. [A ROME182769; B, H ROME162273; C ROME162320; D ROME199563; E ROME141508;
F ROME162229; G ROME182831; | DHJPAR0038540]. Scale bars: 250 um (A-C, H, I); 100 um (D-G).



Taxonomic revision of the Nearctic Perilampus hyalinus species complex 1313

Figure 3. Sexual dimorphism in the Perilampus hyalinus species group A female head, anterior view,

P seneca B male head, anterior view, P seneca € female scape anterior margin, P seneca D female scape
inner margin, P seneca E female scape inner margin, P neodiprioni F male scape anterior margin, P neodip-
rioni G female head, dorsal view, P seneca H male head, dorsal view, P seneca | female flagellum, P seneca
) male flagellum, P seneca K female habitus, dorsal view, P neodiprioni L male habitus, dorsal view,
P neodiprioni. Abbreviation: scp, scape. [A ROME199563; B ROME183976; C, D ROME199531;
E ROME198219; F ROME198147]. Scale bars: 250 pm (A, B, G=J); 100 pm (C-F); 500 pm (K, L).

rate or transverse, Fu3—Fu7 transverse; clava 4-segmented, C1-3 as long dorsad as
ventrad, with distinct terminal button (C4).

Mesosoma: slightly longer than wide, ML/MW 1.2-1.3. Pronotum: carinulate
(Fig. 2H); short, PN/MSC about 0.2; shorter along midline, 0.5-0.7 length laterad;
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anterior margin sharp, all rows of punctures on same plane. Lateral panel of prono-
tum: without flange (Fig. 4D) or with flange below level of mesothoracic spiracle in
posterior oblique view (Fig. 16D: arrow); anterior margin sharp, all rows of punctures
on same plane. Prepectus: wide and triangular; differentiated from pronotum with
distinct suture; ventral strap short, without row of alveolae; central area of lateral panel
smooth, with foveae along dorsal and posterior margins. Mesoscutum (Fig. 2H): mid-
lobe without tubercle; notaulus distinct and continuous, uninterrupted by sculpture
of mesoscutum. Mesoscutellum: without tubercle; slightly longer than mesoscutum,
SC/MSC 1.2-1.3; strongly vaulted, frenum ventrad and not visible in the dorsal view.
Axilla: with axillar shelf (Fig. 2F). Axillula: elongate and finger-like, AxL/AxH usually
2.0 or greater (Fig. 2F). Metanotum: short, length 0.4-0.5 x length of propodeum
along midline. Propodeum: width about 3 x length along midline; submedian area
smooth to weakly imbricate, with foveae or groove laterad median carina, delimited
laterad and ventrad by complete plicae, dorsad by transverse band of foveae; callus
with angulate process below spiracle, and alveolate-rugose, with alveolae sometimes
obliterated below spiracle; nucha with transverse to arcuate rugae. Fore wing: elongate,
WL/WW 2.3-2.4; hyaline, with yellow or brown venation; parastigma swollen with
weak equilateral triangular process; postmarginal vein 0.7-0.8 x as long as marginal
vein; stigmal vein 0.3-0.4 x as long as marginal vein; stigma with weak uncus.

Metasoma: petiole short and straplike, with weak transverse wrinkles; petiolar
flange short with ventral margin of upper area with shallow emargination mesad; an-
tecostal sulcus transverse, with weak vertical carinae laterad and smoothened mesad;
M2 with trapezoidal demarcation and shallow median groove, imbricate and wrinkled
anteriad, and smooth posterad without lateral protruberances along midline, posterior
margin straight and sparsely setose; Mt3 smooth.

Male. As in female, except: Color: mesonotum sometimes nearly entirely black or
with cupreous iridescence (Fig. 3L cf. Fig. 3K). Eye: in dorsal view often more bulbous
(Fig. 3H cf. Fig. 3G). Ocellus: often larger (Fig. 3H cf. Fig. 3G). Ocellar ratios LOD:
POL: OOL: LOL: often shorter. Frontal carina: distance from lateral ocellus usually
shorter. Malar space: MSL/EH often shorter. Flagellum: slightly wider (Fig. 3] cf. Fig.
31). Scape (Fig. 3F): in anterior view weakly expanded distad, 1.3—1.4 x width above
radicle; with distinct pits on anterior surface (Fig. 3F cf. Fig. 3D, E); pitted surface not
swollen in lateral view. Aedeagus: without a pair of lateral spines.

Diagnosis. The P hyalinus species group is characterized by: brightly iridescent
coloration (Fig. 2A, H), distinct frontal carina extended from posterior margin of me-
dian ocellus (Fig. 2B cf. Fig. 2C) to near lower eye margin (Fig. 2A), oblique costae
obliterating malar sulcus (Fig. 2D cf. Fig. 2E), carinulate pronotum (Fig. 2H cf. Fig.
2I), distinct and uninterrupted notaulus (Fig. 2H), axilla with axillar shelf (Fig. 2F cf.
Fig. 2G), and elongate and finger-like axillula (Fig. 2F cf. Fig. 2G). The P platigaster
species group has a similar structure of the frontal carina, axilla, and axillula, but is
distinguished by having a malar sulcus (Fig. 2E cf. Fig. 2D) and the general body color
black with or without weak iridescent reflections (Fig. 2I cf. Fig. 2H).
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Distribution. The P hyalinus species group occurs exclusively in the Western
Hemisphere, from the southern Canada to Argentina.

Host association. The previously published host records indicate that species
are mostly hyperparasitoids, parasitizing dipteran (Tachinidae and Sarcophagidae)
and hymenopteran parasitoids (Ichneumonoidea) of Lepidoptera, Orthoptera, and
rarely, Phasmatoidea and Coleoptera (e.g. Smith 1912; Smith 1958; Pitts et al.
2002; Janzen and Hallwachs 2009). Smith (1912) gave a detailed description of
the biology of P hyalinus Say as an indirect hyperparasitoid—the planidia actively
searches and burrows into the host of the primary parasitoid (e.g. caterpillars), but
can only feed and develop on the dipteran or hymenopteran parasitoids. There are
relatively fewer cases of primary parasitoids in the P hyalinus species group, and
the best documented are the parasitoids of Neodiprion sawflies (Hymenoptera:
Diprionidae) (Tripp 1962).

Remarks. This species group was hypothesized as a monophyletic group based
on morphological characters (Darling 1996) and was well corroborated in our com-
bined analysis of COI and ITS2 (Fig. 1). The oblique costae obliterating the malar
sulcus (Fig. 2D) is the only shared and putatively derived character exclusive to
this species group. Other character states (e.g. frontal carina) are widely distributed
across Perilampidae in varying combinations, and a comprehensive phylogenetic
analysis of this family is required to understand their evolution. Yoo (2023) recog-
nized two clades in the 2 hyalinus species group supported by COI+ITS2 and mor-
phology: the P carolinensis species complex, which has a parascrobal area abruptly
narrowed in lateral view and the lateral panel of pronotum without a flange (Fig. 1
Clade II), and the 2 hyalinus species complex which has a parascrobal area usually
gradually narrowed in lateral view and the lateral panel of pronotum with or with-
out a flange (Fig. 1 Clade III). The P hyalinus species complex is further divided
into three major clades which are congruent in genetic and morphological charac-
ters, for example the density of pits on the male scape, the shape of the lateral panel
of the pronotum, and color of the mesonotum in females (Yoo 2023). The species
in the P hyalinus clade 3 (Illc, Fig. 1), including P arcus, P seneca, and B ute, are
distinguished by a usually densely pitted male scape (Figs 17G, 17H, 19H, 191,
21G, 21H) and the lateral panel of pronotum with a triangular flange (Figs 16D,
18D, 20D). The species in the P hyalinus clade 1 (Illa, Fig. 1), including 2 sonora,
can be recognized by the cupreous mesonotum in females (Fig. 22B), in addition to
the usually sparse pits on the male scape (Fig. 23G, H) and the lateral panel of the
pronotum that lacks a triangular flange (Fig. 22D). The P hyalinus clade 2 species
(IIlb, Fig. 1), including P crassus, P neodiprioni, P hyalinus, R monocteni, P pilosus,
and P sirsiris, also has a sparsely pitted male scape (Figs 5G, H, 7F, G, 9G, H, 11G,
H, 13G, H, 15E G) and the lateral panel of pronotum without a triangular flange
(Figs 4D, 6D, 8D, 10D, 12D, 14D). But the P hyalinus clade 2 species do not
have the strong cupreous mesonotum in females (e.g. Fig. 4B), except in P, pilosus

(Fig. 15A).
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Key to the Nearctic P. hyalinus species group

1

Parascrobal area in lateral view abruptly narrowed towards lower eye margin
(A, B); outer orbit with long and wide smooth area (A, B); lower face sparsely
St I (O ) N P carolinensis species complex, 2

Parascrobal area in lateral view gradually narrowed towards lower eye margin
(a, b); outer orbit with short and narrow smooth area (a) or entirely striate
(b), rarely with long and wide smooth area; lower face densely (c) or sparsely
(d) SEOSE...eveveviiiicieicci e P, hyalinus species complex, 3
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2(1) Head cupreous; parascrobal area in lateral view abruptly narrowed at or above
midheight of the eye (A); median ocellus advanced to form a narrow triangle
with lateral ocelli (B); female flagellum yellow ................. P, regalis Smulyan

- Head greenish to violaceous; parascrobal area in lateral view abruptly nar-
rowed below midheight of the eye (a); median ocellus in line with lateral
ocelli (b); female flagellum black or brown.............. P carolinensis Smulyan
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3(1)

Median ocellus advanced to form a narrow triangle with lateral ocelli (C);
lower face densely setose, with dense and widely distributed setae laterad toru-
lus (A female, B male, circled); lateral panel of pronotum without flange (D,
lateral view; E, oblique posterior view); male scape sparsely pitted (F). [South-
western U.S and Northwestern Mexico] ... P pilosus Yoo & Darling, sp. nov.

Ocellar triangle variable (d, e); lower face sparsely (a female) or densely setose (b,
¢ male), with sparse (a, circled) or dense and narrowly distributed setae laterad
torulus (b, ¢, circled); lateral panel of pronotum without (f, posterior oblique
view) or with flange (g, posterior oblique view); male scape variable............... 4
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4(3) Parascutal carina (A, circled) angulate (B) or steeply curved (C), often with
weak flange (arrows, B, C) ...c.ciiiiiiiiiiiiiicccc e 5
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5(4) Lateral panel of pronotum without flange or with small rounded flange in
posterior oblique view (A); parascutal carina usually angulate (B), rarely
steeply curved (C); male scape sparsely pitted (D)........ P, sirsiris (Argaman)

WX F T S

- Lateral panel of pronotum usually with small acuminate triangular flange in
posterior oblique view (a); parascutal carina steeply curved (b, c); male scape
densely pitted (d) .c.oceveveirininiiiincicnceee P arcus Yoo & Darling

!




6(4)
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Mesonotum cupreous in both sexes (A female, B male); lateral panel of pro-
notum without flange in posterior oblique view (C); male scape with short
pitted area, about 0.3 x scape length, and pits sparse (D, E). [Southwestern
U.S to Southern Mexico] ..vvveeveveeeennnn. P sonora Yoo & Darling, sp. nov.

Mesonotum entirely or mostly green to violaceous blue in both sexes (a), or
cupreous in males (b); shape of lateral panel of pronotum variable (¢, d); male
scape variable (e, f); if male mesonotum strongly cupreous, then lateral panel
of pronotum usually with triangular flange in oblique posterior view (d) and
male scape with densely pitted area (€)......cceoeviruerinieenncrincinrcerccee 7
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7(6) Mesoscutal lateral lobes smooth to weakly corarious along notaulus (A); lat-
eral panel of pronotum often with triangular flange in posterior oblique view
(B, C); median ocellus in line with lateral ocelli (D); axilla carinate ventrad
(E); male scape densely pitted (F) ...covveveiniiininieniniciniciscneceeceees 8

- Mesoscutal lateral lobes usually punctate along notaulus (a, b); lateral panel of
pronotum without flange (c) or with small rounded flange (d); median ocellus
in line with lateral ocelli or advanced and forming a narrow triangle (e); axilla
areolate-rugose (£, g) or carinate ventrad; male scape sparsely pitted (h)....... 9
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8(7) Lateral panel of pronotum usually with large triangular flange in posterior
oblique view (A, female, B, male); female vertex without black coloration
between frontal carina and ocellus (C); male mesonotum mostly black (D)
[Southwestern U.S]..ccovveeeeieieeeeeeeeeeeeeenn P ute Yoo & Darling, sp. nov.

(

- Lateral panel of pronotum usually with small acuminate triangular flange (a,
female, b, male); female vertex with black coloration between frontal carina
and ocellus (arrow, ¢); male mesonotum with cupreous iridescence (d) .........
................................................................ P, seneca Yoo & Darling, Sp. nov.
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9(7) Ventral margin of clypeus nearly straight, weakly iridescent (A, B); mesoscu-
tal lateral lobes sculpture along notaulus always strongly punctate (C, D).....
............................................................... P crassus Yoo & Darling, sp. nov.

- Ventral margin of clypeus concave and black (a, b); sculpture of lateral lobe
of mesoscutum along notaulus weaker, rarely smooth (¢, d) ....c.oovvvrnneeeee. 10




10(9)
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Clypeus with wide bare area without setae near dorsal margin, extending
ventrad medially (A, B). [Parasitoids of Monoctenus spp. or hyperparasitoids,
parasitizing their dipteran parasitoids] .........cocoeeueiiiniieiiiiiicces
......................................................... P monocteni Yoo & Darling, Sp. nov.

Clypeus with setae evenly distributed (a) or with small bare area with-
out setaec medially (b) [Parasitoids associated with Neodiprion spp. or
OrthOPLera] c..cveviiiiiiiiiierieet e 11
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11(10)

Axillula usually with piliferous punctures dorsad (arrows, A, B); mesofemo-
ral depression variable, often imbricate-alveolate (C, D); inner margins at
apex of mesoscutellum gradually diverging (E, F). [Parasitoids of Neodiprion
spp- or hyperparasitoids, parasitizing their dipteran and hymenopteran para-
STEOIS] v P neodiprioni Yoo & Darling, sp. nov.

»

Axillula smooth dorsad (a); mesofemoral depression variable, but never im-
bricate-alveolate (b, ¢); inner margins at apex of mesoscutellum gradually (d)
or abruptly diverging (e). [Hyperparasitoids, parasitizing dipteran parasitoids
of Acrididae, Gryllidae, or dipteran kleptoparasites of Crabronidae and Sphe-
cidae that provision their nests with Orthoptera] .................. P hyalinus Say
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Perilampus hyalinus Say, rev. stat.
Figs 4, 5, 24A, B

Perilampus hyalinus Say, 1829:79. (original description, sex not indicated). Type local-
ity: USA, Pennsylvania. Type material: Type lost. Neotype. “USA:OH: Montgom-
ery Co. New Carlisle 39.989583, -84.029056, Ex. Ceracia dentate, Ex. Melanoplus
Sfemurrubrum prob. 26.x.2014 M. D. Sheaffer”. The neotype is point-mounted
(Male ROME204130, USNM). BOLD:AEA0382. ROM Online Collection.

Perilampus entellus Walker, 1843:103 (original description). Type locality: Ohio, USA.
Type Material. Lectotype, B.M. Type Hym. 5.2285, NHMUKO014583126 (Im-
ages examined).

Perilampus aciculatus Provancher, 1889:199 (original description). Type locality: Ot-
tawa, Canada. Type material. Lectotype, 1359, Université Laval, Québec City,
Canada (Images examined). Note: Year of publication incorrect as 1887 in subse-
quent references to P aciculatus (see Barron 1975:391).

Perilampus aciculatus, Lectotype, Gahan and Rohwer 1918:106.

Perilampus aciculatus Smuylan, 1936:380 (tentative synonym of P hyalinus Say).

Perilampus aciculatus Peck, 1963:519 (subjective synonym of P hyalinus Say).

Perilampus aciculatus Burks, 1963:1259 (subjective synonymy “probably correct”).

Perilampus entellus, Lectotype, Burks 1975:150 (subjective synonym of 2 hyalinus Say).

Taltonos hyalinus (Say). Argaman, 1990:205 (new combination).

Taltonos aciculatus (Provancher), Argaman, 1991:5 (new combination).

Taltonos entellus (Walker), Argaman, 1991:9 (new combination).

Perilampus hyalinus Say. Darling, 1996:113 (Zaltonos, subjective synonym of Perilampus).

Perilampus aciculatus Darling, 1996:113 (Zaltonos, subjective synonym of Perilampus).

Perilampus entellus Darling, 1996:113 (Taltonos, subjective synonym of Perilampus).

Perilampus aciculatus, New synonymy based on Neotype designation herein.

Perilampus entellus, New synonymy based on Neotype designation herein.

Material examined. CANADA: 77 females, 47 males. USA: 67 females, 31 males. (Sup-
pl. materials).

Additional material examined. CaNADA: 1 female. Ontario: 1 female. Durham
R.M., Glen Major Forest: (1 female: ROME152664-ROME; BOLD:AEA0382;
ITS2). MEexico: 2 females. Jalisco: 1 female. (1 female: ROME200751-HNHM). So-
nora: 1 female. (1 female: ROME162260-USNM).

Description. Female (Fig. 4). Length: 2.9-4.4 mm. Color: head iridescent green-
ish blue or violet; mesosoma and metasoma iridescent greenish blue or violet; clypeus
ventral margin black (Fig. 41); antenna with scape and pedicel weakly iridescent green-
ish blue or violet, flagellum brown or black, lighter ventrad and distad.

Head (Fig. 4G-I): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinuate be-
low midlevel of eye; in dorsal view gradually narrowed V shape around median ocellus,
FC/MOD 1.5-1.9; distance from lateral ocellus short to long, FCLO/LOD 0.6-1.0.
Scrobal cavity (Fig. 4H): in anterior view wide, SW/HW about 0.5. Ocelli (Fig. 4G):
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Figure 4. Perilampus hyalinus Female A habitus, lateral view B habitus dorsal view C lateral lobe of mes-
oscutum along notaulus D lateral panel of pronotum, posterior oblique view E axillula F axilla G head,
dorsal view H head, anterior view I lower face J parascutal carina K mesoscutellum apex L, M mesofemo-
ral depression. [A ROME185913; B, K ROME189058; C, M ROME185947; D, F ROME189056;
E, G ROME162229; H ROME167636; | ROME189060; L ROME162246]. Scale bar: 1 mm (A).
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Figure 5. Perilampus hyalinus Male A habitus, lateral view B lateral panel of pronotum and parascutal

carina, posterior oblique view € head, anterior view D head, dorsal view E lower face F lateral lobe
of mesoscutum along notaulus G, H scape. [A Neotype, ROME204130; B-D, F, G ROME182798;
E ROME167638; H ROME189059]. Scale bars: 1 mm (A); 100 pm (G, H).
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a line between anterior margin of lateral ocelli nearly bisecting median ocellus. POL/
OOL 1.7-1.9. Ocellar ratios LOD: POL: OOL: LOL 1, 3.3-3.5, 1.8-2.0, 1.2-1.4.
Vertex: with strong to weak transverse striations, without large piliferous punctures.
Parascrobal area: in lateral view gradually narrowed towards lower eye margin; width
narrow, PSW/EL about 0.3; sculpture strongly to weakly striate, without large pilifer-
ous punctures. Gena: entirely or mostly striate along outer eye margin with narrow
and short smooth area, striate behind. Malar space: MSL/EH 0.2-0.3. Lower face (Fig.
4H, I): with setae sparse laterad torulus, and usually sparse below. Clypeus (Fig. 41):
CW/CH 1.3-1.5; ventral margin concave; setae evenly distributed, or with small bare
area without setae medially.

Mesosoma (Fig. 4B—F J-M): Lateral panel of pronotum: slightly narrower than or
about as wide as prepectus, LPP/PPT 0.7-0.9; without flange below level of mesotho-
racic spiracle in posterior oblique view (Fig. 4D). Mesofemoral depression: smooth,
weakly imbricate (Fig. 4L), or rugulose (Fig. 4M). Mesoscutum: punctures angulate,
with narrow or slightly wide and weakly coriarious interspaces (Fig. 4B); lateral lobe
usually weakly punctate with coriarious or smooth interspaces along notaulus (Fig.
4C); parascutal carina broadly curved, acuminate (Fig. 4]). Mesoscutellum: apex with
inner margin gradually or abruptly diverging (Fig. 4K); punctures angulate, with nar-
row or slightly wide and weakly coriarious interspaces. Axilla (Fig. 4F): in lateral view
imbricate dorsad and rugose-areolate or carinate ventrad. Axillula (Fig. 4E): smooth
dorsad. Fore wing: stigma small, 2.0-2.5 x as wide as postmarginal vein.

Male (Fig. 5). Length: usually smaller, 2.6-3.8 mm. As in female, except: Color:
mesonotum sometimes with weak cupreous iridescence. Frontal carina (Fig. 5D):
distance from lateral ocellus shorter, FCLO/LOD 0.5-0.6. Scape (Fig. 5G, H): pits
sparse, covering 0.3—0.4 x scape length.

Diagnosis. Perilampus hyalinus is morphologically similar to P neodiprioni, but the
axillula is always smooth dorsad without piliferous punctures (Fig. 4E cf. Fig. 8E), the
sculpture of the mesofemoral groove is usually smooth to weakly imbricate or rugulose
(Fig. 4L, M cf. Fig. 8L, M), and the inner margins of the apex of the mesoscutellum
are often abruptly diverged (Fig. 4K cf. Fig. 8K).

Distribution (Fig. 25A). Throughout USA and southern Canada, and possibly
western Mexico: Canada (Alberta, British Columbia, Manitoba, New Brunswick, On-
tario, Quebec), USA (Arizona, Colorado, Illinois, Indiana, Kansas, Maryland, Mon-
tana, New York, North Dakoda, Oklahoma, Pennsylvania, Utah, Washington, Wis-
consin), Mexico (Sonora, Jalisco).

Host associations. Perilampus hyalinus is a hyperparasitoid, attacking dipteran
parasitoids of Orthoptera and dipteran kleptoparasites of Crabronidae and Sphecidae
provisioning with Orthoptera and rarely parasitoids of dipteran parasitoids attacking
Phasmida (ROME204120). Hosts: Tachinidae (Diptera). Ceracia dentata (Coquillett)
from Melanoplus femurrubrum (De Geer) (Acrididae). Tachinidae from Phasmatidae.
Sarcophagidae (Diptera). Sarcophaga sp. from Melanoplus sanguinipes (Fabricius). Sar-
cophagids from Tettigoniidae and Oecanthinae collected in the nests of sodontia mexi-
cana (Saussure) (Sphecidae) (Medler 1965). Senotainia trilineata (Wulp) and S. vigilans
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Allen from nests of Zachysphex terminatus (Smith) and 7. validus Cresson (Crabroni-
dae) (Spofford and Kurczewski 1984). Possibly Nemestrinidae (Diptera) from M. san-
guinipes. Unidentified Diptera from Melanoplus differentialis (Thomas). Unidentified
parasitoid of Orphullela sp. (Acrididae).

Variation. A female from Ontario (ROME152664), Canada, has a smooth vertex.
COl and ITS2 suggest that this specimen is a rare morphological variant of 2 hyalinus.

Remarks. The identity of 2 hyalinus has long been obscured by the presumed
lost type specimen (Mawdsley 1993) and the morphological similarity of specimens
exhibiting different parasitism strategies and host associations (Burks 1979). Say’s
(1829) original description contains neither host information nor sufficient details
on morphology for determining with certainty which of the Nearctic species treated
herein should be regarded as P hyalinus Say. To clarify this situation a neotype is des-
ignated herein, a reared specimen collected near the original type locality (Pennsylva-
nia) which establishes this species as a parasitoid of dipteran parasitoids and dipteran
kleptoparasites associated with Orthoptera. This species is supported by molecular
analyses in both genes (Fig. 1, Suppl. material 5) and there are 14 BINed specimens,
including the neotype on BOLD (AEA0382) collected and reared from throughout
the range of this species. Perilampus hyalinus Say is the most abundant species in
collections in the eastern Nearctic region. This species is morphologically close to 2
neodiprioni, and can usually be distinguished by the sculpture of its axillula dorsad
and mesofemoral groove. However, these characters are not always reliable distin-
guishing these two species (see Remarks in P neodiprioni). While these characters are
not always reliable distinguishing these two species, they are clearly differentiated in

both COI and ITS2 (Fig. 1)

Perilampus sirsiris (Argaman)

Figs 6, 7, 24C

Ichneumon cyaneus Brullé, 1846:21 (Plate V, #4). Type locality: USA, “Carolina”. Type ma-
terial: Holotype. “Carolina”. (Female Paris EY35408, MNHN) (images examined).

Perilampus cyaneus Dalla Torre, 1898:355 (new combination ?).

Perilampus hyalinus Viereck, 1910:647 (subjective synonym P cyaneus ?, cited by Peck
1963).

Taltonos sirsiris Argaman, 1990:15. Replacement name, Perilampus cyaneus Brullé (nec
Fabricius 1798).

Perilampus sirsiris Darling, 1996:113 (Zaltonos, subjective synonym of Perilampus).

Perilampus eucyaneus Ozdikmen, 2011. Unnecessary replacement name.

Material examined. CANADA: 4 females, 8 males. USA: 17 females, 11 males. (Suppl.
materials).

Description. Female (Fig. 6). Length: 2.5-4.5 mm. Color: head iridescent green-
ish blue or violet, usually without black coloration between lateral ocellus and frontal
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Figure 6. Perilampus sirsiris Female A habitus, lateral view B habitus, dorsal view € lateral lobe of mesoscu-

tum along notaulus D, E lateral panel of pronotum, posterior oblique view F parascutal carina G head, dor-
sal view H head, anterior view I lower face ] head, lateral view K mesoscutellum apex L mesofemoral depres-

sion. [A, B, D,F, H,J, K ROME182764; E, G, L ROME189054; | ROME182766]. Scale bar: 1 mm (A).
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Figure 7. Perilampus sirsiris Male A habitus, lateral view B lateral panel of pronotum, parascutal carina,

and axilla, posterior oblique view € head, dorsal view D head, anterior view E lateral lobe of mesoscutum
along notaulus F, G scape. [A ROME162278; B ROME204099; C ROME199527; D ROME162281;
F ROME152680; E ROME162281; G ROME185910]. Scale bars: 1 mm (A); 100 um (F, G).

carina; mesosoma, and metasoma iridescent greenish blue or violet; clypeus ventral
margin black (Fig. 61); antenna with scape and pedicel weakly iridescent greenish blue
or violet, flagellum brown or black, lighter ventrad and distad.
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Head (Fig. 6G-]): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinu-
ate below midlevel of eye; in dorsal view gradually narrowed V shape around me-
dian ocellus, FC/MOD 1.5-1.9; distance from lateral ocellus short, FCLO/LOD
0.6-0.7. Scrobal cavity (Fig. 6H): in anterior view wide, SW/HW about 0.5. Ocelli
(Fig. 6G): a line between anterior margin of lateral ocelli reaching anterior margin
of median ocellus. POL/OOL 1.7-2.0. Ocellar ratios LOD: POL: OOL: LOL 1,
3.1-3.3, 1.6-1.9, 1.0-1.1. Vertex: with strong to weak transverse striations, with-
out large piliferous punctures. Parascrobal area: in lateral view gradually narrowed
towards lower eye margin; width narrow, PSW/EL about 0.3; sculpture strongly to
weakly striate, or rarely smooth, without large piliferous punctures. Gena (Fig. 6]):
entirely or mostly striate along outer eye margin with narrow and short smooth area,
striate behind. Malar space: MSL/EH 0.2-0.3. Lower face (Fig. 6H, I): with setae
sparse laterad torulus, and usually sparse below. Clypeus (Fig. 6I): CW/CH 1.3-1.4;
ventral margin concave; setae evenly distributed, or with small bare area without
setae medially.

Mesosoma (Fig. 6B — F, K, L): Lateral panel of pronotum: slightly narrower than
prepectus, LPP/PPT 0.7-0.8; without flange or with small rounded flange below level
of mesothoracic spiracle in posterior oblique view (Fig. 6D, E). Mesofemoral depres-
sion: usually smooth, weakly imbricate, or rugulose (Fig. 6L). Mesoscutum: punc-
tures angulate, with narrow or slightly wide and weakly coriarious interspaces (Fig.
6B); lateral lobe weakly punctate with coriarious or smooth interspaces (Fig. 6C), or
smooth, along notaulus; parascutal carina usually angulate, rarely steeply curved, often
weakly flanged (Fig. 6F arrow). Mesoscutellum: apex with inner margins gradually
or abruptly diverging (Fig. 6K); punctures angulate, with narrow or slightly wide and
weakly coriarious interspaces. Axilla: in lateral view imbricate dorsad and carinate or
rugose-areolate ventrad. Axillula: smooth dorsad. Fore wing: stigma small, 2.0-2.5 x as
wide as postmarginal vein.

Male (Fig. 7). Length: usually smaller, 1.7-3.8 mm. As in female, except: Color:
mesonotum sometimes with weak cupreous iridescence. Frontal carina (Fig. 7C): dis-
tance from lateral ocellus shorter, FCLO/LOD 0.3-0.4. Scape (Fig. 7F. G): pits sparse,
covering about 0.4 x scape length.

Diagnosis. Perilampus sirsiris and P arcus are the only Nearctic species with steeply
curved or angulate parascutal carina often with a flange (Fig, 6F, 7B, 20E, 21B cf. Figs
8], 9B). Perilampus sirsiris differs from P arcus in usually having an angulate parascutal
carina (Fig. GF cf. Fig. 20F), a flat lateral panel of pronotum or with a small rounded
flange in posterior oblique view (Fig. 6D, E cf. Fig. 20D), and the male scape with
sparsely pitted surface distad (Fig. 7E G cf. Fig. 21G, H).

Distribution (Fig. 25C). Throughout USA and southern Canada: Canada (On-
tario, Quebec, British Columbia), USA (Arkansas, Florida, Kansas, Maryland, Mis-
souri, Montana, Oregon, Texas, West Virginia).

Host association. Perilampus sirsiris is a hyperparasitoid, a parasitoid of dipteran
and hymenopteran parasitoids of Lepidoptera, rarely of hymenopteran parasitoids of
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argid sawflies. Hosts: Tachinidae (Diptera) from Hyphantria cunea (Drury) (Erebi-
dae) and Malacosoma disstria Hiibner (Lasiocampidae). Sarcophagidae (Diptera) from
Neophasia menapia (C. & R. Felder) (Pieridae). Braconidae (Hymenoptera). Coresia
hyphantriae (Riley) from Hyphantria cunea (Drury). Ichneumonidae (Hymenoptera)
from Arge sp. (Hymenoptera).

Variation. There is a rare variant from Manitoulin Island, Ontario, a male
(ROME152661) which has a wide bare area without setae on the clypeus similar to
P monocteni, but confirmed as P sirsiris by the steeply curved parascutal carina and
COl and ITS2.

Remarks. The descriptions of P sizsiris provided in Brullé (1846) and Argaman
(1990) are insufficient for species discrimination, but the holotype of this species is
intact (MNHN). The images of the holotype sent by the MNHN (Fig. 24C) provided
sufficient morphological details for associating the holotype with one of the com-
mon Nearctic species based on the key and redescription provided herein. Argaman’s
descriptions of color and pronotal flange (“Head and sides of thorax golden-green
to bluish”, “with a triangularly acute lobe opposite to upper top of prepectus”) do
not match the holotype of P ¢yaneus. Due to the dubious nature of the type speci-
men listed in his annotated checklist, where he states that the holotype is in his pri-
vate collection (Argaman 1991), Argaman clearly did not examine Brullés type. It is
likely that the “Types” in Argaman’s checklist represent the specimens he regards as
conspecifics, rather than the actual extant types (Darling 1996). We examined two
additional NHMH specimens from Jalisco, Mexico misidentified as £ sizsiris by Arga-
man (1991), identified herein as a female 2 hyalinus (ROME200751) and male P uze
(ROME200740). The only other literature record of P sirsiris is Graenicher (1909),
which mentions the preference of P hyalinus and P sirsiris for flowers of Erigeron
canadensis Linnaeus. However, given the poor description of P sirsiris by Brullé and
the absence of an indication that Graenicher had examined the type, it is unclear if the
observed species was indeed P sirsiris.

The steeply curved or angulate parascutal carina often with a flange (Figs 6F 7B) is
one of the key diagnostic features of P sirsiris. Perilampus arcus (Figs 20E, 21B) also has
a similarly modified parascutal carina, but the phylogenetic placement of the two spe-
cies (Fig. 1) suggests convergent evolution within the 2 hyalinus species complex. This
state is also widely distributed in other species of Perilampidae, including some species
of the P platigaster species group, and is almost certainly derived independently. Both
genes and species delimitation methods support P sirsiris (Fig. 1, Suppl. material 5)
and there are 10 BINed specimens on BOLD (AEM7685) from throughout the range
of this species (Quebec to Texas) and one specimen (ROME185904, Missouri) with a
COl sequence reared from Hyphantia cunea.

Perilampus sirsiris parasitizes dipteran and hymenopteran parasitoids of Lepidop-
tera, which feed on the leaves of deciduous trees. Interestingly, the hosts of P sirsiris
also include sarcophagid parasitoids of the pine butterfly, V. menapia (Pieridae)—this
is the only species associated with pines other than 2 neodiprioni, the hypothesized
sister species of P sirsiris (Fig. 1) (see Remarks for P neodiprioni below).
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Perilampus neodiprioni Yoo & Darling, sp. nov.
https://zoobank.org/E1ID68A20-14BD-4FAE-864E-99E9FE508E38
Figs 8,9

Type locality. Canada, Ontario, Haliburton County.

Type material. Holotype. “CANADA: ONT. Haliburton Hwy 16, 3.8 m. E.
Minden Ex: Neodiprion lecontei in red pine plantation. VII1.28.93. DC Darling”, “Lab
Reared 1994 S. Perlman M.Sc. thesis”, “BOLD COI-5P Sequence, 325bp”. The holo-
type is card-mounted (Female ROME183975, ROM). ROM Online Collection.

Paratypes. Canapa: 3 males. Ontario: 3 males. Nipissing Dist., Algon-
quin PP, Cameron Road: (3 males: ROME152669-CNC; BOLD:AEE8879;
ITS2; ROMEI152668-ROME; BOLD:AEE8879; ITS2; ROME183971-ROME;
BOLD:AEE8879). USA: 1 female, 2 males. Massachusetts: 1 female, 2 males. Frank-
lin Co., Montague, Montague Plains WMA: (1 female: ROME162273-USNM;
BOLD:AEE8879; ITS2. 2 males: ROME162275-ROME; BOLD:AEE8879; ITS2;
ROME162274-USNM; BOLD:AEE8879; ITS2).

Material examined. CaNADA: 79 females, 97 males. USA: 36 females, 33 males.
(Suppl. materials).

Additional material examined. Belize: 9 females, 4 males. Stann Creek District: 9
females, 4 males. 4 1/2 mis., Stann Creek Valley: (4 females: ROME185928-USNM;
ROME185929-USNM; ROME199572-USNM; ROME199573-USNM. 1 male:
ROME185926-USNM); 5 1/2 mi Stann Creek Valley: (I male: ROME201411-
FSCA); Stann Creek Valley: (5 females: ROME185927-USNM; ROME199574-
USNM; ROME199575-USNM; ROME199576-USNM; ROME199578-USNM. 2
males: ROME199571-USNM; ROME199577-USNM).

Etymology. The specific epithet is a noun in the genitive case meaning “of Neodipri-
on”, in reference to the species’ predilection for pine sawflies and their primary parasitoids.

Description. Female (Fig. 8). Length: 3.5-5.0 mm. Color: head iridescent green-
ish blue or violet, usually without black coloration between lateral ocellus and frontal
carina; mesosoma, and metasoma iridescent greenish blue or violet; clypeus ventral
margin black (Fig. 8I); antenna with scape and pedicel weakly iridescent greenish blue
or violet, flagellum brown or black, lighter ventrad and distad.

Head (Fig. 8G-I): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinuate be-
low midlevel of eye; in dorsal view gradually narrowed V shape around median ocellus,
FC/MOD 1.5-1.9; distance from lateral ocellus short, FCLO/LOD 0.6-0.7. Scrobal
cavity: in anterior view wide, SW/HW about 0.5. Ocelli (Fig. 8G): a line between
anterior margin of lateral ocelli reaching anterior margin of median ocellus or nearly
bisecting median ocellus. POL/OOL 1.8-2.0. Ocellar ratios LOD: POL: OOL: LOL
1,3.0-3.3, 1.6-1.8, 1.1-1.4. Vertex: with strong to weak transverse striations, without
large piliferous punctures. Parascrobal area: in lateral view gradually narrowed towards
lower eye margin; width narrow, PSW/EL about 0.3; sculpture strongly to weakly
striate, rarely smooth, without large piliferous punctures. Gena: entirely or mostly stri-
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ate along outer eye margin with narrow and short smooth area, striate behind. Malar
space: MSL/EH 0.2-0.3. Lower face (Fig. 8H, I): with setae sparse laterad torulus,
and usually sparse below. Clypeus (Fig. 81): CW/CH 1.3-1.4; ventral margin concave;
setae evenly distributed, or with small bare area without setae medially.

Mesosoma (Fig. 8B—F J-M): Lateral panel of pronotum: slightly narrower than or
about as wide as prepectus, LPP/PPT 0.7-0.9; without flange or with small rounded
flange below level of mesothoracic spiracle in posterior oblique view (Fig. 8D). Mes-
ofemoral depression: imbricate-alveolate (Fig. 8L, M), or weakly imbricate, rugulose,
or smooth. Mesoscutum: punctures angulate, with narrow or slightly wide and weakly
coriarious interspaces (Fig. 8B); lateral lobe usually weakly punctate with coriarious
interspaces along notaulus (Fig. 8C); parascutal carina broadly curved, acuminate (Fig.
8]). Mesoscutellum: apex with inner margins gradually diverging (Fig. 8K), rarely
rounded; punctures angulate, with narrow or slightly wide and weakly coriarious inter-
spaces. Axilla: in lateral view imbricate dorsad and rugose-areolate (Fig. 8F) or carinate
ventrad. Axillula (Fig. 8E): usually with one or more piliferous punctures dorsad. Fore
wing: stigma small, 2.0-2.5 x as wide as postmarginal vein.

Male (Fig. 9). Length: usually smaller, 2.7-3.8 mm. As in female, except: Color:
mesonotum sometimes with weak cupreous iridescence. Frontal carina (Fig. 9D):
distance from lateral ocellus shorter, FCLO/LOD 0.5-0.6. Scape (Fig. 9G, H): pits
sparse, covering 0.3—0.4 x scape length.

Diagnosis. Perilampus neodiprioni can usually be distinguished by an axillula with
one or more piliferous punctures dorsad (Fig. 8E cf. Fig. 4E). The specimens with a
smooth axillula are most similar to P hyalinus, but can often be differentiated by the
imbricate-alveolate sculpture of the mesofemoral depression (Fig. 8L, M cf. Fig. 4L,
M); and the gradually diverging inner margins of the apex of the mesoscutellum (Fig.
8K cf. Fig. 4K).

Distribution (Fig. 25B). South-eastern Canada and central and eastern USA:
Canada (Ontario, Quebec), USA (Arkansas, Florida, Illinois, Massachusetts, Michi-
gan, New York, North Carolina, Texas, Virginia, West Virginia, Wisconsin). Possibly
Belize (Stan Creek District).

Host association. Perilampus neodiprioni can develop as a primary parasitoid at-
tacking Neodiprion sawflies (Fig. 26B), or as a hyperparasitoid that parasitizes dip-
teran (Fig. 26D) and hymenopteran parasitoids of Neodiprion sawflies (Fig. 26C, E).
Hosts: Diprionidae (Hymenoptera). Neodiprion pratti banksianae Rohwer. Neodiprion
excitans Rohwer. Neodiprion lecontei (Fitch). Neodiprion merkeli Ross. Neodiprion pine-
tum (Norton). Neodiprion rugifrons Middleton. Neodiprion swainei Middleton Neodip-
rion virginianus Rohwer. Tachinidae (Diptera). Vibrissina spinigera (Townsend) from
N. swainei (Tripp 1962). Tachinids from N. lecontei and N. virginianus Ichneumonidae
(Hymenoptera). Olesicampe lophyri (Riley) and Endasys subclavatus (Say) from N. swai-
nei (Tripp 1962). Ichneumonids from N. lecontei.

Remarks. Both COI and ITS2 support P neodiprioni as a distinct species (Fig. 1,
Suppl. material 5). There are 10 BINed specimens on BOLD (AEE8879) collected from
the eastern and central Nearctic region north of Mexico, most of which are reared from
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Figure 8. Perilampus neodiprioni Female A habitus, lateral view B habitus, dorsal view € lateral lobe of
mesoscutum along notaulus D lateral panel of pronotum, posterior oblique view E axillula F axilla G head,
dorsal view H head, anterior view | clypeus } parascutal carina K mesoscutellum apex L, M mesofemoral
depression. [A-E, G, H, }, L Paratype, ROME162273; F, M Paratype, ROME198146; | ROME181757;
K ROME189061]. Scale bar: 1 mm (A).
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Figure 9. Perilampus neodiprioni Male A habitus, lateral view B lateral panel of pronotum, parascutal

carina, and axilla € head, anterior view D head, dorsal view E lower face F lateral lobe of mesoscutum
along notaulus G, H scape. [A-D, F Paratype, ROME162274; E ROME185922; G ROME152634;
H ROME97556]. Scale bars: 1 mm (A); 100 um (G, H).
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Diprionidae that feed on pine trees. There are no completely reliable morphological char-
acters to distinguish 2 neodiprioni from P hyalinus Say, the hyperparasitoids associated
with Orthopteroidea. Imbricate-alveolate sculpture on the mesofemoral groove are found
only in P neodiprioni, but weakly imbricate, rugose, or smooth sculpture of mesofemoral
groove are found in both species. Likewise, mesoscutellar teeth at the apex with steeply
diverging inner margins are found only in P hyalinus, but gradually diverging inner mar-
gins are found in both species. The presence of one or more piliferous punctures on axil-
lula dorsad is a unique state found only in P neodiprioni in the P hyalinus species group.
But its diagnostic value is somewhat limited because the axillula is punctate in 72% and
smooth in 28% of the total studied specimens (n = 188). And the proportion of speci-
mens with punctate axillula seems to show geographical variation: 84% of 136 specimens
in the northeastern USA and southeastern Canada, fewer than half in the central USA (9
of 20) and Florida (7 of 25), and all the specimens from Belize (17) are punctate.

Genetic analysis suggests there are at least two distinct COI clades of P neodiprioni
in the Nearctic region: Ontario and Massachusetts; and Virginia, West Virginia, and
Texas (Suppl. material 2). However, these COI clades are delimited as a single species
by the distance-based methods (Suppl. material 5). The geographical distribution of
each clade coincides with the post-glacial re-colonization pathways of V. lecontei popu-
lations from the Atlantic coast and Texas refugia (Bagley et al. 2016). This pattern is
likely an indication of the fragmentation and genetic differentiation of P neodiprioni
populations during glaciation, and eventual post-glacial range expansion of parasitoids
following their recolonizing sawfly hosts prior to secondary contact. ITS2 showed no
genetic differentiation between the populations and both distance- and tree-based
methods merged both populations as a single species (Suppl. materials 2, 5). This
probably represents active interbreeding between the 2 neodiprioni populations, which
would result in full recombination of nuclear DNA, whereas the variation of non-
recombinant COI accumulated during isolation was retained after secondary contact
(Després 2019). Sequencing of Floridan specimens could reveal if there is a third dis-
tinct population of P neodiprioni originated from the proposed southern glacial refugia
near North and South Carolina that expanded their distribution with the sawfly hosts
toward Florida (Bagley et al. 2016). The Belize specimens failed to sequence, and their
potential genetic differentiation is yet to be explored. Specimens from Ontario and
Massachusetts, which form one of the two COI clades, were selected as the type series.

Perilampus neodiprioni is the only species in the P hyalinus species complex that
exhibits an exclusive association with pine sawflies, more commonly as a primary para-
sitoid but also as a hyperparasitoid. An exception is a single P neodiprioni specimen
reared from Diprion similis (Hartig) in Ontario (ROME207314), but it lacks associ-
ated host remains and the collector had noted the uncertainty in their identification
in the collection form. While it isn’t surprising that P neodiprioni can develop on
D. similis, this sawfly species is non-native in the Nearctic region and not relevant to
the evolutionary history of P neodiprioni.

A large number of P neodiprioni specimens were reared from Neodiprion lecontei
cocoons in the 1940s at the Dominion Parasite Laboratory (DPL) in Belleville, Ontar-
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io and subsequently transferred to the CNC. The 230 reared P neodiprioni specimens
are predominantly primary parasitoids (215) and only 15 are hyperparasitoids, 14
parasitoids of Ichneumonidae and one parasitoid of Tachinidae. The reared specimens
from the other localities are also comprised of mostly primary parasitoids. Of the total
62 reared P neodiprioni specimens associated with pine sawfly cocoons, 49 are primary
parasitoids of Neodiprion spp., 13 are hyperparasitoids, of which 11 are parasitoids of
Ichneumonidae and two are parasitoids of Tachinidae. There are however, two reared
series that are only or mostly hyperparasitoids: Masschusetts (ROME162273-162275,
3 of 3) and Arkansas (ROME152640-152643, 185915, 185916, and 185956, 6 of
7). Tripp (1962) and Wilkinson et al. (1966) also documented Perilampus developing
as both primary and hyperparasitoids associated with pine sawflies. It is unclear if 2
neodiprioni can develop as hyperparastioids of the other primary parasitoids of pine
sawflies with equal success. For example, Tripp (1962) and Hinks (1971) reported rare
to no cases of Perilampus developing as hyperparasitoid on Diptera, but Wilkinson et
al. (1966) reported predominance of hyperparasitoids on Diptera. Reared specimens
examined in this study show that it is rarer for P neodiprioni to develop on dipteran
parasitoids than on hymenopteran parasitoids in both the DPL collection (0.4% vs
6%) and from other localities (3.2% vs 17.7%).

Neodliprion species are often serious pests in boreal forests (Alfaro and Fuentealba
2016; Johns et al. 2016) which suggests that 2 neodiprioni could be an effective bio-
logical control agent, but this is complicated because this species can develop both as a
primary parasitoid and as a hyperparasitoid. Evaluation of the biocontrol potential of
P neodiprioni will depend on the relative prevalence of other hymenopteran and dip-
teran primary parasitoids and their effectiveness as biological control agents —ZP ne-
odiprioni as a hyperparasitoid could interfere with the population dynamics of these
strictly primary parasitoids (Schooler et al. 2011).

The shift in ecology from hyperparasitoid associated with Lepidoptera to primary or
hyperparasitoid associated with pine sawflies is suggested by the sister species relation-
ship between P neodiprioni and P sirsiris (Suppl. material 1), and their associations with
pine trees. Perilampus sirsiris is the only known hyperparasitoid in the P hyalinus species
complex that is associated with gymnosperms as well as angiosperms. It is possible that
the common ancestor of 2 neodiprioni and P sirsiris was a hyperparasitoid species which
expanded the oviposition sites to include pines, where planidia would have encountered
both Lepidoptera caterpillars and Neodiprion larvae. Pine sawfly larvae were likely suit-
able hosts for planidia that inadvertently burrowed into this novel host, driving the evo-
lution of parasitoid capable of developing as a primary parasitoid of Neodiprion sawflies.

Perilampus monocteni Yoo & Darling, sp. nov.
https://zoobank.org/296E0ABO-1E13-42EE-AE4E-27444553C977
Figs 10, 11

Type locality. Canada, Ontario, Peterborough County, Aspley.
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Type material. Holotype. “CANADA, Ontario, Aspley No. S64-3469-01, 22.111.
1965 Ex. Monoctenus juniperinus On e.w. cedar, Lot 65.418”. The Monoctenus associ-
ated with the holotype was later re-identified as M. fulvus (Kevin Barber, personnel
communication). The holotype is point-mounted (Female ROME201079, CNC).
ROM Online Collection.

Paratypes. CanaDpA: 7 females, 2 males. Ontario: 7 females, 2 males. City
of Ottawa., Bells Corners: (5 females: ROME207334-CNC; ROME207332-
GLFC; ROME207333-GLFC; ROME207331-ROME; ROME207335-USNM.
2 males: ROME207329-CNC; ROME207328-ROME). Haliburton Co., Hali-
burton: (1 female: ROME207336-CNC). Peterborough Co., Apsley: (1 female:
ROME201078-CNC).

Additional material examined. Canapa: 1 female, 1 male. Ontario: 1 female, 1
male. City of Ottawa., Bells Corners: (1 male: ROME207330-CNC). Renfrew Co.,
Beachburg: (1 female: ROME201101-CNC).

Etymology. The specific epithet is a noun in the genitive case meaning “of
Monoctenus”, in reference to the species’ host preference for Monoctenus sawflies and
their parasitoids.

Description. Female (Fig. 10). Length: 2.1-3.8 mm. Color: head iridescent green-
ish blue or violet; mesosoma and metasoma iridescent greenish blue or violet; clypeus
ventral margin black (Fig. 101, J); antenna with scape and pedicel weakly iridescent
greenish blue or violet, flagellum brown or black, lighter ventrad and distad.

Head (Fig. 10G-]): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinuate be-
low midlevel of eye; in dorsal view gradually narrowed V shape around median ocellus,
FC/MOD 1.5-1.6; distance from lateral ocellus short, FCLO/LOD 0.6-0.7. Scrobal
cavity: in anterior view wide, SW/HW about 0.5. Ocelli (Fig. 10G): a line between
anterior margin of lateral ocelli reaching anterior margin of median ocellus. POL/
OOL 1.8-2.0. Ocellar ratios LOD: POL: OOL: LOL: 1, 2.9-3.4, 1.8-2.0, 1.0-1.2.
Vertex: with strong to weak transverse striations, without large piliferous punctures.
Parascrobal area: in lateral view gradually narrowed towards lower eye margin; width
narrow, PSW/EL about 0.3; sculpture strongly to weakly striate, without large pilifer-
ous punctures. Gena: entirely or mostly striate along outer eye margin with narrow
and short smooth area, striate behind. Malar space: MSL/EH about 0.2. Lower face
(Fig. 10H, I, J): with setae sparse laterad torulus, and sparse below. Clypeus (Fig. 101,
J): CW/CH 1.4-1.5; ventral margin concave; with wide bare area without setae near
dorsal margin, extended ventrad medially.

Mesosoma (Fig. 10B-E K, L): Lateral panel of pronotum: about as wide as prep-
ectus, LPP/PPT 0.8-0.9; without flange or with small rounded flange below level of
mesothoracic spiracle in posterior oblique view (Fig. 10D). Mesofemoral depression:
smooth (Fig. 10L), weakly imbricate, or rugulose. Mesoscutum: punctures angulate,
with narrow or slightly wide and weakly coriarious interspaces (Fig. 10B); lateral lobe
usually weakly punctate with coriarious or smooth interspaces along notaulus (Fig.
10C); parascutal carina broadly curved, acuminate (Fig. 10E). Mesoscutellum: apex


https://collections.rom.on.ca/objects/2565937/perilampid-wasp?ctx=726811a7-7a78-458a-b227-9a37669253dd&idx=24

Taxonomic revision of the Nearctic Perilampus hyalinus species complex 1343

Figure 10. Perilampus monocteni Female A habitus, lateral view B habitus, dorsal view € lateral lobe
of mesosucutm along notaulus D lateral panel of pronotum, posterior oblique view E parascutal carina

F axilla G head, dorsal view H head, anterior view I, J clypeus K mesoscutellum apex L mesofemo-
ral depression. [A, B, D, K Paratype, ROME201078; € Paratype, ROME207336; E, J, L Holotype,
ROME201079; F Paratype, ROME207331; G-l Paratype, ROME207334]. Scale bar: 1 mm (A).
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Figure 1. Perilampus monocteni Male A habitus, lateral view B lateral panel of pronotum, parascutal
carina € head, anterior view D head, dorsal view E, F clypeus G, H scape. [A-C, E, G Paratype,
ROME207328 D, F, H Paratype, ROME207329]. Scale bars: 1 mm (A); 100 pm (G, H).
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with inner margins gradually diverging (Fig. 10K); punctures angulate, with narrow or
slightly wide and weakly coriarious interspaces. Axilla: in lateral view imbricate dorsad,
and rugose-areolate (Fig. 10F) or carinate ventrad. Axillula: smooth dorsad. Fore wing:
stigma small, 2.0-2.5 x as wide as postmarginal vein.

Male (Fig. 11). Length: usually smaller, 2.7-2.9 mm. As in female, except: Color:
mesonotum sometimes with weak cupreous iridescence. Frontal carina (Fig. 11D):
distance from lateral ocellus shorter, FCLO /LOD 0.3-0.4. Scape (Fig. 11G, H): pits
sparse, covering about 0.4 x scape length.

Diagnosis. Perilampus monocteni can be distinguished by a clypeus with a wide
and bare area without setae near the dorsal margin, which is extended ventrad medially
(Figs 10L, J, 11E, F cf. Figs 41, 5E).

Distribution (Fig. 25B). Eastern Canada (Ontario).

Host association. Perilampus monocteni can develop as a primary parasitoid of
cedar sawflies (Fig. 26G), or as a hyperparasitoid, a parasitoid of dipteran parasitoids
of cedar sawflies (Fig. 26H). Hosts: Diprionidae (Hymenoptera). Monoctenus filvus
(Norton), M. suffisus (Cresson). Tachinidae (Diptera). Tachinids from M. suffissus.

Variation. A female and male reared from Monoctenus spp. have slight variations
in the clypeal setac. One has two setae on the mostly bare area of the clypeus dor-
sad (ROME201101), and the other lacks a distinctive bare area on clypeus dorsad
(ROME207330). The host records and absence of diagnostic characters specific to the
other species suggest that these two specimens are P monocten.

Remarks. The available specimens of 2 monocteni are unsuitable for the sequenc-
ing method used in this study. Despite the lack of genetic data, the species hypothesis
of R monocteni is supported by the distinctive setal distribution pattern on the clypeus
and a unique host association. Perilampus monocteni is a paraisitoid strictly associ-
ated with Diprionidae similar to P neodiprioni. However, P monocteni parasitizes cedar
sawflies and their parasitoids, unlike P neodiprioni which parasitizes pine sawflies and
their parasitoids. Of the total six specimens associated with Monoctenus cocoons, three
were primary parasitoids of cedar sawflies (ROME207330, 207332, and 207336)
and three were hyperparasitoids that parasitized dipteran parasitoids of cedar sawflies.
(ROME207328, 207333, and 207335). The known distribution is restricted to east-
ern Ontario but this may be due to the solitary larval feeding behaviour of Monoctenus
spp. (Rose et al. 2010)—in comparison, many Neodiprion spp. are characterized by
gregarious larval feeding behaviour (Haack and Mattson 1993) and more conspicuous
and more often collected. The combination of sparse pits on a male scape, the lack of a
triangular flange on the lateral panel of pronotum, and the female mesoscutum with-
out strong cupreous iridescence suggest that 2 monocteni is clearly a member of the
P hyalinus complex clade 2 but its precise phylogenetic placement needs to be deter-
mined with genetic data. But if the parasitism associated with conifer-feeding sawflies
was derived only once in the P hyalinus species complex, P monocteni is probably the
sister species of P neodiprioni, which is also a member of clade 2.
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Perilampus crassus Yoo & Darling, sp. nov.
https://zoobank.org/54557ED2-7D2D-424A-9D8F-519098A2470D
Figs 12, 13

Type locality. USA, Florida, Gainesville.

Type material. Holotype. “USA: FL: Alachua Co.: nr. Gainesville airport, 45 m
29°42'0"N, 82°15'40"W 2.0ct.2016 A. Baker, A. Knyshov, ]. Zhang swp AB16.028".
The holotype is point-mounted (Female ROME182771, UCRC). BOLD:AEE9250/
ITS2. ROM Online Collection.

Paratypes. USA: 1 female, 2 males. Florida: 1 female, 2 males. Putnam
Co., Ordway-Swisher Biol. Station, Rd. C6: (1 female: ROME189115-MCZC;
BOLD:AEE9250; ITS2. 2 males: ROME189062-MCZC; ITS2; ROME189063-
MCZC; BOLD:AEE9250; ITS2).

Material examined. USA: 9 females, 4 males. (Suppl. materials).

Additional material examined. CuBa: 1 female. (1 female: ROME189093—
USNM).

Etymology. The specific epithet is the Latin adjective crassus (coarse), in reference
to the punctate sculpture on the lateral lobes of the mesoscutum along notaulus.

Description. Female (Fig. 12). Length: 3.0-4.8 mm. Color: head iridescent green-
ish blue or violet; mesosoma and metasoma iridescent greenish blue or violet; clypeus
ventral margin entirely iridescent (Fig. 12I); antenna with scape and pedicel weakly
iridescent greenish blue or violet, flagellum brown or black, lighter ventrad and distad.

Head (Fig. 12G-]): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinuate be-
low midlevel of eye; in dorsal view gradually narrowed V shape around median ocellus,
FC/MOD 1.5-1.7; distance from lateral ocellus short, FCLO/LOD 0.6-0.7. Scrobal
cavity: in anterior view wide, SW/HW about 0.5. Ocelli (Fig. 12G): a line between
anterior margin of lateral ocelli reaching anterior margin of median ocellus or nearly
bisecting median ocellus. POL/OOL 1.7-2.1. Ocellar ratios LOD: POL: OOL: LOL
1,3.1-3.4, 1.5-1.9, 1.1-1.3. Vertex: with strong to weak transverse striations, without
large piliferous punctures. Parascrobal area: in lateral view gradually narrowed towards
lower eye margin; width narrow, PSW/EL about 0.3; sculpture strongly to weakly
striate, without large piliferous punctures. Gena (Fig. 12]): entirely striate along outer
eye margin, striate posterad. Malar space: MSL/EH 0.2—-0.3. Lower face (Fig. 12H, I):
with setae sparse laterad torulus, and usually sparse below. Clypeus: CW/CH about
1.4; ventral margin nearly straight; setae evenly distributed, or with small bare area
without setae medially.

Mesosoma (Fig. 12B-FE K, L): Lateral panel of pronotum: about as wide as prep-
ectus, LPP/PPT about 0.9; without flange below level of mesothoracic spiracle in pos-
terior oblique view (Fig. 12D). Mesofemoral depression: smooth, rugulose, weakly im-
bricate, or imbricate-alveolate (Fig. 12L). Mesoscutum: punctures angulate, with nar-
row or slightly wide and weakly coriarious interspaces (Fig. 12B); lateral lobe strongly
punctate with coriarious or smooth interspaces along notaulus (Fig. 12C); parascutal
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Figure 12. Perilampus crassus Female A habitus, lateral view B habitus, dorsal view C lateral lobe of
mesoscutum along notaulus D lateral panel of pronotum, posterior oblique view E parascutal carina
F axilla G head, dorsal view H head, anterior view I lower face J head, lateral view K mesoscutellum apex
L mesofemoral depression. [A-H, J, L Holotype, ROME182771 | ROME189085 K ROME189115].

Scale bar: 1 mm (A).
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Figure 13. Perilampus crassus Male A habitus, lateral view B lateral panel of pronotum, parascutal ca-

rina, and axilla, posterior oblique view € head, anterior view D head, dorsal view E lower face F lateral
lobe of mesoscutum along notaulus G, H scape. [A, B, G Paratype, ROME189063; C, E, F Paratype,
ROME189062; H ROME189117]. Scale bars: 1 mm (A); 100 um (G, H).
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carina broadly curved, acuminate (Fig. 12E). Mesoscutellum: apex with inner margins
gradually or abruptly diverging (Fig. 12K); punctures angulate, with narrow or slightly
wide and weakly coriarious interspaces. Axilla: in lateral view imbricate dorsad and
rugose-areolate (Fig. 12F) or carinate ventrad. Axillula: smooth dorsad. Fore wing:
stigma small, 2.0-2.5 x as wide as postmarginal vein.

Male (Fig, 13). Length: usually smaller, 3.0-3.8 mm. As in female, except: Fron-
tal carina (Fig. 13D): distance from lateral ocellus as wide or shorter, FCLO/LOD
0.5-0.6. Scape (Fig. 13G, H): pits sparse, covering about 0.3 x scape length.

Diagnosis. Perilampus crassus can be distinguished by a weakly iridescent and near-
ly straight ventral margin of clypeus (Figs 121, 13E cf. Figs 81, 18I). Also, the lateral
lobe of mesoscutum is more strongly punctate along the notaulus than in the other
species with punctate sculpture (Figs 12C, 13F cf. Figs 4C, 5E 8C, 9F).

Distribution (Fig. 25A). Central and southern USA: USA (Arkansas, Florida,
Kansas, New Mexico, Texas). Possibly Cuba.

Host association. Hosts unknown.

Remarks. This species is supported by both genes (Fig. 1, Suppl. material 5), and
there are three BINed specimens on BOLD (AEE9250) from Florida. Only specimens
from Florida were successfully sequenced and the degree of intraspecific genetic vari-
ability in this species is unclear. A single specimen collected from avocado fruit im-
ported from Cuba (ROME189093) suggests that the distribution of 2 crassus extends
to the Greater Antilles.

Perilampus pilosus Yoo & Darling, sp. nov.
https://zoobank.org/1C7022C2-2C90-4627-BF19-CF0C558ACC3D
Figs 14, 15

Type locality. USA, Texas, 3.5 mi SE La Sauceda.

Type material. Holotype. “USA, Texas, Presidio Co. Big Bend Ranch SNA McGuirks
Tanks on desert willows 12.V.1990, R Wharton”. The holotype is point-mounted (Fe-
male ROME182765, TAMU). BOLD:AEF0151/ITS2. ROM Online Collection.

Paratypes. USA: 3 females, 3 males. Arizona: 2 females. Graham Co., Pina-
leno Mountains, Ash Creek near Cluff Ranch Wildlife Area, 14 km SW Pima,
32°47.69'N, 109°51.42"W: (1 female: ROME152679-CNC; ITS2). Pinaleno Moun-
tains, Gilespie Wash, 10 km W Jct. 191 on hwy 266, 32°33'91"N, 109°45'59"W
(1 female: ROME182819-USNM; BOLD:AEF0151). California: 1 female, 1 male.
San Bernardino Co., Joshua Tree N.P, 29 Palms, JTNP, Oasis of Mara, 34°07'42"N,
116°02'19"W: (1 female: ROME189067-UCRC; COI; ITS2. 1 male: ROME189068-
UCRC; BOLD:AEF0151; ITS2). Texas: 2 males. Presidio Co., Big Bend Ranch SNA,
McGuirks Tanks: (1 male: ROME182761-TAMU; BOLD:AEF0151; ITS2). Big Bend
Ranch SNA, McGuirks Tanks, 29°28'34"N, 103°49'12"W: (1 male: ROME182757-
TAMU; BOLD:AEF0151; I'TS2).
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Figure 14. Perilampus pilosus Female A habitus, lateral view B habitus, dorsal view C lateral lobe of
mesoscutum along notaulus D lateral panel of pronotum, posterior oblique view E parascutal carina
F axilla G head, dorsal view H head, anterior view I lower face J head, lateral view K mesoscutellum apex
L mesofemoral depression. [A, H Holotype, ROME182765; B, C, E-G, L Paratype, ROME182819;
I, ) Paratype, ROME189067; K ROME189129; L Paratype, ROME152679]. Scale bar: 1 mm (A).
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Figure 15. Perilampus pilosus Female A habitus, dorsal view. Male B habitus, lateral view € head,
anterior view D head, dorsal view E lower face F, G scape. [A Paratype, ROME189067; B Paratype,
ROME152727; €, D, F Paratype, ROME182757; E ROME152714; G ROME152725]. Scale bars:
1 mm (B); 100 um (F, G).
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Material examined. Mexico: 5 females. USA: 19 females, 29 males. (Suppl.
materials).

Additional material examined. MEexico: 1 female. Sonora: 1 female. (1 female:
ROME189096-UCDC).

Etymology. The specific epithet is the Latin adjective pilosus (hairy), in reference
to the densely setose face.

Description. Female (Figs 14, 15A). Length: 3.0-4.4 mm. Color: head, meso-
soma, and metasoma iridescent greenish blue or violet with or without weak cupreous
mesonotum (Fig. 14B), or iridescent green with strong cupreous mesonotum (Fig.
15A); clypeus ventral margin black (Fig. 14I); antenna with scape and pedicel weakly
iridescent greenish blue or violet, flagellum brown or black, lighter ventrad and distad.

Head (Fig. 14G-]): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinuate
below midlevel of eye; in dorsal view gradually narrowed V shape around median
ocellus, FC/MOD 1.5-1.9; distance from lateral ocellus short to long FCLO/LOD
0.6-1.0. Scrobal cavity (Fig. 14H): in anterior view wide, SW/HW about 0.5. Ocelli
(Fig. 14G): a line between anterior margin of lateral ocelli nearly bisecting median
ocellus or reaching posterior margin of median ocellus. POL/OOL 1.8-2.0. Ocel-
lar ratios LOD: POL: OOL: LOL 1, 2.9-3.5, 1.6-1.8, 1.1-1.4. Vertex: with strong
to weak transverse striations, without large piliferous punctures. Parascrobal area: in
lateral view gradually narrowed towards lower eye margin; width narrow, PSW/EL
0.2-0.3; sculpture strongly to weakly striate, without large piliferous punctures. Gena
(Fig. 14]): entirely striate along outer eye margin, striate posterad. Malar space: MSL/
EH about 0.2. Lower face (Fig. 14H, I): with setae dense and widely distributed lat-
erad torulus, and dense below. Clypeus (Fig. 14I): CW/CH 1.4-1.5; ventral margin
concave; setae evenly distributed, or with small bare area without setae medially.

Mesosoma (Fig. 14B-F, K, L): Lateral panel of pronotum: about as wide as prepec-
tus, LPP/PPT 0.8-0.9; without flange below level of mesothoracic spiracle in posterior
oblique view (Fig. 14D). Mesofemoral depression: smooth or weakly imbricate (Fig.
14L). Mesoscutum: punctures angulate, with narrow or slightly wide and weakly cori-
arious interspaces (Fig. 14B); lateral lobe smooth or weakly coriarious along notaulus
(Fig. 14C); parascutal carina broadly curved, acuminate (Fig. 14E). Mesoscutellum:
apex with inner margins gradually diverging (Fig. 14K); punctures angulate, with nar-
row or slightly wide and weakly coriarious interspaces. Axilla (Fig. 14F): in lateral view
imbricate dorsad and rugose-areolate or carinate ventrad. Axillula: smooth dorsad.
Fore wing: stigma small, 2.0-2.5 x as wide as postmarginal vein.

Male (Fig. 15B—G). Length: usually smaller, 2.3-3.1 mm. As in female, except:
Color: mesonotum with strong or weak cupreous iridescence. Frontal carina: distance
from lateral ocellus as wide or shorter, FCLO/LOD 0.5-0.6. Scape: pits sparse, cover-
ing 0.3-0.4 x scape length.

Diagnosis. Perilampus pilosus can be distinguished by the combination of an ad-
vanced median ocellus (Figs 14G, 15D cf. Figs 8G, 9D), dense and widely distributed
setae on the face (Figs 14H, 15C cf. Figs 8H, 9C), lateral panel of the pronotum with-
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out a flange (Fig. 14D cf. Fig. 16D), and the sparsely pitted male scape (Fig. 15E G cf.
Fig. 17G, H). Perilampus pilosus specimens with cupreous mesonota are superficially
similar to P sonora (Fig. 15A cf. Fig. 22B) but differ in having dense setae laterad of the
torulus (Figs 141, 15E cf. Figs 221, 23E).

Distribution (Fig. 25F). Southwestern and central USA, and western and south-
ern Mexico: USA (California, New Mexico, Texas), Mexico (Baja California Sur, Mo-
relos, Sonora).

Host association. Perilampus pilosus is a hyperparasitoid, parasitizing dipteran par-
asitoids of Lepidoptera. Hosts: Tachinidae (Diptera). Chaetogena sp. from Hemileuca
juno Packard (Saturniidae).

Variation. A female from Sonora, Mexico (ROME189096) has the frontal carina
close to the lateral ocellus (FCLO/OD about 0.5) and iridescent olivaceous head.

Remarks. This species is supported by both genes (Fig. 1, Suppl. material 5), and
there are five BINed specimens on BOLD (AEF0151) from the western and central
USA. All specimens except (ROME189067) are grouped as a monophyletic clade
in COI (Suppl. material 2). The low COI sequence quality in ROME189067 likely
caused its exclusion from the monophyletic clade as evidenced by poor peak shapes in a
chromatogram. All specimens including ROME189067 are grouped as monophyletic
with both ITS2 and concatenated datasets (Fig. 1, Suppl. material 2).

Perilampus seneca Yoo & Darling, sp. nov.
https://zoobank.org/B7D5FBA5-DA48-498D-A32A-C393A3B62404
Figs 16, 17

Type locality. Canada, Ontario, Chaffey’s Locks.

Type material. Holotype. “CANADA, ONT: Frontenac Co., Chaffey’s Locks
Oct. 6, 1987 DC Darling. Ex: birch”, “LAB REARED Ex: tachinid parasite of Hy-
phantria cunea”. The holotype is point-mounted (Female ROME183977, ROME).
BOLD:ACF3436. ROM Online Collection.

Paratypes. Canapa: 1 male. Ontario: 1 male. Essex Co., Windsor: (1 male:
ROME162263-ROME; BOLD:ACF3436; ITS2). USA: 5 females. Indiana: 1 female.
Posey Co., Harmonie State Park: (1 female: ROME182769-TAMU; BOLD:ACF3436;
ITS2). Kentucky: 1 female. Jessamine Co., S. of Nicholasville, 37°47'4"N, 84°34'11"W"
(1 female: ROME158541-ROME; BOLD:ACF3436; ITS2). Missouri: 1 female. St.
Louis Co., St. Louis: (1 female: ROME185906-ROME; BOLD:ACF3436; ITS2). Texas:
1 female. Walker Co., Huntsville: (1 female: ROME185911-TAMU; BOLD:ACF34306;
ITS2). West Virginia: 1 female. Hardy Co., 3 mi NE Mathias, 38.9098, -78.8881: (1 fe-
male: ROME198142-USNM; BOLD:ACF3436; ITS2).

Material examined. CaNaADA: 13 females, 17 males. USA: 38 females, 29 males.
(Suppl. materials).

Additional material examined. USA: 2 females, 3 males. Florida: 2 females,
3 males. Alachua Co., Gainesville: (1 male: ROME204136-SEMC). (2 males:


https://zoobank.org/B7D5FBA5-DA48-498D-A32A-C393A3B62404
https://collections.rom.on.ca/objects/2475732/perilampid-wasp?ctx=1049e22f-f00a-4f86-bbf2-b977b1caf533&idx=0
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Figure 16. Perilampus seneca Female A habitus, lateral view B habitus, dorsal view € lateral lobe of mesoscu-
tum along notaulus D lateral panel of pronotum, posterior oblique view E parascutal carina F axilla G head,
dorsal view H head, anterior view I lower face J head, lateral view K mesoscutellum apex L mesofemoral
depression. [A, H, I, J, L ROME199563; B, F, G Paratype, ROME182769; C Paratype, ROME158541;
D ROME199544; E Holotype, ROME183977; K Paratype, ROME198142]. Scale bar: 1 mm (A).
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Figure 17. Perilampus seneca Male A habitus, lateral view B lateral panel of pronotum, parascutal ca-

rina, and axilla, posterior oblique view € head, anterior view D head, dorsal view E habitus, dorsal view
F lateral lobe of mesoscutum along notaulus G, H scape. [A-C, F, G ROME183976; D ROME199551;
E ROME162263; H ROME199552]. Scale bars: 1 mm (A); 100 pm (G, H).
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ROME207380-FSCA; ROME207381-FSCA). Orange Co., Orlando, UCF Campus:
(1 female: ROME152729-UCFC; BOLD:ACF3436; ITS2). Walt Disney World, Sec
16 T24S R27E: (1 female: ROME152728-UCFC; BOLD:ACF3436; ITS2).

Etymology. The specific epithet is a noun in apposition—a reference to both the
Seneca people who are the original inhabitants of the core range of the species and to
the county in New York State where most of the specimens were reared.

Description. Female (Fig. 16). Length: 2.9—4.4 mm. Color: head iridescent green-
ish blue or violet with black coloration between lateral ocellus and frontal carina (Fig.
16G, arrow); mesosoma, and metasoma iridescent greenish blue or violet; clypeus ven-
tral margin black (Fig. 16]); antenna with scape and pedicel weakly iridescent greenish
blue or violet, flagellum brown or black, lighter ventrad and distad.

Head (Fig. 16G-]): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinuate
below midlevel of eye; in dorsal view gradually narrowed V shape around median
ocellus, FC/MOD 1.5-1.7; distance from lateral ocellus short, FCLO/LOD 0.5-0.6.
Scrobal cavity (Fig. 16H): in anterior view wide, SW/HW about 0.5. Ocelli (Fig.
16G): a line between anterior margin of lateral ocelli touching anterior margin of me-
dian ocellus. POL/OOL 1.9-2.1. Ocellar ratios LOD: POL: OOL: LOL 1, 2.9-3.2,
1.5-1.8, 1.0-1.2. Vertex: with strong to weak transverse striations, without large pilif-
erous punctures. Parascrobal area: in lateral view gradually narrowed towards lower eye
margin; width narrow, PSW/EL 0.2-0.3; sculpture strongly to weakly striate, without
large piliferous punctures. Gena (Fig. 16]): mostly striate along outer eye margin with
narrow and short smooth area, striate behind. Malar space: MSL/EH about 0.2. Lower
face (Fig. 16H, I): with setae sparse or dense and narrowly distributed laterad torulus,
and sparse or dense below. Clypeus (Fig. 16I): CW/CH 1.3-1.4; ventral margin con-
cave; setae evenly distributed, or with small bare area without setae medially.

Mesosoma (Fig. 16B-E K, L): Lateral panel of pronotum: slightly narrower than
or about as wide as prepectus, LPP/PPT 0.7-0.9; usually with small triangular flange
below level of mesothoracic spiracle in posterior oblique view (Fig. 16D, arrow). Mes-
ofemoral depression: usually smooth (Fig. 16L), rarely weakly rugulose or weakly im-
bricate ventrad. Mesoscutum: punctures angulate, with narrow and weakly coriarious
interspaces (Fig. 16B); lateral lobe smooth or weakly coriarious along notaulus (Fig.
16C); parascutal carina broadly curved, acuminate (Fig. 16E). Mesoscutellum: apex
with inner margins gradually diverging (Fig. 16K); punctures angulate, with narrow
and weakly coriarious interspaces. Axilla (Fig. 16F): in lateral view imbricate dorsad
and carinate ventrad. Axillula: smooth dorsad. Fore wing: stigma small, 2.0-2.5 x as
wide as postmarginal vein.

Male (Fig. 17). Length: usually smaller, 1.6-3.3 mm. As in female, except: Color:
mesonotum with strong or weak cupreous iridescence, and mesoscutellum cupre-
ous laterad (Fig. 17E). Frontal carina: distance from lateral ocellus as wide or short-
er, FCLO/LOD 0.3-0.5. Scape (Fig. 17G, H): pits dense, covering 0.3-0.4 x scape
length. Lateral panel of pronotum: shape below level of mesothoracic spiracle as in
female or with large triangular flange.
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Diagnosis. Perilampus seneca is most similar to P ute, but females can be distin-
guished by the lateral panel of pronotum which has a small triangular flange (Fig. 16D,
arrow cf. Fig. 18D, arrow), and black coloration between the frontal carina and lateral
ocelli (Fig. 14G, arrow cf. Fig. 18G). Males of this species can often be differentiated
from those of P ute by a smaller flange on the pronotum (Fig. 17B cf. Fig. 19B, C).
Males of P seneca with a large triangular flange on the pronotum are similar to those
of P ute, but differ in having cupreous iridescence on a mesonotum (Fig. 17E cf. Fig.
19F). Males of P seneca with a small or no flange on lateral panel of pronotum can be
confused with P sonora, which also has the strongly cupreous mesonotum (Fig. 17A, E
cf. Fig. 23A), but can be distinguished by a densely pitted scape (Fig. 17G, H cf. Fig.
23@G, H). In addition, the distribution of P seneca extends to southeastern Canada and
eastern USA, while P ute is restricted to the southwestern and central USA.

Distribution (Fig. 25D). Southeastern Canada, and central and eastern USA:
Canada (Ontario), USA (Arkansas, Arizona, Georgia, Indiana, Kentucky, Maryland,
Massachusetts, Missouri, New York, Texas, Virginia, West Virginia, Wisconsin). Pos-
sibly southeastern USA and Mexico: USA (Florida), Mexico (Veracruz).

Host association. Perilampus seneca is a hyperparasitoid, primarily parasitizing dip-
teran and hymenopteran parasitoids of Lepidoptera (Fig. 26F), rarely parasitizing dip-
teran parasitoids of Orthoptera and Coleoptera. Tachinidae (Diptera). Lespesia melal-
ophae (Allen) from Lepidoptera. Ormia sp. from Amblycorypha oblongifolia (Tettigonii-
dae) (ROME162263). Tachinids from H. cunea and Chrysomelidae (ROME174210).
Braconidae (Hymenoptera). Cotesia hyphantriae (Riley) from Hyphantria cunea (Drury)
(Erebidae). Unidentified parasitoids from Euchaetes egle (Drury) (Erebidae).

Variation. An unsequenced male from Florida (ROME204136), has a violet me-
sonotum and two sequenced females from Florida (ROME152728, ROME152729)
lack black coloration between the frontal carina and median ocellus. And two unse-
quenced males from Florida (ROME207380, ROME207381) reared from Anisomor-
pha buprestoides (Pseudophasmatidae, Phasmida) have a violet mesonotum and the
lateral lobe of mesoscutum is weakly punctate along notaulus.

Remarks. There are uncertainties about the species limit of P seneca. Although
P seneca is differentiated from the other Nearctic species in COI (10 BINed specimens
on BOLD, ACF34306), there are Neotropical clades (from Argentina, Costa Rica, and
Venezuela) with BIN ACF3436 that cannot be delimited from P, seneca and each other.
Specimens either morphologically indistinguishable from P seneca (“P. hyalinus 1”7 from
Costa Rica and Venezuela) or differ only in the body coloration or subtle male scape
morphology (“P hyalinus 2, 3, and 16, from Argentina, Costa Rica, and Venezuela,
respectively). Perilampus seneca and these Neotropical groups are placed together as a
single clade in COI (Suppl. material 2). Interestingly, P seneca is rendered paraphyletic
by P hyalinus 2 from Argentina which itself is polyphyletic—the first clade of P sen-
eca is the population from Florida, and the second is the northern population. ITS2
does not support the species delimitation and relationships suggested by COI (Suppl.
material 2)—each Neotropical group is delimited as reciprocally monophyletic species
and show different or unresolved species relationships, and P seneca is an unresolved



1358 Jeong Jae Yoo & D. Christopher Darling / Journal of Hymenoptera Research 97: 1301-1383 (2024)

polytomy. And P seneca cannot be morphologically distinguished from the types of
P americanus Girault and P nigriviridis Girault, both from Paraguay, based on the im-
ages provided by ZMHB (Fig. 24D-F).

Despite these uncertainties we hypothesize that P seneca is a recently diverged
Nearctic species distinct from the Neotropical groups with similar COI sequences—
the populations north of Florida are monophyletic for COI albeit with poor support in
BI (Suppl. materials 2, 3: BS = 71, PP = 0.53). And P seneca is differentiated from the
aforementioned Neotropical groups by ITS2 (Suppl. material 2). The polytomy in the
ITS2 trees could be a “soft polytomy” caused by insufficient information from a single
gene that can only be resolved with additional genetic data (Maddison 1989). There
are ten BINed specimens on BOLD (ACF3436) from the Nearctic region.

The relationships between P seneca and the Neotropical specimens shown in COI
unsupported by ITS2 may be due to retention of ancestral polymorphism via incom-
plete lineage sorting (ILS), introgression events between the Neotropical lineages,
and/or insufficient phylogenetic information in ITS2 for this group. The paraphyly
of P seneca may be explained by ILS instead of hybridization due to the geographical
distance between the two groups. However, two females from Florida (ROME152729,
ROME152728) without black coloration between the frontal carina and lateral
ocellus, and unsequenced males from Florida (ROME204136, ROME207380,
ROME207381) with entirely violet body color in contrast to cupreous body color of
northern P seneca suggest there could be two independently evolving lineages in the
Nearctic region.

A single Perilampus was reared as a parasitoid of Tachinidae in Kentucky, USA
(ROME174210) from a series of 1,139 tachinid primary parasitoids of Acalymma vit-
tatum and Diabrotica undecimpunctata howardi (Chrysomelidae) (Skidmore 2018).
This is the only Nearctic P hyalinus species complex specimen associated with Coleop-
tera and is most likely the result of the accidental entry of a planidium into a novel but
suitable host, and does not contradict the host preference of P seneca for the parasitoids
of Lepidoptera.

Perilampus ute Yoo & Darling, sp. nov.
https://zoobank.org/OFDCB57F-2A0C-423C-B06C-34F1CA9C0714
Figs 18, 19

Type locality. USA, Colorado, Idledale.

Type material. Holotype. “USA, Colorado, Jefferson Co., Idledale, Sawmill
Gulch, 1981 m, 39°40'N, 105°14"W, 20—27.viii.2001, Malaise, Irwin, Lambkin,
Metz & Hauser”. The holotype is point-mounted (Female ROME182768, TAMU).
BOLD:AEE9091/ITS2. ROM Online Collection.

Paratypes. USA: 3 females, 1 male. Arizona: 1 female. Cochise Co., Coronado Na-
tional Forest, Huachuca Mts., Copper Canyon, 31°21'44"N, 110°18'02"W: (1 female:
ROME182763-TAMU; BOLD:AEE9091; ITS2). California: 1 male. San Bernardi-


https://zoobank.org/0FDCB57F-2A0C-423C-B06C-34F1CA9C0714
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no Co., Kellers Peak, 34°12'22"N, 117°02'36"W: (1 male: ROME182781-UCRC;
BOLD:AEO1509; ITS2). Colorado: 1 female. Jefferson Co., Idledale, Sawmill Gulch,
39°40'N, 105°14"W: (1 female: ROME182768-TAMU; BOLD:AEE9091; ITS2).
New Mexico: 1 female. Grant Co., 14 mi N Silver City, Cherry Creek Campground,
32°54.8'N, 108°13.6'W: (1 female: ROME152676-CNC; BOLD:AEE9091; ITS2).

Material examined. USA: 9 females, 5 males. (Suppl. materials).

Additional material examined. MExico: 1 male. Jalisco: 1 male. (1 male:
ROME200745-HNHM). USA: 1 male. California: 1 male. Mono Co., Golden Gate
Mine, 4.6 mi NW Walker: (1 male: ROME201998-CAS).

Etymology. The specific epithet is a noun in apposition—a reference to the Ute,
indigenous people of the Great Basin regions of present-day Utah and Colorado where
the holotype was collected.

Description. Female (Fig. 18). Length: 3.0-3.5 mm. Color: head iridescent
greenish blue or violet; mesosoma and metasoma iridescent greenish blue or violet;
clypeus ventral margin black (Fig. 18I); antenna with scape and pedicel weakly irides-
cent greenish blue or violet, flagellum brown or black, lighter ventrad and distad.

Head (Fig. 18G-]): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinuate
below midlevel of eye; in dorsal view gradually narrowed V shape around median ocel-
lus, FC/MOD about 1.5; distance from lateral ocellus short, FCLO/LOD 0.5-0.6.
Scrobal cavity (Fig. 18H): in anterior view wide, SW/HW about 0.5. Ocelli (Fig.
18G): a line between anterior margin of lateral ocelli reaching anterior margin of me-
dian ocellus. POL/OOL 1.7-1.9. Ocellar ratios LOD: POL: OOL: LOL 1, 2.7-3.1,
1.5-1.8, 1.1-1.2. Vertex: with strong to weak transverse striations, without large pilif-
erous punctures. Parascrobal area: in lateral view gradually narrowed towards lower eye
margin; width narrow, PSW/EL 0.2-0.3; sculpture strongly to weakly striate, without
large piliferous punctures. Gena: mostly striate along outer eye margin with narrow
and short smooth area, striate behind. Malar space: MSL/EH about 0.2. Lower face
(Fig. 18H, I): with setae sparse or dense and narrowly distributed laterad torulus, and
sparse or dense below. Clypeus (Fig. 181): CW/CH about 1.4; ventral margin concave;
setae evenly distributed, or with small bare area without setae medially.

Mesosoma (Fig. 18B-F, K, L): Lateral panel of pronotum: about as wide or wider
than prepectus, LPP/PPT 0.8-1.1; usually with large triangular flange below level of
mesothoracic spiracle in posterior oblique view (Fig. 18D, arrow). Mesofemoral de-
pression: usually smooth, rarely weakly rugulose or weakly imbricate ventrad (Fig.
18E). Mesoscutum: punctures angulate, with narrow and weakly coriarious interspaces
(Fig. 18B); lateral lobe smooth along notaulus (Fig. 18C), rarely coriarious; parascutal
carina broadly curved, acuminate. Mesoscutellum: apex with inner margins gradually
diverging (Fig. 18K); punctures angulate, with narrow and weakly coriarious inter-
spaces. Axilla: in lateral view imbricate dorsad and carinate ventrad. Axillula: smooth
dorsad. Fore wing: stigma small, 2.0-2.5 x as wide as postmarginal vein.

Male (Fig. 19). Length: usually smaller, 2.6-2.9 mm. As in female, except: Color: black

coloration often present between frontal carina and lateral ocellus, and mesonotum almost
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Figure 18. Perilampus ute Female A habitus, lateral view B habitus, dorsal view C lateral lobe of mesos-

cutum along notaulus D, E lateral panel of pronotum, posterior oblique view F axilla G head, dorsal view
H head, anterior view I lower face ) head, lateral view K mesoscutellum apex L mesofemoral depression.

[A, C,D, F, G, H Holotype, ROME182768; B, E, I-L Paratype, ROME182763]. Scale bar: 1 mm (A).
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Figure 19. Perilampus ute Male A habitus, lateral view B, € lateral panel of pronotum, posterior oblique

view D head, anterior view E head, dorsal view F habitus, dorsal view G lateral lobe of mesoscutum along
notaulus H, I Scape. [A, B, D-F, H Paratype, ROME182781; C, G, ROME198139]. Scale bars: ] mm
(A); 100 pm (H, I).
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entirely black with weak bluish iridescence mesad (Fig. 19F) or rarely green with weak
cupreous iridescence laterad. Frontal carina: distance from lateral ocellus shorter, FCLO/
LOD 0.3-0.4. Scape (Fig. 19H, I): pits dense, covering about 0.3-0.4 x scape length.

Diagnosis. Perilampus ute can usually be distinguished by the lateral panel of pro-
notum with an expanded triangular flange in posterior oblique view (Figs 18D, 19B, C
cf. Figs 16D, 17B) and densely pitted male scape (Fig. 19H, I cf. Fig. 15E, G). Females
rarely have a small flange on a pronotum as in P seneca (Fig. 18E, arrow), but can be re-
liably differentiated from the latter by the lack of black coloration between the frontal
carina and lateral ocellus (Fig. 18G cf. Fig. 16G, arrow). Males can be confused with 2
seneca with an expanded triangular flange on the pronotum in posterior oblique view
but can be distinguished by the lack of cupreous iridescence on the mesonotum (Fig.
19F cf. Fig. 17E). Perilampus ute is restricted to the southwestern and central USA and
the range of P seneca extends to southeastern Canada and eastern USA.

Distribution (Fig. 25F). Southwestern and southcentral USA, and possibly west-
ern Mexico: USA (Arizona, California, Colorado, New Mexico, Utah), Mexico (Jalisco).

Host association. Perilampus ute is a hyperparasitoid, parasitizing dipteran para-
sitoids of Lepidoptera. Hosts: Tachinidae (Diptera), Lespesia aletiae (Riley) from Apa-
telodes pudefacta Dyar (Apatelodidae).

Variation. An unsequenced male from California (ROME201998) has a greenish
iridescence along the midline of a mesonotum with a weak cupreous iridescence laterad.

Remarks. Perilampus ute is recovered as monophyletic (Fig. 1), but the molecular
species delimitation methods identify the specimen from California (ROME182781) as
a unique molecular taxonomic unit in COI while merging it with the eastern specimens
in ITS2 (Suppl. materials 2, 5). This is likely due to the relatively large genetic divergence
in COI between ROME182781 and the eastern specimens (1.7-2.0%), possibly a result
of reduced gene flow between disjoint coastal and eastern inland glacial refugia in Cali-
fornia (Roberts and Hamann 2015) prior to range re-expansion of the parasitoid popula-
tions. There are currently two unique BINs on BOLD assigned for five specimens of this
species: AEO1509 for the specimen from California (ROME182781) and AEE9091 for
the four specimens from the more eastern regions. The color of the mesonotum is used
to differentiate the males of 2 wuze from those of P seneca. However, more thorough ge-
netic sampling is required because only a single male from California has been sequenced
and there are no sequenced P seneca specimens from the southwestern USA.

Perilampus arcus Yoo & Darling, sp. nov.
https://zoobank.org/92B1492B-F849-4212-9096-5311ADD6415C
Figs 20, 21

Type locality. USA, West Virginia, Hardy County, 3 mi NE Mathias.

Type material. Holotype. “WEST VIRGINIA: Hardy Co. 3 mi NE Mathias 38.9098,
-78.8881, 14-31.VI1.2007, Malaise David R. Smith”. The holotype is point-mounted
(Female ROME189051, USNM). BOLD:AEE7608/ITS2. ROM Online Collection.
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https://collections.rom.on.ca/objects/2524416/perilampid-wasp?ctx=8b57da8e-c351-4bfb-a4cc-24f71181cfbe&idx=0
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Paratypes. CANADA: 1 male. Ontario: 1 male. Norfolk Co., Normandale Fish Hatch-
ery, 42°43'08"N, 80°20'23"W: (1 male: ROME198214-CNC; BOLD:AEE7608;
ITS2). USA: 5 females. Kentucky: 1 female. Jessamine Co., S. of Nicholasville,
37°47'04"N, 84°34'11"W: (1 female: ROME158551-ROME; BOLD:AEE7608).
West Virginia: 4 females. Hardy Co., 3 mi NE Mathias, 38.9098, -78.8881: (4 females:
ROME185944-USNM; BOLD:AEE7608; ITS2; ROME189050-USNM; ITS2;
ROME189052-USNM; BOLD:AEE7608; ITS2; ROME189131-USNM; ITS2).

Material examined. CaNADA: 2 females, 1 male. USA: 6 females, 1 male. (Suppl.
materials).

Etymology. The specific epithet is the Latin noun arcus (arch), in reference to the
steeply curved parascutal carina.

Description. Female (Fig. 20). Length: 2.7-4.0 mm. Color: head iridescent
greenish blue or violet; mesosoma and metasoma iridescent greenish blue or violet;
clypeus ventral margin black (Fig. 20I); antenna with scape and pedicel weakly irides-
cent greenish blue or violet, flagellum brown or black, lighter ventrad and distad.

Head (Fig. 20G-]): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinuate
below midlevel of eye; in dorsal view gradually narrowed V shape around median
ocellus, FC/MOD 1.5-1.6; distance from lateral ocellus short, FCLO/LOD 0.5-0.6.
Scrobal cavity (Fig. 20H): in anterior view wide, SW/HW about 0.5. Ocelli (Fig.
20G): a line between anterior margin of lateral ocelli reaching anterior margin of me-
dian ocellus. POL/OOL 1.6-1.9. Ocellar ratios LOD: POL: OOL: LOL 1, 2.5-2.9,
1.6-1.8, 0.8—1.0. Vertex: with strong to weak transverse striations, without large pilif-
erous punctures. Parascrobal area: in lateral view gradually narrowed towards lower eye
margin; width narrow, PSW/EL 0.2-0.3; sculpture strongly to weakly striate, without
large piliferous punctures. Gena (Fig. 20]): mostly striate along outer eye margin with
narrow and short smooth area, striate behind. Malar space: MSL/EH about 0.2. Lower
face (Fig. 20H, I): with setae sparse or dense and narrowly distributed laterad torulus,
and usually sparse below. Clypeus (Fig. 20I): CW/CH 1.3-1.4; ventral margin con-
cave; setae evenly distributed, or with small bare area without setae medially.

Mesosoma (Fig. 20B-E K, L): Lateral panel of pronotum: slightly narrower than
prepectus, LPP/PPT 0.7-0.8; usually with small triangular flange below level of mes-
othoracic spracle in posterior oblique view (Fig. 20D, arrow). Mesofemoral depres-
sion: usually smooth, rarely weakly rugulose or weakly imbricate ventrad (Fig. 20L).
Mesoscutum: punctures angulate, with narrow and weakly coriarious interspaces (Fig.
20B); lateral lobe smooth or weakly punctate along notaulus (Fig. 20C); parascutal
carina steeply curved, often weakly flanged (Fig. 20E, arrow). Mesoscutellum: apex
with inner margins gradually (Fig. 20K) or abruptly diverging; punctures angulate,
with narrow and weakly coriarious interspaces. Axilla (Fig. 20F): in lateral view im-
bricate dorsad and carinate ventrad. Axillula: smooth dorsad. Fore wing: stigma small,
2.0-2.5 x as wide as postmarginal vein.

Male (Fig. 21). Length: usually smaller, 3.1-3.5 mm. As in female, except: Color:
mesonotum sometimes with weak cupreous iridescence. Frontal carina: distance from
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Figure 20. Perilampus arcus Female A habitus, lateral view B habitus, dorsal view C lateral lobe of mes-
oscutum along notaulus D lateral panel of pronotum, posterior oblique view E parascutal carina F axilla
G head, dorsal view H head, anterior view I lower face } head, lateral view K mesoscutellum apex L mes-
ofemoral depression. [A, D, E Holotype, ROME189051; B, C, H, }, L Paratype, ROME185944; F Para-
type, ROME189050; G Paratype, ROME158551; I, K Paratype, ROME189131]. Scale bar: 1 mm (A).
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Figure 21. Perilampus arcus Male A habitus, lateral view B lateral panel of pronotum, parascutal carina,

and axilla C head, anterior view D head, dorsal view E lower face F lateral lobe of mesoscutum along
notaulus G, H scape. [A-E, G ROME185954; F, H Paratype, ROME198214]. Scale bars: 1 mm (A);
100 pm (G, H).



1366 Jeong Jae Yoo & D. Christopher Darling / Journal of Hymenoptera Research 97: 13011383 (2024)

lateral ocellus shorter, FCLO/LOD 0.3-0.4. Scape (Fig. 21G, H): pits dense, covering
about 0.4 x scape length.

Diagnosis. The steeply curved parascutal carina often with a flange distinguishes
P arcus from the majority of the species of the 2 hyalinus species complex (Figs 20E,
21B cf. Figs 16E, 17B). Perilampus sirsiris also has a similar parascutal carina (Figs 6F,
7B), but it is always steeply curved in P arcus and usually angulate in P sirsiris (Fig.
20E cf. Fig. 6F). Perilampus arcus also differs from P sirsiris by having the lateral panel
of pronotum with a small triangular flange in posterior oblique view (Fig. 20D, arrow
cf. Fig. 6D, E) and a male scape with a densely pitted surface (Fig. 21G, H cf. Fig. 7F,
G). In addition to the shape of the parascutal carina, sparser setae on the lower face
usually distinguish P arcus from P seneca (Figs 201, 21C cf. Figs 161, 17C), which also
has a small triangular flange on the pronotum (Figs 16D, 17B) and a densely pitted
male scape (Fig. 17G, H).

Distribution (Fig. 25E). Southeastern Canada and eastern USA, possibly south-
central USA: Canada (Ontario), USA (Arkansas, Kentucky, Ohio, West Virginia,
Wisconsin).

Host association. Unknown.

Remarks. This species is supported by both genes (Fig. 1, Suppl. material 5), and
there are five BINed specimens on BOLD (AEE7608) from eastern Canada and USA.
A single female was collected in Arkansas, indicating that the range of P arcus may
include the southern USA.

Perilampus sonora Yoo & Darling, sp. nov.
https://zoobank.org/D3A8E02F-F4C3-4F8E-A133-63BC6E72C27F
Figs 22, 23

Type locality. USA, Arizona, Santa Cruz County, Sonoita.

Type material. Holotype. “ARIZONA: Santa Cruz Co. Sonoita, 2 mi S of town
center 31°38'N, 110°39'W, 16-22. V1.2008 Malaise trap in juniper/oak grasslands,
EE Grissell”. The holotype is point-mounted (Female ROME152670, USNM).
BOLD:AEO0861/ITS2. ROM Online Collection.

Paratypes. Mexico: 1 male. Oaxaca: 1 male. 19 mi S San Miguel Suchixtep-
ec at Puente Jalatengo: (1 male: ROME182754-TAMU; BOLD:AEO0861; ITS2).
USA: 1 female, 1 male. Arizona: 1 female, 1 male. Cochise Co., Coronado National
Forest, Chiricahua Mts., 1 mi N Rustler Park, 31°54'53"N, 109°16'07"W: (1 fe-
male: ROME186060-TAMU; BOLD:AEOO0861; ITS2). Santa Cruz Co., (1 male:
ROME198215-USNM; ITS2).

Material examined. Mexico: 15 females, 3 males. USA: 3 females. (Suppl.
materials).

Additional material examined. USA: 1 female. Arizona: 1 female. Cochise Co.,
Bisbee, 1429 Franklin St., 31°24'23.8"N, 109°55'57.6"W: (1 female: ROME152671-
USNM; BOLD:AEO0861; ITS2).


https://zoobank.org/D3A8E02F-F4C3-4F8E-A133-63BC6E72C27F
https://collections.rom.on.ca/objects/2533317/perilampid-wasp?ctx=d13480e2-3016-4792-8677-c0dc43ff1b46&idx=0
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Figure 22. Perilampus sonora Female A habitus, lateral view B habitus, dorsal view C lateral lobe of mes-

oscutum along notaulus D lateral panel of pronotum, posterior oblique view E parascutal carina F axilla
G head, dorsal view H head, anterior view I lower face J head, lateral view K mesoscutellum apex L mes-
ofemoral depression. [A, B, D, G, H, J, K Holotype, ROME152670; C, E, I Paratype, ROME186060;
L ROME189110]. Scale bar: 1 mm (A).
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Figure 23. Perilampus sonora Male A habitus, lateral view B lateral panel of pronotum, parascutal carina,

and axilla, posterior oblique view € head, anterior view D head, dorsal view E lower face F lateral lobe of
mesoscutum along notaulus G, H scape. [A-F, G Paratype, ROME182754; H Paratype, ROME198215].
Scale bars: 1 mm (A); 100 um (G, H).



Taxonomic revision of the Nearctic Perilampus hyalinus species complex 1369

Etymology. The specific epithet is a noun in apposition—a reference to both the
Sonoran Desert and to the state of Mexico where most of the specimens were collected.

Description. Female (Fig. 22). Length: 2.1-3.2 mm. Color: head iridescent olive
with cupreous tinge, with or without black coloration between lateral ocellus and fron-
tal carina; pronotum and mesonotum cupreous, prepectus, meso- and metapleuron,
and metasoma iridescent bluish violet; clypeus ventral margin black (Fig. 22I); antenna
with scape and pedicel weakly iridescent greenish blue or violet, flagellum brown or
black, lighter ventrad and distad.

Head (Fig. 22G-]): in dorsal view transverse, width slightly greater than twice
length, HW/HL 2.1-2.2. Frontal carina: in anterior view straight to weakly sinuate be-
low midlevel of eye; in dorsal view gradually narrowed V shape around median ocellus,
FC/MOD 1.5-1.7; distance from lateral ocellus short to long FCLO/LOD 0.6-1.0.
Scrobal cavity (Fig. 22H): in anterior view wide, SW/HW about 0.5. Ocelli (Fig.
22G): aline between anterior margin of lateral ocelli reaching anterior margin of medi-
an ocellus or nearly bisecting median ocellus. POL/OOL 1.8-2.1. Ocellar ratios LOD:
POL: OOL: LOL 1, 2.9-3.3, 1.5-1.8, 1.1-1.3. Vertex: with strong to weak transverse
striations, without large piliferous punctures. Parascrobal area: in lateral view gradu-
ally narrowed towards lower eye margin; width narrow, PSW/EL 0.2-0.3; sculpture
strongly to weakly striate, without large piliferous punctures. Gena: entirely striate
along outer eye margin, striate posterad. Malar space: MSL/EH about 0.2. Lower face
(Fig. 22H, I): with setae sparse or dense and narrowly distributed laterad torulus, and
sparse or dense below. Clypeus (Fig. 22I): CW/CH 1.4-1.5; ventral margin concave;
setae evenly distributed, or with small bare area without setae medially.

Mesosoma (Fig. 22B—F): Lateral panel of pronotum: about as wide as prepectus,
LPP/PPT about 0.9; without flange (Fig. 20D) or with small rounded flange below
level of mesothoracic spiracle in posterior oblique view. Mesofemoral depression: usu-
ally smooth (Fig. 22L), rarely weakly rugulose or weakly imbricate ventrad. Mesoscu-
tum: punctures angulate, with narrow and weakly coriarious interspaces (Fig. 22B);
lateral lobe smooth or weakly coriarious along notaulus (Fig. 22C); parascutal carina
broadly curved, acuminate. Mesoscutellum: apex with inner margins gradually diverg-
ing; Axilla: in lateral view imbricate dorsad and usually carinate (Fig. 22F), rarely ru-
gose-areolate ventrad. Axillula: smooth dorsad. Fore wing: stigma small, 2.0-2.5 x as
wide as postmarginal vein.

Male (Fig. 23). Length: usually smaller, 2.5-2.8 mm. As in female, except: Frontal
carina: distance from lateral ocellus as wide or shorter, FCLO/LOD 0.5-0.6. Scape
(Fig. 23G, H): pits sparse, covering about 0.3 x scape length.

Diagnosis. This species is distinguished by the strong cupreous iridescence on the
mesonotum of both females and males (Figs 22B, 23A cf. Figs 4B, 5A), in combination
with the lateral panel of pronotum without a flange or with a small and rounded flange
below the level of mesothoracic spiracle (Figs 22D, 23B cf. Figs 16D, 17B). Perilampus
pilosus can also have a strong cupreous iridescence on the mesonotum (Fig. 15A), but
P sonora has sparser setae laterad of the torulus (Figs 221, 23E cf. Figs 141, 15E). Also,
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the female metasoma of P sonora is always violaceous but usually mostly greenish in
the strongly cupreous P pilosus specimens (Fig. 22A cf. Fig. 15B). Perilampus seneca
males also often have a strongly iridescent mesonotum (Fig. 17E), but P sonora males
differ in having sparser pits on scapes (Fig. 23G, H cf. Fig. 17G, H). And the Nearctic
distribution of P sonora is limited to southwestern USA and western Mexico, and the
range of P seneca extends to southeastern Canada and eastern USA,

Distribution (Fig. 25). Southwestern USA, and western and southern Mexico:
USA (Arizona), Mexico (Chiapas, Guerrero, Morelos, Oaxaca, Sonora).

Host association. Perilampus sonora is a hyperparasitoid, parasitizing dipteran and
hymenopteran parasitoids of Lepidoptera. Hosts: Probably Tachinidae (Diptera) and/
or Ichneumonoidea (Hymenoptera) from Utetheisa ornatrix (Linnaeus) (Erebidae).
The potential hosts are: Gymnosoma sp. (Tachinidae), Lespesia sp. (Tachinidae), and
Cotesia sp. (Braconidae) (G. R. Buckingham, personal communication).

Variation. A female from Arizona (ROME152671) has an iridescent green head
and weakly iridescent green midlobe of mesoscutum and scutellum. COI and ITS2
suggest that this specimen is a morphological variant of P sonora. A female from
Sonora, Mexico (ROME189103), has a strongly transverse clypeus with CW/CH
about 1.7.

Remarks. The distribution ranges of P sonora and its undescribed Neotropical
sister species, P hyalinus 17 (Fig. 1), appear to be divided by the Central Mexican Pla-
teau. Perilampus sonora occurs along the western side of the plateau from Chiapas to
Arizona (Fig. 25) and the Central American population of P hyalinus 17 is distributed
along the eastern side of the plateau from Panama to Tamaulipas, which may indicate
allopatric or parapatric speciation. Perilampus sonora is supported by both genes (Fig.
1, Suppl. material 5), and there are four BINed specimens on BOLD (AEO0861) from
Arizona and Oaxaca, Mexico.

Discussion

There is considerable complexity in the host associations of the P hyalinus species
complex and the host associations and modes of parasitism are congruent with the
newly delimited species. Perilampus hyalinus Say is a hyperparasitoid that parasitizes
Tachinidae and Sarcophagidae (Diptera) parasitoids of Orthoptera or a parasitoid of
dipteran kleptoparasites of Crabronidae and Sphecidae (Hymenoptera) that provision
their nests with Orthoptera. Two new species are associated with pine sawflies or ce-
dar sawflies, (Diprionidae) and are able to develop as both primary parasitoids or as
hyperparasitoids that parasitize the tachinid and ichneumonid parasitoids of diprionid
sawflies. And four new species are described for hyperparasitoids, associated with Lepi-
doptera, parasitizing Tachinidae or Ichneumonoidea.

The molecular analyses and outgroup comparison with the P platigaster species
group suggests that hyperparasitoids are basal in the P hyalinus species group and
development as a primary parasitoid is derived. These and other host shifts may have
been facilitated by parasitism involving the mobile planidial first-instar larva. Planidia
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Figure 24. Type specimens of the previously described species of the Perilampus hyalinus species complex

A P entellus Walker (synonym of R hyalinus Say), lectotype, female B 2 aciculatus Provancher (synonym
of P hyalinus Say), lectotype, male C P sirsiris (Argaman), holotype, female D P americanus Girault, holo-
type, female E, F P nigriviridis Girault, lectotype, male. Photo credits: A ©The Trustees of the Natural
History Museum, London (Licensed under CC BY 4.0) B Joseph Moisan-De Serres (Ministry of Agri-
culture, Fisheries and Food in Québec) € National Museum of Natural History, Paris D, E, F Museum
of Natural History, Berlin.

that successfully make contact and burrow into a novel but suitable host (e.g. sawfly
larva) could successfully develop which may ultimately have resulted in the evolution
of the species capable of developing as primary parasitoids, e.g., P neodiprioni and
P monocteni. Planidia that make contact with a novel but unsuitable host (e.g. Orthop-
tera) may be “rescued” by subsequent parasitism by primary parasitoids (e.g. Diptera
or Hymenoptera) on which the planidia can develop (Perlman 1995), which may have


https://creativecommons.org/licenses/by/4.0/
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Figure 25. Distribution of the Nearctic species of the Perilampus hyalinus species complex A P hyalinus
(green circles) and P crassus (red squares) B P neodiprioni (cyan circles) P monocteni (red stars) C P sirsiris
D P seneca E P arcus F P, pilosus (yellow stars) P ute (blue triangles) P sonora (red circles).

led to the evolution of parasitoids associated with novel hosts. A well-documented
example of host shifts involves P hyalinus Say. This is the only known species to strictly
develop as parasitoids which parasitize dipteran parasitoids (Sarcophagidae and Tachi-
nidae) of Orthoptera and dipteran kleptoparasites of Crabronidae and Sphecidae (Hy-
menoptera) that provision their nests with Orthoptera prey containing planidia (Me-
dler 1965; Spofford and Kurczewski 1984). The planidial larva and indirect parasitism
could also explain the overlap in associated caterpillar species by sympatric species of
Perilampus (e.g., P seneca and P sirsiris associated with Hyphantria cunea).

The morphological characters used to distinguish the species in the 2 hyalinus spe-
cies complex are often subtle (e.g. widely vs deeply curved parascutal carina) and can
show interspecific variation (e.g. the sculpture of axillula in P neodiprioni varies between
punctate and smooth). Despite the fine distinctions, these morphological characters
should allow the identification of most specimens in the absence of host information
or molecular data, particularly series of specimens with males and females. It is note-
worthy that eight of ten Nearctic species were successfully delimitated by COI and ITS
and that each species has a unique BIN number and is monophyletic on the maximum
likelihood and Bayesian trees of the 2 hyalinus species group (Fig. 1, Suppl. material 1).
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Figure 26. Cocoons, pupa, and host remains associated with reared specimens of Perilampus. A-C,

E Neodiprion lecontei cocoons A, B P neodiprioni as primary parasitoid C, E P neodiprioni as hyperpara-
sitoid, parasitoid of Ichneumonidae D Neodiprion virginianus cocoon, P neodiprioni as hyperparasitoid,
parasitoid of Tachinidae [insert: tachinid puparium spiracles] F Lepidoptera pupa, 2 seneca as hyperpara-
sitoid, parasitoid of Tachinidae G, H Monoctenus suffusus cocoons G P monocteni as primary parasitoid
H 2 monocteni as hyperparasitoid, parasitoid of Tachinidae [insert: tachinid puparium spiracles]. Abbre-
viations: eh, emergence hole; ex, Perilampus pupa exuvia; Ic, ichneumonid cocoon; Lp, lepidopteran pupa;
M, Monoctenus remains; Mc, Monoctenus cocoon; N, Neodiprion remains; Nc, Neodiprion cocoon; Tp,
tachinid puparium. [associated Perilampus: A, B ROME207376 C ROME207377 D ROME198223
E ROME162273 F ROME202000 G ROME207330 H ROME207328]. Scale bars: 1 mm.
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The phylogenetic analyses of COI and ITS2 suggest a Neotropical origin of
the P hyalinus species complex (Fig. 1, Suppl. material 1). The 9 Nearctic spe-
cies are distributed across the three separate clades of New World gene trees and
the majority of the Nearctic species (5 of 9) belong to the P hyalinus clade 2
(IIIb), whose southernmost species are from Costa Rica (Suppl. material 2). The
phylogenetic placements of the Nearctic species suggest independent dispersals of
multiple ancestors into the Nearctic region. Intraspecific mitochondrial genetic
differentiation suggests that at least two Nearctic species, P neodiprioni and P ute,
underwent fragmentation of once widespread populations during the last glacial
maximum, approximately 20,000 to 18,000 years ago (Bagely et al. 2016). Small
to zero intraspecific divergences in nuclear DNA suggest that these populations
experienced subsequent demographic expansion and secondary contact during the
post-glacial period.

This revision provides resolution to 100 years of the confusion surrounding
P hyalinus in the Nearctic region. However, the phylogenetic relationships and spe-
cies diversity of the P hyalinus species complex in the Mexican transition zone and
Neotropical region needs further study (Yoo 2023). Several Nearctic species range
into Mexico and/or near to the Isthmus of Tehuantepec. But the scarcity of speci-
mens available for study from Mexico (28) compared to Canada and USA (754)
underscores the need for more comprehensive sampling in Mexico for clearer un-
derstanding of the distribution of the Nearctic species. And the northern Neotropi-
cal range of P neodiprioni needs to be confirmed with molecular sequencing of the
populations in Belize. Further investigation with additional genes and sampling in
the Neotropical region and Florida is needed to clarify the species status and distri-
bution limit of 2 seneca and its relationships with the Neotropical groups similar in
morphology and COI, especially from Argentina. Finally, the molecular sampling of
the parasitoids reared from Monoctenus spp. is needed to test the species hypothesis
of P monocteni and its phylogenetic relationships with the other species of the 2 hya-
linus species complex.
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