
Methods
Part 1: Cricket Collection

Collection of cricket specimens was performed using sweep nets and
plastic collection vials. Specimens were collected July – October in 2016 and
2017 from Cypress Grove Nature Park. Crickets were then transported to Union
University to perform the following analyses: presence/absence of parasitoid,
species identification and count, age identification (nymph or adult), and sex
determination. Once these data were collected, the unparasitized crickets were
preserved at 4°C pending COI gene analysis.

Part 2: Parasitoid Rearing
Each parasitized cricket collected was supplied food (either apple slivers,

raisins, or jewelweed leaves) and kept in a vented plastic container. If the larva
survived to emerge from its host, soil was provided for burrowing to promote
cocoon-formation. If the cricket expired prior to the parasitoid larva emerging,
both parasitoid and cricket were preserved at 4°C pending COI gene analysis.
Similarly, larva that expired prior to spinning a cocoon and larva that expired
prior to successful pupation were preserved at 4°C pending COI gene analysis.

Part 3: CO1 Gene analysis
Genomic DNA was extracted from the tibia of hindleg or midleg of cricket

hosts, wasp larva, wasp exuviae, and/or wasp pupae for PCR analysis of the
universal barcoding gene: cytochrome c oxidase (COI). Following DNA
extraction and PCR amplification, a gel electrophoresis was conducted to
visualize the PCR reaction. The PCR results were sent to GeneWiz for DNA
sequencing, and results obtained were entered into the basic local alignment
search tool (BLAST) which compares nucleotide or protein sequences to
sequence databases and calculates the statistical significance (National Center
for Biotechnology Information 2017). Reference COI sequences from
rhopalosomatid wasps were obtained from GeneBank and Barcode of Life Data
(BOLD) Systems.

Abstract
Rhopalosomatid wasps are ectoparasitoids of crickets (Orthoptera:

Gryllidae). Six species of family Rhopalosomatidae occur within the Nearctic
region. Only two of these species, Rhopalosoma nearcticum (Figure 1) and
Olixon banskii, have known hosts, Hapithus agitator and Orocharis saltator,
respectively. In search of new hosts, a cricket survey of Cypress Grove Nature
Park was conducted using sweep nets in September–October (2016) and July–
October (2017). A total of 115 crickets of 9 species were collected: H. agitator
(36), Anaxipha thomasi (31), O. saltator (4), Allonemobius fasciatus (22),
Cycloptilium slossonae (1), Phyllopalpus pulchellus (10), Cyrtoxipha columbiana
(1), Gryllus pennsylvanicus (7), and Acheta domesticus (3). Seven
rhopalosomatid larva were identified on 2 different cricket hosts, 5 on H.
agitator and 2 on A. thomasi. Percent parasitism of H. agitator was 13.9% and
A. thomasi was 6.5%. The discovery of rhopalosomatid wasps on A. thomasi
represents a new host record for Nearctic Rhopalosomatidae. The COI
sequence of a single parasitoid from an H. agitator was only 90% identical to R.
nearcticum, indicating potential cryptic species diversity within the genus
Rhopalosoma.

Introduction
The morphology and lifecycle of the rare genus Rhopalosoma has

achieved little attention (Gurney 1953). The family Rhopalosomatidae contains
40 species of ectoparasitoids, 6 of which inhabit the Nearctic region (Lohrmann
2017). Rhopalosomatid wasps exploit 3 primary cricket hosts within the family
Gryllidae including wood crickets (Nemobius spp.), scaly crickets (Cycloptilum
spp.), and, most common to the Nearctic species, bush crickets (Hapithus spp.
and Orocharis spp.) (Gurney 1953, Krogmann et al. 2009). Seven new
specimens collected from Cypress Grove Nature Park in Jackson, TN, were
attached to 2 different cricket host species: a restless bush cricket (H. agitator)
and a Thomas’s trig (Anaxipha thomasi). Analysis of the COI barcoding gene of
the parasitized specimens revealed (1) a new host record, A. thomasi, for R.
nearcticum and (2) 90% similarity between the sequence from a parasitoid
specimen on H. agitator and the sequence from R. nearcticum potentially
indicating a new species of rhopalosomatid wasp.

This study provides a basis of understanding of rhopalosomatid wasps
for the purpose of continuing research with the biology and species within the
family Rhopalosomatidae. The objectives of this research were as follows:
• To conduct a cricket survey of Cypress Grove Nature Park
• To determine the percent parasitism of cricket species
• To rear the collected parasitoids to adulthood
• To conduct a DNA analysis of the COI barcoding gene to determine species

and host affiliations

Study Area
Cypress Grove Nature Park is located on the border between the

Mississippi valley loess plains and the Southeastern plains just east of the
Mississippi alluvial plain. Characteristic of this region is the sandy soil which
gives rise to a unique set of flora (Omernik 1987). While oak-hickory forest
dominates this region, Cypress Grove is named after the slow-growing
deciduous trees that grow in this portion of the Forked Deer River flood plain.
The park is home to numerous indigenous wildlife, waterfowl, plants, and
trees.
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Results
Part 1: Cricket Collection

Of the 115 total crickets collected, 7 crickets were parasitized by a
rhopalosomatid wasp. H. agitator (5 parasitized) and A. thomasi (2 parasitized) were
the only 2 species parasitized of the 9 cricket species collected. Stacked images were
collated using Helicon Focus 6 software to produce high-quality representative
images for each species (Figure 2). Both male and female H. agitator representatives
were photographed to exhibit the diminished wings of males due to female feeding
during copulation.

Part 2: Parasitoid Rearing
Two of the 5 parasitoid larva emerged from their host, but only 1 larva

successfully spun a cocoon to begin pupation. This larva was attached to the right
ventral side of an A. thomasi. The cocoon was extracted from the soil after a period
of 21 days, and the dissection revealed a distinctive mandible amidst
indistinguishable tissue (Figure 3). In addition to the mandible, dissected tissue, and
exuviae from the host, the cocoon itself was digested for DNA analysis. The second
larva was unsuccessful in spinning a cocoon before expiring, and the carcass was
punctured and digested for DNA analysis. Photographs of all parasitized crickets and
parasitoid larvae were also made using the same process as the cricket species
representatives (Figure 4).

Part 3: COI Gene analysis
Amplification of COI sequences of 3 parasitoids were successful in the

amplification of rhopalosomatid wasp DNA. Two of these 3 were identified as R.
nearcticum, 1 attached to an A. thomasi and 1 attached to an H. agitator. The third
successful COI amplification of parasitoid DNA produced a sequence with 90%
similarity to reference R. nearticum samples from GeneBank. This larva was attached
to an H. agitator.

Discussion
The host-parasitoid affiliation between A. thomasi and R. nearcticum

(“Parasitoid 6”) represents a new host record for the wasp species (Figure 5). For
Hymenoptera, anywhere from 8 to 12% difference between DNA sequences indicates
that the 2 specimens are different species within the same genus. Thus, the 10%
difference between “Parasitoid 4” (Figure 6) and reference R. nearcticum samples
indicates a new species of rhopalosomatid wasp in the genus Rhopalosoma.

As of yet, the entirety of the wasps life cycle has not been observed. The
means by which rhopalosomatid females subdue their cricket hosts and deposit eggs
is unknown. The duration of pupal development is also uncertain. These information
gaps related to the biology of rhopalosomatid wasps pose an opportunity for
continuing studies of the family Rhopalosomatidae. Particularly, the new species in
Cypress Grove requires additional collection of specimens to rear to adulthood for
species description and naming.
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Figure 1. (Left) An adult R. nearticum wasp.
(Right) A fifth instar R. nearticum larva on an
adult female H. agitator.

Figure 3. A. and B. Mandible extracted from cocoon of R. nearcticum larva
attached to A. thomasi host. C. Cocoon extracted from soil.

Figure 4. All parasitized cricket specimens and parasitoid larva.

Figure 6. “Parasitoid 4” larva of potential new
species in the genus Rhopalosoma attached to an H.
agitator.
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Figure 2. Dorsal and lateral views of the 9 cricket species collected.

Figure 5. Phylogenetic tree showing relationships of Cypress Grove
parasitoids

https://blast.ncbi.nlm.nih.gov/Blast.cgi

