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deployment, length of egg mass exposure to field conditions and deployment height of egg

masses in host trees. Hedstrom et al. (2017) noted the importance of semiochemical cues

associated with the success of T. japonicus in finding and stinging H. halys egg masses.

Research by Boyle et al. (2019) has also shown that kairomones, left by H. halys on host

plant leaves, are detectable by T. japonicus and the wasp resides on these leaves longer

than those lacking such kairomones. Therefore, lower parasitism rates of lab-reared egg

masses could be due to reduced chemical cues.

Although current parasitism by the exotic T. japonicus in northern Utah is modest, relative

to those in its native range (Yang et al. 2009, Zhang et al. 2017), our results indicate that T.

japonicus has the potential to provide biological control of H. halys in the Intermountain

West. Parasitism rates were not shown to be different amongst years, but our data clearly

show  higher  parasitism  in  2019,  when T. japonicus was  discovered,  as  compared  to

previous years. The dissonance of biological and statistical conclusions in our results is

likely due to the variable and low sample size of egg masses. Trissolcus japonicus may

have killed more H. halys eggs than we were able to document, based on identification of

the causal wasp. Indeed, many egg masses were attacked by parasitoids that had already

emerged from eggs before collection in 2019, with higher mean parasitism rates in affected

egg masses than those observed for native wasp species, suggesting that at least some of

the unidentified parasitoids were T. japonicus.  It  is  also of  interest  to  point  out  that  T. 

japonicus was detected in two suburban landscape sites in Salt Lake County in 2019 and

not in agricultural sites.

The northern Utah region differs in its climate and topography from most locations in which

T. japonicus has been documented or predicted to become established in North America

(Avila and Charles 2018). Given the arid, high elevation conditions of northern Utah that

include cold winters and hot summers, detection of an adventive T. japonicus population

implies potential for range expansion into other locations within the greater Intermountain

West region. These results support the possibility of an eventual intersection of eastern

and western T. japonicus populations in North America (Jarrett et al. 2019, Talamas et al.

2015b, Milnes et al. 2016). Further research should focus on the capacity of T. japonicus to

persist in the Intermountain West, specifically focusing on overwintering behaviour where

heavy snowfall accumulation and consistent sub-zero temperatures occur (Lowenstein et

al.  2019,  Nystrom  Santacruz  et  al.  2017).  In  fact,  follow-up  surveys  in  2020  have

documented continued detection of  T. japonicus in  Salt  Lake and expansion into Utah

counties (K.  Richardson,  personal  communication).  Laboratory rearing and releases,  in

conjunction  with  conservation  efforts,  are  critical  next  steps  in  supporting  the  future

establishment of T. japonicus populations in Utah.

Conclusions

Our findings show that an adventive population of T. japonicus in northern Utah is causing

higher levels of reproductive parasitism of H. halys eggs compared to native wasp species

and wild  (in  situ)  egg  masses  provide  a  more  accurate  measure  of  parasitoid  activity

compared to those deployed from lab colonies. This study reports the first detection of
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T. japonicus in the Intermountain West, a novel geographic location for this parasitoid in

North America.
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