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DNA barcoding of Rhopalosoma nearcticum (Hymenoptera: 
Rhopalosomatidae) reveals a new host record and evidence of cryptic species

Lance A. Miller and Jeremy D. Blaschke
Union University Department of Biology, Jackson, TN

Rhopalosoma are unusual and rarely collected wasps whose larvae

develop as ectoparasitoids of crickets. In the Nearctic, Rhopalosoma
nearcticum is the only recognized species and the only known hosts for this
species are the crickets Hapithus agitator and Orocharis saltator. Here we
report a new host: Anaxipha and reconstruct the first molecular phylogeny of
Rhopalosoma using the barcoding gene COI. Nine specimens were collected
from Cypress Grove Nature Park, Jackson, TN, and their DNA was extracted,
amplified, and sequenced. Using these sequences combined with 6 reference
sequences from GenBank and BOLD, phylogenies were constructed using
neighbor joining and maximum likelihood. Two genetically distinct clades of
Rhopalosoma were recovered with robust support (BS=100, 98). Intraspecific
distances were low (0.002, 0.006), while distance between the 2 clades was
high (0.148), indicating the presence of at least 2 species of Rhopalosoma in
North America: R. nearcticum and one currently undescribed.

Rhopalosomatidae is a wasp family with ectoparasitoid larvae of crickets
(Figure 1). There are 4 extant and 4 extinct genera. Less than 100 different
species have been found with 6 rhopalosomatid wasp species reported from
the US (Lohrmann and Engel 2017). The descriptions by Gurney (1953) of the
immature stages of R. nearcticum (Figure 1) compose most of information on
the biology of the entire family (Lohrmann and Engel 2017).

Previous phylogenetic analysis of Rhopalosomatidae has been based on
morphological characters due to a lack of specimens (Guidotti 1999, Guidotti
2007). Rhopalosoma nearcticum has been included in molecular analyses of
the broad order of Hymenoptera or superfamily Vespoidea (Carpenter and
Wheeler 1999, Hartey et al. 2011, Klopfstein et al. 2013, Pilgrim et al. 2008).
Sequences for rhopalosomatids can be found on both GenBank and Barcode of
Life Data (BOLD) Systems, but no family-level or genus-level molecular studies
have been documented.

Specimens were collected by Torie Benefield and Sarah Lounsbury from
Cypress Grove Nature Park (CGNP), Jackson, TN between late summer and
early fall.

The COI barcoding gene was sequenced for each specimen for molecular
identification. Using both reference sequences and sequences obtained of the
COI gene, the first family level molecular phylogeny was constructed. Evidence
has been found of potential cryptic species diversity of R. nearcticum based on
the formation of 2 distinct clades. Additionally, a new host record for R.
nearcticum of Anaxipha is reported.

Two distinct clades of Rhopalosoma were recovered. For ML trees a
bootstrap score of at least 70 is required to be statistically significant. Both
clades have scores well above this (BS=98 and BS=100). The intraspecific and
interspecific distances are calculated using a weighted algorithm that takes into
account codon position and type of mutation. The larger the value the greater
the distance. The P (Randomly Distinct) value indicates that a clade has the
observed degree of distinctiveness if p<0.05.

The smaller red clade distinctively formed with 2 Florida Rhopalosoma
spp. sequences (BS=98, Intra Dist=0.006, p<0.05). The larger orange clade
distinctively formed with the reference R. nearcticum (BS=100, Intra
Dist=0.002, p<0.05). This larger clade confirms the new host record for
Rhopalosoma of Anaxipha. The high interspecific distance between the clades
(0.148) indicates the presence of at least 2 North American Rhopalosoma
species (Figure 3).

Although a R. nearcticum reference sequence is used, it is not possible to
determine if the sequence is of R. nearcticum. The specimen of this sequence
would need to be compared to the type specimen which was originally
described as R. nearcticum. This could mean that either group could be R.
nearcticum, or neither group could be. However, it can be stated that there are
at least 2 Rhopalosoma species in North America.

The entire life cycle of any rhopalosomatid wasp has yet to be observed.
This provides an opportunity for more research specifically into this novel
species. In this study, only larvae were used. Adults are needed to compare
with the type specimen for accurate identification. With more specimens,
better phylogenies can be generated to determine the evolutionary history and
relationships of the family. In this study, only the COI gene was used. Other
genes such as MCS or CAD could be used and could help confirm the genetic
distinctiveness of the clades.
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Figure 3. ML Phylogeny showing 2 distinct clades of North American Rhopalosoma

(Inter Dist: 0.148) and Anaxipha as a new host for the genus.

• DNA Extraction – Qiagen® DNeasy Blood and Tissue Kit.
• PCR Amplification – 50 μL PCR reactions; pre-made and custom primers for

COI; BIO-RAD T100TM Thermal Cycler; verification by thin gel electrophoresis
• Sequencing – GENEWIZ®.
• Editing/Aligning – Geneious Prime 2019.0.4.
• Phylogenetics – Maximum likelihood (ML), RAxML-HPC v.8 on XSEDE 8.2.10,

Neighbor joining (NJ), ClearCut 1.0.9, online via CIPRES portal; performed on
combined data set from sequences obtained and from GenBank® and BOLD
Systems; visualized in Geneious Prime 2019.0.4.
• 1 R. nearcticum reference sequence
• 2 Rhopalosoma sequences from Florida
• 2 Rhopalosoma spp. sequences from Costa Rica
• 1 Olixon sequence from Florida, used as an outgroup

• Interpretation – Evaluated bootstrap scores, intraspecific and interspecific
distances, and P (Randomly Distinct) values in Geneious Prime 2019.0.4
using the Species Delimitation plugin.
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• Amplification – 9 parasitoid COI sequences (Max=657bp, Min=551bp,
Avg=591.2bp).

• Identification – All 9 were identified as Rhopalosoma; 5 were attached to
Hapithus agitator (Figure 2), 3 to Anaxipha (Figure 4), and 1 to Orocharis
saltator (Figure 4).

• Phylogenetics – ML and NJ trees were congruent; 7 formed a clade with the
R. nearcticum reference sequence (BS=100); 2 formed a clade with the 2
Rhopalosoma sequences from Florida (BS=98); intraspecific distances were
low (0.002 and 0.006); interspecific distance was high (0.148); P (Randomly
Distinct) values were <0.05 for both clades (Figure 3).
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Figure 2. (a) Adult Olixon wasp from Florida used as the outgroup. (b) Adult

Rhopalosoma wasp from Costa Rica. (c) Adult Rhopalosoma wasp from Florida.

Photos (a-c): CGB Photography Group. (d) Rhopalosoma larva attached to Hapithus

agitator from CGNP. Photo: Torie Benefield.

Figure 4. (a) Rhopalosoma larva on Anaxipha from CGNP. Photo: Sarah

Lounsbury. (b) Rhopalosoma larva on Orocharis saltator from CGNP. Photo:

Torie Benefield.

Figure 1. (a) Adult Rhopalosoma nearcticum. Photo: Ashley M. Bradford. (b)

Hapithine cricket with a rhopalosomatid larva. Photo: Judy Gallagher.
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