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Course Introduction 
Invertebrates account for more than 90% of animals in the 
Amazon basin, and the vast majority are still undescribed by 
scientists. Plants use floral fragrances to attract and guide these 
insects to use them as pollinators, but very often they find 
themselves predated upon.. Feeding on as many as 80,000 plant 
species in the lush rainforests of the Amazon basin, the dietary 
habits of these insects have resulted in some plants evolving 
chemical barriers to defend against these herbivores. However, 
many insects have adapted to make use of these unique 
phytochemicals as signals to locate specific hosts, appropriate 
them as their own defenses, or even use them to regulate or 
mediate sexual communication.  In this course, we will not only 
introduce participants to the stunning entomological diversity of 
the region — including their biology, behavior, and ecology — but 
also explore in depth these highly diverse interactions between 
insects and plants.
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This course will be held at the Los Amigos Biological Station, also 
known by its Spanish acronym EBLA (Estación Biológica Río Los 
Amigos (https://fieldprojects.org/cicra-2/)). Situated between the 
Madre de Dios and Los Amigos Rivers on terra firme forest rising 
above the floodplain, this field station was established in 2000 
and boasts incredible biodiversity that includes 11 primate species 
and 595 species of birds.
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Location:  

Los Amigos Biological 
Station  

Course Dates: 

July 26 - August 13, 2017

Suggested Texts 

• Forsyth, A. & K. Miyata. 1984. 
Tropical Nature. Touchstone, 
New York, NY 

• Kricher, John. 1997. A 
Neotropical Companion 
(revised edition). Princeton 
University Press, Princeton, NJ 
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Course Objectives 
This course will give an overview of plant-animal interactions, 
focusing on the mechanical and chemical defenses used by plants 
to defend themselves against herbivores and how those 
mechanisms modify multi-trophic interactions. Participants will 
have the opportunity to design a short research project as a group 
or individually, which will allow them to practice the scientific 
method: observation, formulation of questions, evaluation of 
hypotheses, experimental design, and data analysis. The results of 
these projects will be presented to the field station, and 
possibilities for further dissemination of results are also available. 

We will evaluate plant mechanical defenses, their interactions 
with herbivores, and note any differences among environments that could influence these interactions. 
Field data will be collected during the day, and in the evenings we will discuss papers and and listen to 
lectures  on plant chemical defenses and how they influence mult-itrophic relationships.

Scientific learning objectives:
• To understand principles related to plant-insect interactions.

• To understand the major classifications of herbivores.

• To understand the chemical compounds involved in plant defenses.

• To learn field research techniques relevant to entomology.

Professional learning objectives:
• To gain proficiency in  (a) interpreting scientific literature, (b) developing a scientific publication from 
raw data, and (c) designing experiments.

• To gain proficiency in preparing and delivering scientific presentations.
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Course Topics

Topic of Study Activity Description

I. Introduction

> Field ethics, safety precautions, 
rules, and useful tips

Discussion Staying safe in the rainforest 
environment, and conducting 
field research with a minimal 
footprint

> South American ecosystems 
and biogeography

Lecture Introduction to ecosystems of 
South America, including major 
patterns in the evolution and 
distribution of biodiversity

> The Los Amigos Conservation 
Concession

Lecture An overview of conservation 
issues in the Amazon rainforest of 
Madre de Dios, Peru, and what is 
being done to prevent 
biodiversity loss

> Introduction to backcountry/off-
trail navigation

Activity Students will be introduced to the 
use of compass/map and GPS to 
safely navigate off-trail in the 
rainforest environment

> The Los Amigos Biological 
Station (CICRA)

Group hike We will explore the Los Amigos 
trail system, examine Amazonian 
habitat types, and cover the 
basics of backcountry navigation

II. Understanding the primary scientific literature

> Synthesizing a research article Discussion As a group we will discuss a 
scientific paper covering a topic 
in tropical entomology, learning 
to critically evaluate 
methodology, results, and 
interpretation of findings

> Survey of Neotropical 
entomological literature

Discussion Students will read an article each 
day and discuss it as a group

Scientific method and hypothesis 
testing

Lecture Understanding the process of 
inquiry, planning your project, 
structuring a scientific paper

Method workshops Discussion Developing hypotheses, selecting 
appropriate methodology
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III. Neotropical insect diversity

> Survey of Neotropical insect 
diversity

Lecture Learn to identify major insect 
orders and key Neotropical 
families

> Ant diversity Activity Group activity exploring the alpha 
and beta diversity of the ant fauna 
across the rainforest canopy and 
forest floor

> Aquatic insect communities Activity Examination of the insect fauna 
forming the basis of an aquatic 
food chain of high conservation 
importance

IV. Insect ecology and natural history

> Insect vertical stratification Activity Students will conduct a group 
project investigating the 
stratification of butterfly species in 
the vertical forest column

>Mimicry Activity Group activity to test the 
predictions made by mimicry 
theory using model Heliconius 
butterflies

> Amazon plant/insect host 
identification

Informal/ongoing Descriptions of key Neotropical 
plant groups as they are 
encountered during field activities

V. Field techniques in tropical entomology

> Surveys of field techniques in 
tropical entomology

Lecture/demos Students will be introduced the 
methods used for sampling a 
diversity variety of insect groups 
across different habitats

> Tree climbing Activity Sampling insects in the rainforest 
canopy

> Butterfly traps Activity Sampling butterflies along the 
vertical forest gradient

> Hand-net Activity Sampling flying insects in the 
forest understory/edge

Topic of Study Activity Description
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> Mark-release-recapture Activity Population estimation and 
ecology

> Aquatic suerveys Activity Insect diversity and ecology in 
oxbow lakes and other 
Amazonian aquatic habitats

> Chemical attractants Activity Attracting insects using 
pheromones, fragrances, and 
other chemicals

IV. Different perspectives on the Amazon

> Canopy tower Excursion Observe the rainforest canopy 
from a 60-m canopy tower

> Mammal clay lick Excursion Visit a mammal clay lick where 
deer, peccary, and tapir 
supplement their diets with salts

> Palm swamp Excursion Explore a Mauritia palm swamp 
and search for anaconda from a 
canoe

> Guest lectures Lectures Students will learn about other 
topics in tropical biology from 
guest lecturers

Topic of Study Activity Description
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Daily Schedule 
Below is the daily schedule of activities for the field course. Students should be aware that the timing of 
activities is subject to change due to weather or other unforeseen difficulties, or unanticipated 
opportunities. We will do our best to stick to the following schedule, but a good measure of flexibility will 
allow us to complete all of the planned activities while remaining adaptable to the constantly changing 
conditions in the field. 

Date Activities Reading 
Discussion

Assignme
nts Due

July 
26th

Arrive in Puerto Maldonado 

Late Afternoon  
Visit market as a group for last-minute items.  

Night 
Group dinner and discussion: field ethics, safety precautions, 
rules, keeping a field journal

July 
27th

Morning 
Boat to field station. 

Afternoon 
Introduction to backcountry navigation / Learning the forest 
trail system / Introductory hike: Los Amigos habitat diversity  

Night 
Lecture 
South American ecosystems & biogeography

Begin 
maintainin
g a field 
journal

July 
28th

Morning 
Butterfly vertical stratification activity: butterfly trap placement  

Afternoon 
Aquatic insects / Visit Cocha Lobo (oxbow lake) or Pozo Don 
Pedro (palm swamp) 

Night 
Lecture 
Neotropical insect diversity (hemimetabolous orders)

Date
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July 
29th

Morning 
Tree climbing basics 

Afternoon 
Butterfly vertical stratification activity: check traps / Heliconius 
butterfly mimicry activity: part I 

Night 
Lecture: Neotropical insect diversity (holometabolous orders) 
Night hike

July 
30th

Morning 
Tree climbing/ant diversity activity: data collection (AM) 

Afternoon 
Butterfly traps / Heliconius butterfly mimicry activity: part II 

Night 
Lecture 
Latitudinal diversity gradients

July 
31st

Morning 
Tree climbing/ant diversity activity: data analysis & write-up / 
Insect identification activity  

Afternoon 
Butterfly traps / Heliconius butterfly mimicry activity: part III 

Night 
Lecture: Mimicry in insects 
Blacklighting for nocturnal insect observation

Quiz 1

August 
1st

Morning 
Visit canopy tower 

Afternoon 
Mark, release, recapture part I 

Night 
Lectures 
Special topic: orchid bees

Activity 
reports 
due

Activities Reading 
Discussion

Assignme
nts Due

Date
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August 
2nd

Morning 
Talk: The scientific method and hypothesis testing / Method 
workshops (I) What question are you asking? What are you 
going to measure? How are you going to measure it?  

Afternoon 
Mark, release, recapture part II / Individual or group project 
discussion / Free time to develop ideas with groups or 
individuals.  

Night 

Paper discussion: 
The Chemistry of 
Defense: Theory 
and Practice

August 
3rd

Morning 
Visit Cocha Lobo (oxbow lake) or Pozo Don Pedro (palm 
swamp) 

Afternoon 
Field work practicing the first step in the scientific method, 
OBSERVATION. Since the students have been in the forest 
and are familiar with the area, we together will go to the field 
and start doing observations on plants. we'll look at the 
different types of leaves in the forest, notice if they are 
complete or they have been chewed, observe if young leaves 
compared with old leaves have more or less tissue removed, 
try to think why they have more or less tissue removed, what 
physical attributes of the plant could limit the chewing by 
insects, etc. 

Night 

Paper discussion: 
Chemical 
interaction 
between 
undamaged plants 
– Effects on 
herbivores and 
natural enemies

Activities Reading 
Discussion

Assignme
nts Due

Date
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August 
4th

Morning 
After our paper discussion and observations in the forest 
yesterday, students can start thinking of what factors to 
examine. What variables you will measure to answer your 
question(s)? Think about methods to collect data to answer 
your questions, and scout areas where data will be collected. 

Afternoon 
With your questions and methods in mind, this is time to do 
field work and start setting up the areas where data for 
student projects will be collected. Projects can be done in 
groups or individually, but groups are strongly encouraged.  

Night 
Talk: Herbivore Offense. Credits to Ian Kaplan (Purdue 
University)

August 
5th

Morning 
Continue collecting data in the field 

Afternoon 
Student’s preliminary presentations: 1. Introduction 2. 
Questions 3. Hypotheses 4. Methods. Obtaining feedback at 
this stage will help refine your inquiry.  

Night 

Paper discussion: 
Field-Testing of 
Methyl Salicylate 
for Recruitment 
and Retention of 
Beneficial Insects in 
Grapes and Hops

August 
6th

Morning 
Method workshops (II) Field vs. laboratory (greenhouse and 
nursery experiments) We will use seedlings of at least three 
local species and we will use methyl jasmonate and methyl 
salicylate to compare insects responds under field and 
nursery conditions. 

Afternoon 
Continue method workshop II. Laboratory work includes 
classifying insects collected in the field into their functional 
groups (predators, pollinators, parasitoids), keeping 
seedlings alive, watering plants, and describing observations 
(herbivory, growth, toughness, etc.)  

Night 
Data management with Excel

Activities Reading 
Discussion

Assignme
nts Due

Date
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August 
7th

Morning 
Field/lab work / continue collecting data in the field 

Afternoon 
Field/laboratory work: continue collecting data in the field. 
Talk: Toxic plants, credits to Ian Kaplan (Purdue university)  

Night 
Movie or game night, we will decide once there

Quiz 2

August 
8th

Morning 
Field/lab work / continue collecting data in the field 

Afternoon 
Talk: What statistical analysis should I use? Continue 
collecting data in the field. 
Night 

Paper discussion: 
The Dual Role of 
Floral Traits: 
Pollinator Attraction 
and Plant Defense

August 
9th

Morning 
Field work to continue collecting data in the field 

Afternoon 
Field work to continue collecting data in the field, Participants 
start entering data and working in the preliminary results 
(graphs, statistical analysis) 

Night 
Talk: Plant defense theory. Credits to Ian Kaplan (Purdue 
university)

August 
10th

Morning 
Project discussions: 1. preliminary results 2. possible statistical 
analysis  

Afternoon 
Participants start data analysis and presentation preparation.  

Night 

Paper discussion: 
Herbivores 
Promote Habitat 
Specialization by 
Trees in Amazonian 
Forests.

Quiz 3

Activities Reading 
Discussion

Assignme
nts Due

Date
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Course Work 
Field Journal (100 pts)
1. Field Journal

    1. This is the essential tool for all field biologists, regardless whether they are entomologists, 
ornithologists, botanists, etc. Unlike data sheets, on your field journal you can (and must) be as detailed as 
possible, think about it as your data bank, where you can always go back and check if you are missing 
something important for your analysis. We will evaluate the following elements on your field journal, each 
one of them earning different number of points:

        1. Date, location name and geographical coordinates. 

        2. Location description: write a brief description of the local vegetation (height estimation, general 
description of the canopy and understory), the weather (cloudy, sunny, raining, windy, wind conditions and 
temperature are a plus), description of insect activity, bird noises, and any changes you notice since the 
last time you were there.

        3. Starting time and ending time.

        4. Records of your observations: write about the insects witnessed (taxon, individuals, activities they 
were engaging in), the methods used to make observations, and the insects' behaviors.

    2. The field journal will be submitted at the end of the course for the final review. 

August 
11th

Morning 
Removing flagging, flags, cages, sticky cards and any other 
material that doesn’t belong to the forest. Participants 
continue data analysis and presentation preparation.  

Afternoon 
15-minute presentations  

Night 

Paper discussion: 
Exploiting scents of 
distress: the 
prospect of 
manipulating 
herbivore-induced 
plant odours to 
enhance the 
control of 
agricultural pests

Oral 
presentati
ons of 
projects / 
Field 
journals 
due

August 
12th

Depart from Los Amigos

August 
13th

Depart from Puerto Maldonado

Activities Reading 
Discussion

Assignme
nts Due

Date
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Readings and reading discussions
We will discuss several research papers during this course. For such task, participants will be asked to read 
the articles before their departure to Peru. These discussions have three objectives: (1) to reinforce the 
knowledge acquired on lectures and field practices, (2) to maximize the participants analytical thinking 
with applied knowledge, and (3) to contrast ideas, points of view, and critical analysis on the methods, 
biases, limits, and contribution of the research paper in discussion, so participants can apply the 
information reviewed in the lectures. Sometimes it is easier to learn through feedback, so instructors will 
be always encouraging participants to participate in the discussion. the number of points discussions will 
earn are shown in the previous table.

Field activities
Since field activities are planned to put into practice the acquired knowledge, it is very important for 
students to get involved. We will take into account whether the students show interest in learning how to 
perform the surveys, the purpose of equipment and how to use it, the biology of the species found in the 
field, their comments or questions about the methods, their contribution to the data sampling, the 
quality of the obtained data or the reports, and their positive attitude. Please note that you will be asked 
to turn in brief activity reports for all of the designated field activities in order to get full credit.

Quizzes
    1. Students will take periodic quizzes throughout the course that will cover the materials seen and 
learned in the preceding days. They are not going to involve lengthy essays but shorter and quicker 
questions. The quiz shouldn't take longer than 20 minutes or so to complete each time. 

Oral Presentation
    1. Some information in the following presentation guidelines comes from the OTS specialty course, 
Ecology of plant-Animal interactions in the Tropics, syllabus (Poveda and Kessler 2009).

    2. Presentation guidelines:

        1. Format:  PowerPoint

        2. Max time allotted:  15 mins (12 of presentation and 3 for questions). 

        3. Outline and basis for evaluation:

            1. Background; start with some background information about the study. Why should we be 
interested in your study question?  What is the basis for your hypothesis?  What is the “big 
picture?”  (Focus on the literature that is immediately available, such as course readings if they apply. 
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Since internet is not consistently available nor efficient at the field station, a broad literature review will 
not be required.)

            2. State the _hypotheses_ and _objectives_ of the central question you are focusing on. 

                1. Question

                    1. Why there are more flowers in gaps than in the understory?

                2. Hypotheses

                    1. Induction:  Begins with a set of observations. By assembling observations, patterns (or the 
lack of them) are discovered.  From those observations we induce hypotheses. 

                        1. Ex: You observe that there are more plants with flowers in gaps, and fewer plants with 
flowers in the understory. Some condition in gaps favors flowering. There is more light in gaps than in the 
understory. Your hypothesis: Light is an important determinant of flowering in plants. 

                    2. Deduction:  Begins with a set of assumptions. Based on those assumptions hypotheses are 
developed using the rules of deductive logic.

                        1. Ex: For most organisms, as energy intake increases the energy allocated to reproduction 
increases. Light is the primary source of energy for plants. Your hypothesis: Light is an important 
determinant of flowering in plants.

            3. Methods

                1. The methods section often starts with a description and justification of the study site and of 
the system/organism involved. The methods section is also, where you describe your experimental design.  
Include enough detail that the reader can repeat your experiment if desired.  Methods sections include a 
description of the statistical analyses performed and sometimes a justification for why these were 
appropriate tests.  Raw data, results, and their interpretation do not belong in the methods section

            4. Results – Present each table and/or figure and detail its main message. 

            5. Discussion – What do the results mean? Do the results challenge or support previous work, and 
how so?  

                1. Major conclusions – Did you meet your objectives and support or reject your hypothesis or 
hypotheses?  What are the implications (narrow and broad) of the study’s findings? 

                2. What would you do next?
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Grading Criteria 
Individual and group assignments will be assessed according to the following point schedule:

To convert final grade percentages to letter grades that will appear on the transcript, the following 
grading scheme will be applied:

Assessment Item Points Possible Course Total Points Possible

Field journal 100

1000

Oral presentation 300

Lectures and discussions (12.5 / day) 200

Butterfly vertical stratification 25

Tree climbing/ant vertical beta diversity 25

Neotropical insect identification 25

Heliconius butterfly natural selection and 
mimicry 25

Mark, release, and recapture 25

Aquatic insect diversity and ecology 25

Methyl jasmonate and methyl salicylate 
experiment 25

Quiz #1 75

Quiz #2 75

Quiz 3 75

Photography credit: Geoff Gallice �16


