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April 22, 2009
Dear Volunteers,

The 2008/2009 field season has been busier than expected, with the added
headaches of moving all laboratory operations to my new job at the University of
Nevada, Reno (UNR). It has been sad to leave my home here in New Orleans, but |
continue to enjoy visiting there for work and pleasure, and | still maintain hope that we
can successfully rebuild this city and the surrounding wetlands and forests. As a part of
the research efforts there, Rebecca Hazen and | were lucky to have the help of 5
Earthwatch teams, and | was excited to see that our new data are adding to previous
preliminary results showing that intermediate levels of hurricane disturbance foster the
highest levels of insect diversity. It was also great to spend time at our field sites in
Arizona, Costa Rica, and Ecuador, where Earthwatch teams have continued to
document strong patterns of climate-insect-plant interactions.

Last season we were also able to use data from each site to address specific
hypotheses that are not directly related to climate change. Most notably we found: 1) a
caterpillards immune system is its best defense agai
feeding by caterpillars helps support high tropical diversity. The final report provides
details on these results, and | hope this report also provides you with a sense of how
successful the Forest Caterpillars project has been because of your excellent field
assistance. | continue to be impressed with the amount of high quality data that
Earthwatch volunteers have collected with us over the past 14 years. | am sure that |
will continue leading this research for at least 20 more years, and | hope to keep
discovering new species and new associations.

If you are wondering about the rest of the team of plant-insect investigators, feel
free to send an email asking for their addresses. Wilmer is still working on the project in
Ecuador, collecting and rearing amazing numbers of caterpillars, while Harold Greeney
is working as a postdoctoral fellow with me here at UNR. Beto, Gerardo, Grant,
Genoveva, Tara, Michael, and Mark Fox are still working full-time with me on various
projects, including the caterpillar work. Rebecca is doing an outstanding job leading the
New Orleans portion of the project and will soon advance to PhD candidacy. Angela
and Clark successfully completed their doctorate work last year and started new
postdoctoral jobs i Angela is at Wesleyan University and Clark is still at Tulane.

I would like to thank all of you for your hard work. As an extended team, we have a
strong database and positive memories of great people. My collaborators and | have
enjoyed working with the volunteers, and our project would not be successful without
your help. We also want to thank all of you for sending us great emails, cards, pictures,
slides, and other thoughtful items. We definitely appreciate this correspondence.
Please feel free to keep in touch and we will do our best to respond. Hopefully we'll see
you again in the field.

Saludos,

O

Lee Dyer, gusanero, ecodyer@gmail.com



Research Objectives:
1 Determine how hurricanes and variation in climate affects insect diversity.
1 Determine how hurricanes and variation in climate affect levels of parasitism (and
subsequently affect caterpillar densities).
9 Address the question: are tropical caterpillars more specialized than temperate
caterpillars?
1 Determine the best predictors of parasitism success.

Results and Discussion

The four main results from Earthwatch data are summarized below and include: 1) there
are negative effects of hurricanes on caterpillar densities, parasitoid diversity, and levels
of parasitism in forests in Louisiana and Costa Rica, 2) increased caterpillar
specialization causes increases in caterpillar diversity along altitudinal gradients (Costa
Rica, Ecuador, and Arizona), 3) plant defensive compounds sequestered by caterpillars
have negative effects on their immune systems (Smilanich et al. 2009a; work done in
Arizona and Louisiana), and 4) the immune response is the best defense against a wide
variety of parasitoids (Costa Rica; Smilanich et al. 2009b).

1) Effects of hurricanes on caterpillar density and caterpillar/parasitoid diversity in
Louisiana.

Our Louisiana study areas include multiple hurricane damaged sites and undamaged
sites. There were clear effects of hurricanes at multiple scales. Across the hurricane
damaged sites, six caterpillar species (1 Tortricidae, 2 Gelechiidae, 1 Noctuidae, 1
Saturniidae, and 1 Lasiocampidae) reached outbreak proportions. Within the hurricane
damaged area, there was a clear effect of intermediate disturbance on caterpillar and
parasitoid species richness (Figure 1). These are the first empirical data in terrestrial
ecosystems demonstrating that intermediate disturbance promotes diversity of higher
trophic levels, supporting a major and controversial diversity hypothesis in ecology - the
Al ntermedi ate Disturbance Hypothesis. o0 Further mc
we were able to determine that flooding negatively affects parasitism rates on
caterpillars after several time lags (Figure 2). Both of these results indicate that extreme
weather events associated with climate change will have major impacts on the most
important enemies of herbivorous insects i parasitic wasps and flies. Extreme weather
events, including floods and severe hurricanes, are predicted to increase with global
warming, and if this causes decreases in parasitism rates, as predicted by our
correlational and experimental results, then insect outbreaks will also increase
significantly.
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Figure 1. Effects of different levels of hurricane damage on plant biomass (leafarea = total leaf area
of all plants in a plot), caterpillar diversity (scat = total number of species of caterpillars in a plot),
and parasitoid diversity (spsit = total number of species of parasitoids in a plot). Damage categories

reflect percentage of branches or tree trunks knocked down by hurricane winds (each category
represents about 20%).
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Figure 2. Significant negative effects of flooding on parasitism occur at 2, 5, and 8 months after the
actual flooding event at La Selva Biological Station, Costa Rica. The y-axis is a measure of how
extreme weather causes declines in parasitism rates (the relationship between months with
increasing variation in rainfall and monthly levels of parasitism), while the x-axis indicates the
number of months after the extreme weather that parasitism has been measured. All values above
the line indicate significant negative associations 1 thus, floods at La Selva have the greatest effects
on parasitism after 2, 5, and 8 months.



2) Caterpillar specialization and biodiversity.

There is a current debate on whether insect diversity is better explained by higher plant
diversity or by narrow use of host plant species, which allows for greater niche
partitioning. We tested these assumptions by rearing 15,000 caterpillars of the
widespread genus Eois (Geometridae) from 43 species of its hostplant Piper
(Piperaceae) across two gradients of plant diversity T an altitudinal gradient in Costa
Rica and another in Ecuador. We found that caterpillars from montane regions were
more specialized than those from the lowlands with 7.1+ 2 versus 3.4 +1.8 caterpillar
species per 700m?foliage of each Piper species. Using path analysis (Figure 3), we
found that specialization of caterpillars in montane forests causes higher herbivore
diversity, supporting the idea that specialization and not just increased plant diversity
leads to higher herbivore diversity. Furthermore, we discovered that including
specialization indices from montane forests doubled herbivore diversity estimates in the
tropics. We conclude that herbivore diversity and diet breadth is highly correlated with
elevation, thus tropical insect diversity may be significantly underestimated due to a
strong bias on data from lowland forests.

Rodriguez-Castenedaet al. 2009
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Figure 3. Two alternative path analysis models examining determinants of Eois
caterpillar species richness. Significant standardized path coefficients are
adjacent to each line; bullet-headed lines indicate a negative effect, while arrows
indicate a positive effect; red lines and coefficients are for the Costa Rica
transects, black lines and coefficients are for the Ecuador transects. The left
model (caterpillar diversity is simply a product of plant diversity) was not
supported by the data.

3) Interactions between plant defensive compounds and caterpillar immune
defense.



Two prominent questions in ecology and evolutionary biology are: 1) How are herbivore
populations regulated, and 2) How does specialization evolve? Studies of tri-trophic
interactions have shed light on these questions, revealing strong effects of both plant
toxins (secondary compounds) and natural enemies (e.g., parasitoids) on the ecology
and evolution of insect herbivores. Selective pressures from both plant chemistry
(bottom-up forces) and natural enemies (top-down forces) can play key roles in driving
insect herbivores towards narrow diet breadths. We proposed a mechanism by which
the combination of synergistic plant chemical defense and pressure from natural
enemies together could influence diet breadth in an unexpected direction (Smilanich et
al. 2009a,b). We assessed the effectsfensef pl ant
against parasitoids and found that specialized herbivores feeding on plants with high
concentrations of synergistic plant toxins are more likely to be successfully parasitized
for two reasons: 1) direct toxicity of sequestered compounds to the host and 2) diverted
resources from the immune response to detoxification or sequestration of plant toxins.
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For the path diagrams illustrated above, numbers are path coefficients, negative
numbers and bulleted arrows indicate a negative effect of one variable on another. Of all
hypothetical encapsulation models tested (not shown), Model 1 had the best fit to the
data (X?= 0.8983, d.f. = 1, P = 0.3432), supporting our hypothesis that high
concentrations of synergistic 1Gs (iridoid glycosides, a class of bitter plant defenses
found in a large number of our caterpillar host plants) have a direct negative effect on
the encapsulation response. High concentrations of IGs also increased approximate
digestion (AD), which in turn had a negative effect on encapsulation. We hypothesize
that with an increase in AD more IGs are crossing the gut wall and being sequestered in
the hemolymph, which inhibits normal immune function. Model 2, the growth rate model,
shows that high concentrations of IGs negatively affect caterpillar growth rate (X =
0.0287, d.f. =1, P = 0.8655), which may partly explain the associated decrease in CO,
output found in Model 1.

These combined factors can exert strong selective pressure on herbivores towards
feeding on plants with low concentrations of toxins, since these herbivores will have
lower levels of secondary metabolites in their hemolymph and other tissues and thus will
be better defended against parasitoids.

4) Costa Rican caterpillars, immune response, and parasitism



Parasitoids exert high mortality on caterpillars, and our previous studies utilizing
Earthwatch data have demonstrated that most primary and secondary defenses do not
protect caterpillars against parasitoids. We investigated the efficacy of tertiary defenses
(i.e. immune responses) against parasitoids. Using a bead injection technique to
measure the immune response and our 15-year Earthwatch database to measure
parasitism, we compared the immune response for 16 species of caterpillars in 9
different families. We found that caterpillar species with a strong immune response had
the lowest incidence of parasitism, and when statistically compared to other defensive
traits, the immune response was the best predictor of parasitism (see Plate 1 below i
darker beads indicate a better immune response). Parasitoids either avoid attacking
caterpillar species with a capacity for high levels of melanization or are killed once they
have parasitized. In either case, the immune response is clearly one of the most
effective defenses that caterpillars have against parasitism, and elucidating consistent
predictors of variation in encapsulation could improve understanding of parasitism
patterns in time and space and could enhance biological control efforts (e.g., in the
banana plantations near our Costa Rica and Ecuador sites or the alfalfa fields near our
Arizona sites). In addition, understanding the effects of climate change on immune
response will be another focus of our future Earthwatch research.



Educational Opportunities
Environmental education

Our work has directly benefited the educational community because many volunteers

were school teachers who incorporated ideas from our Earthwatch projects into their

classes (also see Aot her broaderolunteesavet so bel ow)
maintain a website for this educational outreach

(http://wolfweb.unr.edu/~Idyer/outreach/Welcome.html). As part of this outreach, our



