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Figure 3. E&1

Ooencyrtus nezarae male mandibles.

Ademokoya et al. (2018) noted that the Alabama population of O. nezarae exhibited
differences in overall size and antennal morphometrics from the holotype. It was later
confirmed via correspondence with J.S. Noyes at The Natural History Museum, London,
that this discrepancy could be explained by allometric scaling of funicular segments
(Ademokoya et al. 2018). The Alabama specimens were small (body length 0.70-0.77 mm)
and the first two funicular segments of the female antenna were quadrate or slightly wider
than long, in contrast to the descriptions of Ishii (1928) and Zhang et al. (2005), which
described them as longer than wide. The female O. nezarae from Florida are
approximately 0.8 mm in length and the first two funicular segments are roughly quadrate.
These observations are consistent with the pattern of allometric scaling in these segments;
i.e. larger specimens have proportionally longer funicular segments.

There is some disagreement between Ishii (1928) and Zhang et al. (2005) regarding the
proportions of the third funicular segment in O. nezarae. Ishii (1928) describes its length as
equal to its width, while Zhang et al. (2005) state that all funicular segments are longer
than wide. In this respect, the Florida specimens more closely match the description given
by Ishii (1928).

Clustering analyses

Neighbour-joining analysis excluded all positions with ambiguous data, leaving a total of
487 positions for inclusion (out of 562 possible positions) and recovered an Ooencyrtus
group comprised of eight clusters (Fig. 4) (see Suppl. material 2 for groupings used for
K2P distance calculations). Mean between-group K2P distances ranged from 5.4% to
13.7%. Mean within-group sequence divergences were low when comparisons were
possible. The group containing sequences KF724500 and KF724501 had a mean within-
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group K2P distance of 0.8%. For O. nezarae, the Alabama and Florida samples had a
mean between-group K2P distance of 1.3%. The sequences that form the two O. nezarae
groups (Alabama and Florida) have zero within-group divergence. When taken together,
the O. nezarae sequences ranged from 8.2% to 13.0% different from the other OTUs.

0.03 Ageniaspis sp.

Ooencyrtus kuvanae (4)

Qoencyrtus sp. (5)

_: Qoencyrtus sp.

Qoencyrtus ferdowsii
Qoencyrtus sp.
4|:r00encyrtus sp. (2)

Qoencyrtus nezarae (2: Alabama)

D

Ooencyrtus nezarae (6: Florida)

Figure 4. E

Kimura 2-parameter neighbour-joining tree showing the clustering of similar sequences in the
Encyrtinae 5’-COl barcode dataset. Red branches indicate the Ooencyrtus cluster. Blue and
fuchsia branches indicate O. nezarae from Alabama and Florida, respectively. Numbers in
parentheses after the taxon name indicate how many sequences are represented in that
cluster.

Phylogenetic tree searches and species delimitation analyses

W-IQ-TREE analyses found the most likely tree with a log likelihood score of -12138.342.
ML bootstrap support for the recovered Ooencyrtus clade was strong (98%; Fig. 5). The
internal nodes of the Ooencyrtus clade were also strongly supported, ranging from 92% to
100% ML bootstrap support (Fig. 5). Heuristic maximum likelihood species delimitations
using PTP delimited 74 total species from the Encyrtinae COI barcode dataset and eight
Ooencyrtus species (Fig. 5). This delimitation scheme supported the split of the Alabama
and Florida O. nezarae into reciprocally monophyletic OTUs. Runs of the MCMC PTP
analysis returned an average ML support of approximately 0.954 and an average standard
deviation of support values amongst these runs of 6.9*106. Within the Ooencyrtus clade,
the fraction of MCMC sampled delimitations, in which a node was part of the speciation
process, was 1.00 in all cases except for O. nezarae, which was 0.91 (Fig. 5). This
indicates that the delimitation that split Alabama and Florida O. nezarae was not always
recovered by this analysis.
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Transformed Ooencyrtus branch from the most likely tree for the Encyrtinae COIl dataset.
Each coloured bar represents an OTU delimited by the ABGD (initial and recursive partitions)
and PTP procedures. Support values are ML bootstraps and the fraction of MCMC sampled
delimitations in which a node was part of the speciation process in the PTP procedure,
respectively. Numbers in parentheses after the taxon name indicate how many sequences are

represented in that OTU.

In ABGD, all tested minimum relative gap widths returned initial delimitations of 68 species
from the Encyrtinae dataset at P = 0.01. In this same range of minimum relative gap
widths, ABGD returned recursive delimitations of 71 or 72 from the encyrtine dataset at P =
0.01. Across all tests, the initial delimitations recognised seven Ooencyrtus species and
lumped O. nezarae from Alabama and Florida into a single OTU (Fig. 5). Across all tests,
the recursive delimitations recognised eight Ooencyrfus species (matching the PTP
delimitation) and split O. nezarae from Alabama and Florida into two OTUs (Fig. 5).

Discussion

Our testing indicates that the Florida O. nezarae COIl sequences are 1.3% different from
the Alabama O. nezarae sequences. This was the largest infraspecific sequence
divergence observed amongst the Ooencyrtus species in this study. PTP and ABGD
recursive delimitations separated the Florida O. nezarae into distinct OTUs due to this
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degree of sequence divergence. Based on morphological data indicating that the Alabama
and Florida O. nezarae are conspecific, inconsistency between molecular species
delimitation methods and lack of statistical support for the PTP delimitation, we consider
the divergent Florida O. nezarae COI sequences to represent a distinct haplotype rather
than evidence of a separate species. Ooencyrtus nezarae is a widely distributed species
occurring in China, Japan, Thailand, South Korea, Brazil and now the south-eastern United
States (Kobayashi and Cosenza 1987, Zhang et al. 2005, Ademokoya et al. 2018, Noyes
2018). COI sequence data is only available from the adventive populations of O. nezarae,
highlighting the need for more data from across the native range of this species. Additional
COI barcodes from the native range of O. nezarae could help establish whether the
population present in Florida is from the same, yet genetically diverse, introduction as the
Alabama population or represents a separate introduction event.

Implications for Florida agriculture merit further investigation. Ooencyrtus nezarae has a
wide host range, including at least four hemipteran families (Noyes 2018). It remains
unknown whether its arrival will impact other pentatomoid species of agricultural or
ecological importance. Its distribution through the region should be monitored, as it has
potential to move south through Miami, the Keys and the Caribbean.

Future research may investigate the performance of O. nezarae on other pentatomoid host
species of interest to Florida agriculture. Morphometrics of parasitoids reared from different
sizes and species of eggs are expected to reveal allometric scaling. Due to this, antennal
morphometrics are not recommended as diagnostic characters for this species, although
they may have some utility in determining the host origin of specimens.

Competition between egg parasitoid species has the potential to impact populations of
introduced and native biological control agents. For example, egg parasitoids, such as
Trissolcus species, are known to exhibit intra-guild competition, both in the form of
exploitative competition when parasitoids of another genus are present and in the form of
interference competition when multiple Trissolcus species are present (Sujii et al. 2002).
Observations and preliminary results suggest that O. nezarae is more prolific than
Paratelenomus saccharalis (Ademokoya et al. 2018). Consequently, further research is
required to assess effects on parasitoid-host interactions in M. cribraria, as well as on other
systems involving native egg parasitoid and pentatomoid species.

At the time of writing, fifteen generations of O. nezarae have been reared successfully in
captivity using previously frozen, lab-reared Megacopta cribraria eggs, collected 6 — 14
months prior to use. This is the first recorded instance of O. nezarae being reared in
captivity using previously frozen eggs or from eggs kept in storage, refrigerated or frozen,
for more than 200 days (Alim and Lim 2010). They have, thus far, had no issues with
pathogens or any noticeable loss of reproductive vigour. The Florida laboratory colony
exhibited lower parasitism rates (41% — 78% compared to 82% — 100%) than field-
collected material from Alabama. Sex ratios were similarly female-biased (Ademokoya et
al. 2018). It is important to note that laboratory data may not represent sex ratio and
parasitism rate in the field, especially when the captive colony has been reared from frozen

eggs.
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Conclusions

Ooencyrtus nezarae is an interesting new arrival to Florida; one that merits further study.
Through rearing, we have observed that it is a hardy, generalist egg parasitoid well-
adapted to a subtropical climate. The ease by which it can be reared suggests it may be a
suitable candidate for future biological control projects requiring a generalist parasitoid,
such as augmentative biological control programmes for growers dealing with hemipteran
pests.

Despite possible beneficial applications this insect may have, however, the fact remains
that it is not indigenous to the United States. Additional research is necessary to determine
if O. nezarae may negatively impact populations of native egg parasitoids or beneficial
hemipterans. Additionally, native populations should be sampled and sequenced to
elucidate why the Florida population is of a different haplotype than the previously-
documented Alabama population. Determining where these respective non-indigenous
populations originated may provide novel information regarding the pathways by which
invasive organisms arrive in the south-eastern United States.
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