HW 8
Treehoppers are small insects resembling thorns that feed on plant juices, similar to aphids.  Like aphids, some juvenile treehoppers are protected by ants.  The Enchenopa binotata species complex is found on nine tree species in North America.  Each tree species is host to a different species in the Enchenopa complex.  A phylogeny reflecting the relationship of these host species is known.  All of the species lay their eggs inside the tree branches and cover them with a protective egg froth, but some use more egg froth than others.  The egg froth is known to have attractive chemicals that encourage females to lay their eggs near other females.  Treehopper juveniles cannot hop or fly and so they cluster on the branch where they hatch.  Treehoppers use vibrational signals to communicate.  They pass vibrations through the branch they are on, and these vibrations can be “heard” by any other treehoppers on the branch.  This is true for adults and for juveniles.  In some species, the mother can communicate with the offspring, but in Enchenopa the adults die in the fall and the juveniles hatch the following spring.
1) Provide an adaptive and a neutral hypothesis for the evolution of the attractive compounds in the egg froth.  Distinguish between them and state what makes one adaptive and one neutral.

ADAPTIVE: THIS IS FROM A STUDY DONE BY THOMAS WOOD (WOOD, 1980).  HE FOUND THAT ATTRACTIVE COMPOUNDS INCREASED THE NUMBER OF EGGS LAID PER BRANCH.  THIS INCREASED THE NUMBER OF JUVENILE TREEHOPPERS IN A GIVEN AGGREGATION.  MORE TREEHOPPERS MEANS MORE HONEYDEW, WHICH RECRUITS MORE ANTS.  THE SURVIVORSHIP OF THE JUVENILE TREEHOPPERS WAS TIGHTLY CORRELATED TO ANT PROTECTION.

NONADAPTIVE: TREEHOPPERS CUE IN ON HOST PLANT SECONDARY COMPOUNDS.  THESE COMPOUND ARE INGESTED AT FEEDING AND BECOME CONCENTRATED IN THE EGG FROTH BY CHANCE.  WHILE THIS IS AN ADAPTATION, IT IS NOT ADAPTIVE FOR THE PURPOSE WE ARE EVALUATING.
2) Suggest three studies to test your adaptive hypothesis, one experimental, one observational, and one comparative.

EXPERIMENTAL:  WOOD MANIPULATED NYMPHAL AGGREGATION SIZE AND MEASURED ANT RECRUITMENT.  HE THEN MEASURED SURVIVORSHIP AND SHOWED THAT IT INCREASED WITH ANT RECRUITMENT.  

OBSERVATIONAL:  WITHOUT MANIPULATION, THERE IS VARIATION IN NYMPHAL AGGREGATION SIZE. THIS COULD BE OBSERVED, ALTHOUGH WITHOUT PROPER CONTROLS IT WOULD ONLY GENERATE A CORRELATION, AND WE COULD NOT SAY THAT LARGER NYMPHAL AGGREGATIONS CAUSED ANT PROTECTION.

COMPARATIVE:  USING THE PHYLOGENY, WE COULD MAP THE TRAIT FOR EGG FROTH ATTRACTANTS AND TREAT ANT MUTUALISM AS A TRAIT.  IF THEY EVOLVED TOGETHER IT WOULD INDICATE THAT THEY WERE ADAPTIVELY RELATED.  HOWEVER, WE WOULD NEED TO SEE THAT THE TWO TRAITS AROSE TOGETHER MORE THAN ONCE TO GET PHYLOGENETICALLY INDEPENDENT CONTRASTS AND LARGER SAMPLE SIZE.

3) Is it possible that this attractant could be due to sexual selection?  Why or why not?  If you believe that it may be, provide a scenario.

IT IS A SEXUALLY DIMORPHIC TRAIT, SINCE ONLY FEMALES PRODUCE EGG FROTH.  SEXUAL DIMORPHISM IS THE OBSERVATION THAT FIRST DIRECTED DARWIN TO INVOKE SEXUAL SELECTION.  HOWEVER, THIS TRAIT IS NOT RELATED TO HOW MATES SELECT ONE ANOTHER, AND OCCURS AFTER MATING, SO IT IS UNLIKELY TO BE UNDER SEXUAL SELECTION.

4) It has long been believed that ants and treehoppers are mutualistic.  Like aphids, treehoppers imbibe an excess of sugar water from the host plant which they excrete as honeydew.  Ants collect this honeydew and in turn protect the juvenile treehoppers from predaceous insects.  However, ants also need protein and it has been suggested that they will take treehopper juveniles for this purpose when necessary.  How would you test this hypothesis?
IF YOU COULD MANIPULATE ANT FOOD RESOURCES SUCH THAT THEY HAD A CONSTANT AMOUNT OF SUGAR ACROSS ALL TREATMENTS, BUT VARIABLE AMOUNTS OF PROTEIN, AND THEN MEASURED HOW OFTEN THEY TOOK TREEHOPPER JUVENILES BACK TO THE NEST AS FOOD, THEN YOU COULD USE AN EXPERIMENTAL APPROACH.  ALTERNATIVELY, YOU COULD OBSERVE ANTS THAT ARE ALREADY PROTEIN LIMITED AND MEASURE FEEDING ON TREEHOPPER JUVENILES.  THIS WOULD BE AN OBSERVATIONAL APPROACH AND WOULD THEREFORE NOT BE ABLE TO DEMONSTRATE CAUSALITY, ONLY CORRELATION.
