
Natural History of the Skagit Watershed 

Teacher Workshop 

Invertebrates 

North Cascades Institute 



N a t u r a l H i s t o r y of the S k a g i t W a t e r s h e d 

Teacher Workshop 

Invertebrates 
B y 

J i m E d w a r d s 
W e n d y S c h e r r e r 

T r a c i e J o h a n n e s s e n 

©1997 by N o r t h C a s c a d e s Institute 
A l l r ights r e s e r v e d 

North Cascades Institute 
2 1 0 5 S t a t e R o u t e 2 0 

S e d r o - W o o l l e y , W A 9 8 2 8 4 - 9 3 9 4 
3 6 0 - 8 5 6 - 5 7 0 0 

n c i @ n c a s c a d e s . o r g 

Produced through funding from 
Skagit Environmental Endowment Commission 

l North Cascades Institute: Invertebrate Workshop 

mailto:nci@ncascades.org


WORKSHOP PLANNING INFORMATION 
Target Audience: 
1) T e a c h e r s w o r k i n g in the u p p e r S k a g i t W a t e r s h e d of B r i t i s h C o l u m b i a a n d 

W a s h i n g t o n . W o r k s h o p s f o c u s o n 4th-8th g r a d e e d u c a t o r s , but i n f o r m a t i o n c a n 
b e a d j u s t e d fo r o l d e r o r y o u n g e r s t u d e n t s . 

2) E d u c a t o r s d e s i r i n g to t e a c h a b o u t w i ld l i fe a n d h a b i t a t s of t h e S k a g i t W a t e r s h e d . 
3) Y o u t h l e a d e r s a n d e d u c a t o r s w h o w i s h to i n c o r p o r a t e i n v e r t e b r a t e e d u c a t i o n into 

t h e i r e n v i r o n m e n t a l e d u c a t i o n a c t i v i t i e s . 
4) P r i m a r y b e n e f i c i a r i e s a r e c h i l d r e n in s c h o o l s t h r o u g h o u t t h e S k a g i t B a s i n . 

Workshop Materials for Educators: 
C u r r i c u l u m g u i d e s : 
North Cascades National Park: A Living Classroom 
Living with Mountains 
Activity Package 

Workshop Leaders: 
E n v i r o n m e n t a l E d u c a t o r / N o r t h C a s c a d e s Institute 
R e p r e s e n t a t i v e f r o m W a s h i n g t o n D e p a r t m e n t of F i s h a n d W i l d l i f e 
N o r t h C a s c a d e s N a t i o n a l P a r k b i o l o g i s t 

Workshop Goals 
• D e v e l o p a w a r e n e s s of t h e i m p o r t a n c e of i n v e r t e b r a t e s a n d the i r h a b i t a t s . 
• D e v e l o p k n o w l e d g e of i n v e r t e b r a t e s the i r l ife c y c l e s , a d a p t a t i o n s , h a b i t a t s , 

c o m m u n i t i e s a n d e c o s y s t e m s . 
• D e v e l o p k n o w l e d g e a b o u t t h r e a t s to i n v e r t e b r a t e s a n d the i r h a b i t a t s . 
• D e v e l o p a n d ut i l i ze t h e k n o w l e d g e a n d s k i l l s n e c e s s a r y for p e r s o n a l a n d 

c o o p e r a t i v e a c t i o n o n b e h a l f of i n v e r t e b r a t e s . 
• P r o m o t e t h e i m p o r t a n c e of c o n s e r v a t i o n a n d m a n a g e m e n t of i n v e r t e b r a t e s the i r 

h a b i t a t s of t h e U p p e r S k a g i t by e m p h a s i z i n g the i r a e s t h e t i c , r e c r e a t i o n a l , 
b i o l o g i c a l , e c o l o g i c a l , m e d i c i n a l a n d e c o n o m i c v a l u e s . 

• E n h a n c e p u b l i c , i n t e r a g e n c y , a n d p e r s o n a l a w a r e n e s s , s u p p o r t a n d 
a p p r e c i a t i o n of i n v e r t e b r a t e s . 

• E n c o u r a g e g r a s s r o o t s a n d c o o p e r a t i v e v e n t u r e s in s u p p o r t of t h e s e g o a l s . 
• P r o v i d e a f r a m e w o r k fo r t e a c h e r s to i m p l e m e n t , d o c u m e n t , a n d s h a r e a c t i v i t i e s 

w h i c h f o c u s o n i n v e r t e b r a t e s a n d the i r h a b i t a t s . 
• E n h a n c e e n v i r o n m e n t a l e d u c a t i o n t e a c h i n g s k i l l s a b o u t i n v e r t e b r a t e s t h r o u g h 

i n - s e r v i c e t e a c h e r t r a i n i n g . 
• P r o d u c e a n d d i s t r i b u t e c l a s s r o o m a n d f ie ld m a t e r i a l s ( p o s t e r s , t e a c h i n g g u i d e , 

v i d e o t a p e ) fo r t e a c h e r s , c h i l d r e n , a n d s u p p o r t i n g o r g a n i z a t i o n s . 
• F a c i l i t a t e c o m m u n i c a t i o n b e t w e e n s t u d e n t s , e d u c a t o r s a n d r e s o u r c e m a n a g e r s . 
• P r o m o t e h a n d s - o n , e x p e r i e n t i a l l e a r n i n g a b o u t i n v e r t e b r a t e s . 
• P r o m o t e a n d m o d e l a "habi tat , e c o s y s t e m a n d l a n d s c a p e a p p r o a c h " i n s t e a d of a 

" s i n g l e - s p e c i e s a p p r o a c h . " 
• P r o m o t e a n i n t e g r a t e d , m u l t i - d i s c i p l i n a r y a p p r o a c h ( s c i e n c e , art, s o c i a l s t u d i e s , 

l a n g u a g e a r ts , m a t h ) to e a c h 4 h o u r w o r k s h o p . 
• T o i n c r e a s e k n o w l e d g e a n d a p p r e c i a t i o n of wi ld l i fe of t h e U p p e r S k a g i t , l e a d i n g 

to i n c r e a s e d c i t i z e n i n v o l v e m e n t in d e c i s i o n s a f f e c t i n g its future . 
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I N V E R T E B R A T E S W O R K S H O P A G E N D A 
Greetings And Introductions 

• N o r t h C a s c a d e s Institute 
• W a s h i n g t o n Dept . of F i s h a n d W i ld l i f e B i o l o g i s t 
• N o r t h C a s c a d e s N a t i o n a l P a r k B i o l o g i s t 

Overview Of Workshop 
• W o r k s h o p S c h e d u l e 
• C l o c k H o u r s 

Overview Of Educational Goals 
GOAL #1 Students will develop awareness of the importance of 

invertebrates and their habitats. 

GOAL #2 Students will develop knowledge of invertebrates their life 
cycles, adaptations, habitats, communities and ecosystems. 

GOAL #3 Students will develop knowledge about threats to invertebrates 
and their habitats. 

GOAL #4 Students will develop and utilize the knowledge and skills 
necessary for personal and cooperative action on behalf of 
invertebrates. 

Activities 
1. O p e n O u t l i n e 
2 . S l i c e of the P i e 
3 . W h a t ' s M y S p i n e 
4 . P o o t e r s a n d O t h e r T o o l s of the T r a d e 
5 . I n v e r t e b r a t e s in S o i l 
6. Insect A d a p t a t i o n s 
7. C l a s s r o o m But te r f l i es 
8. But ter f l y B i o g r a p h i e s 
9. But ter f ly D e f e n s e s 

10. I n s e c t s , I n s e c t s E v e r y w h e r e 
1 1 . D r a g o n f l y O b s e r v a t i o n s 
12 . E n v i r o n m e n t a l I nd ica to rs 
13 . T h a t ' s I n c r e d i b l e 
14 . D r a g o n f l y P o e t r y 
15 . I nve r teb ra te R e s o u r c e s 

Evaluation 
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Invertebrate Activities 
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Inver tebrate W o r k s h o p 

Open Outline 

I. Entry Activities 

II. Greetings & Introductions 

III. Overview of Workshop 
Workshop Schedule 
Clock Hours 
Educational Goals 

IV. Activities 

1. Invertebrates vs. Vertebrates 

2. What's My Spine 

3. Tools of the Trade 
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4 . Invertebrates in the Soil 

5. Insect Adaptations 

6. Classroom Butterflies 

7 . Butterfly Biographies 

8. Butterfly Defenses 
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9. Insects, Insects Everywhere 

10. Dragonfly Observations 

11. Environmental Indicators 

12. That's Incredible 

13. Dragonfly Poetry 
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S l i c e Of T h e P i e 

S U B J E C T S : 
S c i e n c e 

C O N C E P T S : 
1. T h e v a s t ma jo r i t y of a n i m a l s p e c i e s a r e i n v e r t e b r a t e s . 

2 . I n v e r t e b r a t e s a r e i m p o r t a n t c o m p o n e n t s of e c o s y s t e m s for a n u m b e r of r e a s o n s . 

O B J E C T I V E S : 
1. S t u d e n t s wi l l d i s c o v e r w h a t a n i n v e r t e b r a t e is . 
2 . S t u d e n t s wi l l l e a r n a b o u t the re la t i ve n u m b e r s of i n v e r t e b r a t e s v s . v e r t e b r a t e s . 
2 . S t u d e n t s wi l l e x p l o r e r e a s o n s w h y i n v e r t e b r a t e s a r e impor tan t . 
M A T E R I A L S / G E T T I N G R E A D Y : 
O v e r h e a d p r o j e c t o r 
O v e r h e a d t r a n s p a r e n c y of F i g . 1 ( re lat ive n u m b e r s of l iv ing s p e c i e s b e l o n g i n g to t h e 
m a j o r t a x o n o m i c g r o u p s of a n i m a l s ) 

S I Z E / S E T T I N G / D U R A T I O N : 
W h o l e c l a s s / C l a s s r o o m / 3 0 - 4 5 m i n u t e s 

B A C K G R O U N D I N F O R M A T I O N : 
W h e n p e o p l e th ink of a n i m a l s t h e y u s u a l l y th ink of o n e w i th a b a c k b o n e . T h e y ' r e 
l a r g e , s h o w y , n o t i c e a b l e , w e l l r e c o g n i z e d a n d k n o w n - a n i m a l s l ike l i o n s , z e b r a s , 
d o g s , b i r d s , r e p t i l e s , h o r s e s , e v e n h u m a n s . B u t m o s t a n i m a l s in t h e w o r l d don ' t h a v e 
b a c k b o n e s . S o m e a r e l a r g e r a n d m o r e n o t i c e a b l e , fo r e x a m p l e , s q u i d , s n a i l s , s l u g s , 
s e a s t a r s , a n d c l a m s . B u t m a n y a r e s m a l l , e v e n m i c r o s c o p i c . A n d w i t h o u t t h e s e 
a n i m a l s w e w o u l d n ' t b e h e r e . W e u s e t h e m for f o o d , t h e y h e l p d e c o m p o s e o u r 
w a s t e , a n d t h e y m a k e up the l a rges t part of a n y f o o d w e b . T h e y a r e t h e 
i n v e r t e b r a t e s - a n i m a l s w i thout b a c k b o n e s . 

A n i m a l s w i t h b a c k b o n e s a r e v e r t e b r a t e s . T a x i n o m i c a l l y , t h e y a r e r e p r e s e n t e d by the 
P h y l u m C h o r d a t a w h i c h i n c l u d e s t h e c l a s s e s : 

O s t e i c h t h e y e s ( B o n y f ish) 
A m p h i b i a ( a m p h i b i a n s - f r o g s , t o a d s & s a l a m a n d e r s ) 
R e p t i l i a ( l i z a r d s & s n a k e s ) 
A v e s (b i rds) 
M a m m a l i a ( m a m m a l s ) 

T h e s e c l a s s e s of v e r t e b r a t e s a r e the o n e s m o s t s t u d e n t s h a v e a lot of fami l ia r i t y 
w i t h . B u t w h a t a b o u t t h e i n v e r t e b r a t e s ? T h e y r e p r e s e n t al l t h e o t h e r P h y l a i n c l u d i n g : 

P h y l u m C t e n o p h o r a ( c o m b je l l i es ) 
P h y l u m P o r i f e r a ( s p o n g e s ) 
P h y l u m C o e l e n t e r a t a ( je l ly f ish , c o r a l s , & s e a a n e m o n e s ) 
P h y l u m P l a t y h e l m i n t h e s ( f l a tworms , t a p e w o r m s , & p l a n a r i a ) 
P h y l u m A n n e l i d a ( e a r t h w o r m s ) 
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P h y l u m M o l l u s c a ( M o l l u s k s s u c h a s s q u i d , c l a m s , s n a i l s ) 
P h y l u m E c h i n o d e r m a t a ( s e a s t a r s , & s e a u r c h i n s ) 
P h y l u m A r t h r o p o d a ( i n s e c t s , s p i d e r s , c r a b s ) 

T h e a r t h r o p o d s a r e by far t he l a rges t g r o u p of i n v e r t e b r a t e s . T h e y b a r e i n c r e d i b l y 
s u c c e s s f u l ( s e e f ig . 1), f o u n d in the s e a a n d a l s o h a v i n g c o l o n i z e d the l a n d s o m e 
3 0 0 m i l l i on y e a r s a g o by f i l l ing p r a c t i c a l l y e v e r y e c o l o g i c a l n i c h e a v a i l a b l e . 

Fig 1 . Pie diagram of the relative numbers of species belonging to the major taxonomic groups. 
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DOING THE ACTIVITY: 
1. A s k : W h o c a n n a m e a n a n i m a l for m e ? A c c e p t al l a n s w e r s , r e c o r d i n g o n t h e 
b o a r d a list of t h e first 10 . 

2 . C h a l l e n g e s t u d e n t s to c o m e wi th a d d i t i o n a l a n i m a l s not p r e v i o u s l y l i s t e d . H a v e 
e a c h s t u d e n t wr i te d o w n a s m a n y a n i m a l s a s t h e y c a n in 2 m i n u t e s . 

3 . W r i t e d o w n a n y n e w a n i m a l s s t u d e n t s c o m e up with o n t h e b o a r d . 

4 . A s k : W h a t is a v e r t e b r a t e a n i m a l ? A c c e p t al l a n s w e r s . A s k : W h a t is a n 
i n v e r t e b r a t e a n i m a l ? A c c e p t al l a n s w e r s . 

5 . P u t a s t a r by a l l t h o s e a n i m a l s l i s ted o n t h e b b o a r d that s t u d e n t s th ink a r e 
i n v e r t e b r a t e s ( m o s t p e o p l e , w h e n t h e y th ink of a n a n i m a l th ink of v e r t e b r a t e s , s o 
c h a n c e s a r e v e r y f e w i n v e r t e b r a t e s wi l l b e l is ted) . 

6. E x p l a i n : I n v e r t e b r a t e s a r e a n i m a l s w i thout b a c k b o n e s . A n i m a l s that h a v e a s p i n e 
o r b a c k b o n e a r e v e r t e b r a t e s . K n o w i n g th is d o w e w a n t to c h a n g e w h i c h o n e s a r e 
s t a r r e d ? E x p l a i n that i n v e r t e b r a t e s h a v e n o b a c k b o n e b e c a u s e t h e y don ' t h a v e a n 
i n t e r n a l s k e l e t a l s y s t e m . M o s t h a v e a n e x t e r n a l or e x o s k e l e t o n l ike a n i n s e c t o r a 
c r a b . M a n y h a v e n o s k e l e t a l s y s t e m at a l l , for e x a m p l e , j e l l y f i sh , e a r t h w o r m s , a n d 
s l u g s . 

7 . A s k : W h a t % of a n i m a l s l i s ted o n the b o a r d a r e v e r t e b r a t e s ? I n v e r t e b r a t e s ? If 
s t u d e n t s l i s t e d 6 4 a n i m a l s a n d 14 w e r e i n v e r t e b r a t e s t h e n 14 d i v i d e d by 6 4 = . 2 1 8 
o r 2 1 . 8 % a r e i n v e r t e b r a t e s (in th is e x a m p l e ) a n d t h e r e f o r e 7 8 . 2 % a r e v e r t e b r a t e s . 

8. E x p l a i n that t h e rea l i ty i s a v a s t major i ty of t h e a n i m a l s p e c i e s o n e a r t h a r e 
i n v e r t e b r a t e s . T h e y r e p r e s e n t 9 7 % of al l a n i m a l s p e c i e s . In fact , t h e r e a r e a l m o s t 
4 0 0 , 0 0 0 d i f fe rent s p e c i e s of b e e t l e s a l o n e a c c o u n t i n g fo r m o r e t h a n 2 5 % of al l 
a n i m a l s p e c i e s o n e a r t h ! 

9 . P u t a t r a n s p a r e n c y of F i g . 1 s h o w i n g t h e re la t i ve n u m b e r s of l iv ing s p e c i e s of 
a n i m a l s o n t h e o v e r h e a d . A s k : W h a t is t h e b i g g e s t g r o u p o r p h y l u m of a n i m a l s 
( A r t h r o p o d a ) ? W h a t is t h e next b i g g e s t P h y l u m ( M o l l u s c a ) ? P o i n t out o t h e r 
i n t e r e s t i n g f a c t s s u c h a s : h o w f e w m a m m a l s p e c i e s e x i s t , o r h o w l a r g e is t h e c l a s s 
I n s e c t a . 

10 . A s k : A r e i n v e r t e b r a t e s i m p o r t a n t ? W h y ? I n v e r t e b r a t e s a r e a n in tegra l part of 
m o s t a l l f o o d w e b s , p l a y a n i m p o r t a n t ro le in d e c o m p o s i t i o n a n d s o i l f o r m a t i o n , h e l p 
w i t h p o l l i n a t i o n a n d fruit se t , a n d s e r v e a s f o o d i t e m s of m a j o r i m p o r t a n c e for 
h u m a n s o n a w o r l d w i d e s c a l e . W h a t a r e s o m e i n v e r t e b r a t e s that p e o p l e e a t ? 

EXTENSION ACTIVITIES: 
S t u d e n t s p i c k a n i n v e r t e b r a t e P h y l u m to r e s e a r c h a n d l e a r n m o r e a b o u t . L i s t a f e w 
r e p r e s e n t a t i v e m e m b e r s a n d m a j o r c h a r a c t e r i s t i c s . D e v e l o p a bu l le t in b o a r d of 
i n f o r m a t i o n a n d p i c t u r e s 
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W h a t ' s M y S p i n e 

SUBJECTS: 
S c i e n c e 

CONCEPTS: 
1. I n v e r t e b r a t e s h a v e u n i q u e c h a r a c t e r i s t i c s that d i s t i n g u i s h t h e m f r o m o t h e r 

a n i m a l s . 

2 . I n v e r t e b r a t e s s h a r e m a n y c h a r a c t e r i s t i c s with v e r t e b r a t e a n i m a l s . 

OBJECTIVES: 
1. U s i n g a g a m e s h o w fo rmat , s t u d e n t s wi l l l i s ten to c l u e s to d e t e r m i n e w h e t h e r the 

a n i m a l s d e s c r i b e d a r e i n v e r t e b r a t e s or v e r t e b r a t e s a n d t h e n d e t e r m i n e t h e 
ident i ty of t h e a n i m a l s . 

MATERIALS/GETTING READY: 
3 0 m y s t e r y a n i m a l g a m e s h o w c a r d s 
S i g n a l s fo r e a c h t e a m (a toy s q u e a k y ba l l a n d d u c k w o u l d w o r k ) 
C u t s h e e t s of m y s t e r y a n i m a l d e s c r i p t i o n s into c a r d s pr ior to act iv i ty 

SIZE/SETTING/DURATION: 
W h o l e c l a s s / C l a s s r o o m / 4 5 m i n u t e s 

BACKGROUND INFORMATION: 
T h i s ac t i v i t y h e l p s s t u d e n t s to r e c o g n i z e a t t r ibu tes that h e l p d i s t i n g u i s h i n v e r t e b r a t e s 
f r o m v e r t e b r a t e a n i m a l s . P a r t of t h e l e a r n i n g p r o c e s s is to h a v e s t u d e n t s a s s i m i l a t e 
t h e i n f o r m a t i o n a n d c o m e up wi th a n a n s w e r a s t h e y h e a r m o r e i n f o r m a t i o n . It is 
i m p o r t a n t for t he g a m e s h o w h o s t to r e a d t h e m y s t e r y a n i m a l c l u e c a r d s s l o w l y . 
P a u s e at e v e r y c o m m a a n d p e r i o d . S t u d e n t s wi l l o f ten j u m p to c o n c l u s i o n s in the i r 
effort to e a r n po in ts , b e f o r e t h e y h a v e e n o u g h i n f o r m a t i o n , s i n c e i n v e r t e b r a t e s a n d 
v e r t e b r a t e s d o s h a r e m a n y f e a t u r e s in c o m m o n . T h i s a d d s a n e l e m e n t of s u r p r i s e 
a n d m a k e s t h e g a m e m o r e i n te res t i ng . 

H a v i n g t h e t e a c h e r t a k e o n the p e r s o n a of a g a m e s h o w h o s t a d d s a n e l e m e n t of 
h u m o r to t h e act iv i ty . D r e s s in c o s t u m e if y o u d e s i r e . M a k e it fun ! 

DOING THE ACTIVITY 
1. D i v i d e t h e c l a s s into t w o g r o u p s . T h e y a r e the c o n t e s t a n t t e a m s in t h e g a m e s h o w 
" W h a t ' s M y S p i n e " . 

2 . E x p l a i n t h e g a m e s h o w ru les . O n e p e r s o n f r o m e a c h t e a m is c h o s e n a n d t h e y 
c o m e up front. T h e g a m e s h o w h o s t ( teacher ) b e g i n s to r e a d a m y s t e r y a n i m a l c l u e 
c a r d a n d t h e f irst p e r s o n to "r ing in" ( he re ' s w h e r e the toy s q u e a k y ba l l o r 
n o i s e m a k e r c o m e s into p lay) s t a t e s w h e t h e r t h e a n i m a l is a v e r t e b r a t e or 
i n v e r t e b r a t e . 

3 . If t h e y a r e c o r r e c t the i r t e a m r e c e i v e s 5 p o i n t s a n d m a y l i s ten to t h e rest of the 
d e s c r i p t i o n . T h e y t h e n c o n s u l t w i th the i r t e a m a n d h a v e o n e c h a n c e to g u e s s t h e 
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i dent i ty of t h e a n i m a l . If c o r r e c t t h e y r e c e i v e a n a d d i t i o n a l 10 p o i n t s . If i n c o r r e c t a s to 
t h e a n i m a l s ident i ty n o p o i n t s a r e s u b t r a c t e d . 

4. If t h e f irst t e a m to r ing in w a s i n c o r r e c t a s to w h e t h e r t h e a n i m a l is a n i n v e r t e b r a t e 
o r not , t h e y l o o s e 5 p o i n t s a n d t h e o t h e r t e a m g a i n s c o n t r o l a n d t h e n h a s t h e 
o p p o r t u n i t y to h e a r t h e rest of the c l u e a n d g u e s s the ident i ty of t h e a n i m a l for 10 
p o i n t s ) 

5. T w o n e w c o n t e s t a n t s a r e c h o s e n a n d t h e g a m e c o n t i n u e s . 

6. T h e t e a m wi th the m o s t po in ts a f ter a s e t l eng th of t i m e , a f ter a l l t h e c a r d s h a v e 
b e e n p l a y e d , o r r e a c h i n g a p r e d e t e r m i n e d n u m b e r of p o i n t s wi l l b e d e c l a r e d t h e 
w i n n e r . 

7. M a k e s u r e s o m e o n e is a s s i g n e d to b e t h e o f f ic ia l s c o r e r . 

8. A s e t of g a m e s h o w m y s t e r y a n i m a l c a r d s is p r o v i d e d . E a c h c a r d c o n s i s t s of a 
br ie f d e s c r i p t i o n of a n a n i m a l that p r o v i d e s c l u e s to w h e t h e r that a n i m a l is a 
v e r t e b r a t e o r i n v e r t e b r a t e . T h e m o r e c l u e s that a r e r e a d t h e m o r e o b v i o u s it 
b e c o m e s a s to t h e a n i m a l ' s ident i ty . H o w e v e r , s t u d e n t s w h o r ing in t o o s o o n m a y 
not h a v e e n o u g h i n f o r m a t i o n to p r o p e r l y d e t e r m i n e w h e t h e r o r not t h e a n i m a l is a n 
i n v e r t e b r a t e . 

F o r e x a m p l e , t h e butter f ly c a r d b e g i n s : T h e s c a l e s . . . a n d a s t u d e n t m i g h t n a t u r a l l y 
a s s u m e that th i s a n i m a l is a s n a k e o r a f i sh a n d t h e r e f o r e a v e r t e b r a t e . T h e c l u e 
c a r d c o n t i n u e s : T h e s c a l e s . . . o n m y w i n g s o f ten s h i n e wi th br ight i r i d e s c e n t c o l o r s . 
W h e n I'm y o u n g I l ike to m u n c h p l a n t s ; a s a n adu l t I s i p n e c t a r . I h a v e s i x l e g s 
a t t a c h e d to a t h o r a x a n d l o n g a n t e n n a e . W h o a m I? 

EXTENSION ACTIVITIES: 
H a v e t h e s t u d e n t s d e v e l o p a d d i t i o n a l g a m e s h o w c a r d s m a k i n g s u r e that t h e 
d e s c r i p t i o n s o n t h e c a r d s p r o v i d e a d e q u a t e c l u e s , first a s to w h e t h e r t h e a n i m a l is 
a n i n v e r t e b r a t e o r v e r t e b r a t e a n d s e c o n d l y a s to t h e ident i ty of t h e a n i m a l . 
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Butterfly 
(invertebrate) 

The sca les o n my wings often shine 

with bright i r idescent co lors .When 

1 am young 1 like to munch plants; 

as a n adult 1 sip nectar. 1 have six legs 

attached to a thorax and long antennae. 

Who am 1? 

Damselfly 
(invertebrate) 

When young 1 breathe through gills. 
The feather-like gil ls extend from the 
tip of my abdomen. 1 a lso have a head 

and thorax and 6 legs to help me catch 
small insects. 1 fold my wings over my 
back when at rest. 

Who am 1? 

Dragonfly 
(invertebrate) 

1 like to eat insects. 1 scan from my perch 
with two large eyes, and two pairs of 
wings held outstretched. A s a nymph, 1 
live underwater and eat insects, smal l f ish 
and tadpo les . 

Who am 1? 

Red-tailed Hawk 
(vertebrate) 

1 have excellent eyesight, and a 

sharp down curved beak. 1 eat 

mice, snakes, and rabbits. My tail 

is red. 

Who am 1? 

Salmon 
(vertebrate) 

1 lay eggs in the water. My nest is 

cal led a redd. 1 breathe through 

gills. People like to catch and eat 

me. 1 am covered with scales. 

Who am 1? 

Slug 
(invertebrate) 

1 like to stay moist. My body is 

covered with slime. 1 lay eggs in 

damp, coo l spots on land. 1 have 

no bones. 1 like to eat garden 

p l an t s . 

Who am 1? 

Earthworm 
(invertebrate) 

1 live underground. 1 help aerate the soi l 
and help with decompos i t ion. 1 have a 
rounded, segmented body with tiny 
bristles o n the s ide that help me move 
through the earth. 

Who am 1? 

Ladybug 
(invertebrate) 

1 am small and a colorful reddish-orange. 
1 like to eat aphids. My forewings are 

modif ied into two curved protective 
plates. My hindwings are used for f lying. 

Who am 1? 

Wolf 
(vertebrate) 

1 roam in packs. My young are called pups. 
1 am covered with fur and have 4 legs. 
There aren't many of me left. 1 am 
e n d a n g e r e d . 

Who am 1? 

Hummingbird 
(vertebrate) 

1 hatch from an egg. 1 sip nectar from 
flowers. 1 Have brightly co lored feathers. 
1 build a nest of l ichens, mos s and 
spider silk. 

Who am 1? 





Honeybee 
(invertebrate) 

1 live with my brothers and sisters. 1 have 

6 legs. 1 col lect pollen and nectar from 

flowers. 1 serve a queen. 

Who am 1? 

Frog 
(vertebrate) 

1 hatch from an egg. 1 go through a 

process cal led metamorphos i s . 1 

change from a tadpole into my adult 

form. 

Who am 1? 

Osprey 
(vertebrate) 

1 Catch f ish. 1 dive feet first into 

the water and grab them with my 

sharp talons. F i sh feed my hungry 

c h i c k s . 

Who am 1? 

Snai l 
(invertebrate) 

1 have lungs and breathe air. 1 move 

by creeping a long on one muscu lar 

foot. My soft body is protected by a 

coi led shel l . My mouth is cal led a radula. 

Who am 1? 

Hydra 
(invertebrate) 

1 live in fresh water. 1 catch my prey with 
long st inging tentacles. 1 am related to my 
saltwater cous in s sea anemones and 
je l l y f i sh . 

Who am 1? 

Spider 
(invertebrate) 

1 am a carnivore. 1 have po i son fangs. 

1 am represented by over 30,000 

different spec ies . Some of my kind 

sp in webs. 

Who am ? 

Cougar 
(vertebrate) 

1 can jump 30 feet in a single bound. 
1 have 4 legs. My feet have retractable 
claws. My young are cal led kittens. 

Who am 1? 

Snake 
(vertebrate) 

Some of my kind are born alive but 
usually 1 hatch from an egg. 1 have no 
fur or feathers. My body is dry and 
covered with scales. 1 smell with my 
tongue. 1 have no external l imbs. 

Who am 1? 

Clam 
(invertebrate) 

I'm usually found in salt water. 1 can 

grow quite large. In fresh water 1 am 

usually very small. 1 am a filter feeder. 

People call me a bivalve because of my 

h inged she l l . 

Who am 1? 

Caddisfly 
(invertebrate) 

In lakes 1 build myself a home from 
bits of twigs. In rivers 1 may make a 
home of shel ls, sand or smal l pebbles. 
1 crawl about in my home, eating algae 
and plant debris. Sa lmon like to eat me. 
In spr ing 1 emerge from the water and 
fly away. 

Who am 1? 





Salamander 
(vertebrate) 

1 go through metamorphosis. 1 start my 
life in water. As an adult, 1 live my life 
on land. 1 breathe by absorbing oxygen 
through my damp skin. 1 have a long 
body and tail. Many of my kind are 
poisonous. 1 have 4 legs. 

Who am 1? 

Mayfly 
(invertebrate) 

When young 1 breathe through gills and 
live underwater. 1 am called a nymph. 
As an adult 1 do not feed. 1 live just a 
short time, mate and die. 1 am often 
found in large flying swarms in spring. 
Think of a month and you'll know my 
name. 

Who am 1? 

Grasshopper 
(invertebrate) 

1 am an omnivore. 1 eat both plants and 
animals. 1 can fly but 1 usually get around 
by hopping. 1 hatch from an egg and look 
like a miniature adult. 1 am called a nymph. 
1 molt by shedding my exoskeleton. 1 can 
communicate by rubbing my hind legs 
against my forewings. 

Who am 1? 

M o t h 
(invertebrate) 

As an adult 1 am most often out at night. 
1 can attract a mate by releasing a 
pheromone or scent into the air. My 
legs and body are covered with scales 
and so are my wings. As a larvae I'm 
called a caterpillar. 1 metamorphose by 
forming a cocoon. 

Who am 1? 

Mosquito 
(invertebrate) 

1 have only one pair of working wings. 
My mouthparts are adapted for sucking 
blood. As an egg, larvae, and pupae 1 
live in water. Many of my kind spread 
disease. 

Who am 1? 

Termite 
(invertebrate) 

1 build large nests from mud or wood. 
1 like to eat plants and woody material. 
Workers of my kind look after eggs, 
soldiers guard the nest. 

Who am 1? 

Bat 
(vertebrate) 

1 fly through the air. 1 have no feathers. 
1 eat flying insects. 1 give birth to live 
young and nurse them. 1 fly at night and 
echolocate to find my prey. My body is 
covered with fur. 

Who am 1? 

Daphnia 
(invertebrate) 

1 am small. 1 move through the water 
by flicking my feathery antennae. 
You can see my compound eyes if you 
look through a microscope. Some 
people call me a water flea. 

Who am 1? 

Beaver 
(vertebrate) 

1 am an herbivore. 1 eat leaves and bark. 
1 have sharp teeth that never stop 
growing. 1 fell trees to build dams and 
lodges. 

Who am 1? 

Centipede 
(Invertebrate) 

1 am a hunter that feeds on small animals 
like insects, slugs, and earthworms. 1 
live in the soil. 1 have a pair of legs on 
each body segment and 1 have many 
legs. Part of my name means 100. 

Who am I? 





Pooters A n d Other T o o l s Of The Trade 

SUBJECTS: 
S c i e n c e 

CONCEPTS: 
1. T h e c o l l e c t i n g of l ive s p e c i m e n s u s i n g s p e c i a l t o o l s h e l p s fu r ther the s t u d y a n d 

u n d e r s t a n d i n g of i n v e r t e b r a t e s . 
2 . T h e r e s p o n s i b l e s t u d y of i n v e r t e b r a t e s r e q u i r e s the p r o p e r u s e of t o o l s a n d a 

r e s p e c t for a l l f o r m s of life. 

OBJECTIVES: 
1. S t u d e n t s wi l l l e a r n a b o u t s o m e s i m p l e i n s e c t c o l l e c t i n g d e v i c e s . 
2 . S t u d e n t s wi l l b e t a u g h t the p r o p e r u s e of t o o l s a n d ru les fo r c o l l e c t i n g a n d 

r e l e a s i n g s p e c i m e n s . 
3 . S t u d e n t s wi l l bu i l d a n d tes t d e v i c e s . 

MATERIALS/GETTING READY: 
S e e m a t e r i a l s list w i th d e s c r i p t i o n of i n d i v i d u a l s t u d y t o o l s / p r e p a r a t i o n wi l l v a r y 
d e p e n d i n g o n pro ject b e i n g built . 

SIZE/SETTING/DURATION: 
I n d i v i d u a l s , s m a l l g r o u p s o r w h o l e c l a s s / C l a s s r o o m a n d o u t d o o r s / M o s t t o o l s c a n b e 
c o n s t r u c t e d a n d t e s t e d in u n d e r o n e hour . 

BACKGROUND INFORMATION: 
S w a t , s p l a t , s t o m p s q u i s h . . . t h e s e a r e s o m e of t h e r e a c t i o n s p e o p l e r e s p o n d w i th 
w h e n c o n f r o n t e d wi th a n y f o r m of i n v e r t e b r a t e l ife. C r e e p y c r a w l i e s a r e u n l o v e d , 
m a l i g n e d a n d o f ten m i s u n d e r s t o o d . A l m o s t e v e r y o n e k n o w s s o m e o n e w h o is a n 
a r a c h n i p h o b e (a f ra id of s p i d e r s ) . A n d yet , s p i d e r s a n d i n s e c t s in g e n e r a l , c a n b e 
f a s c i n a t i n g o r g a n i s m s to o b s e r v e a n d l e a r n m o r e a b o u t . A w i d e a r r a y of a d a p t a t i o n s 
h a v e a l l o w e d t h e m to b e c o m e i n c r e d i b l y s u c c e s s f u l , if s u c c e s s is m e a s u r e d by 
n u m b e r of s p e c i e s a n d s h e a r n u m b e r s . It h a s b e e n e s t i m a t e d that in a h e c t a c r e (2 .5 
a c r e ) of t r o p i c a l ra in fo res t t h e r e a r e a b o u t o n e b i l l ion i n v e r t e b r a t e s p r e s e n t , 
r e p r e s e n t i n g a b o u t 9 3 % of the tota l b i o m a s s of a n i m a l s p r e s e n t . 

P e o p l e t e n d to t a k e a n a n t h r o p o c e n t r i c v i e w of t h e w o r l d . H u m a n s a n d the i r b ig 
b r a i n s a r e o n t o p of the f o o d c h a i n , t he ru le rs of the w o r l d . H o w e v e r , a s 
i n v e r t e b r a t e s f o r m a m a j o r part of m o s t f o o d c h a i n s , e r a d i c a t i n g t h e m w o u l d m e a n 
t h e e n d of h u m a n b e i n g s a s w e l l . P e r h a p s t h o s e l o w e r e n d s of the c h a i n a r e t h e 
m o s t i m p o r t a n t l i nks af ter a l l . 

C u l t i v a t i n g a n e t h i c of r e s p o n s i b i l i t y , r e p l a c i n g r e v u l s i o n wi th a s e n s e of a w e a n d 
w o n d e r b y e x p o s i n g s t u d e n t s to the a m a z i n g l i ves of i n v e r t e b r a t e s , is o n e of t h e 
m a i n o b j e c t i v e s of th i s w o r k s h o p . In o r d e r to d o s o , s t u d e n t s n e e d t h e o p p o r t u n i t y to 
c l o s e l y o b s e r v e a w i d e v a r i e t y of i n v e r t e b r a t e o r g a n i s m s f o u n d l o c a l l y in the i r o w n 
w a t e r s h e d . T h e f o l l o w i n g act iv i ty p r o v i d e s s o m e b a s i c i n s t r u c t i o n s for c o n s t r u c t i n g 
d i f fe rent s t u d y t o o l s to fac i l i ta te t h e c o l l e c t i n g of i n s e c t l ife. G e t t i n g to k n o w m o r e 
a b o u t i n s e c t s m a y m e a n l e s s s w a t , sp la t , s t o m p a n d s q u i s h ! 
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DOING THE ACTIVITY: 
1. C h o o s e o n e of t h e t o o l s to bu i l d . P l a n s a n d m a t e r i a l s l is ts fo r c o n s t r u c t i n g a k ick 
s c r e e n , s w e e p net , i n s e c t a s p i r a t o r (pooter ) , B e r l e s e f u n n e l , a n d pit fa l l t r ap f o l l o w . 

2 . C o l l e c t n e c e s s a r y m a t e r i a l s . 

3 . B u i l d a n d tes t . R e m i n d s t u d e n t s to p r a c t i c e c a t c h a n d r e l e a s e . H a n d l e 
i n v e r t e b r a t e s c a r e f u l l y w h e n o b s e r v i n g , a n d return t h e m to t h e s i te w h e r e t h e y w e r e 
c o l l e c t e d . 

ASSESSMENT: 
S u c c e s s f u l c o m p l e t i o n a n d p r o p e r u s e of s t u d y t o o l s . 

EXTENSION ACTIVITIES: 
H a v e s t u d e n t s : 

• k e e p a f ie ld j o u r n a l of d i s c o v e r i e s 
• d r a w s k e t c h e s of w h a t t h e y f ind 
• u s e f ie ld g u i d e s to i .d. 
• s u r v e y d i f ferent s i t e s 

Study Tool #1: Kick Screen 
Materials: 
3 ' x 3 ' f i b e r g l a s s s c r e e n (the k i n d u s e d in s c r e e n d o o r s ) 
T w o 1"x1" b y 3 ' l o n g p i e c e s of w o o d 
T w o 1" w i d e 1 /2 r o u n d w o o d m o u l d i n g 3 ' l o n g 
W o o d g l u e 
S t a p l e g u n 
S t a p l e s 
H a m m e r 

How To Build: 
1. A t t a c h t h e 3 ' 1"x1" w o o d p i e c e s a l o n g o p p o s i t e s i d e s of t h e o u t s i d e e d g e of t h e 
f i b e r g l a s s s c r e e n w i t h t h e s t a p l e g u n . 

2 . G l u e 1 /2 r o u n d w o o d m o u l d i n g , flat s i d e d o w n , to 1"x1" p i e c e s , s a n d w i c h i n g the 
f i b e r g l a s s n e t t i n g in b e t w e e n . 

3 . N a i l t h r o u g h 1/2 r o u n d w o o d m o u l d i n g into 1"x1" in 3 or 4 p l a c e s to s e c u r e . 

How To Use: 
1. K i c k s c r e e n s a r e u s e d for c o l l e c t i n g a q u a t i c i n v e r t e b r a t e s in s t r e a m s . F o r s a f e t y 
m a k e s u r e t h e w a t e r d e p t h is o n l y b e t w e e n 3 - 1 2 i n c h e s d e e p a n d m o v i n g s l o w l y . 

2 . A p p r o a c h t h e s a m p l i n g a r e a f r o m d o w n s t r e a m s o that i n v e r t e b r a t e o r g a n i s m s 
w o n ' t b e d i s t u r b e d . S t r e t c h t h e k ick s c r e e n c r o s s w i s e in a s t r e a m to c o l l e c t 
o r g a n i s m s . M a k e s u r e t h e s c r e e n is f l u s h w i th t h e s t r e a m b e d s o o r g a n i s m s w o n ' t 
s l i p u n d e r . 
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3 . H a v e o n e o r t w o s t u d e n t s shu f f le the i r feet d i rec t l y u p s t r e a m f r o m t h e net . 
C h o o s i n g a r o c k y o r g r a v e l y s i te wi l l p r o v i d e the b e s t r e s u l t s but m a k e s u r e not to 
d i s t u r b s a l m o n r e d d s ! 

4. C a r e f u l l y r e m o v e t h e net f r o m t h e w a t e r a n d p l a c e a n i m a l s in w a t e r f i l led s t u d y 
t r a y s for o b s e r v a t i o n . 

What To Catch: 
D e p e n d i n g o n t h e s i te c h o s e n a n d f a c t o r s s u c h a s w a t e r qua l i ty , t e m p e r a t u r e , p H , 
d i s s o l v e d o x y g e n l e v e l s e t c . s t u d e n t s h a v e t h e o p p o r t u n i t y to d i s c o v e r s t o n e f l y 
n y m p h s , m a y f l y n y m p h s , d r a g o n f l y a n d d a m s e l f l y n y m p h s , w a t e r p e n n y s , c a d d i s f l y 
l a r v a , c r a n e f l y l a r v a , riffle b e e t l e s , s c u d s a n d o t h e r a m p h i p o d s , s n a i l s , a q u a t i c 
s o w b u g s a n d m o r e ! P l e a s e s e e the act iv i ty " S t r e a m S u r v e y " fo r i n c o r p o r a t i n g t h e 
u s e of a k i c k s c r e e n into a l e s s o n . 

Study Tool #2: Sweep Net 
Materials: 
Butter f l y net 

How To Use: 
1. F i n d a f i e ld , p r e f e r a b l y u n m o w e d . Instruct s t u d e n t s to w a l k b a c k w a r d s , g e n t l y 
s w e e p i n g the i r n e t s b a c k a n d forth a l o n g the t o p of the g r a s s a s t h e y m o v e a c r o s s 
t h e f i e ld . T h e i r feet wi l l k i c k up a n d d i s tu rb i n s e c t s c a u s i n g t h e m to fly up. 

2 . A f t e r 3 0 s e c o n d s of s w e e p i n g , inst ruct s t u d e n t s to tip net s o the o p e n i n g is c l o s e d 
o r to p i n c h c l o s e d t h e top of t h e net with the i r h a n d . P l a c e the net o n t h e g r o u n d a n d 
c a r e f u l l y t e a s e the f ab r i c o p e n . E x p e c t to f ind a w i d e a s s o r t m e n t of i n s e c t s . 

3 . I nsect n e t s c a n a l s o b e u s e d to c a p t u r e but ter f l ies a n d d r a g o n f l i e s a l t h o u g h t h e y 
a r e m u c h m o r e e l u s i v e a n d diff icult to c a t c h . P r a c t i c e d i f ferent t e c h n i q u e s . 

What To Catch: 
M o t h s , a s s o r t e d b e e t l e s i n c l u d i n g l a d y b u g s , d i p t e r a ( f l ies) , g r a s s h o p p e r s , 
l e a f h o p p e r s , m o s q u i t o e s , m a y f l i e s , s p i t t l e b u g s , m a n y d i f ferent s p e c i e s of s p i d e r s to 
n a m e a f e w . 
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Study Tool #3: Pit Fall Trap 

Materials: 
S m a l l s h o v e l o r s p a d e 
C l e a n c o n t a i n e r s u c h a s a s m a l l c o f f e e c a n o r m a y o n n a i s e ja r 
B a i t s u c h a s a s m a l l p i e c e of m e a t , l e a v e s o r fruit 
P i e c e of b a r k o r w o o d l a r g e e n o u g h to c o v e r c o n t a i n e r o p e n i n g 
A f e w s m a l l s t o n e s 

How To Use: 
1. C h o o s e a g o o d s p o t for t he t rap . L o o k for a p l a c e w h e r e i n s e c t s m igh t l i ve , s u c h 
a s u n d e r n e a t h b u s h e s , in g r a s s next to a g a r d e n , in a c o n i f e r o u s fo res t . P i c k a p l a c e 
w h e r e a h o l e c a n b e d u g e a s i l y . 

2. D i g a h o l e b i g e n o u g h for t he c o n t a i n e r . P u t the c o n t a i n e r into t h e h o l e s o that t h e 
t o p of t h e c o n t a i n e r is l e v e l w i th the g r o u n d . P a c k dirt a r o u n d t h e o u t s i d e of t h e 
c o n t a i n e r s o that t h e c o n t a i n e r fits s n u g l y in t h e h o l e . A v o i d get t ing dirt in t h e 
c o n t a i n e r . 

3. D r o p a s m a l l p i e c e of bait into the c o n t a i n e r a n d c o v e r the t o p par t ia l l y w i th t h e 
p i e c e of b a r k p r o p p e d up o n s t o n e s s o that i n s e c t s c a n c r a w l u n d e r t h e b a r k a n d fal l 
into t h e t r a p . D o not s e a l t h e o p e n i n g of t h e c o n t a i n e r . 

4. C h e c k t h e t rap o f ten . R e m e m b e r that t h e i n s e c t s m a y d i e if t h e y r e m a i n in t h e t rap 
m o r e t h a n a d a y . W h e n c h e c k i n g the t rap , e m p t y t h e c o n t e n t s o n t o a p i e c e of p a p e r 
s o t h e y c a n b e m o r e e a s i l y s e e n . 

5. L o o k c a r e f u l l y at t h e k i n d s of i n s e c t s f o u n d in t h e pit fa l l t rap . U s e f ie ld g u i d e s to 
ident i fy t h e i n s e c t s just a s a s y s t e m a t i s t w o u l d . O b s e r v e c a r e f u l w i th h a n d l e n s e s o r 
m a g n i f y i n g g l a s s e s a n d d e t e r m i n e m a i n b o d y p a r t s . A f t e r o b s e r v a t i o n s , r e l e a s e 
i n v e r t e b r a t e s a d i s t a n c e f r o m t h e t rap but in t h e s a m e hab i tat . 

6. R e c o r d c h a r a c t e r i s t i c s t h e i n s e c t s that c r a w l o n t h e g r o u n d h a v e in c o m m o n . If t h e 
t r a p is c h e c k e d s e v e r a l t i m e s a d a y or t he t rap is u s e d s e v e r a l d a y s in a row, k e e p a 
n o t e b o o k o r s u r v e y m a p wi th d e s c r i p t i o n s to c o m p a r e i n s e c t s . A r e s o m e i n s e c t s 
n o c t u r n a l ? T r y d i f fe rent k i n d s of bait a n d l e a r n w h i c h i n s e c t s p r e f e r w h i c h b a i t s . 
T h e s e o b s e r v a t i o n s wi l l h e l p s t u d e n t s u n d e r s t a n d t h e w a y i n s e c t s i n te rac t w i th t h e 
w o r l d a r o u n d t h e m . 

What To Catch: 
M i l l i p e d e s , c e n t i p e d e s , s p i d e r s , g r o u n d d w e l l i n g b e e t l e s , a n t s a n d o t h e r i n s e c t s wi l l 
b e f o u n d in pit fa l l t r a p s . 
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Study Tool #4 Footer (Insect Aspirator) 
Materials: 
E a c h p o o t e r r e q u i r e s the f o l l o w i n g : 
S m a l l j a r o r p l a s t i c v i a l 
T w o h o l e r u b b e r s t o p p e r to s n u g l y fit v ia l o r jar 
T w o fee t of f l e x i b l e p l a s t i c t u b i n g 
T w o 3" p i e c e s r ig id p l a s t i c t u b i n g (must fit s n u g l y into r u b b e r s t o p p e r h o l e 
o p e n i n g s ) 
S m a l l r u b b e r b a n d 

1 /4 "x1 /4 " p i e c e of f i b e r g l a s s s c r e e n d o o r m a t e r i a l . 

How To Build: 
1. F o r c e t h e r ig id p l a s t i c t u b i n g p i e c e s t h r o u g h e a c h h o l e in the r u b b e r s t o p p e r s o 
that a b o u t 1/4" p r o t r u d e s o n the b o t t o m s i d e of t h e s t o p p e r 
2 . R u b b e r b a n d t h e f i b e r g l a s s s c r e e n o n t o o n e of t h e p r o t r u d i n g p i e c e s , to c o v e r the 
o p e n i n g . 

3 . P l a c e r u b b e r s t o p p e r into the v i a l . 

4 . C u t t h e f l e x i b l e p l a s t i c t u b i n g into t w o p i e c e s , o n e p i e c e 8 i n c h e s a n d o n e p i e c e 
16 i n c h e s . P l a c e the t u b i n g o v e r the e n d s of the r igid t u b i n g p r o j e c t i n g f r o m t h e top 
of t h e s t o p p e r . T h e y m u s t fit s n u g l y . M a k e s u r e t h e shor t p i e c e a t t a c h e s to t h e r ig id 
p l a s t i c that h a s t h e f i b e r g l a s s s c r e e n c o v e r i n g its o t h e r e n d . 

How To Use: 
1. A n i n s e c t a s p i r a t o r (pooter ) w o r k s by p l a c i n g the l o n g e r f l e x i b l e t u b i n g n e a r a 
s m a l l i n s e c t , t h e n p l a c i n g y o u r m o u t h a n d s u c k i n g in o n the s m a l l e r p i e c e of t u b i n g . 
A v a c u u m is c r e a t e d d r a w i n g t h e i n s e c t into the c o l l e c t i o n v i a l . B e c a u s e of t h e t iny 
f i b e r g l a s s s c r e e n , t h e r e is n o c h a n c e for a s t u d e n t to s w a l l o w a b u g . S i n c e t h e 
a c t i o n of d r a w i n g in t h e i n s e c t "poots" t h e m in , t h e d e v i c e is c a l l e d a poo te r ! 

2 . T h i s d e v i c e is o n l y m e a n t to c a p t u r e v e r y s m a l l i n s e c t s . L a r g e r i n s e c t s t h a n the 
o p e n i n g of t h e r ig id t u b i n g c a n b e in jured s o it is impor tan t to on l y g o a f te r s m a l l 
i n v e r t e b r a t e s . T h e a d v a n t a g e is that the s t u d e n t s don ' t n e e d to p i c k up s m a l l i n s e c t s 
w i th the i r f i n g e r s a n d run t h e r isk of in jur ing o r k i l l ing t h e m . 

3 . C a u t i o n s t u d e n t s to o n l y b r e a t h e in. E x h a l i n g into the p o o t e r f o g s up t h e v ia l a n d 
b u i l d s up c o n d e n s a t i o n , c a u s i n g a b ig m e s s . 

4 . P o o t e r s c a n b e u s e d a n y w h e r e . H a v e s t u d e n t s s e a r c h in d i f ferent h a b i t a t s . 
B u s h e s a n d t h e f u r r o w s of t r ee ba rk a r e l ike ly p l a c e s to look for i n s e c t s to poot . A f t e r 
c o l l e c t i n g in a v i a l , a n i n s e c t c a n b e o b s e r v e d wi th h a n d l e n s e s w h i l e st i l l in t h e v ia l 
o r t r a n s p o r t e d to the c l a s s r o o m for o b s e r v a t i o n u n d e r a m i c r o s c o p e o r in m a g n i f i e d 
b u g b o x e s . M a k e s u r e i n s e c t s a r e r e t u r n e d u n h a r m e d to the i r n a t u r a l hab i ta t . 

What To Catch: 
V e r y s m a l l i n v e r t e b r a t e s s u c h a s s p i d e r s , a n t s , a p h i d s a n d m i t e s a r e s u c c e s s f u l l y 
p o o t e d . 
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Study Tool # 5 Berlese Funnel 
Materials: 
S m a l l p i e c e of w i d e m e s h H a r d w a r e c l o t h 
L a r g e p l a s t i c f u n n e l 
S m a l l c o l l e c t i n g v i a l (opt iona l ) 
T a l l g l a s s ja r 
P a p e r t o w e l s 

How To Build: 
1. P l a c e h a r d w a r e c l o t h inser t in b o t t o m of f u n n e l . 

2. P l a c e c o l l e c t i n g v i a l (opt ional ) u n d e r t h e o p e n i n g at b o t t o m of t h e f u n n e l . 

3. If a v i a l is not u s e d , p l a c e a d a m p p a p e r t o w e l in the b o t t o m of t h e h o l d e r to at t ract 
i n s e c t s . 

4 . N o w p l a c e t h e f u n n e l in the h o l d e r ( h o l d e r s h o u l d b e a g l a s s j a r y o u c a n s e e 
t h r o u g h ) . Y o u r B e r l e s e f u n n e l is r e a d y for a so i l s a m p l e . 

How To Use: 
1. C o l l e c t a s o i l s a m p l e . F i l l t h e f u n n e l wi th leaf litter or c o m p o s t e d s o i l 

2. S u s p e n d a h i g h w a t t a g e l ight b u l b ( 7 5 - 1 0 0 watt l ight b u l b w o r k s wel l ) a b o v e t h e 
s o i l s a m p l e in t h e f u n n e l to h e a t a n d dry out t h e s o i l . T h i s d r i v e s the a r t h r o p o d s 
d o w n into t h e c o l l e c t i n g v i a l o r o n t o t h e d a m p e n e d p a p e r t o w e l a s t h e y s e e k the i r 
p r e f e r r e d c o n d i t i o n s . W a i t for the so i l to dry out top to b o t t o m . T h i s m a y t a k e m i n u t e s 
to h o u r s s o b e pat ient . 

3. S p r e a d ou t t h e c o l l e c t e d cr i t te rs o n a l a r g e s h e e t of w h i t e p o s t e r b o a r d a n d u s e 
h a n d l e n s e s o r m a g n i f y i n g g l a s s e s to o b s e r v e t h e d i f ferent s p e c i e s of i n v e r t e b r a t e s 
f o u n d . O f t e n m a n y of t h e o r g a n i s m s wi l l b e f o u n d in the s o i l n e a r t h e fi lter. 

4 . D e p e n d i n g o n t h e s o i l s a m p l e , i n v e r t e b r a t e s s u c h a s s o w b u g s , m i l l i p e d e s , 
c e n t i p e d e s , r o u n d w o r m s ( n e m a t o d e s ) , s p r i n g t a i l s , m i t e s , a n t s , e a r t h w o r m s , 
p s u e d o s c o r p i o n s , r o v e b e e t l e s a n d c a r a b i d b e e t l e s wi l l b e f o u n d . 
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Inver tebra tes In T h e S o i l 

SUBJECTS: 
S c i e n c e , M a t h 

CONCEPTS: 
1. S o i l s c o n t a i n m a n y s p e c i e s of i n v e r t e b r a t e s . 
2 . I n v e r t e b r a t e s p l a y a n impor tan t ro le in the p r o c e s s i n g a n d r e c y c l i n g of nu t r i en ts 

a n d e n e r g y in a fo res t e c o s y s t e m . 

OBJECTIVES: 
1. S t u d e n t s wi l l e x a m i n e s o i l s a m p l e s for i n v e r t e b r a t e a r t h r o p o d s . 
2 . S t u d e n t s wi l l c o m p a r e so i l s a m p l e s f r o m di f ferent s i t e s in t h e S k a g i t w a t e r s h e d . 
3 . S t u d e n t s wi l l c h a r t n u m b e r of s p e c i e s a n d t h e tota l n u m b e r of i n v e r t e b r a t e 

a r t h r o p o d s f o u n d at d i f ferent s i t e s . 

MATERIALS/GETTING READY: 
10 toy w o o d b l o c k s 
H a n d l e n s e s o r m a g n i f y i n g g l a s s e s 
B e r l e s e f u n n e l ( s e e d e s c r i p t i o n in act iv i ty : T o o l s of t h e T r a d e ) 
2 o r 3 l a r g e s h e e t s of w h i t e p o s t e r b o a r d 
F i e l d g u i d e s fo r i d e n t i f i c a t i o n p u r p o s e s 
S m a l l c o n t a i n e r s ( c o t t a g e c h e e s e c o n t a i n e r s w o u l d w o r k wel l ) 
S p o o n s , s p a d e o r s m a l l s h o v e l 
E x t e n s i o n c o r d wi th l ight bu lb s o c k e t or t r o u b l e l ight a n d 7 5 watt l ight bu lb o r o t h e r 
h e a t s o u r c e 
S o i l s a m p l e s c a n b e c o l l e c t e d pr ior to act iv i ty or a s part of the act iv i ty . M a k e s u r e 
s o i l s a m p l e s c o m e f r o m a va r ie ty of hab i ta ts . 

SIZE/SETTING/DURATION: 

W h o l e c l a s s / O u t d o o r s a n d c l a s s r o o m / 9 0 to 1 2 0 m i n u t e s 

BACKGROUND INFORMATION: 
A n e c o s y s t e m is a c o m m u n i t y of l iv ing t h i n g s i n te rac t ing w i th its e n v i r o n m e n t . In a n 
e c o s y s t e m , t h e c o m m u n i t y of l iv ing t h i n g s m a y c o n t a i n h u n d r e d s , e v e n t h o u s a n d s of 
d i f ferent s p e c i e s . E a c h s p e c i e s is u s u a l l y i n v o l v e d wi th s e v e r a l d i f ferent 
i n t e r c o n n e c t e d f o o d c h a i n s . T h i s n e t w o r k of f o o d c h a i n s is c a l l e d a f o o d w e b . 
In a f o o d c h a i n e a c h s p e c i e s o c c u p i e s a c e r t a i n p o s i t i o n in t h e c h a i n . T h i s is c a l l e d 
a t r o p h i c l e v e l . A n d s i n c e e a c h a n i m a l o n l y p a s s e s a b o u t 1 0 % of t h e e n e r g y it 
r e c e i v e s to t h e next l e v e l , e a c h l e v e l s u p p o r t s f e w e r i n d i v i d u a l s t h a n t h e l e v e l 
b e f o r e . H e r e is a s i m p l e e x a m p l e of a f o o d c h a i n i l lust rat ing t r o p h i c l e v e l s : 1 ,000 lbs 
of g r a i n wi l l s u p p o r t 1 0 0 lbs of m i c e w h i c h wi l l p r o v i d e e n e r g y fo r 10 lbs . of s n a k e s 
w h i c h wi l l put 1 lb. of m e a t o n a R e d - t a i l e d H a w k . T h i s c a n b e i l l us t ra ted a s a t r o p h i c 
p y r a m i d ( s e e F i g . 2). 
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H A W K - 1 lb 

t 
S N A K E - 10 lbs 

t 
M O U S E 1 0 0 lbs 

t 
P L A N T - 1 0 0 0 lbs 

F i g . 2 

I n v e r t e b r a t e s a r e f o u n d at a l l . t r o p h i c l e v e l s ( e x c e p t a s p r o d u c e r s ) a n d b e c a u s e of 
t h e i r i n c r e d i b l e n u m b e r s t h e y p l a y a n i m p o r t a n t ro le in nutr ient a n d e n e r g y f l o w 
t h r o u g h e c o s y s t e m s . T h e i m p o r t a n c e of h e r b i v o r o u s i n s e c t s in f o r e s t s y s t e m s is w e l l 
k n o w n , h o w e v e r , s o m e i n v e r t e b r a t e s p l a y r o l e s that a r e o f ten o v e r l o o k e d . 
I n v e r t e b r a t e s p l a y a m a j o r ro le in the d e c o m p o s i t i o n of leaf litter o n f o r e s t f l o o r s . F o r 
e x a m p l e , o n e k i n d of m i l l i p e d e is a c o n s u m e r of c o n i f e r o u s a n d d e c i d u o u s lea f litter 
in c o n i f e r o u s f o r e s t s of W e s t e r n N o r t h A m e r i c a . T h e y c h e w up a n d d i g e s t l e a v e s , 
p r o d u c i n g f e c e s w h i c h a r e a f o o d r e s o u r c e for o t h e r a r t h r o p o d s , fung i a n d b a c t e r i a . 
F i v e a d u l t m i l l i p e d e s c a n c o n s u m e m o r e t h a n 9 5 % of a g a l l o n c a n of leaf l itter in 2 
1/2 w e e k s ! 

B y e x a m i n i n g s o i l s a m p l e s , s t u d e n t s c a n b e i n t r o d u c e d to the a m a z i n g d i v e r s i t y of 
s p e c i e s a n d i n d i v i d u a l n u m b e r s of i n v e r t e b r a t e s . A s i n g l e s q u a r e m e t e r of p a s t u r e 
s o i l c a n y i e l d o v e r 4 3 , 0 0 0 m i t e s a n d n e a r l y 1 2 0 , 0 0 s p r i n g t a i l s a l o n e ! B y c o m p a r i n g 
d i f fe rent c o m m u n i t i e s o r h a b i t a t s , s t u d e n t s c a n o b s e r v e w h e r e i n v e r t e b r a t e s p l a y a 
m a j o r ro le in h e l p i n g p r o c e s s a n d p r o d u c e e n e r g y a n d r e c y c l e nu t r i en ts in 
e c o s y s t e m s . 

DOING THE ACTIVITY: 
1. A s a d e m o n s t r a t i o n , p l a c e 4 w o o d e n toy b l o c k s e n d to e n d t h e n s t a c k 3 b l o c k s o n 
t o p of t h e 4 , 2 b l o c k s o n the 3 , a n d f ina l ly a s i n g l e b l o c k o n top , c r e a t i n g a t r i a n g u l a r 
s h a p e d p y r a m i d . 

2 . E x p l a i n that e a c h r o w of b l o c k s r e p r e s e n t s t h e l ink in a f o o d c h a i n . T h e b o t t o m 
r o w r e p r e s e n t s p l a n t s , t h e s e c o n d r o w r e p r e s e n t s h e r b i v o r o u s i n s e c t s s u c h a s 
g r a s s h o p p e r s , t h e th i rd r o w c o u l d b e s p i d e r s o r s o m e o t h e r k i n d of p r e d a c i o u s 
a r t h r o p o d s a n d t h e t o p b l o c k is s o m e t h i n g that w o u l d e a t s p i d e r s , fo r i n s t a n c e b i r d s . 

3 . A s k : W h y d o y o u th ink e a c h l e v e l g e t s s m a l l e r a s y o u w o r k y o u r w a y up t h e 
c h a i n ? E x p l a i n that m o s t e n e r g y is lost a s h e a t a n d t h e p r o c e s s of l i v ing a n d 
r e s p i r a t i o n . O n l y 1 0 % of t h e e n e r g y f r o m o n e l e v e l of the c h a i n g e t s p a s s e d o n to 
t h e n e x t l e v e l . 
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4. A s k : W h a t w o u l d h a p p e n if a n i n s e c t i c i d e k i l led al l of the g r a s s h o p p e r s ? I l lustrate 
by q u i c k l y g r a s p i n g t h e t w o o u t e r blocKs o n the g r a s s h o p p e r t r o p h i c l e v e l a n d pul l 
t h e m out. T h e o t h e r t r o p h i c l e v e l s in th is f o o d c h a i n wi l l c o l l a p s e . E x p l a i n that 
i n v e r t e b r a t e s a r e f o u n d at al l t r o p h i c l e v e l s but a r e m o s t c o m m o n at l o w e r t r o p h i c 
l e v e l s n e a r the b a s e o r b o t t o m of the f o o d c h a i n . 

5 . H a v e s t u d e n t s c o l l e c t s o i l s a m p l e s f r o m a v a r i e t y of d i f ferent h a b i t a t s i n c l u d i n g 
d e c i d u o u s fo res t , d i f ferent s i t e s in a c o n i f e r o u s fo rest , m e a d o w , p l a y f ie ld , s c h o o l 
g a r d e n , c o m p o s t p i le (the b e s t of a l l s i t e s ) , s t r e a m s i d e e tc . L a b e l w h e r e s o i l 
s a m p l e s c a m e f r o m . C o l l e c t a s m a l l c o n t a i n e r ful l a n d m a k e s u r e t h e r e is 
a p p r o x i m a t e l y t h e s a m e a m o u n t of dirt in e a c h c o n t a i n e r . S o i l that is too w e t o r t o o 
d ry wi l l not p r o d u c e m a n y a n i m a l s . 

6. S e t up B e r l e s e f u n n e l . P l a c e h a r d w a r e c lo th inser t in b o t t o m of f u n n e l a n d 
c o l l e c t i n g v i a l (opt ional ) u n d e r o p e n i n g at b o t t o m of f u n n e l . P l a c e a d a m p p a p e r 
t o w e l in b o t t o m of h o l d e r a n d t h e n p l a c e f u n n e l in h o l d e r a n d a d d so i l s a m p l e to 
f u n n e l . 

7. S u p p l y h e a t s o u r c e (75 watt l ight bu lb w o r k s wel l ) a b o v e t h e s o i l s a m p l e in f u n n e l 
to h e a t t h e s o i l a n d d r i ve t h e a r t h r o p o d s d o w n into the c o l l e c t i n g v ia l . W a i t fo r t h e 
s o i l to dry out t o p to b o t t o m . T h i s m a y t a k e m i n u t e s to h o u r s s o b e pat ient . 

8. H a v e s t u d e n t s s p r e a d out the c o l l e c t e d cr i t ters o n a l a r g e s h e e t of w h i t e p o s t e r 
b o a r d a n d u s e h a n d l e n s e s o r m a g n i f y i n g g l a s s e s to o b s e r v e t h e d i f ferent s p e c i e s 
of i n v e r t e b r a t e s f o u n d . O f t e n m a n y of the o r g a n i s m s wi l l b e f o u n d in the s o i l n e a r the 
filter. 

9 . E s t i m a t e t h e n u m b e r of d i f ferent a r t h r o p o d s f o u n d ( s p e c i e s c o u n t ) . D e p e n d i n g on 
t h e s o i l s a m p l e , i n v e r t e b r a t e s s u c h a s s o w b u g s , m i l l i p e d e s , c e n t i p e d e s , 
r o u n d w o r m s ( n e m a t o d e s ) , s p r i n g t a i l s , m i t e s , a n t s , e a r t h w o r m s , p s u e d o s c o r p i o n s , 
r o v e b e e t l e s a n d c a r a b i d b e e t l e s wi l l b e f o u n d . 

10 . E s t i m a t e t h e tota l n u m b e r of al l i n v e r t e b r a t e s . 

1 1 . H a v e s t u d e n t s r e c o r d in b a r g r a p h f o r m , s p e c i e s d i ve rs i t y f r o m the d i f ferent s i t e s 
a n d to ta l n u m b e r s f o u n d ( S e e f ig . 2 a n d 3). U s e b l a n k g r a p h if d e s i r e d o r h a v e 
s t u d e n t s g e n e r a t e the i r o w n . 

12 . R e t u r n c r i t te rs b a c k to c o o l e d off s o i l a n d t h e n b a c k to the c o l l e c t i o n s i te at the 
e a r l i e s t o p p o r t u n i t y . 

13 . L e a d a d i s c u s s i o n o n h o w i n v e r t e b r a t e s a r e impor tan t p r o c e s s i n g a n d r e c y c l i n g 
nu t r i en ts in t h e fo rest e c o s y s t e m . 

Assessment: 
C o m p l e t e d g r a p h s 
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Insect A d a p t a t i o n s 

SUBJECTS: 
S c i e n c e , m a t h 

CONCEPTS: 
1. I n s e c t s a r e w e l l a d a p t e d for te r rest r ia l l i fe. 
2. C e r t a i n p h y s i c a l a n d b e h a v i o r a l f e a t u r e s h a v e l ed to t h e g r e a t s u c c e s s a n d 

d i v e r s i t y of t h e i n s e c t w o r l d . 
3. I n s e c t s u n d e r g o a p r o c e s s of m e t a m o r p h o s i s . 

OBJECTIVES: 
1. S t u d e n t s wi l l o b s e r v e c o m m o n T e n e b r i o b e e t l e s to d i s c o v e r a n a t o m i c a l a n d 

p h y s i c a l f e a t u r e s that a r e k e y s to t h e i n s e c t s ' s u c c e s s . 
2. S t u d e n t s wi l l o b s e r v e a n d r e c o r d T e n e b r i o m e t a m o r p h o s i s . 

MATERIALS/GETTING READY: 
T e n e b r i o b e e t l e s ( m e a l w o r m s ) 
B r a n M e a l fo r c u l t u r i n g m e a l w o r m s 
R a w P o t a t o 
P e t r i d i s h e s 
C o n t a i n e r to h o l d c u l t u r e 
B l a c k c o n s t r u c t i o n p a p e r 
H a n d l e n s e s o r m a g n i f y i n g g l a s s e s 
M i c r o s c o p e 

SIZE/SETTING/DURATION: 
W h o l e c l a s s / c l a s s r o o m / v a r i e s 

BACKGROUND INFORMATION: 
M o s t g l o b a l b i o d i v e r s i t y c o n s i s t s of i n v e r t e b r a t e s a n d t h e g rea t ma jor i ty of t h e s e 
i n v e r t e b r a t e s a r e i n s e c t s . W h a t s p e c i f i c f e a t u r e s of the i r a n a t o m y a n d b e h a v i o r a r e 
k e y s to t h e i r s u c c e s s ? B y l o o k i n g at T e n e b r i o b e e t l e s ( c o m m o n m e a l w o r m s ) 
s t u d e n t s c a n o b s e r v e s o m e of t h e s e f e a t u r e s . 

The cuticle: I n s e c t s a r e b a s i c a l l y t u r n e d i n s i d e out . T h e i r s k e l e t o n is o n t h e 
o u t s i d e . T h i s e x o s k e l e t o n , m a d e of the c u t i c l e a n d the u n d e r l y i n g e p i d e r m a l c e l l s is 
n e c e s s a r y for l i fe o n l a n d . B e c a u s e i n s e c t s a r e s m a l l t h e y h a v e a l a r g e s u r f a c e - t o -
v o l u m e rat io . If t h e e p i d e r m i s w e r e e x p o s e d t h e rate of w a t e r l o s s w o u l d b e far 
g r e a t e r t h a n in v e r t e b r a t e s a n d t h e i n s e c t w o u l d s o o n d ie . T h e c u t i c l e f o r m s a 
p r o t e c t i v e e n v e l o p e that r e s i s t s e v a p o r a t i o n f r o m the w a t e r y t i s s u e s w i th in . W a t e r 
r e t e n t i o n is fu r the r i m p r o v e d by the a d d i t i o n of a w a x y o u t e r m o s t l ayer , c a l l e d t h e 
e p i c u t i c l e . 

Metamorphosis: H a v i n g a h a r d o u t e r e x o s k e l e t o n m e a n s that in o r d e r to 
g r o w , a n i n s e c t m u s t p e r i o d i c a l l y s h e d o r mol t its o l d " s k i n " s o t h e i n s e c t c a n e x p a n d 
w i t h i n its m o r e f l e x i b l e n e w o n e b e f o r e t h e n e w " s k i n " h a r d e n s . E v e n t h o u g h i n s e c t s 
a r e q u i t e v u l n e r a b l e d u r i n g a molt it c o n t r i b u t e s in a n impor tan t w a y to t h e f i t n e s s of 
i n s e c t s . T h i s is b e c a u s e t h e m o l t i n g p r o c e s s e v e n t u a l l y r e s u l t s in a c h a n g e in b o d y 
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f o r m f r o m a la rva l s t a g e to a n adul t . In th is w a y , i n s e c t s c a n l ive t w o l i ves a n d exp lo i t 
t w o d i f ferent e c o l o g i c a l n i c h e s . T h e i m m a t u r e f o rm , t h e l a r v a o r n y m p h is a n e a t i n g 
a n d g r o w i n g m a c h i n e w h i l e the adu l t is i n v o l v e d w i th d i s p e r s a l a n d r e p r o d u c t i o n . 

A Bit About Metamorphosis 

M e t a m o r p h o s i s m e a n s ' c h a n g e of fo rm ' a n d re fe rs to t h e c h a n g e s 
a n i n s e c t g o e s t h r o u g h a s it d e v e l o p s f r o m e g g to adu l t . S o m e 
i n s e c t s c o n s i d e r e d "pr imit ive" by b i o l o g i s t s , h a t c h f r o m a n e g g 
l o o k i n g just l ike a n adul t , a n d a l t h o u g h t h e y get b i g g e r a s t i m e 
p a s s e s , t h e y n e v e r rea l ly c h a n g e in a p p e a r a n c e . 

O t h e r i n s e c t s g o t h r o u g h w h a t is k n o w n a s i n c o m p l e t e 
m e t a m o r p h o s i s . T h e r e a r e t h r e e s t a g e s of d e v e l o p m e n t : e g g , l a r v a 
a n d adu l t . T h e c r e a t u r e that e m e r g e s f r o m the e g g is a n i m m a t u r e 
o r la rva l f o r m of t h e adu l t c a l l e d a n y m p h , u s u a l l y l a c k i n g w i n g s . 
T h r o u g h s u c c e s s i v e m o l t i n g s of the e x o s k e l e t o n , t h e n y m p h 
b e c o m e s m o r e ful ly d e v e l o p e d , w i n g s g r o w a n d f ina l ly a n adu l t 
r e s u l t s . 

M o s t s p e c i e s of i n s e c t s g o t h r o u g h a m u c h m o r e r a d i c a l p r o c e s s 
k n o w n a s c o m p l e t e m e t a m o r p h o s i s . T h e s e a r e c o n s i d e r e d the 
m o s t e v o l u t i o n a r i l y a d v a n c e d of t h e i n s e c t s a n d i n c l u d e the f l i es , 
b e e t l e s , b e e s , a n t s a n d but ter f l ies . C o m p l e t e m e t a m o r p h o s i s 
i n v o l v e s f o u r d is t inct s t a g e s of i n s e c t d e v e l o p m e n t : e g g , l a r v a , 
p u p a , a n d adu l t . 

Tracheae: I n s e c t s h a v e n o l u n g s but t h e y d o p o s s e s s a r e m a r k a b l e 
b r e a t h i n g s y s t e m . A i r f l o w s t h r o u g h a s e r i e s of o p e n i n g s c a l l e d s p i r a c l e s l in ing t h e 
i n s e c t s b o d y into a s y s t e m of c u t i c l e - l i n e d t u b e s c a l l e d t r a c h e a e . T h e t r a c h e a e 
p e n e t r a t e d e e p into t h e i n s e c t , d i v i d i n g into f iner a n d f iner b r a n c h e s unti l e v e r y c e l l 
is p r o v i d e d w i th o x y g e n . T h i s d i rect s y s t e m for d e l i v e r i n g o x y g e n d o e s not re ly o n a 
c i r c u l a t o r y s y s t e m a n d a l l o w s i n s e c t s to rap id ly s u p p l y o x y g e n a n d e n e r g y to w i n g 
m u s c l e s a n d w h e r e v e r e l s e o x y g e n is in h i g h d e m a n d . 

Wings: M o s t k i n d s i n s e c t s fly. T h e y u s e th is ab i l i ty to the i r a d v a n t a g e i n o r d e r 
to e s c a p e p r e d a t o r s , to c a p t u r e p rey , a n d to d i s p e r s e a n d f ind n e w r i che r g r o u n d s in 
w h i c h to b r e e d . I n s e c t s w h o s e w i n g s fo ld o v e r the i r b a c k s l ike w a s p s a n d b e e t l e s 
c a n fly to a n e w s i te , f o ld the i r w i n g s a n d s c u r r y into h o l e s a n d c r e v i c e s . 

Mouth parts: I n s e c t s h a v e e v o l v e d a w i d e a r r a y of j a w s a n d m o u t h p a r t s 
d e s i g n e d for s u c k i n g p i e r c i n g c h e w i n g a n d s h r e d d i n g . 

Defense: I n s e c t s a l s o h a v e al l s o r t s of d e f e n s i v e m e c h a n i s m s . I n s e c t s c a n 
s t i n g , s p r a y n o x i o u s s m e l l i n g irr i tat ing f lu ids , a n d inflict pa in fu l p o i s o n o u s b i t e s . 

31 North Cascades Institute: Invertebrate Workshop 



T h e a d v a n t a g e s of l o o k i n g at T e n e b r i o b e e t l e s to o b s e r v e s o m e of t h e s e f e a t u r e s 
a r e m a n y . T e n e b r i o b e e t l e l a r v a ( m e a l w o r m s ) a r e w i d e l y a v a i l a b l e at pet s t o r e s , c a n 
b e p u r c h a s e d a n y t i m e of t h e y e a r a n d t h u s the act iv i ty c a n b e d o n e at a n y t i m e , 
t h e y a r e e a s y to k e e p , t h e y a r e u s e f u l a s f o o d fo r a va r ie ty of o t h e r c l a s s r o o m 
a n i m a l s , a n d t h e y a r e i n e x p e n s i v e . E a c h s t u d e n t c a n h a v e the i r o w n to o b s e r v e . 

T e n e b r i o b e e t l e l a r v a , p u p a e a n d a d u l t s c a n b e kept inde f in i te ly b y k e e p i n g t h e m in 
a p l a s t i c d i s h t u b 1/2 full of oa t b r a n . P l a c e a s l i c e of raw p o t a t o o n the s u r f a c e of t h e 
b r a n e v e r y t h r e e d a y s to s u p p l y m o i s t u r e a n d d i s c a r d t h e o l d s l i c e . T h a t ' s al l t h e r e is 
to it. S t u d e n t s c a n b e g i v e n the i r o w n l a r v a a n d w a t c h it m e t a m o r p h o s e . T h e y wi l l 
n e e d a pet r i d i s h w i t h a s m a l l a m o u n t of b r a n , a s m a l l c u b e of p o t a t o a n d t h e l a r v a . 

T h e l a r v a e a r e v e r y l e t h a r g i c . T h e y mol t 5 - 7 t i m e s a n d t h e l a rva l s t a g e l a s t s a b o u t 
1 0 w e e k s . T h e las t mo l t r e s u l t s in t h e f o r m a t i o n of a p u p a l c a s e . P u p a d o not e a t o r 
m o v e . T w o to t h r e e w e e k s a f ter p u p a t i o n a n adu l t b e e t l e wi l l e m e r g e f r o m t h e p u p a l 
c a s e . T h e a d u l t s a r e w h i t e right a f ter m e t a m o r p h o s i s but s o o n turn d a r k b r o w n . T h e 
a d u l t s s o o n m a t e a n d f e m a l e s lay e g g s 7 - 1 0 d a y s a f ter e m e r g e n c e f r o m t h e p u p a l 
c a s e . 

DOING THE ACTIVITY: 
1. D i s c u s s w i th s t u d e n t s s o m e r e a s o n s w h y i n s e c t s a r e s o s u c c e s s f u l . E x p l a i n that 
i n s e c t s w e a r a su i t of a r m o r (the c u t i c l e o r e x o s k e l e t o n ) . A s k : W h a t o t h e r w a y s d o 
i n s e c t s p r o t e c t t h e m s e l v e s ( f ly ing a w a y , b i t ing a n d s t i n g i n g ) ? D i s c u s s t h e 
a d v a n t a g e s of t r a c h e a e v s . a c i r c u l a t o r y s y s t e m . 

2 . D i s c u s s w i t h s t u d e n t s t h e d i f ferent f o r m s of m e t a m o r p h o s i s . E x p l a i n that T e n e b r i o 
b e e t l e s u n d e r g o c o m p l e t e m e t a m o r p h o s i s a n d that s t u d e n t s wi l l b e o b s e r v i n g the i r 
o w n b e e t l e a s it p r o g r e s s e s t h r o u g h the d i f ferent s t a g e s . 

3. H a v e e a c h s t u d e n t s e t up the i r l a r v a in a petr i d i s h . H a v e s t u d e n t s o b s e r v e a n d 
d e s c r i b e t h e o u t e r c u t i c l e of the l a r v a . L o o k at it u n d e r a m i c r o s c o p e . S e e if t h e 
s p i r a c l e s ( o p e n i n g s to t h e t r a c h e a a r e v i s i b l e ) . 

4 . H a v e s t u d e n t s m e a s u r e t h e m e a l w o r m e v e r y o t h e r d a y a n d r e c o r d t h e d a t e a n d 
l e n g t h in a j o u r n a l . G r a p h g r o w t h r a t e s fo r d i f fe rent i n d i v i d u a l s . S t u d e n t s c a n g r a p h 
a n d p r o d u c e a be l l s h a p e d c u r v e i l lust rat ing the v a r i a t i o n of d a t e s w h e n t h e l a r v a 
p u p a t e a n d w h e n t h e y e m e r g e a s a d u l t s f r o m t h e p u p a l c a s e . 

5 . E n c o u r a g e s t u d e n t s to l ook c a r e f u l l y t h r o u g h the b r a n to f ind m o l t e d 
e x o s k e l e t o n s . O b s e r v e t h r o u g h a m i c r o s c o p e . 

6. H a v e s t u d e n t s c a r e f u l l y o b s e r v e t h e a n a t o m i c a l f e a t u r e s of t h e adu l t b e e t l e , l ike 
t h e h a r d e x o s k e l e t o n a n d e s p e c i a l l y t h e m o d i f i e d f o r e w i n g s that a c t a s p r o t e c t i v e 
p l a t e s p r o t e c t i n g t h e h i n d w i n g s that a r e u s e d for f l y ing . O b s e r v e a n d d e s c r i b e the i r 
l o c o m o t i o n a s t h e y c r a w l a b o u t . 
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ASSESSMENT: 
S u c c e s s f u l c o m p l e t i o n of j o u r n a l , g r o w t h c h a r t s a n d d r a w i n g s . 

EXTENSION ACTIVITIES: 
H a v e s t u d e n t s p e r f o r m b e h a v i o r a l e x p e r i m e n t s w i th T e n e b r i o b e e t l e s : 

• D i s c o v e r if T e n e b r i o b e e t l e a d u l t s p r e f e r light o r d a r k by p l a c i n g b l a c k 
c o n s t r u c t i o n p a p e r o v e r 1/2 of a petr i d i s h . 

• D i s c o v e r if a d u l t s o r l a r v a p re fe r w a r m o r c o l d c o n d i t i o n s a n d d a m p n e s s 
v s . d r y n e s s . 

• D i s c o v e r if the T e n e b r i o b e e t l e l a r v a s ' f o o d s u p p l y wi l l e f fect t h e s p e e d of 
d e v e l o p m e n t . 
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C l a s s r o o m B u t t e r f l i e s 

SUBJECTS: 

S c i e n c e , E n v i r o n m e n t a l E d u c a t i o n , M a t h , L a n g u a g e A r t s 

CONCEPTS: 
1. B u t t e r f l i e s g o t h r o u g h a fou r s t a g e life c y c l e p r o c e s s c a l l e d c o m p l e t e 

m e t a m o r p h o s i s . 
2 . A t e a c h s t a g e in t h e life c y c l e but ter f l ies r e q u i r e c e r t a i n c o n d i t i o n s in o r d e r to 

d e v e l o p . H a b i t a t n e e d s va ry a s t h e y g o t h r o u g h the i r life c y c l e . 
3 . B u t t e r f l i e s e x h i b i t a d a p t a t i o n s in o r d e r to s u r v i v e in the i r e n v i r o n m e n t . 
OBJECTIVES: 
1. S t u d e n t s wi l l r a i s e but ter f l ies f r o m c a t e r p i l l a r to adu l t . 
2 . S t u d e n t s wi l l p r o v i d e t h e n e c e s s a r y hab i ta t a n d c o n d i t i o n s for butter f ly s u r v i v a l . 
3 . S t u d e n t s wi l l o b s e r v e c o m p l e t e m e t a m o r p h o s i s in but te r f l ies a n d k e e p a j o u r n a l 

of o b s e r v a t i o n s . 

4 . S t u d e n t s wi l l d e s c r i b e t h e a n a t o m y a n d a d a p t a t i o n s of but ter f l ies . 

MATERIALS/GETTING READY: 
But te r f l y G a r d e n Kit ( c o m m e r c i a l kit that c o n t a i n s e v e r y t h i n g y o u n e e d ) 
Bu t te r f l y l a r v a 
But te r f l y e n c l o s u r e (for e x a m p l e s s e e u n d e r D o i n g the Act iv i ty ) 
C a t e r p i l l a r f o o d ( c o m m e r c i a l or l o c a l p l a n t s - b e s u r e to h a v e t h e p r o p e r f o o d s o u r c e 
fo r t h e s p e c i e s ) 
P i e c e s of w o o d o r s m a l l b r a n c h e s 
W a t e r m i s t e r 
H a n d l e n s e s o r m a g n i f y i n g g l a s s e s 
J o u r n a l s 

SIZE/SETTING/DURATION: 

W h o l e c l a s s / C l a s s r o o m / V a r i e s , a l l o w a f e w w e e k s d u r i n g s p r i n g m o n t h s . 

BACKGROUND INFORMATION: 
B u t t e r f l i e s a n d m o t h s b e l o n g to t h e o r d e r of i n s e c t s c a l l e d the L e p i d o p t e r a , a G r e e k 
w o r d m e a n i n g " s c a l e w i n g s " . T h e w i n g s a n d b o d i e s of d r a g o n f l i e s a r e c o v e r e d by 
t iny s c a l e s that o v e r l a p l ike the s h i n g l e s o n a roof. T h e y p r o v i d e t h e b e a u t i f u l a n d 
v a r i e d c o l o r s a m o n g but te r f l ies a s w e l l a s w a r m t h a n d h e l p in b a l a n c i n g d u r i n g 
f l ight . 
T h e s c a l e s a r e o n e of t w o t h i n g s that h e l p d i s t i n g u i s h the L e p i d o p t e r a f r o m o t h e r 
o r d e r s of i n s e c t s . T h e o t h e r f e a t u r e is t h e p r o b o s c i s , a l o n g t u b e - l i k e d e v i c e that 
bu t te r f l i es a n d m o t h s u s e for s u c k i n g up t h e n e c t a r of f l o w e r s . 

T h e r e a r e o v e r 1 3 0 , 0 0 0 d i f fe rent s p e c i e s of L e p i d o p t e r a a n d n e w s p e c i e s a r e b e i n g 
d i s c o v e r e d e v e r y y e a r . T h e y a r e f o u n d a l m o s t e v e r y w h e r e in t h e w o r l d , f r o m h i g h 
m o u n t a i n s to d e s e r t a r e a s , g r a s s l a n d s a n d f o r e s t s . In N o r t h A m e r i c a t h e r e a r e 
a r o u n d 1 0 , 0 0 0 s p e c i e s of m o t h s a n d but ter f l ies . 
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B u t t e r f l i e s a n d m o t h s c a n b e m o s t e a s i l y d i s t i n g u i s h e d f r o m o n e a n o t h e r b y the i r 
a n t e n n a e . But ter f l y a n t e n n a e a r e th in a n d c i u b - l i k e , e n d i n g in a s w o l l e n t ip. M o t h 
a n t e n n a e a r e g e n e r a l l y f e a t h e r y in a p p e a r a n c e , a n d l a c k a th ick t ip, i n s t e a d 
t a p e r i n g d o w n to a point . Bu t te r f l i es a r e u s u a l l y d a y f l ie rs w h i l e m o t h s a r e p r imar i l y 
n o c t u r n a l . A n d but ter f l ies a r e o f ten co lo r fu l , m o t h s a r e du l l , m u t e d c o l o r s . O f c o u r s e 
t h e r e a r e e x c e p t i o n s ; s o m e but ter f l ies a r e qu i te p la in a n d t h e r e a r e m a n y br i l l iant ly 
c o l o r e d a n d b o l d l y p a t t e r n e d m o t h s . 

T i g e r 
S w a l l o w t a i l 
But ter f l y 

T e n t C a t e r p i l l a r 
M o t h 

B o t h m o t h s a n d but ter f l ies g o t h r o u g h a p r o c e s s of c o m p l e t e m e t a m o r p h o s i s . It is 
th i s s e q u e n c e of d e v e l o p m e n t that s t u d e n t s c a n o b s e r v e a n d e x p e r i e n c e first h a n d 
by r a i s i n g c l a s s r o o m butter f l ies . T h e c h a n c e to w i t n e s s t h e e m e r g e n c e of a n adu l t 
butter f ly f r o m the c h r y s a l i s is a m a g i c a l e x p e r i e n c e for s t u d e n t s . 

M e t a m o r p h o s i s m e a n s ' c h a n g e of f o rm ' a n d re fe rs to t h e c h a n g e s a n i n s e c t g o e s 
t h r o u g h a s it d e v e l o p s f r o m e g g to adu l t . S o m e i n s e c t s c o n s i d e r e d "pr imi t ive" by 
b i o l o g i s t s , h a t c h f r o m a n e g g l o o k i n g just l ike a n adu l t , a n d a l t h o u g h t h e y get b i g g e r 
a s t i m e p a s s e s , t h e y n e v e r rea l ly c h a n g e in a p p e a r a n c e . 

O t h e r i n s e c t s g o t h r o u g h w h a t is k n o w n a s i n c o m p l e t e m e t a m o r p h o s i s ( s e e act iv i ty : 
D r a g o n f l y O b s e r v a t i o n s ) . T h e r e a r e t h r e e s t a g e s of d e v e l o p m e n t : e g g , l a r v a a n d 
adu l t . T h e c r e a t u r e that e m e r g e s f r o m the e g g is a n i m m a t u r e or la rva l f o r m of t h e 
adu l t c a l l e d a n y m p h , u s u a l l y l a c k i n g w i n g s . T h r o u g h s u c c e s s i v e m o l t i n g s of the 
e x o s k e l e t o n , t he n y m p h b e c o m e s m o r e ful ly d e v e l o p e d , w i n g s g r o w a n d f ina l l y a n 
adu l t r e s u l t s . 

M o s t s p e c i e s of i n s e c t s g o t h r o u g h a m u c h m o r e r a d i c a l p r o c e s s k n o w n a s 
c o m p l e t e m e t a m o r p h o s i s . T h e s e a r e c o n s i d e r e d the m o s t e v o l u t i o n a r i l y a d v a n c e d 
of t h e i n s e c t s a n d i n c l u d e t h e f l ies , b e e t l e s , b e e s , a n t s a n d but ter f l ies . C o m p l e t e 
m e t a m o r p h o s i s i n v o l v e s fou r d is t inct s t a g e s of i n s e c t d e v e l o p m e n t : e g g , l a r v a , 
p u p a , a n d adu l t . 

Life Cycle of the Butterfly 

A butter f ly s t a r t s out a s a n e g g . T h e f e m a l e butterf ly m a y lay a f e w to s e v e r a l h u n d r e d 
e g g s , o f ten o n a p lant that wi l l la ter b e u s e d a s f o o d . E g g s of d i f ferent s p e c i e s exh ib i t a 
v a r i e t y of d i f ferent s h a p e s a n d t e x t u r e s . A f t e r a f e w d a y s t h e e g g h a t c h e s a n d a l a r v a 
wi l l e m e r g e . 

T h e l a rva l f o r m of a butterf ly is c a l l e d a ca te rp i l l a r . A c a t e r p i l l a r s b o d y is d i v i d e d into 
n u m e r o u s s e g m e n t s , w h i c h m a k e up t h e h e a d , t ho rax , a n d a b d o m e n . T h e h e a d h a s 
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s i m p l e e y e s c a l l e d o c e l l i a n d p o w e r f u l p lant e a t i n g j a w s . T h e t h o r a x , m a d e u p of 
t h r e e b o d y s e g m e n t s just b e h i n d t h e h e a d , is t h e l o c a t i o n of the c a t e r p i l l a r ' s t rue 
l e g s a n d its s p i r a c l e s , t h r o u g h w h i c h it b r e a t h e s . T h e r e m a i n i n g s e g m e n t s m a k e up 
t h e a b d o m e n . L o c a t e d o n t h e a b d o m e n a r e the p r o - l e g s ; t h e y a r e not t rue l e g s a n d 
wi l l d i s a p p e a r w h e n t h e i n s e c t r e a c h e s t h e adu l t s t a g e . 

Caterpillar Anatomy 
T h o w x A b d o m e n 

Di f f e ren t s p e c i e s of c a t e r p i l l a r s v a r y a s g r e a t l y in a p p e a r a n c e a s d i f ferent s p e c i e s of 
a d u l t bu t te r f l i es . S o m e a r e s m o o t h - s k i n n e d , o t h e r s a r e c o v e r e d w i th h a i r ( l ike w o o l l y 
b e a r c a t e r p i l l a r s ) , b u m p s , h o r n s , a n d s p i n e s . C a t e r p i l l a r s a l s o exh ib i t a v a r i e t y of 
c o l o r s a n d p a t t e r n s , s i z e s a n d s h a p e s . 

C a t e r p i l l a r s e a t p l a n t s . M a n y a r e h o s t s p e c i f i c , that is , t h e y e a t o n l y o n e k i n d of 
p lan t . T h e y c a n b e qu i te d e s t r u c t i v e e a t i n g f o o d c r o p s a n d t r e e s . A s t h e y e a t a n d 
g r o w t h e y m u s t s h e d the i r e x o s k e l e t o n s e v e r a l t i m e s in a p r o c e s s c a l l e d m o l t i n g . 

A f t e r a p e r i o d of t i m e , w h i c h v a r i e s d e p e n d i n g o n the s p e c i e s , t he c a t e r p i l l a r q u i t s 
e a t i n g in p r e p a r a t i o n for t he f inal molt . It is th is f ina l mol t that r e s u l t s in t h e f o r m a t i o n 
of t h e c h r y s a l i s . T h e c h r y s a l i s o r p u p a is w h e r e m a j o r c h a n g e s in b o d y s t r u c t u r e 
t a k e p l a c e . W i t h i n t h e p u p a , a r e a r r a n g e m e n t of t h e i n s e c t ' s b o d y o c c u r s a s 
h o r m o n e s a c t u a l l y c a u s e o r g a n s to b r e a k up a n d r e a s s e m b l e a s t h o s e of a n adu l t . 
M o s t bu t te r f l i es o v e r w i n t e r a s p u p a e in N o r t h A m e r i c a . 

W h e n it i s t i m e for t h e adu l t to e m e r g e f r o m t h e c h r y s a l i s it wi l l cut its w a y out o r u s e 
s p e c i a l s e c r e t i o n s to s o f t e n the s k i n of the p u p a l c a s e . It c a r e f u l l y r e m o v e s its w i n g s , 
l e g s a n d a n t e n n a e f r o m t h e p u p a l c a s e . It t h e n r e s t s w h i l e p u m p i n g f lu id a n d 
s p r e a d i n g its w i n g s to let t h e m dry a n d t h e n t a k e s off in fl ight. 

B u t t e r f l i e s t h e n s p e n d the i r r e m a i n i n g l i v e s , s u c k i n g n e c t a r f r o m p l a n t s w i th the i r 
p r o b o s c i s . T h e y a r e i m p o r t a n t p lant p o l l i n a t o r s . H o w e v e r , t he m a i n f u n c t i o n of the 
a d u l t is r e p r o d u c t i o n . B u t t e r f l i e s rely p r imar i l y o n the i r s e n s e of s igh t to f ind m a t e s . 
A f t e r m a t i n g t h e f e m a l e wi l l f ind a n a p p r o p r i a t e s p o t to lay h e r e g g s a n d t h e life 
c y c l e c o n t i n u e s . 
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A Note To Teachers 

You may want to raise caterpillars found in the wild. But be aware that if the 
caterpillar is the larval form of a moth, you will need to provide potting soil in the 
enclosure as many moths pupate underground by wrapping themselves in a silk 
cocoon as opposed to forming a chrysalis. Contacting a local Lepidopterist to aid 
your class in identification would be helpful. 

For best results with this activity it is, recommended that the classroom teacher order 
a commercial butterfly kit, such as the Butterfly Garden School Kit. You will receive 
materials, caterpillars, and food for 30 students to rear and closely observe the 
development of the Painted Lady butterfly. Each student receives his/her own 
caterpillar which creates all sorts of learning opportunities. You can have students 
graph the range of sizes, when they pupate, when they emerge as adults, etc. and 
figure class averages and extremes. 

By using the Painted Lady butterfly you are not as dependent on the time of year the 
activity takes place, however, it is best to plan for late spring as supply companies 
will not ship sensitive larva during winter months. For information on ordering 
commercial kits please see Resources at the end of this activity. 

DOING THE ACTIVITY: 
1. D i s c u s s wi th s t u d e n t s w h a t but ter f l ies n e e d in o r d e r to s u r v i v e . L is t r e s p o n s e s o n 
b o a r d . 

2. D i s c u s s h o w t h e c l a s s wi l l m e e t t h e n e e d s of f o o d , s h e l t e r a n d w a t e r . H a v e 
s t u d e n t s r e a d t h e b a c k g r o u n d i n f o r m a t i o n , b o o k s or o t h e r s o u r c e s of i n f o r m a t i o n in 
p r e p a r a t i o n fo r r a i s i n g c l a s s r o o m butter f l ies . 

3. P r e p a r e e n c l o s u r e w h e r e butterf ly m e t a m o r p h o s i s c a n b e o b s e r v e d first h a n d . 
I d e a s fo r t he e n c l o s u r e i n c l u d e : 

A . C a r d b o a r d s h o e b o x with w i n d o w s c r e e n net t ing a f f i xed t ight ly o n top . 
B. A h a n g i n g c a g e , u s i n g c a k e p a n s to f o r m the top a n d b o t t o m a n d s i d e s of 

f i ne m e s h w i n d o w s c r e e n to f o r m a c y l i n d e r . 
C . I n e x p e n s i v e g l a s s a q u a r i u m wi th a s c r e e n e d l id . 
D. C o m m e r c i a l kit w h i c h wi l l s u p p l y i n d i v i d u a l e n c l o s u r e s . 

4. A butter f ly in its la rva l f o r m (caterp i l lar ) n e e d s to h a t c h o n o r n e a r its f o o d s o u r c e . 
M a n y butterf ly l a r v a e a r e h o s t s p e c i f i c , that is , t h e y wil l ea t o n l y o n e t y p e of p lant . If 
y o u c h o o s e to r a i s e c a t e r p i l l a r s f o u n d in t h e w i l d b e s u r e to n o t i c e w h i c h p l a n t s the 
c a t e r p i l l a r s a r e f e e d i n g o n a n d br ing s o m e for t h e m to f e e d o n . 

5. T h e c h r y s a l i s n e e d s to b e s u s p e n d e d f r o m s o m e t h i n g s t u r d y . S u p p l y y o u r 
butter f ly h o m e wi th a s m a l l b r a n c h . T h e b r a n c h wil l la ter b e u s e d by t h e butter f ly a s 
it e m e r g e s f r o m t h e c h r y s a l i s , a s a p l a c e to rest a n d dry its w i n g s . 
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6. W a t e r n e e d s a r e m e t by t h e f o o d t h e y eat . M a k e s u r e to k e e p a s u p p l y of the i r cut 
f o o d in a p l a s t i c b a g in a re f r ige ra to r to re ta in f r e s h n e s s a n d m o i s t u r e . D o not l e a v e 
a n o p e n c o n t a i n e r of w a t e r in t h e butterf ly h o m e . C a t e r p i l l a r s wi l l d r o w n if t h e y fa l l 
into w a t e r . H a v e s t u d e n t s k e e p t h e e n c l o s u r e c l e a n by r e m o v i n g c a t e r p i l l a r 
d r o p p i n g s ( f rass ) d a i l y a n d a l w a y s k e e p a f r e s h s u p p l y of f o o d a v a i l a b l e for 
c a t e r p i l l a r s to f e e d o n . T h e y eat a lot! 

7. R e c o r d d e v e l o p m e n t . H a v e s t u d e n t s k e e p a j o u r n a l o r "Butter f ly B i o g r a p h y . " 
S t u d e n t s c a n r e c o r d a n d d r a w o b s e r v a t i o n s i n c l u d i n g a d e s c r i p t i o n of t h e 
c a t e r p i l l a r , i ts o c e l l i ( s i m p l e e y e s ) , a n d s p i r a c l e s if v i s i b l e . H a v e s t u d e n t s d i s t i n g u i s h 
a n d l a b e l t h e h e a d , t h o r a x a n d a b d o m e n , f ind t h e 3 p a i r s of l e g s (true l egs ) a n d t h e 
p r o l e g s . M e a s u r e g r o w t h a n d c h a r t but a v o i d h a n d l i n g the c a t e r p i l l a r s w i t h f i n g e r s . 
A l s o h a v e t h e s t u d e n t s o b s e r v e a n d d e s c r i b e t h e f e e d i n g b e h a v i o r . O b s e r v e t h e 
m o u t h p a r t s w i t h h a n d l e n s e s o r m a g n i f y i n g g l a s s e s . 

8. S t u d e n t s wi l l k n o w w h e n t h e c a t e r p i l l a r is r e a d y to p u p a t e w h e n it s t o p s e a t i n g 
a n d c r a w l s a r o u n d r e s t l e s s l y for a d a y o r s o a n d f ina l ly c r a w l s o n t o t h e b r a n c h a n d 
p r e p a r e s to s h e d its s k i n . H a v e s t u d e n t s k e e p a c a l e n d a r of e v e n t s a s part of the i r 
j o u r n a l . T h e y c a n r e c o r d t h e l ength of t i m e in t h e la rva l s t a g e a n d t h e l e n g t h of t i m e 
a s a c h r y s a l i s o r p u p a . E n c o u r a g e s t u d e n t s to m a k e d e t a i l e d d r a w i n g s of 
o b s e r v a t i o n s . K e e p t h e c h r y s a l i s in a w a r m p l a c e but out of d i rec t s u n l i g h t a n d 
lightly m i s t o c c a s i o n a l l y . T h e t r a n s f o r m a t i o n to c h r y s a l i d v a r i e s a m o n g s p e c i e s . In 
t h e P a i n t e d L a d y it wi l l b e c o m p l e t e d a p p r o x i m a t e l y 1 7 - 2 0 d a y s a f te r t h e c l a s s 
r e c e i v e s t h e l a r v a . 

9 . T h e c h r y s a l i s wi l l c h a n g e c o l o r just b e f o r e the butterf ly e m e r g e s . T h e adu l t 
but ter f ly w i l l f o r c e its w a y out of the c h r y s a l i s a n d rest . It wi l l n e e d t i m e to p u m p f lu id 
t h r o u g h its w i n g s a s t h e w i n s r e a c h full s i z e a n d dry. S t u d e n t s s h o u l d u s e th i s t i m e 
to m a k e o b s e r v a t i o n s a n d d r a w i n g s of adu l t butter f ly a n a t o m y . T h e y m a y b e a b l e to 
o b s e r v e t h e p r o b o s c i s o r f e e d i n g t u b e . H a v e s t u d e n t s f i nd t h e c o m p o u n d e y e s , 
a n t e n n a e , a n d m o u t h p a r t s o n the h e a d . L a b e l t h e t h o r a x , a b d o m e n a n d t w o s e t s of 
w i n g s o n a d r a w i n g . C l o s e o b s e r v a t i o n w i th a h a n d l e n s m a y r e v e a l t h e d e l i c a t e 
s c a l e s that c o v e r the w i n g s . H a v e s t u d e n t s d r a w w i n g p a t t e r n s . B e c a r e f u l not to 
t o u c h o r d i s t u r b t h e butterf ly at th is c r i t i ca l t i m e . 

10 . A s s o o n a s t h e y c a n fly, r e l e a s e the but ter f l ies o n a s u n n y d a y n e a r f l o w e r s 
( n e c t a r s o u r c e s ) . If it is t oo c o l d , k e e p t h e but ter f l ies i n d o o r s a n d p r o v i d e n e c t a r 
f l o w e r s , f r e s h fruit, o r 1 part s u g a r / 4 pa r ts w a t e r m i x t u r e o n a s p o n g e unti l t h e 
w e a t h e r is a p p r o p r i a t e . T h i s wi l l g i v e s t u d e n t s t h e o p p o r t u n i t y to o b s e r v e t h e 
u n f u r l i n g of t h e p r o b o s c i s . 

ASSESSMENT: 
C o m p l e t e d j o u r n a l s . 
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EXTENSION ACTIVITIES: 
1. C r e a t e a L i fe c y c l e s p i n n e r 

A . D i s c u s s with s t u d e n t s the v a r i o u s s t a g e s of d e v e l o p m e n t in t h e life c y c l e of 
a butterf ly. 

B . H a v e t h e s t u d e n t s u s e d r a w i n g s f r o m the i r j o u r n a l a n d o t h e r r e s o u r c e s to 
c r e a t e a life c y c l e w h e e l by d r a w i n g a butterf ly a s it m e t a m o r p h o s e s f r o m 
e g g to adu l t . 

C . Instruct s t u d e n t s to cut out a c i r c l e 11 i n c h e s in d i a m e t e r f r o m a s h e e t of 
c o l o r e d p o s t e r b o a r d . C u t out a n o t h e r c i r c l e 12 i n c h e s in d i a m e t e r f r o m 
w h i t e p o s t e r b o a r d . 

D. W i t h p e n c i l a n d ru ler d i v i d e the w h i t e p o s t e r b o a r d into 1 /4 's . 

E . In e a c h s e c t i o n of t he c i r c l e , h a v e s t u d e n t s d r a w a s t a g e of t h e life c y c l e 
( e g g , l a r v a , p u p a , adu l t ) , o r d e r i n g s e q u e n t i a l l y . 

F. C u t a p ie w e d g e f r o m the s m a l l e r c i r c l e , r e m o v i n g 1/4 of the r im. T h e point 
of t h e w e d g e s h o u l d not r e a c h the c e n t e r of t h e c i r c l e . 

G . L a y t h e s m a l l e r c i r c l e o n top of t he l a r g e r c i r c l e a n d u s e a b r a s s f a s t e n e r to 
a t t a c h t h e c i r c l e s t o g e t h e r t h r o u g h the i r c e n t e r s . L a b e l t h e o u t s i d e e d g e 
c o r r e s p o n d i n g w i th d r a w i n g : e g g , l a r v a o r ca te rp i l l a r , p u p a o r c h r y s a l i s 
a n d adu l t . 

H . B y g r a s p i n g a n d rotat ing t h e o u t e r c i r c l e at t h e c u t - o u t y o u h a v e a life c y c l e 
w h e e l of the butterf ly! 

2 . U s e s w e e p n e t s a n d g o o n a butterf ly c a t c h i n g e x p e d i t i o n . 

RESOURCES: 
S o u r c e s for c a t e r p i l l a r l a r v a : 

I. C a r o l i n a B i o l o g i c a l S u p p l y 
2 7 0 0 Y o r k R d . 
B u r l i n g t o n , N C 2 7 2 1 5 
P h o n e : 1 - 8 0 0 - 3 3 4 - 5 5 5 1 / F a x : 1 - 8 0 0 - 2 2 2 - 7 1 1 2 

2 . P o w e l l L a b o r a t o r i e s D i v i s i o n 
B o x 1 8 7 
G l a d s t o n e , O R 9 7 0 2 7 

3 . N a s c o S c i e n c e 
4 8 2 5 S t o d d a r d R d . 
M o d e s t o , C A 9 5 3 5 6 - 9 3 1 8 
P h o n e : 1 - 8 0 0 - 5 5 8 - 9 5 9 5 
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BACKGROUND INFORMATION 

Butterflies and moths belong to the order of insects called the Lepidoptera, a 
Greek word meaning "scale wings". The wings and bodies of butterflies are 
covered by tiny scales that overlap like the shingles on a roof. They provide 
the beautiful and varied colors among butterflies as well as warmth and help in 
balancing during flight. 

The scales are one of two things that help distinguish the Lepidoptera from 
other orders of insects. The other feature is the proboscis, a long tube-like 
device that butterflies and moths use for sucking up the nectar of flowers. 

There are over 130,000 different species of Lepidoptera and new species are 
being discovered every year. They are found almost everywhere in the world, 
from high mountains to desert areas, grasslands and forests. In North America 
there are around 10,000 species of moths and butterflies. 

Butterflies and moths can be most easily distinguished from one another by 
their antennae. Butterfly antennae are thin and club-like, ending in a swollen 
tip. Moth antennae are generally feathery in appearance, and lack a thick tip, 
instead tapering down to a point. Butterflies are usually day fliers while moths 
are primarily nocturnal. And butterflies are often colorful, moths are dull, 
muted colors. Of course there are exceptions; some butterflies are quite plain 
and there are many brilliantly colored and boldly patterned moths. 

Tent Caterpillar OfiT T i § e r 

Moth / ^ f f l f e j ^ A Swallowtail 
Butterfly 

Both moths and butterflies go through a process of complete metamorphosis. It 
is this sequence of development that students can observe and experience first 
hand by raising classroom butterflies. The chance to witness the emergence of 
an adult butterfly from the chrysalis is a magical experience for students. 

Metamorphosis means 'change of form' and refers to the changes an insect goes 
through as it develops from egg to adult. Some insects considered "primitive" 
by biologists, hatch from an egg looking just like an adult, and although they 
get bigger as time passes, they never really change in appearance. 
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Other insects go through what is known as incomplete metamorphosis (see 
activity: Dragonfly Observations). There are three stages of development: egg, 
larva and adult. The creature that emerges from the egg is an immature or 
larval form of the adult called a nymph, usually lacking wings. Through 
successive moltings of the exoskeleton, the nymph becomes more fully 
developed, wings grow and finally an adult results. 

Most species of insects go through a much more radical process known as 
complete metamorphosis. These are considered the most evolutionarily 
advanced of the insects and include the flies, beetles, bees, ants and butterflies. 
Complete metamorphosis involves four distinct stages of insect development: 
egg, larva, pupa, and adult. 

Life Cycle of the Butterfly 

A butterfly starts out as an egg. The female butterfly may lay a few to several 
hundred eggs, often on a plant that will later be used as food. Eggs of different 
species exhibit a variety of different shapes and textures. After a few days the 
egg hatches and a larva will emerge. 

The larval form of a butterfly is called a caterpillar. A caterpillar's body is 
divided into numerous segments, which make up the head, thorax, and 
abdomen. The head has simple eyes called ocelli and powerful plant eating 
jaws. The thorax, made up of three body segments just behind the head, is the 
location of the caterpillar's true legs and its spiracles, through which it 
breathes. The remaining segments make up the abdomen. Located on the 
abdomen are the pro-legs; they are not true legs and will disappear when the 
insect reaches the adult stage. 

Caterpillar Anatomy 

T h o r a x A b d o m e n 

Different species of caterpillars vary as greatly in appearance as different 
species of adult butterflies. Some are smooth-skinned, others are covered with 
hair (like woolly bear caterpillars),bumps, horns, and spines. Caterpillars also 
exhibit a variety of colors and patterns, sizes and shapes. Caterpillars eat plants 
and many are host specific, that is, they eat only one kind of plant. They can be 
quite destructive eating food crops and trees. As they eat and grow they must 
shed their exoskeleton several times in a process called molting. 
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After a period of time, which varies depending on the species, the caterpillar 
quits eating in preparation for the final molt . It is this final molt that results in 
the formation of the chrysalis. The chrysalis or pupa is where major changes in 
body structure take place. Within the pupa, a rearrangement of the insects body 
occurs as hormones actually cause organs to break up and reassemble as those 
of an adult. Most butterflies overwinter as pupae in North America. 

When it is time for the adult to emerge from the chrysalis it will cut its way 
out or use special secretions to soften the skin of the pupal case. It carefully 
removes its wings, legs and antennae from the pupal case. It then rests while 
pumping fluid and spreading its wings to let them dry and then takes off in 
flight. 

Butterflies then spend their remaining lives, sucking nectar from plants with 
their proboscis. They are important plant pollinators. However, the main 
function of the adult is reproduction. Butterflies rely primarily on their sense 
of sight to find mates. After mating the female will find an appropriate spot to 
lay her eggs and the life cycle continues. 
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But te r f l y B i o g r a p h i e s 

SUBJECTS: 
S c i e n c e , G e o g r a p h y 

CONCEPTS: 
1. T h e r e a r e c o m m o n s p e c i e s of but ter f l ies in t h e v a r i o u s e c o s y s t e m s of t h e S k a g i t 

W a t e r s h e d . 

2 . B u t t e r f l i e s f a v o r c e r t a i n h a b i t a t s o r c o m m u n i t i e s . 

OBJECTIVES: 
1. S t u d e n t s wi l l d i s c o v e r a n d b e c o m e f a m i l i a r wi th s o m e of t h e c o m m o n but te r f l ies 

of t h e S k a g i t w a t e r s h e d . 
2 . S t u d e n t s wi l l b e a b l e to a s s o c i a t e s p e c i f i c but ter f l ies w i th the i r p r e f e r r e d hab i ta t . 
MATERIALS/GETTING READY: 
But te r f l y B i o g r a p h y A c t i v i t y S h e e t s 
But ter f l y F i e l d G u i d e s : 

1. A F i e l d G u i d e to t h e But te r f l i es of the P a c i f i c N o r t h w e s t by J a m e s R. 
C h r i s t i a n s o n . 

2 . T h e A u d u b o n S o c i e t y F i e l d G u i d e to N o r t h A m e r i c a n Bu t te r f l i es by R o b e r t 
M i c h a e l P y l e . 

3 . Bu t te r f l i es A f i e l d in the P a c i f i c N o r t h w e s t by W . A . Ne i l l a n d D . J . H e p b u r n . 
4 . W a t c h i n g W a s h i n g t o n But te r f l i es by R o b e r t M i c h a e l P y l e 
5 . G o l d e n G u i d e But te r f l i es & M o t h s by H . S . Z i m a n d R .T . M i t c h e l l . 

S i t e D e s c r i p t i o n S h e e t 
M a p of t h e S k a g i t W a t e r s h e d 
L is t : C o m m o n But te r f l i es of t h e S k a g i t W a t e r s h e d 
P u s h / p u l l p i n s 
Y a r n o r s t r i ng 

SIZE/SETTING/DURATION: 
P a r t n e r s o r s m a l l g r o u p / c l a s s r o o m / w i l l v a r y for i n d i v i d u a l r e s e a r c h , 3 0 m i n . for 
m a p p i n g act iv i ty . 

BACKGROUND INFORMATION: 
F r o m t h e h e a d w a t e r s to t h e m o u t h of the S k a g i t r iver a n u m b e r of d i v e r s e 
e c o s y s t e m t y p e s c a n b e f o u n d . T h e l o w e r s t r e t c h e s of the S k a g i t r iver f l o w t h r o u g h 
rura l a n d a g r i c u l t u r a l l a n d that at o n e t i m e w a s a l m o s t w h o l l y r e p r e s e n t e d b y t h e 
westside lowland forest ecosystem. It is c h a r a c t e r i z e d by a wet , m i l d , m a r i t i m e 
c l i m a t e , d e n s e s t a n d s of D o u g l a s fir, w e s t e r n h e m l o c k , w e s t e r n red c e d a r a n d a 
l u s h g r e e n u n d e r s t o r y . 

W i t h i n the l o w l a n d e c o s y s t e m a v a r i e t y of d ist inct c o m m u n i t i e s o r hab i ta t t y p e s ex is t . 
S t r e a m s i d e o r r i pa r i an , f r e s h w a t e r p o n d s , m a r s h e s a n d b o g s , a n d s a l t w a t e r 
e s t u a r i e s p l u s a g r i c u l t u r a l a n d u r b a n d e v e l o p m e n t c r e a t e a m o s a i c of hab i ta t t y p e s 
e a c h w i th r e p r e s e n t a t i v e p l a n t s a n d a n i m a l s that m a k e up t h e hab i ta t . 
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L e a v i n g t h e r i ver v a l l e y a n d g a i n i n g e l e v a t i o n , t h e westside montane 
ecosystem r e p r e s e n t e d b y f o r e s t s f o u n d o n t h e w e s t e r n s l o p e s of t h e C a s c a d e 
M o u n t a i n s b e t w e e n 2 , 0 0 0 a n d 4 , 0 0 0 fee t in e l e v a t i o n is e n c o u n t e r e d . T h e P a c i f i c 
s i l v e r fir, m o u n t a i n h e m l o c k a n d s u b a l p i n e fir a r e t h e d o m i n a t e t r e e s h e r e . T h e 
u n d e r s t o r y is m o r e o p e n a n d t h e a i r c o o l e r . 

T h i s e c o s y s t e m g i v e s w a y to t h e subalpine ecosystem w h i c h l i es a b o v e t h e 
c l o s e d f o r e s t c a n o p y , a m i x t u r e of l u s h m e a d o w s a n d t ree i s l a n d s . 

F i n a l l y , t h e h e a d w a t e r s of t h e u p p e r S k a g i t w a t e r s h e d i n c l u d e t h e alpine 
ecosystem, a h i g h w i n d s w e p t a r e a of s t e e p r o c k y s l o p e s a b o v e p e r m a n e n t t r e e 
g r o w t h , w h e r e s m a l l , h a r d y l o w p l a n t s a n d l i c h e n s p r e d o m i n a t e . 

B u t t e r f l i e s c a n b e f o u n d in al l of t he e c o s y s t e m s that m a k e up t h e S k a g i t w a t e r s h e d . 
S o m e bu t te r f l i es a r e r e s t r i c t e d to o n e o r t w o s p e c i f i c hab i ta t t y p e s w h i l e o t h e r s 
s u c c e e d in a v a r i e t y of l o w l a n d a n d h i g h l a n d h a b i t a t s a n d c o m m u n i t i e s . F l i gh t g i v e s 
bu t te r f l i es t h e ab i l i t y to b e m o b i l e to s e e k out a n d exp lo i t n e w f o o d s o u r c e s . T h e 
r a n g e s m a y b e r e s t r i c t e d in t h o s e but ter f l ies that s p e c i a l i z e in just o n e o r a f e w f o o d 
s o u r c e s a s l a v a o r a d u l t s w h i l e t h o s e but ter f l ies that a r e m o r e o p p o r t u n i s t i c a n d 
u t i l i ze a w i d e r v a r i e t y of f o o d a n d n e c t a r s o u r c e s a s l a r v a a n d adu l t m a y s h o w w i d e r 
d i s t r i b u t i o n . 

S t u d e n t s wi l l u s e f i e ld g u i d e s to c r e a t e a "Butter f ly B i o g r a p h y " of s o m e of t h e m o r e 
c o m m o n L e p i d o p t e r a of t h e u p p e r a n d l o w e r S k a g i t w a t e r s h e d s . T h e n g i v e n a s i te 
d e s c r i p t i o n of a s p e c i f i c l o c a t i o n w i th in the S k a g i t w a t e r s h e d , s t u d e n t s wi l l l o c a t e 
t h e s i t e o n a m a p of t h e S k a g i t w a t e r s h e d a n d d e t e r m i n e w h i c h s p e c i e s of butter f ly 
w o u l d l i ke l y b e f o u n d t h e r e . 

DOING THE ACTIVITY: 
1. S h o w s t u d e n t s t h e m a p of t he S k a g i t w a t e r s h e d . B r ie f l y d e s c r i b e t h e m a j o r 
e c o s y s t e m s w h i l e p o i n t i n g out the g e n e r a l a r e a w h e r e t h e y a r e f o u n d o n t h e m a p . 

2 . E x p l a i n that but te r f l i es a r e f o u n d al l o v e r the S k a g i t w a t e r s h e d in a v a r i e t y of 
e c o s y s t e m s , but d i f ferent s p e c i e s p r e f e r d i f ferent h a b i t a t s . 

3 . S h o w t h e o v e r h e a d of t he C o m m o n B u t t e r f l i e s of t he S k a g i t W a t e r s h e d a n d p a s s 
out t h e But te r f l y B i o g r a p h y Act i v i t y S h e e t . E x p l a i n that o v e r t h e next f e w d a y s , 
w o r k i n g w i t h a p a r t n e r a n d u s i n g f ie ld g u i d e s a n d o t h e r r e s o u r c e s , s t u d e n t s wi l l 
r e s e a r c h o n e of t h e but te r f l ies o n t h e o v e r h e a d a n d c o m e up w i th a "But ter f l y 
B i o g r a p h y " . I n f o r m a t i o n to i n c l u d e : 

A . C o m m o n a n d s c i e n t i f i c n a m e . 
B . D e s c r i p t i o n of butterf ly ( d raw it if p o s s i b l e ) . 
C . W h a t it e a t s a s a l a r v a a n d / o r adu l t . 
D. D e t a i l e d d e s c r i p t i o n of w h e r e it w o u l d b e f o u n d ( p r e f e r r e d hab i ta t ) . 

4 . W h e n a l l t h e b i o g r a p h i e s a r e c o m p l e t e d , h a v e t h e s t u d e n t s d i s p l a y t h e 
b i o g r a p h i e s a r o u n d t h e p o s t e d m a p of t h e S k a g i t w a t e r s h e d . 

5 . A s a c l a s s g o o v e r t h e list of s p e c i f i c s i t e s a n d the i r d e s c r i p t i o n s w i th in t h e 
w a t e r s h e d , t h e n l o c a t e a n d m a r k t h e m o n t h e m a p . 
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6. U s i n g t h e i n f o r m a t i o n in t h e b i o g r a p h i e s , h a v e p a r t n e r s d e t e r m i n e if the s p e c i e s 
t h e y r e s e a r c h e d w o u l d b e f o u n d at t h e d i f ferent l o c a t i o n s . S t u d e n t s t h e n u s e y a r n 
a n d p u s h / p u l l p i n s to c o n n e c t the i r b i o g r a p h y c a r d wi th the h a b i t a t s w h e r e t h e 
but te r f l i es w o u l d b e e x p e c t e d to b e s e e n . 

ASSESSMENT: 
C o m p l e t e d "Butter f ly B i o g r a p h i e s " p o s t e d a n d c o n n e c t e d to l ike ly t h e s i t e s w h e r e 
t h e y c o u l d b e o b s e r v e d . 

EXTENSION ACTIVITIES: 

A Butterfly Garden 

O p p o r t u n i t i e s d u r i n g t h e s c h o o l y e a r to o b s e r v e adu l t but ter f l ies in t h e w i l d a r e 
l im i ted to la te s p r i n g a n d e a r l y fa l l . S e a r c h i n g for but ter f l ies c a n b e f rus t ra t ing too . 
B e s u r e to b r i ng b i n o c u l a r s , m o v e s l o w l y , l ook s h a r p l y , a n d b e pat ient . B u t t e r f l i e s 
r e q u i r e c e r t a i n e c o l o g i c a l c o n d i t i o n s for s u r v i v a l s o look for t h e m w h e r e t h e y a r e 
g o i n g to f ind w h a t t h e y n e e d . A g o o d butterf ly s p o t is a s u n n y , w a r m p l a c e w h e r e 
t h e r e a r e a lot of f l o w e r s in b l o o m , a n d w h e r e m o i s t u r e l ike a p u d d l e o r m u d is 
p r e s e n t . 

S o m e of the b e s t butterf ly w a t c h i n g c a n b e h a d by c r e a t i n g butterf ly hab i ta t o n t h e 
s c h o o l g r o u n d s . P l a n t i n g a butterf ly g a r d e n is a b ig u n d e r t a k i n g but w e l l w o r t h the 
effort. C e r t a i n f l o w e r s a r e s u r e to att ract but ter f l ies a n d wi l l m a k e a w o n d e r f u l a n d 
a d d i t i o n to the s c h o o l l a n d s c a p e . P l u s s t u d e n t s get the s a t i s f a c t i o n of b u i l d i n g 
hab i ta t a n d e x p e r i e n c i n g t h e e c o l o g i c a l r e l a t i o n s h i p that h a s e v o l v e d b e t w e e n 
p l a n t s a n d but te r f l ies . 

H a v e s t u d e n t s i n v o l v e d wi th the d e s i g n a n d c h o i c e of f l o w e r s in the g a r d e n . M a k e 
s u r e to c h o o s e s o m e s p r i n g a n d fal l b l o o m i n g f l o w e r s s o s t u d e n t s wi l l h a v e t h e 
o p p o r t u n i t y to o b s e r v e but ter f l ies d u r i n g the s c h o o l y e a r . D e c i d e with t h e c l a s s 
w h e t h e r it wi l l b e a r a i s e d g a r d e n , c o n t a i n e r g a r d e n or other . M a k e s u r e t h e g a r d e n 
is p l a n t e d in a s u n n y l o c a t i o n p r o t e c t e d f r o m t h e w i n d . 

C o m e up wi th a w a t e r i n g a n d w e e d i n g s c h e d u l e o v e r t h e s u m m e r that s t u d e n t s wil l 
b e r e s p o n s i b l e for. T h i s wi l l b e the b e s t t i m e for o b s e r v i n g adu l t but ter f l ies at the i r 
n e c t a r s o u r c e s . S t u d e n t s c a n " p a s s " the i r g a r d e n o n to next y e a r ' s c l a s s a n d y e a r 
a f te r y e a r t h e p e r e n n i a l butterf ly g a r d e n wi l l g r o w a n d att ract but ter f l ies . I n c l u d e d in 
t h e f o l l o w i n g i n f o r m a t i o n is a list of p l a n t s that a r e k n o w n to att ract but ter f l ies a n d 
a r e r e a d i l y a v a i l a b l e f r o m n u r s e r i e s . B e t t e r yet , en l is t p a r e n t s to d o n a t e p l a n t s f r o m 
the i r o w n y a r d s a n d c o n v e r t t h e m into butterf ly w a t c h e r s a n d a d v o c a t e s a s w e l l . 
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But te r f l y B i o g r a p h y 

Common Name: 

Scientific Name: 

What it eats as a 
larva and/or adult: 

Description: 

Habitat: 



C O M M O N BUTTERFL IES OF THE SKAGIT W A T E R S H E D 
B e l o w is a list of s o m e c o m m o n butter f l ies that c a n b e o b s e r v e d in t h e d i f ferent 

e c o s y s t e m s that m a k e up t h e S k a g i t w a t e r s h e d . 

Common Name Scientific Name 

W e s t e r n M e a d o w Fritillary 

V id ler 's A lp ine 

W o o d l a n d S k i p p e r 

C l o d i u s P a r n a s s i a n 

W e s t e r n T i g e r Swa l lowta i l 

M o u r n i n g C l o a k 

Lorquin 's Admi ra l 

P i n e Wh i te 

C a b b a g e W h i t e (non-nat ive) 

Sa ra ( ' s ) O r a n g e T i p 

Purp l i sh C o p p e r 

Northern B l u e 

S p r i n g A z u r e 

Boloria epithore 

Erebia vidleri 

Ochlodes sylvanoides 

Pamassius clodius 

Papilo rutulus 

Nymphalis antiopa 

Limenitis lorquini 

Neophasia menapia 

Pieris rapae 

Anthocharis sara 

Lycaena helloides 

Piebejus argyrognomon 

Celastrina argiolus 
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Map of Skagit Watershed 
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Skagit Watershed: Site Descriptions 

T h e f o l l o w i n g s i d e d e s c r i p t i o n s s h o u l d b e l o c a t e d o n t h e m a p of the S k a g i t 
w a t e r s h e d . U s e t h e d e s c r i p t i o n s a n d i n f o r m a t i o n f r o m t h e butter f ly b i o g r a p h i e s 
to d e t e r m i n e w h i c h s p e c i e s of butterf ly w o u l d l ike ly b e f o u n d at e a c h s i te . 

Site #1 
L o c a t e d in t h e n o r t h w e s t e r n part of the l o w e r S k a g i t W a t e r s h e d , th is s i t e , c a l l e d 
t h e S a m i s h T, h a s l o n g b e e n k n o w n a s a f a m o u s w i n t e r h a w k w a t c h i n g s p o t . 
H i s t o r i c a l l y part of t h e w e s t s i d e l o w l a n d fo res t e c o s y s t e m , it h a s b e e n a l t e r e d 
b y h u m a n s into a g r i c u l t u r a l l a n d that s u p p o r t s a va r ie ty of c r o p s . L o o k for 
m u s t a r d a n d c a b b a g e f i e lds . In s u m m e r p e r h a p s y o u c a n f ind a d m i r a l , w h i t e , 
a n d s w a l l o w t a i l bu t te r f l i es . 

Site #2 
A r o u n d t h e N e w h a l e m a n d t h e G o o d e l l C r e e k C a m p g r o u n d y o u wi l l f i nd a 
m i x t u r e of r i pa r ian hab i tat , c o n i f e r o u s a n d d e c i d u o u s t r e e s . T h e w e s t s i d e 
m o n t a n e e c o s y s t e m r e p r e s e n t e d b y f o r e s t s f o u n d o n the w e s t e r n s l o p e s of t h e 
C a s c a d e M o u n t a i n s r i se a l l a r o u n d th is s i te . T h e s e s u r r o u n d i n g h i l l s i d e s a n d 
m o u n t a i n s a r e d o t t e d wi th o p e n b e n c h e s a n d w i l d f l o w e r s w h e r e y o u c a n f ind 
s w a l l o w t a i l a n d p a r n a s s i a n but te r f l ies . 

Site #3 
A t R a i n y P a s s t h e P a c i f i c C r e s t trai l c r o s s e s the h i g h w a y . F r o m th is trai l a n d 
o t h e r t ra i l s l e a d i n g to R a i n y L a k e a n d L a k e A n n o n e c a n w a n d e r a b o v e t h e 
c l o s e d f o r e s t c a n o p y in t h e l u s h m e a d o w s of t h e s u b a l p i n e e c o s y s t e m . L o o k for 
t h e w i l d f l o w e r s l ike V a l e r i a n , B is tor t , S u b a l p i n e D a i s y a n d m a n y s p e c i e s of b l u e 
a n d c o p p e r but ter f l ies . 

Site #4 
C a s c a d e P a s s is a s i te of s p e c t a c u l a r m o u n t a i n s c e n e r y a b o v e p e r m a n e n t t ree 
g r o w t h in t h e r o c k y w i n d s w e p t w o r l d of the a l p i n e e c o s y s t e m . H e a t h e r , L u p i n e , 
C i n q u e f o i l a n d m a n y o t h e r h a r d y a l p i n e p l a n t s s u r v i v e the h a r s h c o n d i t i o n s a n d 
s h o r t s u m m e r . A l p i n e a n d p a r n a s s i a n but ter f l ies c a n a l s o b e f o u n d in t h e s e 
e x t r e m e c o n d i t i o n s . 
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***Plants For A Butterfly Garden*** 

H e r e is a list of 20 c o m m o n ga rden plants that butterflies u s e for nectar . T h e s e a r e 
p lan ts that a r e w i d e l y ava i lab le . M a n y a r e p e r e n n i a l s a n d all a r e e a s i l y g r o w n . 
T h e r e a r e m a n y other p lants u s e d by butterflies a s nectar s o u r c e s a n d a s larval 
f ood . F o r addi t ional information a n d r e s o u r c e s c o n c e r n i n g butterfly ga rden ing , s e e 
the list at the bottom of the page . 

1. Bee Balm (Monarda) 

2. Buddleia (Butterfly Bush) 

3. Phlox 

4. Butterfly Weed (Orange Milkweed) 

5. Yarrow 

6. Heliotrope 

7. Cosmos 

8. Lavender 

9. Petunia 

10. Rosemary 

11. Black-eyed Susan 

12. Stonecrop 

13. Day lilies 

14. Marigolds 

15. Purple Coneflower (Echinacea) 

16. Lilac 

17. Goldenrods 

18. Lamb's Ears (and other mints) 

19. Daisies 

20. Zinnia 

Resources: 
1. B u t t e r f l y G a r d e n i n g : C r e a t i n g S u m m e r M a g i c In Y o u r G a r d e n b y X e r c e s 

S o c i e t y / S m i t h s o n i a n Inst i tut ion. 

2. T h e A u d u b o n S o c i e t y H a n d b o o k F o r Butter f ly W a t c h e r s by R o b e r t M i c h a e l P y l e . 

3. T h e m e G a r d e n s b y B a r b a r a D a m r o s h 

4. Bu t te r f l y G a r d e n b y M a t h e w T e k u l s k 
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Butterfly Defenses 
S U B J E C T S : 
S c i e n c e , art 

C O N C E P T S : 

I n s e c t s h a v e e v o l v e d a l l m a n n e r of p r o t e c t i v e , d e f e n s i v e m e c h a n i s m s 

O B J E C T I V E S : 
1. S t u d e n t s wi l l d i s c o v e r s o m e of the b e h a v i o r s a n d a d a p t a t i o n s that p ro tec t i n s e c t s 

a n d h e l p t h e m to a v o i d p r e d a t i o n . 
2 . S t u d e n t s wi l l d e s i g n a c a m o u f l a g e d butterf ly , e m p l o y i n g p r o t e c t i v e c o l o r a t i o n 

a n d / o r o t h e r d e f e n s i v e s t r a t e g i e s . 
M A T E R I A L S / G E T T I N G R E A D Y : 
T r u e / f a l s e c a r d s 
But te r f l y ou t l i ne m a s t e r 
S c i s s o r s 
2 o r 3 l a r g e (aprox . 3 'x3' ) p i e c e s of co lo r fu l , p a t t e r n e d fab r i c s c r a p s 
F o i l 
P i p e c l e a n e r s 
C o l o r e d m a r k e r s a n d p e n c i l s 
C o l o r e d c o n s t r u c t i o n p a p e r 
C r a y o n s 
H a v e 4 p a r t s of t h e c l a s s r o o m s e t a s i d e or d e s i g n a t e d hab i ta t a r e a s , e . g . bu l le t in 
b o a r d , b o o k s h e l v e s , e tc . ) . C o p y butterf ly o u t l i n e s , o n e p e r s t u d e n t . S e t up s u p p l y 
t a b l e for m a t e r i a l s to b e u s e d in c a m o u f l a g e act iv i ty . 

S I Z E / S E T T I N G / D U R A T I O N : 
W h o l e c l a s s o r s m a l l g r o u p / C l a s s r o o m / 4 5 m i n . 

B A C K G R O U N D I N F O R M A T I O N : 
I n s e c t s h a v e a v a r i e t y of d e f e n s e m e c h a n i s m s to p ro tect t h e m f r o m p r e d a t o r s . S o m e 
of t h e s e p r o t e c t i v e d e v i c e s a r e qu i te a m a z i n g ( s e e t r u e / f a l s e c a r d s in th is act iv i ty ) . 
A m o n g o t h e r t h i n g s i n s e c t s c a n b u r r o w a n d h i d e , p r a c t i c e m i m i c r y , f e i g n d e a t h , 
s t i n g , s p r a y n o x i o u s s m e l l i n g a n d irr i tat ing f lu ids , a n d inflict pa in fu l p o i s o n o u s b i t e s . 
O n e of t h e m o s t w e l l k n o w n d e f e n s e s is c a m o u f l a g e . 

B u t t e r f l i e s rely o n a w i d e a s s o r t m e n t of p r o t e c t i v e b e h a v i o r s a n d a d a p t a t i o n s : 

1. F l a s h C o l o r a t i o n - T h e front w i n g s of s o m e but ter f l ies a r e c r y p t i c a l l y c o l o r e d 
to b l e n d in to the i r e n v i r o n m e n t , w h i l e the b a c k w i n g s a r e br ight ly c o l o r e d . 
T h e butterf ly wi l l f l a s h its h i n d w i n g s if a t t a c k e d a n d t h e n dart to s a f e t y . 

2 . F a l s e T a r g e t s - B u t t e r f l i e s a n d c a t e r p i l l a r s of s o m e s p e c i e s wi l l "wear " f a l s e 
e y e s p o t s o r o t h e r b o l d p a t t e r n s to c o n f u s e o r s c a r e p r e d a t o r s . 

3 . C a m o u f l a g e - M a n y butter f ly l a r v a , p u p a a n d a d u l t s b l e n d in wi th the i r 
s u r r o u n d i n g s . T h e y m a t c h t h e c o l o r , pa t te rn o r s h a p e of e l e m e n t s in the i r 
hab i ta t . 
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4 . B a d s m e l l s - S o m e c a t e r p i l l a r s l ike t h e S w a l l o w t a i l s h a v e a n o s m e t e r i u m (a 
s m a l l o r g a n ) that g i v e s off n o x i o u s o d o r s . 

5 . B r i l l i an t C o l o r a t i o n - M a n y adu l t but te r f l ies a r e br ight ly c o l o r e d to w a r n 
p o t e n t i a l p r e d a t o r s that t h e y a r e p o i s o n o u s o r b a d t a s t i n g . 

6. V i s i o n - A d u l t but ter f l ies h a v e r e m a r k a b l y g o o d v i s i o n fo r a n i n s e c t a l l o w i n g 
t h e m to s e e a p p r o a c h i n g e n e m i e s o r a s w e e p net ! 

7 . S p i n e s a n d h a i r s - C a t e r p i l l a r s a r e s l o w m o v i n g a n d v u l n e r a b l e , s o s o m e 
h a v e s p i n e s o r h a i r s to m a k e t h e m u n a p p e t i z i n g to p r e d a t o r s . 

8. E v a s i v e F l i g h t - W h i l e but ter f l ies a r e not pa r t i cu la r l y fas t f l ie rs , t h e y wi l l u s e 
e v a s i v e m a n e u v e r s l ike d i v i n g to t h e g r o u n d to e s c a p e p r e d a t o r s . 

DOING THE ACTIVITY: 
1. P a s s out t r u e / f a l s e c a r d s a n d h a v e a s t u d e n t r e a d the c a r d . D i s c u s s a s a g r o u p if 
t h e y th ink t h e s t a t e m e n t is t rue o r f a l s e . T a k e a c l a s s v o t e ( t h u m b s up if t rue , t h u m b s 
d o w n if f a l s e , t h u m b s in t h e m i d d l e if not s u r e ) . 

2 . A l l of t h e s t a t e m e n t s a r e t rue ! D i s c u s s o t h e r p r o t e c t i v e s t r a t e g i e s u s e d b y i n s e c t s . 
G e n e r a t e a list o n t h e b o a r d . 

3 . A s k s t u d e n t s to b r a i n s t o r m a list of p r o t e c t i v e s t r a t e g i e s that but ter f l ies u s e . A r e 
a n y of t h e m t h e s a m e a s o n e s a l r e a d y l i s t e d ? 

4 . S h o w e x a m p l e s f r o m b o o k s of p r o t e c t i v e b e h a v i o r s i n s e c t s a n d but te r f l i es u s e . 
T h e b o o k in t h e Time-Life s e r i e s en t i t l ed A n i m a l D e f e n s e s is a g o o d s o u r c e fo r 
i n s e c t s . F o r s p e c i f i c e x a m p l e s of butterf ly p r o t e c t i v e a d a p t a t i o n s s e e t h e Eyewitness 
Book, Bu t te r f l y a n d M o t h . 

5. P r e p a r e 4 h a b i t a t s by l a y i n g l a r g e c o l o r e d s c r a p s of m a t e r i a l a r o u n d t h e 
c l a s s r o o m a n d s e t up s u p p l y t a b l e . 

6. T e l l s t u d e n t s that d i f ferent but ter f l ies p r e f e r d i f ferent h a b i t a t s . I n t roduce t h e 
h a b i t a t s a n d e x p l a i n that e a c h s t u d e n t wi l l b e d e s i g n i n g a butter f ly that wi l l b e w e l l 
c a m o u f l a g e d a n d b l e n d in to its hab i tat . It is up to the s t u d e n t s to p ro tec t the i r 
but ter f ly b y m a k i n g it n e a r l y i nv i s ib le . 

7. D i v i d e t h e c l a s s into f o u r g r o u p s , a s s i g n h a b i t a t s to g r o u p s a n d s h o w t h e c l a s s 
t h e s u p p l i e s t h e y h a v e to c a m o u f l a g e the i r butterf ly . 

8. A l l o w a b o u t 2 0 m i n u t e s for d e s i g n a n d p l a c e m e n t of t h e c a m o u f l a g e d butter f ly 
into its a p p r o p r i a t e hab i ta t . 
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9. H a v e g r o u p s rotate t h r o u g h t h e d i f ferent h a b i t a t s , a l l o w i n g e a c h g r o u p a b o u t 1 
m i n u t e to f ind a n d c o u n t the c a m o u f l a g e d butter f l ies . W e r e s o m e f o u n d m o r e q u i c k l y 
t h a n o t h e r s ? W h a t p a t t e r n s o r d e s i g n s s e e m e d to w o r k b e s t ? Is c a m o u f l a g e a n 
e f f e c t i v e d e f e n s i v e s t r a t e g y fo r bu t te r f l i es? 

ASSESSMENT: 

C o m p l e t i o n of c a m o u f l a g e d butter f ly a n d p a r t i c i p a t i o n in d i s c u s s i o n . 

EXTENSION ACTIVITIES: 
I n v e s t i g a t e o t h e r i n s e c t d e f e n s e s . S t u d e n t s c o u l d r e s e a r c h a n d report o n o t h e r 
u n u s u a l a n d u n i q u e i n s e c t d e f e n s e s . 
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Butterfly Outline 
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I n s e c t s , I n s e c t s E v e r y w h e r e 

SUBJECTS: 

S c i e n c e , L a n g u a g e A r t s , M a t h , E n v i r o n m e n t a l S t u d i e s 

CONCEPTS: 
1. I n s e c t s h a v e a n e n o r m o u s r e p r o d u c t i v e po ten t i a l . 
2 . C e r t a i n e c o l o g i c a l c o n d i t i o n s k e e p i n s e c t n u m b e r s in c h e c k . 
OBJECTIVES: 
1. S t u d e n t s wi l l d e t e r m i n e t h e t h e o r e t i c a l n u m b e r of o f f s p r i n g f r o m o n e f e m a l e 

butter f ly in o n e s u m m e r . 
2 . S t u d e n t s wi l l d e t e r m i n e f a c t o r s that limit r e p r o d u c t i v e ra tes . 
3 . S t u d e n t s wi l l d e s c r i b e h u m a n a c t i v i t i e s that m a y i m p a c t i n v e r t e b r a t e p o p u l a t i o n s . 

MATERIALS/GETTING READY: 
3 2 l o o s e s p e n n i e s & (5) 5 0 c e n t ro l ls of p e n n i e s 
But te r f l y A c t i v i t y S h e e t 
P e n c i l s & p a p e r 

SIZE/SETTING/DURATION: 
W h o l e c l a s s / C l a s s r o o m / O n e h o u r 

BACKGROUND INFORMATION: 
I n s e c t s a n d o t h e r i n v e r t e b r a t e s c o n s t i t u t e t h e bu lk of f a u n a l b i o m a s s o n e a r t h . T h i s 
is par t ly d o wi th t h e g r e a t d i ve rs i t y of i n v e r t e b r a t e f o r m s that h a v e t a k e n a d v a n t a g e 
of a v a i l a b l e e c o l o g i c a l n i c h e s a n d a p r o d i g i o u s r e p r o d u c t i v e rate . 

I n s e c t s a r e o v i p a r o u s , that is , y o u n g h a t c h f r o m e g g s . T h e n u m b e r la id v a r i e s f r o m 
s p e c i e s to s p e c i e s a n d r a n g e s f r o m a s i n g l e o f f sp r ing in c e r t a i n a p h i d s to m a n y 
t h o u s a n d s of e g g s . M o s t i n s e c t s lay b e t w e e n 5 0 to a f e w h u n d r e d e g g s . T h e f e m a l e 
butter f ly l a y s a p p r o x i m a t e l y 5 0 0 e g g s in h e r l i fe t ime. W i t h a l l t h e s e e g g s b e i n g la id it 
w o u l d s e e m the e a r t h w o u l d s o o n b e o v e r r u n wi th a r t h r o p o d s . T h i s is not t h e c a s e . 
Insect n u m b e r s a r e k e p t in c h e c k by d i s e a s e , w e a t h e r , p r e d a t i o n , a n d o t h e r f a c t o r s . 

K e e p i n g t r a c k of i n s e c t n u m b e r s h e l p s p e o p l e to m o n i t o r t h e h e a l t h of t h e 
e n v i r o n m e n t . I n s e c t s a r e s e n s i t i v e i n d i c a t o r s of e c o s y s t e m c h a n g e . A s u d d e n 
p o p u l a t i o n c r a s h c o u l d i n d i c a t e c h e m i c a l c o n t a m i n a t i o n f r o m p e s t i c i d e s a n d 
h e r b i c i d e s , d r o u g h t , o r l o s s of hab i ta t f r o m u r b a n d e v e l o p m e n t , l o g g i n g a n d 
a g r i c u l t u r a l a c t i v i t i e s . L o n g l i v e d a n i m a l s might not d i s p l a y t h e e f f e c t s of 
e n v i r o n m e n t a l c h a n g e s for y e a r s , but i n v e r t e b r a t e p o p u l a t i o n s r e s p o n d r a p i d l y to 
c h a n g e s in t h e e n v i r o n m e n t . 

DOING THE ACTIVITY: 
1. P i c k a s t u d e n t a n d h a v e h e r / h i m c o m e up front. P r o p o s e to t h e s t u d e n t t h e 
f o l l o w i n g s c e n a r i o : If o f f e r e d t h e c h o i c e b e t w e e n a s e t f e e of $ 5 0 0 for o n e m o n t h ' s 
w o r k o r 1 c e n t o n t h e first d a y , 2 c e n t s o n the s e c o n d d a y , e t c . , d o u b l i n g e a c h d a y 
for 31 d a y s a n d t h e s t u d e n t r e c e i v i n g o n l y the f ina l d o u b l i n g o n d a y 3 1 , w h a t w o u l d 
t h e y c h o o s e . 
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2. L e t t h e m c h o o s e ( m o s t s t u d e n t s wil l c h o o s e t h e $ 5 0 0 ) . S ta r t by g i v i n g t h e m a 
p e n n y , t h e n t w o , t h e n fou r e t c . B y c a r r y i n g out t h e d o u b l i n g of p e n n i e s n e a r l y 1 /3 of 
t h e w a y t h r o u g h t h e m o n t h the s t u d e n t h a s o n l y m a d e $ 2 . 5 6 . If t h e y c h o s e t h e 
d o u b l i n g m e t h o d for p a y , g i v e t h e m t h e o p p o r t u n i t y to a c c e p t t h e flat f e e at th i s t i m e . 
It a p p e a r s that t h e flat f e e is p r e f e r a b l e . H o w e v e r , at the e n d of o n e m o n t h the last 
d o u b l i n g w o u l d y i e l d o v e r 1 b i l l ion p e n n i e s ! ( T w o to t h e 3 0 t h p o w e r o r 
$ 1 0 , 7 3 7 , 4 1 8 . 2 4 to b e e x a c t ! ) T h i s i l l us t ra tes t h e rap id c h a n g e in g r o w t h w h e n 
s o m e t h i n g i s g r o w i n g e x p o n e n t i a l l y . 

3 . E x p l a i n that i n s e c t s h a v e e n o r m o u s r e p r o d u c t i v e p o t e n t i a l if a l l o w e d to g r o w 
e x p o n e n t i a l l y . A s k s t u d e n t s to c o m p u t e h o w m a n y but ter f l ies o n e f e m a l e butter f ly 
c o u l d p r o d u c e in o n e s u m m e r g i v e n the f o l l o w i n g c o n d i t i o n s : 

A ) A f e m a l e butter f ly l a y s 5 0 0 e g g s in h e r l i fet ime. 
B ) A s s u m e t h e r e a r e t h r e e butterf ly life c y c l e s ( g e n e r a t i o n s ) in o n e s u m m e r . 
C ) A s s u m e a l l t h e y o u n g of e a c h g e n e r a t i o n s u r v i v e to r e p r o d u c e 

t h e m s e l v e s . 

4 . R e m i n d s t u d e n t s that in e a c h g e n e r a t i o n o n l y 1 /2 t h e but te r f l ies wi l l b e f e m a l e s . 

5. H a v e s t u d e n t s p r e d i c t o r e s t i m a t e the n u m b e r of but ter f l ies t h e y th ink wi l l b e 
p r e s e n t a n d t h e p e r f o r m t h e c a l c u l a t i o n . 

6. I m a g i n e that o n l y 1 % of al l t he but ter f l ies s u r v i v e a p r o l o n g e d w i n t e r f r e e z e d u r i n g 
t h e w in te r . H o w m a n y but ter f l ies w o u l d t h e r e b e by the e n d of t h e next s u m m e r ? 

7. A s k s t u d e n t s to s u g g e s t s o m e of the n a t u r a l e c o l o g i c a l c o n d i t i o n s that k e e p i n s e c t 
n u m b e r s in c h e c k e . g . f l o o d i n g , d i s e a s e , f i re, d rought , f r e e z e s , p r e d a t i o n . E x p l a i n 
that a s f a s t a s i n s e c t p o p u l a t i o n s c o u l d t h e o r e t i c a l l y g r o w , t h e y c a n d e c l i n e just a s 
fast . I n s e c t s r e s p o n d rap id l y to c h a n g e s in t h e e n v i r o n m e n t . 

8 . B r a i n s t o r m w i t h s t u d e n t s s o m e h u m a n d i s t u r b a n c e s that m a y i m p a c t i n v e r t e b r a t e 
p o p u l a t i o n s in t h e S k a g i t w a t e r s h e d . S o m e e x a m p l e s i n c l u d e : u r b a n i z a t i o n , 
d e v e l o p m e n t , l o s s of hab i ta t , e r o s i o n c a u s e d by m i n i n g a n d l o g g i n g , o v e r g r a z i n g , 
p e s t i c i d e a n d h e r b i c i d e u s e , a n d a g r i c u l t u r a l runoff. 

9 . H a v e e a c h s t u d e n t wr i te a shor t s tory , p r o p o s i n g a s c e n a r i o in w h i c h a n a t u r a l o r 
h u m a n c a u s e d d i s t u r b a n c e u p s e t s the b a l a n c e of n a t u r e , t h e n d e s c r i b e t h e e f f e c t s 
t h i s h a s o n a n i n v e r t e b r a t e of the i r c h o i c e a n d the e c o s y s t e m in w h i c h t h e o r g a n i s m 
l i v e s . 

ASSESSMENT: 
C o m p l e t e d w o r k s h e e t a n d s h o r t s to ry . 

Adapted from: White, Carlos. The Butterfly Curriculum: Suggested Activities For Biology 
Students Using The Butterfly Garden School Kit. Insect Lore Products. Shaffer, CA. 
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B U T T E R F L Y A C T I V I T Y S H E E T 
Insects have enormous reproductive potential if allowed to grow 
exponentially. 

Compute how many butterflies one female butterfly could produce in 
one summer given the following conditions: 

A) A f e m a l e butter f ly l a y s 5 0 0 e g g s in h e r l i fet ime. 

B) A s s u m e t h e r e a r e t h r e e butterf ly life c y c l e s ( g e n e r a t i o n s ) in o n e s u m m e r . 

C ) A s s u m e al l t he y o u n g of e a c h g e n e r a t i o n s u r v i v e to r e p r o d u c e t h e m s e l v e s . 

***Remember that in each generation only 1/2 the butterflies will be 
females*** 

F i rs t e s t i m a t e the n u m b e r of but ter f l ies y o u th ink wi l l b e p r e s e n t . 

N o w p e r f o r m t h e c a l c u l a t i o n . S h o w y o u r work . 

I m a g i n e that o n l y 1 % of al l t he but ter f l ies s u r v i v e a p r o l o n g e d w i n t e r f r e e z e d u r i n g 
t h e win te r . H o w m a n y but ter f l ies w o u l d t h e r e b e by the e n d of t h e next s u m m e r ? 
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(teacher answer sheet) 
B U T T E R F L Y A C T I V I T Y S H E E T 

Insects have enormous reproductive potential if allowed to grow 
exponentially. 

Compute how many butterflies one female butterfly could produce in 
one summer given the following conditions: 

A ) A f e m a l e butter f ly l a y s 5 0 0 e g g s in h e r l i fe t ime. 

B ) A s s u m e t h e r e a r e t h r e e butterf ly life c y c l e s ( g e n e r a t i o n s ) in o n e s u m m e r . 

C ) A s s u m e a l l t h e y o u n g of e a c h g e n e r a t i o n s u r v i v e to r e p r o d u c e t h e m s e l v e s . 

***Remember that in each generation only 1 / 2 the butterflies will be 
females*** 

F i rs t e s t i m a t e t h e n u m b e r of but ter f l ies y o u th ink wi l l b e p r e s e n t . 
N o w p e r f o r m t h e c a l c u l a t i o n . S h o w y o u r w o r k . 

1X500=500 (250 of theses are females that each lay 500 eggs) 500 

I m a g i n e that o n l y 1 % of a l l t he but ter f l ies s u r v i v e a p r o l o n g e d w i n t e r f r e e z e d u r i n g 
t h e w i n t e r . H o w m a n y but ter f l ies w o u l d t h e r e b e b y t h e e n d of t h e next s u m m e r ? 

31,375,500x. 01=313,755 

500x250=125,000 125,000 

500x62,500= 31,250,000 31.250.000 

Total: 31,375,500 

500x313,755= 156,877,500 156,877,500 

500x78,438,750=39,219,375,000 39,219,375,000 

500x 19,609,687,500=9,804,843,750,000 9.804.843.750.000 

Total: 9,844,220,002,500 
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D r a g o n f l y O b s e r v a t i o n s 

SUBJECTS: 
S c i e n c e , N a t u r a l H i s t o r y 

CONCEPTS: 
1. T h e s t u d y of d r a g o n f l y b e h a v i o r r e q u i r e s c a r e f u l f ie ld b a s e d o b s e r v a t i o n s . 
2 . T h e O d o n a t a g o t h r o u g h a p r o c e s s of i n c o m p l e t e m e t a m o r p h o s i s . 
3 . D r a g o n f l i e s a n d d a m s e l f l i e s r e q u i r e c e r t a i n e c o l o g i c a l c o n d i t i o n s fo r s u r v i v a l . 
4 . D r a g o n f l i e s a n d d a m s e l f l i e s p o s s e s s u n i q u e a d a p t a t i o n s fo r l iv ing in bo th a n 

a q u a t i c a n d te r res t r i a l e n v i r o n m e n t . 

OBJECTIVES: 
1. S t u d e n t s wi l l r e c o r d t h e b e h a v i o r a n d a c t i v i t i e s of d r a g o n f l i e s a n d d a m s e l f i e s . 
2 . S t u d e n t s wi l l o b s e r v e O d o n a t a a d a p t a t i o n s in t h e f ie ld a n d t h e c l a s s r o o m . 
3 . S t u d e n t s wi l l l e a r n a b o u t t h e t o o l s a n d ru les fo r o b s e r v i n g O d o n a t a in t h e f ie ld 

a n d c l a s s r o o m . 

MATERIALS/GETTING READY: 
D i p n e t s 
S t u d y t r a y s 
B i n o c u l a r s 
S w e e p n e t s 
H a n d l e n s e s o r M a g n i f y i n g g l a s s e s 
D i s s e c t i n g M i c r o s c o p e (if a v a i l a b l e ) 
P e t r i d i s h e s 
C o p i e s of B a c k g r o u n d In fo rmat ion 
D r a g o n f l y O b s e r v a t i o n W o r k s h e e t s 
C l i p b o a r d s 
P e n c i l s 

SIZE/SETTING/DURATION: 
W h o l e C l a s s / O u t d o o r s a n d c l a s s r o o m / 1 - 2 h o u r s 

BACKGROUND INFORMATION: 
D r a g o n f l i e s a n d d a m s e l f l i e s a r e m e m b e r s of the i n s e c t o r d e r O d o n a t a , a w o r d that 
m e a n s " t o o t h e d o n e s " . D r a g o n f l i e s a r e a n c i e n t i n s e c t s . T h e y h a v e w i t n e s s e d t h e 
a r r i v a l a n d d e p a r t u r e of d i n o s a u r s . H u n d r e d s of m i l l i o n s of y e a r s a g o d r a g o n f l i e s 
w i th 3 0 i n c h w i n g s p a n s c r u i s e d the s k i e s . T h e y w e r e t h e l a r g e s t i n s e c t s e v e r . T o d a y 
t h e r e a r e a b o u t 5 , 0 0 0 d i f ferent s p e c i e s of d r a g o n f l i e s a n d d a m s e l f l i e s . O f th is 
n u m b e r a p p r o x i m a t e l y 5 0 0 a r e f o u n d in N o r t h A m e r i c a . T h e l a r g e s t is a d a m s e l f l y 
w i th a 7 i n c h w i n g s p a n . 

A s w i th al l i n s e c t s the d r a g o n f l y h a s a h e a d , t h o r a x a n d a b d o m e n . T h e h e a d 
s u p p o r t s l a r g e m u l t i - f a c e t e d c o m p o u n d e y e s . E a c h e y e c o n t a i n s up to 3 0 , 0 0 0 
l e n s e s a n d its f ie ld of v i e w e x t e n d s n e a r l y 3 6 0 d e g r e e s . A d r a g o n f l y h a s e x c e l l e n t 
v i s i o n , s e e i n g a s far a s 1 0 0 feet , a l l o w i n g it to c a t c h a s m a n y a s 3 0 0 to 4 0 0 g n a t s in 
its p o w e r f u l j a w s p e r d a y . T h e i r e y e s a r e s i m i l a r to b i f o c a l g l a s s e s : e y e f a c e t s o n t h e 
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t o p of t h e e y e s e e m o v e m e n t ; the b o t t o m f a c e t s s e e sti l l o b j e c t s s o d r a g o n f l i e s 
a t t a c k the i r p r e y f r o m b e l o w . 

A t t a c h e d to t h e t h o r a x a r e t w o p a i r s of w i n g s a n d t h r e e p a i r s of l e g s . L i n i n g t h e l e g s 
a r e s m a l l s p i n e s , h a i r s , a n d b r i s t l e s that a i d t h e d r a g o n f l y in c a p t u r i n g a n d h o l d i n g 
o n to t h e i r p r e y . T h e t h o r a x c o n t a i n s l a r g e , s t r o n g f l ight m u s c l e s that p r o p e l t h e 
a v e r a g e d r a g o n f l y at s p e e d s b e t w e e n 15 -21 m p h (top r e c o r d e d s p e e d : 3 5 m p h ) . 
T h e e n t i r e d r a g o n f l y b o d y is c o v e r e d by a h a r d , w a t e r p r o o f e x o s k e l e t o n m a d e of 
c h i t i n . 

D r a g o n f l i e s m a t e in t h e s u m m e r , d a m s e l f l i e s o f ten m a t e e a r l i e r in t h e s p r i n g . A m a l e 
d r a g o n f l y w i l l g r a s p a f e m a l e b e h i n d t h e h e a d w i th s p e c i a l c l a s p e r s l o c a t e d at t h e 
t ip of h i s a b d o m e n . T h e n t h e m a l e a n d f e m a l e b e n d a r o u n d to c o n n e c t the i r 
a b d o m e n s in w h e e l f a s h i o n . S o m e s p e c i e s e v e n fly in th is w h e e l p o s i t i o n . S p e r m is 
t r a n s f e r r e d a n d s o o n t h e f e m a l e is r e a d y to l ay h e r e g g s . S h e d r o p s e g g s d i r e c t l y 
o n t o t h e w a t e r s u r f a c e o r m a k e s s l i ts w i th h e r o v i p o s i t o r a n d d e p o s i t s t h e m i n s i d e 
p o n d v e g e t a t i o n . H u n d r e d s of s m a l l p in s i z e d e g g s wi l l b e la id . T h e y h a t c h a f te r 
a b o u t t h r e e w e e k s . 

D r a g o n f l i e s u n d e r g o a p r o c e s s c a l l e d i n c o m p l e t e m e t a m o r p h o s i s . In i n c o m p l e t e 
m e t a m o r p h o s i s , t h e c r e a t u r e that e m e r g e s f r o m the e g g is a n i m m a t u r e f o r m of t h e 
adu l t . O t h e r f a m i l i a r i n s e c t s that u n d e r g o i n c o m p l e t e m e t a m o r p h o s i s a r e 
g r a s s h o p p e r s , t e r m i t e s , a n d c o c k r o a c h e s . M o s t o t h e r i n s e c t s u n d e r g o c o m p l e t e 
m e t a m o r p h o s i s ( s e e act iv i ty : C l a s s r o o m But te r f l i es ) . 

E g g s h a t c h into t iny w o r m - l i k e c r e a t u r e s c a l l e d p r o - l a r v a o r n y m p h s . T h e y mo l t 
a l m o s t i m m e d i a t e l y into a n ins ta r l a r v a a n d c o n t i n u e m o l t i n g (up to 15 t i m e s ) , 
g r a d u a l l y c h a n g i n g to look m o r e l ike t h e adu l t . T i n y w i n g b u d s a p p e a r o n t h e b a c k 
in l a t e r m o l t s a n d e y e s ge t b i g g e r a n d c o v e r m o r e of the h e a d . T h e adu l t e m e r g e s 
f r o m t h e s k i n of t h e f ina l instar . T h i s p r o c e s s f r o m e g g to adu l t m a y t a k e a n y w h e r e 
f r o m 3 m o n t h s to 5 y e a r s d e p e n d i n g o n the c l i m a t e a n d t y p e of d r a g o n f l y . 

D r a g o n f l y a n d d a m s e l f l y n y m p h s a r e v o r a c i o u s u n d e r w a t e r p r e d a t o r s . T h e y e a t 
i n s e c t l a r v a , e s p e c i a l l y m o s q u i t o e s , t a d p o l e s , e v e n s m a l l f i s h . T h e y a r e in turn e a t e n 
b y o t h e r a q u a t i c i n s e c t s a n d f i sh . A l l O d o n a t a in t h e l a rva l s t a g e p o s s e s s a s p e c i a l 
f o l d i n g l o w e r lip c a l l e d a f a c i a l m a s k . T h i s h i n g e d l ip, w i th g r a s p i n g h o o k s at t h e t ip, 
c a n s h o o t out 1 /3 t h e l e n g t h of the b o d y in 1 / 100 of a s e c o n d to s e i z e p rey . 

N y m p h s b r e a t h e t h r o u g h g i l l s . In d a m s e l f l i e s t h e g i l l s a r e t h r e e f e a t h e r - l i k e 
s t r u c t u r e s e x t e n d i n g f r o m t h e tip of t h e a b d o m e n . D r a g o n f l i e s h a v e i n te rna l g i l l s 
l o c a t e d n e a r t h e r e a r of the a b d o m e n . T h e y d r a w w a t e r in the r e c t u m a n d p a s s it 
o v e r t h e g i l l s . If in d a n g e r , d r a g o n f l i e s c a n rap id l y e x p e l w a t e r out the r e c t u m a n d jet 
a w a y f r o m p r e d a t o r s ! 

W h e n t h e n y m p h is full g r o w n it e m e r g e s f r o m t h e w a t e r . U n d e r t h e c o v e r of 
d a r k n e s s it m o l t s fo r t h e last t i m e , sp l i t t ing a n d e m e r g i n g f r o m its o l d s h e d s k i n o r 
e x o s k e l e t o n ( look fo r t h e o l d s k i n s c a l l e d e x u v i a e c l i n g i n g to p o n d v e g e t a t i o n ) . T h e 
adu l t r e s t s , its w i n g s s m a l l , d a m p , a n d wet . It t h e n p u m p s b l o o d t h r o u g h t h e w i n g 
v e i n s to e x p a n d t h e w i n g s . B y day l i gh t t h e w i n g s a r e h a r d a n d dry a n d t h e d r a g o n f l y 
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is r e a d y to s p e n d t h e r e m a i n d e r of its life o n the w i n g , f e e d i n g , d e f e n d i n g a terr i tory, 
a n d m a t i n g . D r a g o n f l i e s d i e s o o n a f ter t h e y m a t e . 

In la te s u m m e r a n d e a r l y fa l l w a t c h for t h e f e e d i n g b e h a v i o r , c o u r t s h i p d i s p l a y s , a n d 
ter r i tor ia l f l ights of d r a g o n f l i e s . A late s p r i n g f ie ld tr ip to a w e t l a n d a r e a wil l r e w a r d 
o b s e r v e r s w i th s i g h t i n g s of adu l t d a m s e l f l i e s a n d a f e w e a r l y d r a g o n f l i e s . P o n d 
d i p p i n g s p r i n g o r fal l s h o u l d p r o d u c e both d r a g o n f l y a n d d a m s e l f l y n y m p h s in the i r 
a p p r o p r i a t e hab i ta t ( s h a l l o w , s l o w m o v i n g s t r e a m s a n d a r o u n d the e d g e s of p o n d s 
a n d s h a l l o w l a k e s ) . 

H a v e s t u d e n t s u s e b i n o c u l a r s to d e t e r m i n e t h e s e x of p e r c h i n g d r a g o n f l i e s . O n l y 
m a l e s h a v e c l a s p e r s at t h e e n d of t h e a b d o m e n . S t u d e n t s c a n r e c o r d b e h a v i o r a l 
o b s e r v a t i o n s a n d m a k e s k e t c h e s of s i g h t i n g s . In t h e n y m p h s t a g e , h a v e s t u d e n t s 
l ook fo r t h e e x t e r n a l g i l l s to d i s t i n g u i s h d a m s e l s f r o m d r a g o n f l i e s . N o t i c e too , t he e y e 
p l a c e m e n t . D r a g o n f l y e y e s a r e c l o s e toge the r , o f ten s e p a r a t e d b y a s i m p l e c r e a s e . 
D a m s e l f l y e y e s a r e s e t w i d e o n e i t h e r s i d e of t h e h e a d . T h i s is v e r y n o t i c e a b l e at t h e 
adu l t s t a g e . A l s o h a v e s t u d e n t s n o t e that adu l t d r a g o n f l i e s h o l d the i r w i n g s 
o u t s t r e t c h e d , d a m s e l f l i e s fo ld the i r w i n g s b a c k o v e r the a b d o m e n . 

DOING THE ACTIVITY: 

1. H a v e s t u d e n t s r e a d b a c k g r o u n d i n f o r m a t i o n p r io r to f ie ld e x p e r i e n c e . S u p p l y 
o t h e r s o u r c e s of i n f o r m a t i o n . A shor t list of b o o k s a b o u t d r a g o n f l i e s is l i s ted at t h e 
e n d of th is act iv i ty . 

2. D e t e r m i n e t h e s i te a n d t i m e of y e a r . D u r i n g the s c h o o l y e a r late s p r i n g a n d e a r l y 
fa l l a r e b e s t . T h e m o s t l ike ly o b s e r v a t i o n s i t e s a r e a l o n g p o n d e d g e s , l a k e s , 
w e t l a n d s o r s l o w m o v i n g s t r e a m s . D r a g o n f l i e s a r e m o s t a c t i v e o n s u n n y d a y s at 
m i d d a y . 

3. A t t h e s i te w a t c h fo r m a l e s c o m p e t i n g wi th e a c h o t h e r for d o m i n a n c e o v e r c e r t a i n 
a r e a s of t h e w a t e r . T h i s c o m p e t i t i o n m a y i n v o l v e c h a s i n g , pa t ro l l i ng a n d o t h e r 
v i s u a l d i s p l a y s . M a t i n g a n d e g g l a y i n g a r e not a s f r e q u e n t l y s e e n . 

4. If t h e c l a s s h a s c o n s t r u c t e d s w e e p n e t s y o u m a y a t tempt to c a p t u r e a d r a g o n f l y . 
T h e y a r e i n c r e d i b l y e l u s i v e s o it is p r o b a b l y b e s t to b e c o n t e n t wi th o b s e r v i n g t h e m 
t h r o u g h b i n o c u l a r s . 

5. W a t c h for a d a r t i n g f l ight pat te rn w h i c h i n d i c a t e s f e e d i n g b e h a v i o r . If l u c k y , y o u 
m a y get to w i t n e s s a R e d - w i n g e d B l a c k b i r d or C e d a r W a x w i n g t ry ing to c a t c h a 
d r a g o n f l y . A n i n c r e d i b l e a e r i a l dog f igh t wi l l resu l t w i th the b i rd u s u a l l y u n s u c c e s s f u l . 

6. P a s s out t h e o b s e r v a t i o n s h e e t . R e c o r d the t y p e of hab i tat d r a g o n f l i e s a n d 
d a m s e l f i e s s e e m to prefer . W h a t d o s t u d e n t s s e e in that e n v i r o n m e n t that is 
i m p o r t a n t to a d r a g o n f l y . T r y to ident i fy t he s p e c i e s e n c o u n t e r e d by u s i n g the list of 
t h e 10 m o s t c o m m o n O d o n a t a for t h e S k a g i t w a t e r s h e d i n c l u d e d wi th th i s act iv i ty . 

7. U s e a q u a r i u m d ip n e t s a n d s t u d y t r a y s to c o l l e c t n y m p h s . Identify d a m s e l s f r o m 
d r a g o n f l i e s by t h e gil l s t r u c t u r e s . L o o k for w i n g b u d s o n the d o r s a l s u r f a c e . T h e 
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l a r g e r t h e w i n g b u d s t h e m o r e a d v a n c e d t h e n y m p h . If n o w i n g b u d s a r e p r e s e n t t h e 
n y m p h is y o u n g a n d h a s not m o l t e d m a n y t i m e s . H a v e s t u d e n t s r e c o r d t h e 
d e v e l o p m e n t a l s t a g e of t h e d r a g o n f l y o r d a m s e l f l y . 

8. R e c o r d t h e b e h a v i o r a n d a c t i v i t i e s of a n y s i g h t i n g s a n d e n c o u r a g e s t u d e n t s to 
d r a w s k e t c h e s of w h a t t h e y o b s e r v e . 

ASSESSMENT: 

C o m p l e t i o n of t h e D r a g o n f l y O b s e r v a t i o n S h e e t 

EXTENSION ACTIVITIES: 
1. H a v e s t u d e n t s t r a n s p o r t a f e w n y m p h s b a c k to the c l a s s r o o m for m o r e d e t a i l e d 
o b s e r v a t i o n s . N y m p h s c a n b e kept for a f e w d a y s in a 5 g a l l o n b u c k e t of p o n d w a t e r 
b e f o r e b e i n g r e t u r n e d to t h e s i te w h e r e f o u n d . 
2. A d u l t d r a g o n f l y s p e c i m e n s c a n b e p u r c h a s e d t h r o u g h C a r o l i n a B i o l o g i c a l S u p p l y 
o r if l u c k y t h e c l a s s m a y f ind a d e a d s p e c i m e n . If o n e is a v a i l a b l e h a v e s t u d e n t s l ook 
at t h e c o m p o u n d e y e s u n d e r a d i s s e c t i n g s c o p e o r wi th a h a n d l e n s . O b s e r v e t h e 
t iny f a c e t s . H a v e s t u d e n t s l o c a t e the h e a d , t h o r a x a n d a b d o m e n , d r a w a p i c t u r e a n d 
l a b e l . 

T a k e a c l o s e r l o o k at t h e b r is t le c o v e r e d l e g s a n d t h e in t r ica te ly v e i n e d w i n g s w i th a 
m i c r o s c o p e . W i n g v e i n a t i o n is o n e of t h e w a y s d r a g o n f l i e s a r e i den t i f i ed . S o m e 
s t u d e n t s m a y w a n t to d r a w a c l o s e - u p of t h e w i n g v e i n a t i o n . 

A n d f ina l ly , d e t e r m i n e t h e s e x of t h e s p e c i m e n by l o o k i n g fo r c l a s p e r s . T h e i r 
p r e s e n c e i n d i c a t e s a m a l e . 

3. H a v e s t u d e n t s c o n s t r u c t a life c y c l e w h e e l i l lust rat ing t h e s t a g e s of i n c o m p l e t e 
m e t a m o r p h o s i s (for a n e x a m p l e of a life c y c l e w h e e l i l l us t ra t ing c o m p l e t e 
m e t a m o r p h o s i s s e e t h e act iv i ty " C l a s s r o o m But te r f l i es ) . 

Classroom Resources 
1. D r a g o n f l y b y E m o r y B e r n h a r d 
2. A G u i d e T o O b s e r v i n g Insect L i v e s b y D o n a l d W . S t o k e s 
3. D r a g o n f l y A r t i c l e b y R i c h a r d Con i f f , S m i t h s o n i a n M a g a z i n e , J u l y 1 9 9 6 
4 . D i s c o v e r i n g D a m s e l f l i e s A n d D r a g o n f l i e s by L i n d a L o s i t o 
5. T h e W o r l d O f D r a g o n f l i e s A n d D a m s e l f l i e s b y R o s s E . H u t c h i n s 
6. D r a g o n f l y b y B a r r i e W a t t s 
7. D r a g o n f l i e s by C y n t h i a O v e r b e c k 
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COMMON DRAGONFLIES AND DAMSELFLIES 
OF THE SKAGIT WATERSHED 

D r a g o n f l y i den t i f i ca t ion is diff icult e v e n for e x p e r t s wi th f ie ld g u i d e s . A t th is t i m e 
t h e r e is n o f ie ld g u i d e to t h e d r a g o n f l i e s a n d d a m s e l f l i e s of t h e P a c i f i c N o r t h w e s t 
( o n e is b e i n g d e v e l o p e d ) . H e r e is a list of the t o p t e n O d o n a t a m o s t l ike ly to b e s e e n 
in t h e S k a g i t W a t e r s h e d . If y o u a r e o b s e r v i n g O d o n a t a c h a n c e s a r e it is o n e of t h e s e 
s p e c i e s . 

Dragonflies 
SCIENTIFIC NAME 

An ax Junius 
Aeshna palmata 
Aeshna californica 
Somatochlora semicircularis 
Libellula quadrimaculata 
Sympetrum illotum 
Sympetrum pallipes 

Damselflies 

8. Pacific Forktail Ischnura cervula 
9. Western Forktail Ischnura perparva 
10. B l u e t Enallagma sp. 

COMMON NAME 

1. Green Darner 
2. Paddle-tailed Darner 
3. California Darner 
4 . Mountain Emerald 
5. Four-spotted Skimmer 
6. Cardinal Meadowhawk 
7. Striped Meadowhawk 
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DRAGONFLY OBSERVATION WORKSHEET 

Observer: 

Date: Time: 

Location: 

Habitat: 

Weather: 

Dragonfly or 
Damselfly Sighted: 

Development Stage: 

Activities of Dragonfly 
or Damselfly When Sighted: 

Field Sketch: 
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B A C K G R O U N D I N F O R M A T I O N 

Dragonflies and damselflies are members of the insect order Odonata, a word 
that means "toothed ones". Dragonflies are ancient insects. They have witnessed 
the arrival and departure of dinosaurs. Hundreds of millions of years ago 
dragonflies with 30 inch wingspans cruised the skies. They were the largest 
insects ever. Today there are about 5,000 different species of dragonflies and 
damselflies. Of this number approximately 500 are found in North America. 
The largest is a damselfly from South America with a 7 inch wingspan. 

As with all insects the dragonfly has a head, thorax and abdomen. The head 
supports large multi-faceted compound eyes. Each eye contains up to 30,000 
lenses and its field of view extends nearly 360 degrees. A dragonfly has 
excellent vision, seeing as far as 100 feet, allowing it to catch as many as 300 to 
400 gnats in its powerful jaws per day. Their eyes are similar to bifocal 
glasses: eye facets on the top of the eye see movement; the bottom facets see 
still objects so dragonflies attack their prey from below. 

Attached to the thorax are two pairs of wings and three pairs of legs. Lining 
the legs are small spines, hairs, and bristles that aid the dragonfly in capturing 
and holding on to their prey. The thorax contains large, strong flight muscles 
that propel the average dragonfly at speeds between 15-21 mph (top recorded 
speed: 35 mph). The entire dragonfly body is covered by a hard, waterproof 
exoskeleton of chitin. 

Dragonflies mate in the summer, damselflies often mate earlier in the spring. 
A male dragonfly will grasp a female behind the head with special claspers 
located at the tip of his abdomen. Then the male and female bend around to 
connect their abdomens in wheel fashion. Some species even fly in this wheel 
position. Sperm is transferred and soon the female is ready to lay her eggs. She 
drops eggs directly onto the water surface or makes slits with her ovipositor at 
the tip of her abdomen and deposits them inside pond vegetation. Hundreds of 
small pin sized eggs will be laid. They hatch after about three weeks. 
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Dragonflies undergo a process called incomplete metamorphosis. In incomplete 
metamorphosis, the creature that emerges from the egg is an immature form of 
the adult. Other familiar insects that undergo incomplete metamorphosis are 
grasshoppers, termites, and cockroaches. Most other insects, like butterflies, 
undergo complete metamorphosis. Eggs hatch into tiny worm-like creatures 
called pro-larva or nymphs. They molt, by shedding the hard outer 
exoskeleton, almost immediately into an instar larva and continue molting (up 
to 15 times), gradually changing to look more like the adult. Tiny wing buds 
appear on the back in later molts and eyes get bigger and cover more of the 
head. The adult emerges from the skin of the final instar. This process from 
egg to adult may take anywhere from 3 months to 5 years depending on the 
climate and type of dragonfly. 

Dragonfly and damselfly nymphs are voracious underwater predators. They 
eat insect larva, especially mosquitoes, tadpoles, even small fish. They are in 
turn eaten by other aquatic insects and fish. A l l Odonata in the larval stage 
possess a special folding lower lip called a facial mask. This hinged lip, with 
grasping hooks at the tip, can shoot out 1/3 the length of the body in 1/100 of a 
second to seize prey. 

Nymphs breathe through gills. In damselflies the gills are three feather-like 
structures extending from the tip of the abdomen. Dragonflies have internal 
gills located near the rear of the abdomen. They draw water in the rectum and 
pass it over the gills. If in danger, dragonflies can rapidly expel water out the 
rectum and jet away from predators! 

When the nymph is full grown it emerges from the water. Under the cover of 
darkness it molts for the last time, splitting and emerging from its old shed 
skin or exoskeleton (look for the old skins called exuviae clinging to pond 
vegetation). The adult rests, its wings small, damp, and wet. It then pumps 
blood through the wing veins to expand the wings. By daylight the wings are 
hard and dry and the dragonfly is ready to spend the remainder of its life on 
the wing, feeding, defending a territory, and mating. Dragonflies die soon 
after they mate. 
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In late summer and early fall watch for the feeding behavior, courtship 
displays, and territorial flights of dragonflies. A late spring field trip to a 
wetland area will reward observers with sightings of adult damselflies and a 
few early dragonflies. Pond dipping spring or fall should produce both 
dragonfly and damselfly nymphs in their appropriate habitat (shallow, slow 
moving streams and around the edges of ponds and shallow lakes). 
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E n v i r o n m e n t a l I n d i c a t o r s 

SUBJECTS: 

S c i e n c e , E n v i r o n m e n t a l E d u c a t i o n 

CONCEPT: 

I n v e r t e b r a t e s c a n s e r v e a s s e n s i t i v e i n d i c a t o r s of e c o s y s t e m c h a n g e . 

OBJECTIVES: 
1. S t u d e n t s wi l l s u r v e y a s t r e a m o r p o n d , p r a c t i c i n g m i n i m u m i m p a c t b e h a v i o r . 
2. S t u d e n t s wi l l ident i fy m a c r o i n v e r t e b r a t e s a n d d e v e l o p fami l i a r i t y w i th u s i n g f i e ld 

g u i d e s . 
3. S t u d e n t s wi l l b e a b l e to j u d g e t h e h e a l t h of a s t r e a m o r p o n d by m o n i t o r i n g 

m a c r o i n v e r t e b r a t e s . 
MATERIALS/GETTING READY: 
1 o r 2 k i c k s c r e e n s 
A q u a r i u m s t y l e d ip n e t s 
T h e r m o m e t e r 
S t u d y t r a y s ( ice c u b e t r a y s w o r k w e l l fo r s e p a r a t i n g i n d i v i d u a l o r g a n i s m s ) 
E y e d r o p p e r s 
S p o o n s 
T u r k e y B a s t e r 
H a n d l e n s e s o r M a g n i f y i n g g l a s s e s 
S u r v e y S h e e t 
C l i p b o a r d s 
P e n c i l s 
S t r e a m I n s e c t s a n d C r u s t a c e a n s S h e e t ( F r o m I z a a k W a l t o n L e a g u e of A m e r i c a ) 
I.D. G u i d e s a n d R e s o u r c e s 

G o l d e n G u i d e to P o n d L i fe 
F i e l d G u i d e to t h e I n s e c t s ( P e t e r s o n F i e l d G u i d e S e r i e s ) 
F i e l d M a n u a l F o r W a t e r Q u a l i t y M o n i t o r i n g 

SIZE/SETTING/DURATION: 
W h o l e c l a s s / o u t d o o r s - s t r e a m o r p o n d site /2 h o u r s + 

BACKGROUND INFORMATION: 
D r a g o n f l i e s , d a m s e l f l i e s , s t o n e f l i e s , c a d d i s f l i e s a n d o t h e r i n v e r t e b r a t e s m a k e up a 
ma jo r i t y of a n i m a l l ife in a s t r e a m o r p o n d . A s the life c y c l e of t h e O d o n a t a apt ly 
i l l u s t r a t e s , m o s t of t h e s e i n v e r t e b r a t e s s p e n d t h e g r e a t e r part of the i r l i v e s l i v ing 
u n d e r w a t e r . 

I n v e r t e b r a t e s h a v e o f ten b e e n u s e d a s i n d i c a t o r s of w a t e r qua l i ty . S t r e a m s a n d 
p o n d s that e x h i b i t a w i d e r a n g e of a q u a t i c m a c r o i n v e r t e b r a t e s i n d i c a t e s a h e a l t h y 
e n v i r o n m e n t . W a t e r w i th jus t a f e w s p e c i e s u s u a l l y i n d i c a t e s l e s s h e a l t h y c o n d i t i o n s . 
S o m e o r g a n i s m s c a n s u r v i v e in a w i d e r a n g e of c o n d i t i o n s a n d a r e m o r e t o l e r a n t of 
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p o l l u t i o n . F o r e x a m p l e , b l a c k f l y l a r v a . O t h e r m a c r o i n v e r t e b r a t e s a r e m u c h m o r e 
s e n s i t i v e to p h y s i c a l a n d c h e m i c a l c h a n g e s in the i r e n v i r o n m e n t ; e x a m p l e s b e i n g 
m a y f l i e s a n d s t o n e f l i e s . T h e a b s e n c e o r p r e s e n c e of t h e s e i n d i c a t o r s p e c i e s c a n tel l 
u s m u c h a b o u t the h e a l t h of the s t r e a m o r p o n d e n v i r o n m e n t . D r a g o n f l y a n d 
d a m s e l f l y n y m p h s a r e s o m e w h a t po l lu t ion to le ran t a n d wi l l b e f o u n d in g o o d o r fa i r 
q u a l i t y w a t e r . 

DOING THE ACTIVITY: 
1. P i c k a s t r e a m o r p o n d s i te . C h o o s e a s t r e a m b e d w h e r e t h e w a t e r is m o v i n g 
s l o w l y a n d b e t w e e n 3 - 1 2 i n c h e s d e e p . If m o n i t o r i n g a p o n d , c h o o s e a n a c c e s s i b l e , 
s h a l l o w w a t e r s i te . M a k e s u r e it is a s i te w h e r e s t u d e n t i m p a c t wi l l not b e g reat . 

2 . G o o v e r l o w i m p a c t b e h a v i o r s . P r a c t i c e t e c h n i q u e s that wi l l c a u s e t h e l e a s t 
d a m a g e to the hab i tat a n d its i n h a b i t a n t s , r e m i n d s t u d e n t s to s t a y o n t ra i ls w h e r e v e r 
p o s s i b l e a n d to a v o i d c a u s i n g e r o s i o n o r d a m a g i n g p lant l ife. M a k e s u r e s t u d e n t s 
a r e p r o p e r l y d r e s s e d for t h e c o n d i t i o n s . R u b b e r b o o t s or o l d t e n n i s s h o e s a r e 
s u g g e s t e d . 

3 . A t s t r e a m s i t e s , h a v e 2 s t u d e n t v o l u n t e e r s a p p r o a c h the s a m p l i n g a r e a f r o m 
d o w n s t r e a m s o that t h e i n v e r t e b r a t e o r g a n i s m s won ' t b e d i s t u r b e d pr io r to t a k i n g t h e 
s a m p l e . 

4. H a v e t h e t w o s t u d e n t s p l a c e the k i c k s c r e e n ( s e e act iv i ty " T o o l s of the T r a d e " for 
i n s t r u c t i o n s o n b u i l d i n g a k ick s c r e e n ) f l ush with the s t r e a m b e d . H o l d the net 
p e r p e n d i c u l a r to t h e f low. H a v e 1 o r 2 a d d i t i o n a l v o l u n t e e r s shu f f l e the i r feet t h r o u g h 
t h e r o c k s d i rec t l y u p s t r e a m f r o m the net. 

5 . A n y l a r g e r o c k s c a n b e r u b b e d with the h a n d s to r e m o v e c l i n g i n g i n v e r t e b r a t e s . 

6. If s a m p l i n g a p o n d , u s e a q u a r i u m d ip n e t s a n d s w e e p b a c k a n d forth in s h a l l o w 
w a t e r a m o n g t h e p o n d v e g e t a t i o n . 

7. R e m o v e the net a n d c o l l e c t t he a n i m a l s for o b s e r v a t i o n by p l a c i n g in the s t u d y 
t r a y s . M a k e s u r e t h e r e is s o m e w a t e r in the t ray ! U s e s p o o n s , e y e d r o p p e r s , a n d / o r 
t u r k e y b a s t e r to s e p a r a t e o r g a n i s m s into i c e c u b e t ray c o m p a r t m e n t s . 

8. H a v e s t u d e n t s c o u n t a n d ident i fy i n v e r t e b r a t e o r g a n i s m s , t h e n r e c o r d d a t a by 
f i l l ing out t h e s u r v e y s h e e t a n d p red ic t w a t e r qua l i ty by the t y p e a n d quan t i t y of 
o r g a n i s m s f o u n d . 

9. T r y v a r i o u s p l a c e s a l o n g the s t r e a m s o that a d d i t i o n a l s t u d e n t s h a v e t h e 
o p p o r t u n i t y to u s e t h e k i c k s c r e e n . 

10. R e t u r n wi ld l i fe to its hab i ta t u n h a r m e d . W h e n f i n i s h e d wi th s a m p l i n g m a k e s u r e 
to w a s h h a n d s . 

ASSESSMENT: 
C o m p l e t e d w o r k s h e e t s 
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EXTENSION ACTIVITIES: 
1. H a v e s t u d e n t s s k e t c h a n d t h e n r e s e a r c h a n d d i s c o v e r m o r e i n f o r m a t i o n a b o u t 
m a c r o i n v e r t e b r a t e s f o u n d in t h e s t r e a m o r p o n d . 

2. R e t u r n a n d m o n i t o r t h e s a m e s i te at d i f ferent t i m e s of t h e y e a r . H a v e s t u d e n t s 
s p e c u l a t e o n f a c t o r s that m a y c o n t r i b u t e to s e a s o n a l f l u c t u a t i o n s . D o h e a v y r a i n s 
a n d runof f h a v e a n e f f e c t ? A r e e f f e c t s g r e a t e r in m o r e d e v e l o p e d p a r t s of t h e 
w a t e r s h e d ? 

3. C o n t a c t a l o c a l o r g a n i z a t i o n i n v o l v e d w i th s t r e a m r e s t o r a t i o n a n d v o l u n t e e r to 
h e l p c l e a n u p a l o c a l s i t e . 
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Stream And Pond Survey 

Time: 

Air Temp. 

O r g a n i s m s F o u n d 

Somewhat Sensitive Tolerant 
# n a m e # n a m e 

Location of Stream or Pond 

Date: 

Weather: 

Water Temp. 

Sensitive 
# n a m e 
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T h a t ' s I n c r e d i b l e ! 
SUBJECTS: 
S c i e n c e , M a t h 

CONCEPTS: 
D r a g o n f l i e s p o s s e s u n i q u e a d a p t a t i o n s that m a k e t h e m s u p e r b f l ie rs a n d a e r i a l 
h u n t e r s . 

OBJECTIVES: 
1. S t u d e n t s wi l l d i s c o v e r t h e u n i q u e f l ight a d a p t a t i o n s p o s s e s s e d by d r a g o n f l i e s 
2 . S t u d e n t s wi l l c o m p a r e the i r ab i l i t i es a n d p h y s i c a l a t t r i bu tes to t h o s e of a 

d r a g o n f l y . 

MATERIALS/GETTING READY: 
S t o p w a t c h 
B a t h r o o m s c a l e 
R o p e (op t i ona l ) 
S t a t i o n W o r k s h e e t s 
P e n c i l s 
S e t u p s t a t i o n s pr io r to act iv i ty . M a r k off 1 0 0 y a r d s a n d u s e r o p e s o n t h e g r o u n d for 
s t a r t / f i n i s h l i n e s if d e s i r e d . 

SIZE/SETTING/DURATION: 
W h o l e c l a s s / O u t d o o r s a n d c l a s s r o o m / 4 5 - 6 0 m i n u t e s 

BACKGROUND INFORMATION: 
D r a g o n f l i e s a r e a m o n g t h e f a s t e s t f l y ing i n s e c t , r e a c h i n g a t o p s p e e d of 3 5 m p h . 
T h e y c a n h o v e r , fly b a c k w a r d , lift t w i c e the i r o w n b o d y w e i g h t , a n d a c c e l e r a t e in a n 
ins tan t . O n e th i rd to o n e hal f of the i r tota l b o d y w e i g h t is d e v o t e d to p o w e r f u l f l ight 
m u s c l e s . T h e s e m u s c l e s a t t a c h to t w o p a i r of l a r g e , c e l l o p h a n e th in w i n g s that a r e 
h e a v i l y v e i n e d a n d c r o s s - b r a c e d for s t r e n g t h . 

A d r a g o n f l y c a n b e n d its w i n g s to p r o d u c e a l m o s t a n y a e r o d y n a m i c e f fect . A l l f o u r 
w i n g s c a n b e a t at o n c e for q u i c k a c c e l e r a t i o n o n h u n t i n g f l ights o r the front a n d b a c k 
p a i r s c a n b e a t out of p h a s e for s l o w e r , pa t ro l l i ng f l ights . F i n e h a i r s o n t h e u p p e r 
w i n g s u r f a c e let d r a g o n f l i e s r e a d a n d c o n t r o l c h a n g e s in t h e a i r f low. 

T h e p o w e r f u l f l ight m u s c l e s r o c k t h e w i n g s up a n d d o w n at a rate of 3 0 to 5 0 b e a t s a 
s e c o n d . A l t h o u g h m a n y i n s e c t s a c h i e v e m u c h h i g h e r w i n g b e a t s p e r s e c o n d , n o n e 
c a n m a t c h a d r a g o n f l y fo r m a n e u v e r a b i l i t y a n d s p e e d . D r a g o n f l i e s a r e m a s t e r s of 
w h a t e n g i n e e r s c a l l u n s t a b l e a e r o d y n a m i c s . A d r a g o n f l y ' s w i n g s d e l i b e r a t e l y c a u s e 
t u r b u l e n c e . W i n d t u n n e l t e s t s of d r a g o n f l y w i n g s s h o w a v o r t e x o v e r e a c h w i n g wi th 
t h e lift of a m i n i a t u r e t o r n a d o ! T h a t ' s i n c r e d i b l e ! 

DOING THE ACTIVITY: 
1. A s k : W h a t d o y o u k n o w a b o u t d r a g o n f l y f l ight? W h y d o y o u s u p p o s e d r a g o n f l i e s 
a r e s u c h g o o d f l i e r s ? H o w fas t d o y o u th ink a d r a g o n f l y c a n f l y? A c c e p t al l a n s w e r s . 
T e l l s t u d e n t s t h e y wi l l d i s c o v e r t h e a n s w e r to t h e s e q u e s t i o n s a n d at t h e s a m e t i m e 
c o m p a r e t h e i r p h y s i c a l ab i l i t i es to t h o s e of a d r a g o n f l y . 
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2. P a s s out w o r k s h e e t h a v e s t u d e n t s r e a d the b a c k g r o u n d i n f o r m a t i o n , t h e n w a l k 
t h r o u g h e a c h s t a t i o n w i th the en t i re c l a s s , e x p l a i n i n g d i r e c t i o n s a n d a n s w e r i n g a n y 
q u e s t i o n s s o that s t u d e n t s a r e c l e a r a b o u t w h a t is e x p e c t e d of t h e m . 

3 . R e t u r n to s t a t i o n #1 a n d t i m e the s t u d e n t s in the 1 0 0 y a r d d a s h . W o r k t h r o u g h the 
m a t h t o g e t h e r , c o m p u t i n g t h e s t u d e n t s ' m p h . 

4. M o v e to s t a t i o n #2 a n d c a l c u l a t e w i n g b e a t s / m i n u t e for s t u d e n t s a n d d r a g o n f l i e s . 

5 . R e t u r n to t h e c l a s s r o o m a n d h a v e s t u d e n t s w e i g h t h e m s e l v e s o n t h e b a t h r o o m 
s c a l e . F o r s t a t i o n #3 c a l c u l a t e t h e m i n i m u m a m o u n t of w e i g h t a p e r s o n w o u l d h a v e 
to d e v o t e to the i r "w ing" (arm) m u s c l e s to e q u a l that of a d r a g o n f l y . 

6. S t a t i o n #3 a l s o c o m p a r e s w e i g h t lifting abi l i ty . D r a g o n f l i e s c a n lift m o r e t h a n t w i c e 
the i r o w n b o d y w e i g h t . H a v e s t u d e n t s d e t e r m i n e h o w m u c h t h e y w o u l d n e e d to lift 
to e q u a l t w i c e the i r o w n b o d y w e i g h t . 

7. W h e n al l t h e s t a t i o n s h a v e b e e n c o m p l e t e d , g a t h e r s t u d e n t s a n d a s k h o w t h e y 
c o m p a r e d to a d r a g o n f l y . T h a t ' s i n c r e d i b l e ! 

ASSESSMENT: 
C o m p l e t e d w o r k s h e e t s 
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That's Incredible 
BACKGROUND INFORMATION: 
D r a g o n f l i e s a r e a m o n g the f a s t e s t f l y ing i n s e c t , r e a c h i n g a top s p e e d of 3 5 m p h . 
T h e y c a n h o v e r , f ly b a c k w a r d , lift t w i c e the i r o w n b o d y w e i g h t , a n d a c c e l e r a t e in a n 
ins tant . O n e th i rd to o n e half of the i r tota l b o d y w e i g h t is d e v o t e d to p o w e r f u l f l ight 
m u s c l e s . T h e s e m u s c l e s a t t a c h to t w o p a i r of l a rge , c e l l o p h a n e th in w i n g s that a r e 
h e a v i l y v e i n e d a n d c r o s s - b r a c e d for s t r e n g t h . 

A d r a g o n f l y c a n b e n d its w i n g s to p r o d u c e a l m o s t a n y a e r o d y n a m i c e f fect . A l l f o u r 
w i n g s c a n b e a t at o n c e for q u i c k a c c e l e r a t i o n o n h u n t i n g f l ights o r t h e front a n d b a c k 
p a i r s c a n b e a t out of p h a s e for s l o w e r , pa t ro l l i ng f l ights . . F i n e h a i r s o n t h e u p p e r 
w i n g s u r f a c e let d r a g o n f l i e s r e a d a n d c o n t r o l c h a n g e s in t h e a i r f l ow. 

T h e p o w e r f u l f l ight m u s c l e s r o c k t h e w i n g s up a n d d o w n at a rate of 3 0 to 5 0 b e a t s a 
s e c o n d . A l t h o u g h m a n y i n s e c t s a c h i e v e m u c h h i g h e r w i n g b e a t s p e r s e c o n d , n o n e 
c a n m a t c h a d r a g o n f l y for m a n e u v e r a b i l i t y a n d s p e e d . D r a g o n f l i e s a r e m a s t e r s of 
w h a t e n g i n e e r s c a l l u n s t a b l e a e r o d y n a m i c s . A d r a g o n f l y ' s w i n g s d e l i b e r a t e l y c a u s e 
t u r b u l e n c e . W i n d t u n n e l t e s t s of d r a g o n f l y w i n g s s h o w a v o r t e x o v e r e a c h w i n g wi th 
t h e lift of a m i n i a t u r e t o r n a d o ! T h a t ' s i n c r e d i b l e ! 

Station #1: Fast Fliers 
T h e f a s t e s t d r a g o n f l i e s h a v e b e e n c l o c k e d f l y ing at s p e e d s of 3 5 m p h . H o w d o y o u 
c o m p a r e ? H o w fas t c a n y o u r u n ? T i m e y o u r s e l f at the 1 0 0 y a r d d a s h . A s s u m e y o u 
c o u l d m a i n t a i n th i s s p r i n t e r ' s p a c e indef in i te ly . 

M y t i m e fo r t h e 1 0 0 y a r d d a s h : 

T h e r e a r e 1 , 7 6 0 y a r d s in a mi le . 1 ,760 d i v i d e d by 100 y d s . = 1 7 . 6 
M u l t i p l y y o u r t i m e by 17 .6 to f ind out h o w l o n g it w o u l d t a k e y o u to run 1 m i l e in 
s e c o n d s . 

1 7 . 6 x = H o w m a n y s e c o n d s in o n e h o u r ? 
(60 s e c . x 6 0 m i n . = 3 6 0 0 s e c . in o n e hour) 

T a k e t h e t i m e in s e c o n d s it t o o k y o u to run o n e m i l e a n d d i v i d e it into 3 , 6 0 0 to g i v e 
y o u h o w m a n y m i l e s y o u c o u l d run in o n e h o u r (mph) 

3 6 0 0 d i v i d e d by = m p h . 

E x a m p l e : It t o o k 15 s e c o n d s to run 1 0 0 y a r d s 

S t e p 1. 1 5 x 1 7 . 6 = 2 6 4 s e c o n d s to run o n e m i l e 

S t e p 2 . 3 6 0 0 d i v i d e d by 2 6 4 = 1 3 . 6 m p h ( r o u n d e d off) 

Is a dragonfly more than two times faster than you? Imagine running twice as fast. 
You still wouldn't be able to keep up with the fastest dragonfly. That's incredible! 
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Station #2: Wing beats 
Have your teacher time your "wing flaps" with a stopwatch. Flap your 
arms up and down as though you had wings. One up and down 
movement equals one cycle. How many cycles can you beat in 30 
seconds? Wait for your teachers signal, keep track of the number then 
multiply this number by 2 to get wing beats per minute. Record your 
answer below. 

I was able to flap at Cycles (wing beats) per minute. 

A dragonfly's wings beat at 35 cycles per second. How many times would 
a dragonfly's wings beat per minute? 

cycles per minute. How does this compare to you? A bee's 
relatively bulky body and short wings require that it beat at almost 250 
cycles per second and a species of midge has been recorded at 1,000 
cycles per second, that's 60,000 wing beats every minute! That's 
incredible! 

Station #3: Muscle Power 
1/3 to 1/2 of a dragonfly's weight is devoted to flight muscles attached to 
the wings. And dragonflies can lift more than double their own weight. 
Weigh yourself on the scale. 

I weigh lbs. 

Calculate the minimum amount of your weight you would have to devote 
to your "wing" (arm) muscles to equal that of a dragonfly. 

1/3 of lbs.= 

Now compare your weight lifting ability. Determine how much you would 
need to lift to equal twice your own body weight. 

2x lbs.= 

Imagine packing around that much weight. A dragonfly can fly with ease 
carrying twice its own weight. This is an achievement not possible of the 
most powerful human aircraft. That's incredible! 
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D r a g o n f l y P o e t r y 

SUBJECT: 
L a n g u a g e A r t s 

CONCEPT: 
1. P o e t r y c a n b e u s e d to l e a r n m o r e a b o u t o u r n a t u r a l w o r l d a n d t h e d r a g o n f l y 
e n v i r o n m e n t 

OBJECTIVES: 
1. S t u d e n t s wi l l r e a d s t o r i e s a n d poe t ry re la t ing to d r a g o n f l i e s . 
2 . A f t e r g o i n g o n a 10 m i n u t e o u t d o o r s o l o s t u d e n t s wil l wr i te a p o e m a b o u t 
d r a g o n f l i e s o r o t h e r e x p e r i e n c e s r e c o r d e d d u r i n g the i r s o l o . 

MATERIALS/GETTING READY: 
P e n c i l s 
S m a l l 4 " x 6 " n o t e p a d s 
P a p e r 

SIZE/SETTING/DURATION: 
W h o l e c l a s s / O u t d o o r s a n d in the c l a s s r o o m / O n e h o u r 

BACKGROUND INFORMATION: 
D r a g o n f l i e s h a v e a l o n g a n d i n t e r e s t i n g a s s o c i a t i o n wi th h u m a n s . In a n c i e n t J a p a n 
t h e d r a g o n f l y w a s r e g a r d e d a s a spir i t of t h e r ice p lant a n d s i g n s of d r a g o n f l i e s 
i n s u r e d a g o o d r i c e h a r v e s t . T h e Z u n i I n d i a n s of the S o u t h w e s t te l l a n e l a b o r a t e 
s t o r y of a d r a g o n f l y m a d e of c o r n s t a l k s that b r i n g s g o o d f o r t u n e to the i r p e o p l e . 

D r a g o n f l i e s h a v e o f ten b e e n f e a r e d a n d m i s u n d e r s t o o d . D r a g o n f l i e s h a v e b e e n 
c a l l e d " d e v i l s d a r n i n g n e e d l e s " d u e to a m y t h that s t a t e d t h e y f l e w into h o m e s at 
n igh t a n d s t i t c h e d t h e e y e s a n d m o u t h s of n a u g h t y c h i l d r e n c l o s e d ! In S o u t h e r n 
f o l k l o r e , d r a g o n f l i e s w e r e s u p p o s e d l y t h e s e r v a n t s of s n a k e s a n d c o u l d r e v i v e t h e m 
f r o m t h e d e a d . In real i ty , d r a g o n f l i e s a r e h a r m l e s s to p e o p l e , qu i te b e a u t i f u l a n d 
f a s c i n a t i n g to o b s e r v e . 

DOING THE ACTIVITY: 
1. D e c i d e o n a l o c a t i o n for a n o u t d o o r s o l o act iv i ty . C h o o s e a n E n v i r o n m e n t a l 
E d u c a t i o n o r n a t u r e s i te o n the s c h o o l g r o u n d s o r p r e f e r a b l y , a n e a r b y park , 
w e t l a n d o r r i pa r i an a r e a . It is b e s t if s t u d e n t s a r e out of s igh t f r o m o n e a n o t h e r . W i t h 
s a f e t y in m i n d , th is act iv i ty m a y f u n c t i o n b e s t by w o r k i n g w i th s m a l l g r o u p s of 
s t u d e n t s at a t i m e a n d e n l i s t i n g a d d i t i o n a l adu l t h e l p e r s . In k e e p i n g w i th t h e 
d r a g o n f l y t h e m e , f i n d i n g a p p r o p r i a t e hab i ta t is a n a d d e d b o n u s . 

2 . S u p p l y e a c h c h i l d w i t h a p e n c i l a n d a s m a l l n o t e p a d . 

3 . H a v e e a c h c h i l d s e l e c t a s p e c i a l s p o t o u t d o o r s to sit a l o n e fo r 10 m i n u t e s . T h e y 
m u s t not m o v e f r o m th is s p o t . E n c o u r a g e s t u d e n t s to u s e al l of the i r s e n s e s at th i s 
t i m e . Instruct t h e m to c l o s e the i r e y e s fo r part of the t i m e . W a t c h a n d l i s ten for 
d r a g o n f l i e s , but b e o p e n to a n y n a t u r e e x p e r i e n c e s . 
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4. H a v e s t u d e n t s wr i te at l eas t o n e p h r a s e o r s e n t e n c e d u r i n g the i r s o l o . T h e y a r e 
not l im i ted to o n e . T h i s p h r a s e o r s e n t e n c e m u s t refer to s o m e t h i n g t h e y s e e , h e a r , 
s m e l l , o r f e e l . 

5. H a v e s t u d e n t s g a t h e r b a c k t o g e t h e r o n a s i g n a l f r o m t h e t e a c h e r . 

6. D i v i d e the c l a s s into g r o u p s of 7-8 s t u d e n t s . It p a r e n t a l o r adu l t h e l p is a v a i l a b l e it 
is n i c e to h a v e a n adu l t w i th e a c h g r o u p . 

7. H a v e e a c h c h i l d r e a d the i r p h r a s e a n d o t h e r s in the g r o u p r e c o r d w h a t is s a i d 
o n t o the i r n o t e p a d s . S t u d e n t s t h e n a r r a n g e 5 or 6 of the p h r a s e s into a n o r d e r t h e y 
l ike a n d tu rn it into a p o e m . E n c o u r a g e s t u d e n t s to i n c o r p o r a t e a d r a g o n f l y t h e m e 
into the i r p o e m if p o s s i b l e . 

8. H a v e e a c h c h i l d wr i te p o e m o n a s t a n d a r d s h e e t of p a p e r a n d t h e n r e a d the i r 
p o e m to the rest of t h e g r o u p . 

ASSESSMENT: 
S u c c e s s f u l c o m p l e t i o n of a p o e m . 

EXTENSION ACTIVITIES: 
1. R e a d t h e p o e m D r a g o n f l y f r o m the b o o k Tur t l e in J u l y by M a r i l y n S i n g e r . H a v e 
s t u d e n t s i l lust rate th is p o e m or the i r o w n p o e m s t h e y c r e a t e d . 

2. R e a d t h e s t o r y D r a g o n f l y ' s T a l e by K r i s t i n a R o d a n a s , t he re te l l ing of a n a n c i e n t 
Z u n i m y t h . H a v e s t u d e n t s wr i te a n d i l lust rate the i r o w n D r a g o n f l y l e g e n d s . 

3. H a v e s t u d e n t s r e a d s e l e c t i o n s of poe t ry f r o m the b o o k J o y f u l N o i s e by P . 
F l e i s c h m a n . 
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I nve r teb ra te R e f e r e n c e a n d R e s o u r c e M a t e r i a l s 

Books on Invertebrates and insects: 

Borror, Donald & White, Richard. 1970. A Field Guide to the Insects. Houghton Mifflin Co. 
Boston, Massachusetts. 

Buchbaum, Ralph. 1948. Animals Without Backbones. University of Chicago Press. Chicago, 
Illinois. 

Dashefsky, Steven H. 1992. Insect Biology: 49 Science Fair Projects. TAB Books-Mcgraw Hill 
Inc. New York, NY. 

Eisner, Thomas & Wilson, Edward O. 1977.The Insects: Readings From Scientific American. 

W. H. Freeman & Co. San Francisco, CA. 

Goor, Ron & Nancy. 1990. Insect Metamorphosis. Athenium Publishing. New York, NY. 

Hickman, Pamela M. 1991. Bug Wise. Addison-Wesley. Reading, MA. 

Imes, Rick. 1992. The Practical Entomologist. Simon & Schuster Inc. New York, NY. 
Kneidel, Sally Stenhouse. 1993. Creepy Crawlies and the Scientific Method. Fulcrum 
Publishing. Golden, Colorado. 

Kneidel, Sally. 1994. Pet Bugs: A Kid's Guide to Catching and Keeping Touchable 
Insects. John Wiley & Sons. New York, NY. 

OToole, Christopher. 1986. The Encyclopedia of Insects. Facts on File Publications. New York, 
NY. 

Russo, Monica. 1991. Insect Almanac: A Year Round Activity Guide. Sterling Publishing Co. 
Inc. New York, NY. 

Stokes, Donald W. 1 9 8 3 . A Guide to Observing Insect Lives. Little, Brown & Co. Boston, Mass. 

Wootton, Anthony. 1984. Insects of the World. Facts on File Publications. New York, NY. 

Zim, Herbert S. & Cottam, Clarence. 1987. Insects: A Golden Guide. Golden Press, New York, 
NY. 

Books on Butterflies: 

Beaty, Seddon & Fountas, Irene. 1993. Butterflies Abound! A Whole Language Resource 
Guide For K-4. Addison-Wesley Longman Inc. Menlo Park, CA. 

Brust, Beth Wagner. 1993. Butterflies: Zoobooks. Wildlife Education, Ltd. San Diego, CA. 

1991. Butterflies and Moths: Keeping Minibeasts. Franklin Watts. New York, NY. 

Christennsen, James. 1981. A Field Guide to the Butterflies of the Pacific Northwest. 

University Press of Idaho, Moscow, Idaho. 

Herberman, Ethan. 1990. The Great Butterfly Hunt. Simon & Schuster Inc. New York, NY. 

80 North Cascades Institute: Invertebrate Workshop 



Jourdan, Eveline. 1981. Butterflies & Moths Around the World. Lerner Publishing. 
Minneapolis, Minnesota. 

Neill, W. A. & Hepburn, D.J. 1976. Butterflies Afield in the Pacific Northwest. Pacific Search 
Books. Seattle, WA. 

Norsgaard, E. Jaediker. 1988. How To Raise Butterflies. Dodd, Mead & Co. New York, NY. 

Porter, Keith. 1986. Discovering Butterflies and Moths. Bookwright Press. New York, NY. 

Pyle, Robert Michael. 1981. The Audubon Society Field Guide to North American 
Butterflies. Alfred A. Knopf Inc. New York, NY. 

Pyle, Robert Michael. 1984. The Audubon Society Handbook For Butterfly Watchers. 

Charles Scribner's Sons. New York, NY. 

Pyle, Robert Michael. 1974. Watching Washington Butterflies. Seattle Audubon Society. 
Seattle, WA. 

Stokes Lillian & Donald, and Williams, Ernest. 1991. The Butterfly Book. Little, Brown & Co. 
Boston MA. 

Whalley, Paul. 1988. Butterfly and Moth: Eyewitness Books. Alfred A. Knopf, Inc. New York, 
NY. 

White, Carlos. The Butterfly Curriculum: Suggested Activities For Biology Students 
Using The Butterfly Garden School Kit. Insect Lore Products. Shatter, CA. 

Whitlock, Ralph. 1978. Butterflies and Moths. Gloucester Press. New York, NY. 

Xerces Society/Smithsonian Institution. 1990. Butterfly Gardening: Creating Summer Magic 
In Your Garden. Sierra Club Books. San Fransisco, CA. 

Books on Dragonflies 

Bernhard, Emery. 1993. Dragonfly. Holiday House. New York, NY. 

Hutches, Ross. 1969. The World of Dragonflies and Damselflies. Dodd, Mead & Co. New 
York, NY. 

OToole, Christopher. 1988. The Dragonfly Over the Water. Gareth Stevens Publishing. 
Milwaukee, Wisconsin. 

Overbeck, Cynthia. 1982. Dragonflies. Lerner Publications Co. Minneapolis, Minnesota. 

Watts, Barrie. 1988. Dragonfly. Silver Burdett Press. Englewood Cliffs, NJ. 

Other Resources: 

Burnie, David. 1994. Dictionary of Nature. Dorling Kindserley Inc. New York, NY. 

Mitchell, Mark K. & Stapp, William B. 1994. Field Manual For Water Quality Monitoring. 

Thomson-Shore Inc. Dexter, Michigan. 
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Organizations: 

Entomological Society of America 
9301 Annapolis Road 
Lanham, MD 20706 
Publishes Bug Briefs, a seasonal lesson plan and activity guide for teachers of entomology and 
Beeswax, a bimonthly newsletter for ESA's Youth. 

Lepidopterists' Society 
257 Common Street 
Dedham, MA 02026 

Xerces Society 
10 Southwest Ash Street 
Portland, OR 97204 
A worldwide group devoted to the conservation of rare insects through recognition and protection of 
unique habitats. 

Y.E.S. (Young Entomologists' Society) 
1915 Peggy Place 
Lansing, Ml 48910 
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INVERTEBRATES TEACHERS WORKSHOP EVALUATION 

WORKSHOP LOCATION DATE 

Thanks for your participation in this educator's workshop. We appreciate your interest in our program 
and look forward to seeing you again. We hope that the workshop met your educational and personal 
goals. To help us continue to improve the quality of our workshops, we would appreciate you taking a 
few minutes to complete this course evaluation. Your comments, suggestions, and critique are 
invaluable. Please continue your comments on the back if you need more room! Thank you! 

1. How successful was the workshop as a learning experience for you? 

2. Did the workshop meet your expectations? If not, in what ways and how can we improve it? 

3. Please evaluate the workshop in terms of: 

Coverage of subject matter-

Enjoyable learning environment-

Organization-

4. Was the information presented useful to you as an educator? 

Are you adequately prepared to use this information? 

5. Please evaluate the instructors in terms of: 
Knowledge of subject-

Presentation-

Group leadership-

6. Do you have any specific suggestions for improvement (for either workshop or instructors)? 
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Invertebrate Workshop 
Equipment/Resource List For Teaching Tub 

1. Bu t te r f l y f i e ld g u i d e s 4 1 . T u r k e y b a s t e r 
2. M a p of t h e S k a g i t w a t e r s h e d 4 2 . T h e r m o m e t e r 
3 . O v e r h e a d of c o m m o n but te r f l i es list 4 3 . E y e d r o p p e r s 
4. S c i s s o r s 44 . M a t e r i a l s fo r P o o t e r s : v i a l s , p l a s t i c t u b i n g 
5. F o i l 4 5 . M a t e r i a l s for pit fal l t rap 
6. P i p e C l e a n e r s 4 6 . M a t e r i a l s f o r s w e e p net 
7. C o n s t r u c t i o n p a p e r in a v a r i e t y of c o l o r s 4 7 . F i b e r g l a s s s c r e e n 
8. L a r g e f a b r i c s c r a p s 
9. C o l o r e d m a r k e r s 
10 . C o l o r e d p e n c i l s 
1 1 . C r a y o n s 
12 . E x a m p l e of but ter f l y e n c l o s u r e 
13. But te r f l y l a r v a 
14. L a r v a l f o o d 
15. D ip n e t s 
16. S t u d y t r a y s 
17. B i n o c u l a r s 
18 . M i c r o s c o p e ( s t e r e o d i s s e c t i n g s c o p e w o u l d b e b e s t ) 
19 . P e t r i d i s h e s 
2 0 . H a n d l e n s e s o r m a g n i f y i n g g l a s s e s 
2 1 . S m a l l n o t e p a d s 
2 2 . P e n c i l s 
2 3 . M e a l w o r m s 
24 . B r a n m e a l 
25 . R a w p o t a t o 
2 6 . C o n t a i n e r f o r m e a l w o r m c u l t u r e 
27 . 2 s q u e a k y s i g n a l t o y s 
2 8 . O v e r h e a d of R e l a t i v e #'s of s p e c i e s c h a r t 
2 9 . B e r l e s e f u n n e l 
3 0 . P o s t e r b o a r d 
3 1 . T r o w e l a n d / o r s p o o n s 
3 2 . Q u a r t c o n t a i n e r s (o ld y o g u r t c o n t a i n e r s w o u l d w o r k f ine) 
3 3 . L i g h t b u l b & e x t e n s i o n c o r d 
3 4 . 1 0 W o o d b l o c k s 
3 5 . S t o p w a t c h 
3 6 . B a t h r o o m w e i g h t s c a l e 
3 7 . P e n n i e s (6 rol ls ) 
3 8 . K i c k s c r e e n s 
3 9 . C l i p b o a r d s 
4 0 . Ice c u b e t r a y s 
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