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May 1, 2008 

Dear Volunteers,     

As I write this letter, I am getting ready to move to a new job at the University of Nevada, 

Reno (UNR). It will be very sad for me to leave my home here in New Orleans, but I will not 

abandon my research here and I will maintain hope that we can successfully rebuild this city and 

the surrounding wetlands and forests. As a part of the research efforts here, I was lucky to have 

the help of 4 Earthwatch teams, and I was excited to see interesting results from our hard work 

this year ï we found that intermediate levels of hurricane disturbance fostered the highest levels 

of insect diversity. It was also nice to spend some time away from New Orleans and out in the 

field with four successful teams in Arizona, Costa Rica, and Ecuador, where we continued to 

document strong patterns of climate-insect-plant interactions. I hope this final report provides 

you with a sense of how successful the Forest Caterpillars project has been because of your 

excellent field assistance.  

I have been impressed with the amount of high quality data that Earthwatch volunteers have 

collected with us over the past 12 years. I am sure that I will continue leading this research for at 

least 20 more years, and I hope to keep discovering new species and new associations. Perhaps 

the most important paper that we have completed from these data is our paper that was 

published this year in the journal Nature. We found that diets of tropical caterpillars are more 

specialized than their temperate forest counterparts. We hope that this paper helps resolve 

theoretical and conservation issues about how diversity is maintained as well as debates about 

how many species of animals are on earth.   

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; Rafael has moved on to another job. 

Beto, Gerardo, Grant, Rebecca, Genoveva, Angela, Tara, Clark, Michael, and Mark Fox are still 

working full-time with me on various projects, including the caterpillar work. Angela and Clark 

just successfully completed their doctorate work and will be moving off to new jobs in the fall, 

after helping with one last Earthwatch team in Arizona. Aparna and Walt are back in Grand 

Junction, teaching and botanising.  Harold Greeney is up there in the cloud forest chasing after 

butterflies, helping researchers, and transforming Yanayacu into a major research center ï he 

will soon be Dr. Greeney since he finally decided to get his doctorate.  

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 I 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,  

 
Lee Dyer, gusanero, ldyer@tulane.edu 
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Research Objectives: 

¶ Determine how hurricanes and variation in climate affects insect diversity.  

¶ Determine how hurricanes and variation in climate affect levels of parasitism (and 
subsequently affect caterpillar densities).   

¶ Address the question: are tropical caterpillars more specialized than temperate 
caterpillars? 

 

Results and Discussion 

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

During the course of the Louisiana portion of the project we successfully reared over 

5000 caterpillars from 31 families and 154 species. Of these 1827 became adults and 547 were 

parasitized. Our study areas consisted of multiple hurricane damaged sites and undamaged sites.  

There were clear effects of hurricanes at multiple scales. Across the hurricane damaged sample 

sites, 5 caterpillar species (1 Tortricidae, 2 Gelechiidae, 1 Noctuidae, and 1 Saturniidae) 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 

ñIntermediate Disturbance Hypothesis.ò  

 
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).  Plots were 10 m diameter sampling area is 

in forest understory. Damage categories reflect percentage of branches or tree trunks knocked down by 

hurricane winds (each category represents about 20%). 

 

 

Effects of extreme weather events on parasitism at sites across the Americas. 

Our Earthwatch data from our sites across the Americas continued to enhance our cross-

site comparison of parasitism. We reared over 10,000 additional caterpillars from Ecuador, Costa 

Rica, Arizona, and Louisiana and combined these data with existing data from these sites as well 

as data from collaborators. Results from these rearings corroborated earlier results (Stireman et al. 

2005) that revealed a strong relationship between climatic unpredictability and levels of 

parasitism (Figure 2). These results provide additional support to our hypothesis that climate 

change triggers more insect outbreaks via reduced enemy control. 
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Figure 2. Stireman et al. (2005) used data from 15 sites in the Americas (including all four Earthwatch sites) to 

compare caterpillar-parasitoid interactions across a broad gradient of climatic variability (year-to-year variation in 

rainfall). As depicted here (actual data are not included), this study found that parasitism decreases as climatic 

variability increases. The examples provided are (counterclockwise from upper right hand corner) ï Parasitoid pupa 

(Ichneumonidae) and remains of caterpillar (Sphingidae) from Ecuador, parasitoid larva (Eulophidae) and caterpillar 

(Noctuidae) from Costa Rica, parasitoid cocoons (Braconidae) and caterpillar (Noctuidae) from Costa Rica, and 

parasitoid pupa (Tachinidae) and caterpillar (Arctiidae) from Arizona. The red line depicts the linear relationship:  

Percent parasitism = -73*(coefficient of variation in rainfall) + 33; R2 = 0.33   

Given the important role of parasitoids in regulating insect herbivore populations in natural and managed systems, there 

could be an increase in the frequency and intensity of herbivore outbreaks through a disruption of enemy-herbivore 

dynamics as climates become more variable. 

 

 

 
Diversity and caterpillar specificity 

For many animals, species richness is much higher in tropical compared to temperate 

habitats. A major challenge in community ecology and evolutionary biogeography is to determine 

what creates these differences. For herbivorous insects, one such mechanism leading to an 

increased number of species in a given locale could be increased ecological specialization, 

resulting in a greater proportion of insect species with narrow resource requirements within a 

community. We used data from all of our Earthwatch sites along with collaboratorsô data to test 

this hypothesis by comparing host specialization in larval Lepidoptera (moths and butterflies) at 

eight different New World forest sites from southern (Table 1).  
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Table 1. Caterpillar rearing databases used for the Earthwatch study. Rearings include only those portions 

of the databases used for analyses in this study. Sampling area was estimated for Canada, Louisiana, 

Arizona, and Ecuador, where multiple sites were sampled. Hours of search effort were estimated for 

Panama but were not estimable for Canada and Connecticut. For number of caterpillar or host plant taxa, 

fam = families, gen = genera, spp = species. All vascular plants were sampled for all sites but Canada, 

where only trees were sampled.  Earthwatch sites are Arizona, Louisiana, Costa Rica, and Ecuador. 

Study Site Median 

Latitude 

Sampling 

Area (ha) 

Rearings  Caterpillars 

(fam, gen, spp)  

Host Plants 

(fam, gen, spp) 

Effort 

(hours) 

Years 

Canada 47Á 15ô N 80,000,000 131,431 28, 280, 653 27, 59, 155 Unknown 20 

Connecticut 41° 30' N 1,437,100 3,158 19, 166, 252 12, 13, 14 Unknown 5 

Arizona 32Á 13ô N 1,000,000 7,601 20, 136, 184 50, 104, 161 9,000 10 

Louisiana 31Á 00ô N 500,000 2,300 19, 98, 127 48, 77, 106 5,000 6 

Brazil 15Á 56ô S 10,000 5,614 43, 264, 565 44, 80, 109 8,000 12 

Costa Rica 10̄  25' N 2,400 22,348 29, 223, 509 72, 176, 281 52,000 15 

Panama 9  ̄10ô N 1,600 4,536 30, 384, 401 57, 139, 209 8,000 9 

Ecuador  0Á  25ô S 30,000,000 24,413 13, 65, 192 53, 110, 177 72,000 6 

 

 

We found that diets of tropical caterpillars are more specialized than their temperate 

forest counterparts: tropical species on average feed on fewer plants species, fewer plant genera, 

and fewer plant families than do temperate caterpillars (Figure 3). This contrasts recent studies 

(by V. Novotny) that suggest that tropical herbivores are not more specialized and that conclude 

that there are fewer than 4 million species of animals in the world (compared to estimates of 30-

80 million species made with the assumption that tropical herbivores are specialized). The 

Novotny study used only 8 focal species of plants, which can yield misleading results. 
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Figure 3.  One potential mechanism contributing to the latitudinal diversity gradient is increased specialization of 

tropical organisms. Dyer et al. (2007) showed that specialization of herbivorous insects is greater in the tropics. 

Caterpillar diet breadth (shown  here as number of host plant genera per caterpillar species) declined with latitude 

across a gradient consisting of 8 sites: Canada, Connecticut (USA), Arizona (USA), Louisiana (USA), Costa Rica, 

Panama, Ecuador, and Brazil. Geometrid caterpillars from 5 of these sites are illustrated (the actual data are not 

included here). The red curve (with latitude decreasing along the X-axis) depicts the quadratic regression:  

Latitude = 1.4 - .007(diet breadth) + .0012(diet breadth)2; R2 = 0.98  

Similar results were obtained when diet breadth was measured as number of host plant families or species consumed 

per caterpillar species. We still do not know if parasitoid diet breadth follows a similar gradient. 

 

 
Geographical variation in host-specificity and parasitoid pressure of an herbivore (Geometridae) 

associated with the tropical genus Piper. 
We focused on an abundant caterpillar genus to test more detailed hypotheses about 

specialization and the effects of climate on herbivore control, both of which vary geographically, 

resulting in a mosaic-effect in the strength of tritrophic interactions (interactions between the host 

plant, its herbivore, and herbivore parasitoids) across the landscape. We focused on Piper 

(Piperaceae), one of the most widespread plant genera in the Neotropics and its dominant 

herbivore, Eois (Geometridae). We quantified levels of host plant specialization and parasitism 

rates of Eois from tropical forests in Costa Rica, Panama and Ecuador. These forests differ in 

rainfall and elevation. Based on over 15,000 rearings, we found Eois feeds exclusively on Piper 

and among the different regions, each species of Eois fed on an average of close to two species of 

Piper. Parasitism levels of Eois and measures of parasitoid family diversity varied significantly 

with climate and topography at local and regional scales. Eois were most vulnerable to parasitoid 

attack in moist versus highly variable dry and wet forests and also at low versus high elevations. 

The diversity of parasitoid families reared from Eois was greater in Ecuador and Costa Rica while 
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parasitoids in Panama, which experiences the highest levels of extreme weather events of the 

three sites, were primarily in the family Braconidae. Although we found similar levels of host-

specificity on Piper species in each forest, Eois exhibited high variability in the incidence of 

parasitism. These results corroborate those of Stireman et al. (2005) and suggest that for 

geometrid caterpillars, the parsitoid enemies most affected by extreme weather events are non-

braconid wasps and tachinid flies (Figure 4). 

 

    
 

Figure 4. Geographic variation in the proportion of parasitoid families reared from Eois caterpillars (image on the right 

is a new species of Eois from Ecuador). Costa Rica (Braconidae n=21, Ichneumonidae n=7, Tachinidae n=10), Ecuador 

(Braconidae n=91, Ichneumonidae n=76, Eulophidae n=4, Tachinidae n=64) and Panama (Braconidae n=746, 

Eulophidae n=8, Tachinidae n=2). Parasitoid family diversity varied significantly among geographic regions (DF = 4, 

ɢ2=401.9, P < 0.0001) and was greater in Ecuador compared to Costa Rica and Panama where parasitoids were 

primarily from the family Braconidae. 
 
Educational Opportunities 
Environmental education 

Our work has directly benefited the educational community because many volunteers 

were school teachers and have incorporated ideas learned from this project into their classes. In 

collaboration with volunteers, we maintain a web site for this educational outreach 

(http://www.tulane.edu/~ldyer/outreach/Welcome.html - it is currently being revised). As part of 

this outreach, our laboratory works with local schools (K-12) on insect ecology education (also 

see Armstrong et al. 2008). Our work has also indirectly benefited the educational community 

because the research addresses basic theoretical questions in ecology. For example, one of the 

most important theoretical issues to which our Earthwatch project has contributed is the idea of 

ñtrophic cascades.ò Theory predicts that the effects of predators and parasitoids on plant biomass 

and diversity should not be great in complex systems such as rainforests, but we have 

demonstrated that the enemies of caterpillars significantly enhance plant biomass and diversity by 

killing caterpillars. This means that the consequences of tropical predator extinctions are more 

severe than previously thought, and predators of all sizes and all predatory guilds (i.e. including 

parasitoids) should be a major focus for conservation efforts. These ideas are summarized in a 

book chapter (Dyer 2008, referenced below). 

 

Diversity and natural history 

Our most significant educational accomplishment with Earthwatch data is the 

compilation of natural history data related to approximately 3200 species of caterpillars, plants, 

and parasitoids, many of which are new species (e.g., Figure 5). We share this natural history 

information with locals and scientists alike, including talks in Spanish to Costa Rican and 

Ecuadorian students, naturalists, and local workers; the local talks have increased awareness and 

respect for insect diversity. Many of the naturalist guides at our research sites use our data and 


