Welcome to the Trissolcus workshop!

Introduction to the Hymenoptera

Smithsonian Institution



What we hope you get from
this workshop...

* An introduction to the diversity the order
offers, and guidance on identification

 How to collect Hymenoptera, and
specifically Trissolcus

« How to handle samples from the field

 How to correctly mount and label
specimens

* New friends

* A challenge that could last your entire
lifetime...






Challenging to work with: small, speciose, cryptic, ubiguitous



Trichogramma kaykal
on a human hair

Aphanogmus dictynna on
minuten



Grissell,
1999



Hymenoptera

Grimaldi & Engel (2005)



Importance of Hymenoptera

Fascinating units of evolution, especially if one
IS interested in co-evolution, social insects, etc.

Hyper-diverse; conservative estimates within
parasitic species suggest for every host
species of insect, somewhere between 3 and 8
Hymenoptera can successfully reproduce on it.

Sensitive to environmental changes; can be
used to address ecological questions

Food web architecture

Arguable the MOST important force shaping
other insect population dynamics

— This can be used for human benefit through
IPM and biological control



KEY ADAPTATIONS
AND
SPECIES DIVERSITY



Numbers and Categories of Described
Hymenoptera by Feeding Type
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The Wasp Waist

Head | Metasoma

Mesosoma

(includes propdeum)




Wasp waist in action




Phylogenetics of the Hymenoptera: the early years



Hymenoptera-
Tree of life

* 188, 288, EF1, COI

* ss and eye alignment

« 7250 / 7204 aligned

« RAXML / Bayes

139 taxa, 23 outgroups



Wing vein reduction




Evolution of Parasitism

Predation, phytophagy
and hyperparasitism
secondarily derived




Biological Definitions

Phytophagy - ‘plant eating’, including pollen, gall tissue,
leaf tissue, etc.

Predatation- carnivore that requires more than one
individual victim for complete reproduction

Parasitoidism - special case of parasitism where host is
killed in order to parasite to successfully reach adulthood
- a predator that only needs one victim to complete
reproduction

Meconium - type of waste stored within parasitoid larva
until final molt; don’t s&*t where you sleep...

Lines between predator and parasitoid
frequently hard to distinguish



The Finer Points of Parasitism

Koinobiont Also to consider the
|diobiont stage attacked and stage

Endoparasitism of emergence: egg, larval

Ectoparasitism  [P=P-P2: PUPS, adult



The Finer Points of
Parasitism

Hold still,
this won’t Hosts do not like to be
hurt a bit... parasitized: they hide,

have immune systems, etc.

Parasitoids find their hosts
by cueing in on host plants,
salivary compounds....

and use ‘chemical warfare’
to overcome the host
Immune system...viruses,
paralysis, etc....evolutionary

/ arms race!

Ouch!



Parasitic Hymenoptera:
Generalized steps of oviposition

* Locate host (not trivial)
« Constrain host
— Invenomization
— Mechanical
— Structural
« Successfully develop within/on host
— Polydnavirus, ‘virus-like’ particles
— Strategic placement of eggs
— Gregarious species
— Alter host behavior
— Koinobiontism, idiobiontism
« See Godfray (1994) for more information



Host Preference
Spectrum

less concealment more concealment

aphids fruit flies leafmining flies
Caterpillars shore flies wood boring beetles

BMSB eggs



Evolution of Parasitism

, Ground Plan
SR e o



Evolution of Parasitisn

Ground Plan
Endoparasitism

Koino vs Ildio
spread throughout
the tree!




Evolution of Parasitism

: Hyperparasitism



Predators



Phytophages/pollen
feeders



1. hamuli

2. forewing venation (Rs not furcate; Sc fused to R;
Sc absent in hind wing); DNA content of flight
muscles in males restored

3. reduction of posterior protibial spur

4. absence of larval eyes

5. parasitic larvae; loss of larval thoracic legs

Relationships of ‘early’
Hymenoptera

Grimaldi & Engel (2005)

based on analyses of:

Vilhelmson (2001)
Schulmeister (2003)

(only major difference with Rasnitsyn is
monophyly of Siricidae+ Anaxyelidae)



A bit-o-nomenclature

Hymenoptera
Symphyta
Apocrita

Ceraphronoidea
Chalcidoidea

Platygastroidea
Platygastridae

Sce

loninae
riIssolcus

T. Japonicus Ashmead

=T. halymorphae Yang



Team Trissolcus research

Hoelmer Lab (BIIR; Newark, DE); foreign exploration
guarantine rearing, host range testing, sentinel egg
mass monitoring, phylogenetics (w/ Tim Hay and
Marie Claude)

Systematic Entomology Lab (SEL, Washington DC);
revisionary taxonomy of Trissolcus, key building,
imaging of specimens, phylogenetics



Current status of North American
Trissolcus research

Products: synonymy of Trissolcus halymorphae with
T. jJaponicus Ashmead; new synonymies of Kozlov species;
Insect Zoo display, Smithsonian Institution; brochures

Additional research:

-study of Kozlov types in St. Petersburg

-acquisition of other relevant types from around the

world’'s museums

-draft key to Trissolcus of N. America: where ya’ll come in!
-initiation of Eastern Palearctic flavipes key

-study of fossil playgastroids entombed in amber, housed at
USNM






(Please see me to receive
copies of this brochure.)

‘Experts are In’, Apr 2013



Future Prospects

Products: N. American Key; Eastern Palearctic key;
additional nomenclatural stability

Phylogeny utilizing penalized liklihood and divergence
estimation, calibrated by fossil data: insight into the ‘best’
natural enemy?

Conducting additional behavioral studies in quarantine at the
Insect Zoo, in conjunction with those already underway in
DE.

Release of biological control agent(s): hell yeah!



