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 Welcome to the Philadelphia 
Insectarium and Butterfly Pavilion! 

Dear Teachers,  
 

We would like to invite you to experience the world of insects and other 

arthropods! Here at the Insectarium, we want to provide students with an 

entertaining yet educational experience that can supplement classroom learning. 

We understand that as teachers, you have many standards to achieve and such 

high expectations to complete them! That’s why we’re here to help make sure 

the field trip is a learning opportunity.  

We offer a bridge to State and Common Core standards, and have tailored our 

educational offerings to meet those standards. Our professional staff understand 

both the standards you need to meet and the subject matter (Insects), and we 

have provided some resources for you. Feel free to use these resources as a 

follow-up to your visit. 

We are open to your suggestions and are happy to modify our tours to your 
needs, so if you have any questions or suggestions, please do not hesitate to 
reach out at info@phillybutterflypavilion.com. 

Let us share our passion for the wonders of the Earth through 

learning about its most diverse and interesting inhabitants. 
 

 

 

 

 

 

The Insectarium Education Team 
John Cambridge; Supervisor, PhD in entomology 
Allison Payenski; Education specialist, B.A. in Life Science Education 
 
 

 
The Philadelphia Insectarium and Butterfly Pavilion 

8046 Frankford Avenue 
Philadelphia, PA 19136 

www.phillybutterflypavilion.com 
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Common mission 
 Every student is different. Some are afraid of insects, while many are fascinated with 
them. Insects are all around us. You cannot venture into the natural world without encountering 
them. The fear of insects prevents people from enjoying the outdoors. We want to bring out the 
beauty of insects. We can start with the butterfly pavilion. Very few people are afraid of butterflies. 
As we move to the second and third floors of the Insectarium, we show a variety of insects and 
other arthropods in natural settings. We can explain where they live, and what they do.  
 Most insects are not dirty. Most do not spread diseases, sting, or bite. Insects are not 
mean, or aggressive. Bees don't sting because they are angry. What this means for kids is that 
they need not be afraid of a bee that is just going about its business collecting nectar and pollen.  
 We favor using age-appropriate terminology, but also believe in exposing children to a 
complex descriptive vocabulary. If you say "pterygotes" are winged insects, you expose a child to 
the roots of other words like "Pterydacyl" (which means "wing finger"). 
 The common features of insects, such as three body regions, and six legs, are the result 
of inheritance from a common ancestor. We will present the adaptations of insects as 
evolutionary innovations that help them compete and survive, shaped by natural selection. We 
present our materials through an evolutionary lens.  
 We would also like to dispel some common errors and misconceptions. Insects are 
animals. Many people think of animals as being restricted to mammals. Sponges are animals. So 
are Earthworms. Thinking of insects as animals helps redefine how we think of the animal world. 
It is mostly insects. Our obsession with vertebrates comes through with the word "Invertebrate". 
Although this term is still in common use, it is confusing, because it defines a group of animals 
based on what they are not. They are not vertebrates. But plants aren't vertebrates either. It is 
better to say "Insects" if you mean insects, or "Arthropods" if you mean insects, millipedes and 
spiders, or "Insects and Snails" if that’s what you mean. 
 Simple things like grammar is often lost in scientific terminology. Pronunciation can be 
difficult. For example, "larvae" (pronounced "lar-vee") is the plural form of "larva". Another 
common and confusing term refers to "segments". Insects are segmented animals, like 
Earthworms are. Insects have between 15 and 20 segments. So when we say that there are 3 
segments: "head, thorax, and abdomen", we are setting up confusion for when later, they learn 
about segmentation. It would be better to say 3 body regions, and then talk about tagmosis as the 
regional specialization of functions. These things are hard, and we know you would like to get it 
right for your students. We can help. 
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Middle School and Grade 8 
The following lessons are still under development. We would value your input in helping us meet 
your needs. 
 

NEXTGEN LS1 From Molecules to Organisms: Structures and Processes 

4. Use argument based on empirical evidence and scientific reasoning to support an explanation for 

how characteristic animal behaviors and specialized plant structures affect the probability of 

successful reproduction of animals and plants respectively. [Clarification Statement: Examples of 

behaviors that affect the probability of animal reproduction could include nest building to protect 

young from cold, herding of animals to protect young from predators, and vocalization of animals 

and colorful plumage to attract mates for breeding. Examples of animal behaviors that affect the 

probability of plant reproduction could include transferring pollen or seeds, and creating conditions 

for seed germination and growth. Examples of plant structures could include bright flowers 

attracting butterflies that transfer pollen, flower nectar and odors that attract insects that transfer 

pollen, and hard shells on nuts that squirrels bury.] 

 
We can easily provide multiple examples of insect behaviors that affect the probability of their 
reproductive success: 

One of the best examples of using scientific reasoning comes from the work of Mitter et  
al., 1988, on comparing the diversity of herbivorous beetles with those of their 
closely related fungivores and detritivores. The herbivores were almost always 
more diverse, which supported the hypothesis of an arms race between plants  
and herbivores. 

 Eusociality in bees 
 Flowers producing nectar as a reward for pollinators 
  

NEXTGEN LS1 From Molecules to Organisms: Structures and Processes 

8. Gather and synthesize information that sensory receptors respond to stimuli by sending messages 

to the brain for immediate behavior or storage as memories. [Assessment Boundary: Assessment 

does not include mechanisms for the transmission of this information.] 

 
We have prepared a unit on insect senses that will be adapted for middle school students. See 
pages 36-38. 
 

NEXTGEN LS2 Ecosystems: Interactions, Energy, and Dynamics 

2. Construct an explanation that predicts patterns of interactions among organisms across multiple 

ecosystems. predicting consistent patterns of interactions in different ecosystems in terms of the 

relationships among and between organisms and abiotic components of ecosystems. Examples of 

types of interactions could include competitive, predatory, and mutually beneficial.  

Similar ecological roles across similar ecosystems across different continents.  
 
As the Earth's most diverse inhabitants, there are multiple examples of parallel evolution in 
insects in response to predictable patterns in biotic and abiotic factors. 
Examples include: 

Many moth species have independently evolved ears to detect bats. 
 Small insects have similar solutions to desiccation problems. They have a much higher  
  surface to volume ratio. 
 Eusociality is thought to have evolved (predictably) through haplodiploid sex  
  determination. We have the resources to talk about this extensively. 
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NEXTGEN LS2 Ecosystems: Interactions, Energy, and Dynamics 

4. Construct an argument supported by empirical evidence that changes to physical or biological 

components of an ecosystem affect populations. 

 
There are excellent resources available about Monarch overwintering sites. We can also talk 
about gene drive systems that alter mosquitos genome. We now have the technology to drive 
pest species to extinction, which leads to stimulating discussions about both the problem 
(500,000,000 people per year dying of malaria) and the genetic solution. 
 

NEXTGEN LS2 Ecosystems: Interactions, Energy, and Dynamics 

5. Evaluate competing design solutions for maintaining biodiversity and ecosystem services. 

Examples of ecosystem services could include water purification, nutrient recycling, and prevention 

of soil erosion. Examples of design solution constraints could include scientific, economic, and social 

considerations.  
 
Our lessons on enhancing natural enemies through "farmscaping", described on pages 50-51 
could be modified for this lesson.  
 

NEXTGEN LS3 Heredity: Inheritance and Variation of Traits 

1. Develop and use a model to describe why structural changes to genes (mutations) located on 

chromosomes may affect proteins and may result in harmful, beneficial, or neutral effects to the 

structure and function of the organism.  
 
Our lessons on insecticide resistance management would fit here. We could also talk about gene-
drive technology to alter the genotype of pest species, now technically possible with technologies 
like CRISPR/Cas9 Gene Editing. 
 

NEXTGEN LS3 Heredity: Inheritance and Variation of Traits 

2. Develop and use a model to describe why asexual reproduction results in offspring with identical 

genetic information and sexual reproduction results in offspring with genetic variation. 
 
Aphids provide an excellent example of this. They reproduce asexually when times are good, and 
their populations can explode with genetically identical clones. But then they go through rounds of 
sexual reproduction in order to maintain genetic variability. We can also talk about Haplodipoidy 
in social insects at the second floor bee paintings.  
Haplo-diploid Reproduction in bees. 
Half of your genes come from your mother, and the other half come from your father. Exactly half. 
When a sperm merges with an egg, the genes remain separate, and there are still two copies of 
each gene in every cell*: one from the sperm, one from the egg. That is in a “diploid” system. 
Could there be a system with just ONE of the two copies of each gene?  YES! And that animal 
would be “haploid”.  Unfertilized eggs are haploid. So are sperm.  And so are male bees! The 
system is called “haplo-diploidy”. This is complicated, but evolutionarily very important.  When the 
queen bee first emerge from the hive, they go on several mating flights. During the mating flights, 
the queen bee meets male bees, and mates with them in flight. She stores the sperm from these 
males in a special compartment, and never mates again. When she lays an egg, she usually 
fertilizes it with some of the sperm she has stored from one of her mates. These fertilized eggs 
turn into the worker bees. They are diploid, like us, half related to mom, and half related to Dad, 
with two copies of each gene. Sometimes the queen does NOT fertilize the egg. Unfertilized eggs 
in this system develop into a males, or drone bees. Unfertilized eggs are haploid. Drones make 
sperm, and this sperm is haploid (has only one copy of each gene). 
Here is where it gets complicated, and interesting: 
Every worker bee has half her genes from the queen, and half her genes from the drone (male). 
Where did these genes come from?  Mom and Dad of course! But in bees, “Dad” was haploid. All 
his genes are the same, unlike your Dad, whose sperm DNA came from both his parents. So 
every worker is going to be at least 50% genetically related to every other worker, because they 
all got half their DNA from the same queen. But a worker who gets fertilized by sperm from the 
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same father as her sister is genetically identical, because the haploid drone’s sperm are all 
identical. So in a honeybee colony, the average worker bees are more closely related to each 
other than they would be in a diploid system, like we have in humans.  What this means is that 
when a worker bee helps the queen, she is helping her own DNA to survive. This is the theory of 
“kin selection”.  Kin selection is the idea that reproduction is based on the survival of our genes. 
Since sisters are closely related, sisters can help spread their own genes by helping their sisters. 
If reproduction is all about “spreading your genes”, then the more closely related you are to 
another person (or bee), the more you should care about their reproduction. The best way for a 
worker bee to spread her genes to the next generation is to help her mother the queen, because 
in this system, sisters are more closely related to each other than in our diploid system. This is 
thought to explain why social colonies with non-reproductive workers evolved in bees. Because 
bees are haplo-diploid. 
*except for sperm and egg cells, which are haploid. 
 

NEXTGEN LS4 Biological Evolution: Unity and Diversity 

2. Use evidence to construct an explanation for how the variations in characteristics among 

individuals of the same species may provide advantages in surviving, finding mates, and reproducing. 

[Clarification Statement: Examples of cause and effect relationships could be plants that have larger 

thorns than other plants may be less likely to be eaten by predators; and, animals that have better 

camouflage coloration than other animals may be more likely to survive and therefore more likely to 

leave offspring.  

 

 

The horns on Dynastinae (Rhinoceros 
beetles) and the large mandibles of male stag 
beetles provide an excellent example of 
sexual selection. Sexual selection is an ideal 
model to study, because it separates 
functionally adaptive features (like sharp 
claws, or big brains) from those that are 
simply used for access to mates. The beetles 
with the biggest horns win the wrestling 
match, and pass on their genes. 

 

NEXTGEN LS4 Biological Evolution: Unity and Diversity 

3. Construct an argument with evidence that in a particular habitat some organisms can survive well, 

some survive less well, and some cannot survive at all. [Clarification Statement: Examples of 

evidence could include needs and characteristics of the organisms and habitats involved. The 

organisms and their habitat make up a system in which the parts depend on each other.]  
 
One of the most interesting evolutionary puzzles about insect life is why there are no insects in 
the ocean. They have had 500 million years to conquer this habitat, yet they cannot. Conversely, 
going to the phylogeny wall, there are very few branches of the tree of life that can live outside 
the ocean.  Basically only amniote tetrapods, and arthropods. We can describe the physiological 
challenges of both marine and terrestrial habitats. 
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NEXTGEN LS4 Biological Evolution: Unity and Diversity 

4. Make a claim about the merit of a solution to a problem caused when the environment changes 

and the types of plants and animals that live there may change.* [Clarification Statement: Examples 

of environmental changes could include changes in land characteristics, water distribution, 

temperature, food, and other organisms.] [Assessment Boundary: Assessment is limited to a single 

environmental change. Assessment does not include the greenhouse effect or climate change.] 

 
We have extensive resources about the conversion of prairies to farmland, which has changed 
the distribution and numbers of butterflies. We could adapt this lesson for middle school.  
A solution to the problem could be a concerted effort to plant and maintain native meadows. Or 
we could talk about invasive species. 
 

4.1.D Biodiversity 

Use the theory of natural selection to examine the causes and consequences of extinction.   
 
The lessons on monarch butterflies could be modified. Also pesticide resistance management 
and gene drive (genome editing) technology could be discussed. 
 


