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GRASSHOPPER
DISSECTION

INTRODUCTION

"GRASSHOPPER DISSECTION" can be used as a pre-lab or post-lab computer activity. It
gives instructions and definitions that a student should know before entering the lab. After a
dissection the program can be used as a review, homework, or self-test. The reading level and
content are meant for seventh to tenth grade biology students.

GETTING STARTED

All you have to do is put the disk on an Apple or IBM-PC equivalent computer and turn on the
power. After a few seconds the screen will show the menu on the next page. A color monitor will
help, but the pictures are compatible with black and white.
Hardware notes: The IBM version requires a CGA or monochromatic equivalent graphics

card. Hercules cards won't work. To run this program on Tandy computers you will need at
least 384 K memory.

COPIES

Purchase of this program entitles the user to have it running on only one computer at a time,
unless a site license or lab pack or network license is purchased.
A backup disk is included in case of accident. If the disk doesn't run when you receive it, it will
be replaced free. Just mail it back to Cross Educational Software. If the disk fails after being
used for 60 days, it could be due to mishandling, such as a scratch or a fingerprint. After 60 days
there is an $8.00 charge to purchase a replacment disk.

MANUAL AND TESTS

The following pages are a summary of the program. The test pages could be duplicated and
given to students if there isn't enough time for all students to run the program during
class.
Any portion of this manual may be freely duplicated.



MAIN MENU

1) ORIENTATION
2) STRUCTURES AND FUNCTIONS
3) STUDENT CONTROLLED DISSECTION
4) SELF TEST

P o f t fi o r

1) ORIENTATION: VOCABULARY LIST

ABDOMEN
ANTERIOR
BRAIN
CROP
EXOSKELETON
GASTRIC POUCHES
INSECT
LABRUM
MOLT
OPEN SYSTEM
PRONOTUM
SPIRACLE
THORAX
TYMPANUM

AIR SAC
AORTA
CHITIN
DORSAL
FEMUR
GIZZARD
INVERTEBRATE
MANDIBLES
NERVE CORD
PALPI
SALIVARY GLAND
STOMACH
TIBIA
VENTRAL

ANTENNA
ARTHROPOD
COMPOUND EYE
ESOPHAGUS
GANGLIA
HEART
LABIUM
MAXILLAE
NYMPH
POSTERIOR
SIMPLE EYE
TARSUS
TRACHEA
WINGS
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GENERAL BACKGROUND

The g r a s s h o p p e r i s a n i n s e c t . As w i t h a l l i n s e c t s i t
h a s s i x l e g s a n d t h r e e m a i n b o d y pa r t s . T h e s e a r e h e a d ,
t h o r a x , a n d a b d o m e n . The g r a s s h o p p e r i s a n i n v e r t e b r a t e ,
m e a n i n g t h a t i t h a s no b a c k b o n e . I t i s a l s o a n
a r t h r o po d . T h i s m e a n s t h a t t h e g r a s s h o p p e r ha s j o i n t e d
l e g s a nd a h a r d o u t e r c o v e r i n g o r e x o s k e l e t o n m a d e f r o m
a t o u g h m a t e r i a l c a l i e d c h i t i n . I n o r d e r t o g r o w , t h e
g r a s s h o p p e r m u s t s h e d or m o l t t h i s e x o s k e l e t o n . A
g r a s s h o p p e r h a t c h e s f r o m an egg d e p o s i t e d i n t h e g r o u n d .
T h e y o u n g g r a s s h o p p e r or nymph l o o k s e x a c t l y l i k e a n
a d u l t e x c e p t t h a t i t i s s m a l l e r , s t u b b i e r , h a s n o w i n g s ,
a n d h a s n o r e p r o d u c t i v e o r g a n s .

A f t e r a f e w d a y s t h e n y m p h w i l l m o l t . I t s e x o -
s k e l e t o n w i l l s p l i t a n d o u t w i l l c r a w l t h e s l i g h t l y l a r g e r
n y m p h . A t fi r s t t h e n e w e x o s k e l e t o n i s s o f t b u t i t s o o n
h a r d e n s . W i n g s w i l l a p p e a r a f t e r t h e fi r s t o r s e c o n d m o l t
a n d t h e n y m p h w i l l r e a c h m a t u r i t y a f t e r fi v e o r s i x m o l t s .
D u r i n g t h e t i m e a n y m p h i s m o l t i n g a n d g r o w i n g , i t e a t s
a l m o s t c o n s t a n t l y t o k e e p u p w i t h i t s l a r g e e n e r g y n e e d s .

2) DEFINITIONS OF STRUCTURES

A) RESPIRATORY SYSTEM

Respirotoru System

r
LoteroJtCentral Sp;:ade5

f t i r Tu b e H

S p i r a c l e - O p e n i n g i n g r a s s h o p p e r ' s a b d o m e n t h a t a l l o w s
a i r f r o m o u t s i d e t o e n t e r t h e a i r s a c s .

A b d o m i n a l A i r S a c s = S a c - l i k e s t r u c t u r e s i n t h e a b d o m e n
t h a t t a k e i n a i r a n d a l l o w f o r a d i r e c t
o x y g e n / c a r b o n d i o x i d e e x c h a n g e .

V e n t r a l A i r T u b e - T u b e w h i c h c a r r i e s o x y g e n a n d c a r b o n
d i o x i d e a l o n g t h e v e n t r a l s u r f a c e .

D o r s a l A i r T u b e - T u b e w h i c h c a r r i e s o x u g e n a n d c a r b o n
d i o x i d e a l o n g t h e d o r s a l s u r f a c e .

L a t e r a l A i r T u b e - T u b e w h i c h c o n n e c t s t h e a b d o m i n a l
a i r s a c s t o g e t h e r .
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B) CIRCULATORY /
NERVOUS SYSTEM

Circulatory o,nd Nervous 5y stews

N e r v e C o r d - R u n s a l o n g v e n t r a l s u r f a c e c o n n e c t i n g g a n g l i a .
G a n l i a ( s i n g u l a r g a n g l i o n ) - A g r o u p o f n e r v e c e l l s i n t h e

c e n t r a l n e r v o u s s y s t e m .
B r a i n - I n t h e g r a s s h o p p e r t h i s i s s i m p l y

a n e n l a r g e d g a n g l i o n .
A o r t a - V e s s e l - l i k e s t r u c t u r e l o c a t e d n e a r t h e d o r s a l

s u r f a c e . C a r r i e s b l o o d t o w a r d t h e a n t e r i o r e n d .
H e a r t - T u b u l a r o r g a n f o u n d n e a r t h e d o r s a l s u r f a c e .

Ta k e s b l o o d f r o m t h e p o s t e r i o r
a n d p u m p s i t t o w a r d t h e a n t e r i o r .

C ) D I G E S T I V E /
EXCRETORY SYSTEM

Digestive and Excretory Systems

5 ma I
Intestine

LarqtIntestine
Esophagus fry Malpi^hian tubules L^zsa

G izzar
G a s t r i

d- M
c Po

u s c u l
u c h e s

S m a l l I n t e s t i n

Esopha
Stomac
Rectum

gus
h - A
- A

I
r y gS a l i v a

C r o p

L a r g e I n t e

M a l p i g

An
I t

h i a n
s t o m
and

- T u b
rea w
n a r
t e v e
l a n d s

They
r e a t
onnec
s t i n e

Tubu
ach a
depos

a r o r
- S

d i g e s
e - T h

f r
e t ha
h e r e
e a t h
n t u a l
- F o u

e x c r
h a t s
t s t h

- A
w i

l e s -
rea .
i t t h

g a n u s e d f o r g r i n d i n g f o o d p a r t i c l e s ,
a c k - l i k e g l a n d s t h a t r e l e a s e
t i v e e n z y m e s i n t o t h e d i g e s t i v e s y s t e m .
e s h o r t n a r r o w t u b e t h a t c a r r i e s w a s t e
o m t h e l a r g e i n t e s t i n e t o t h e r e c t u m ,
t c a r r i e s f o o d f r o m t h e m o u t h t o t h e c r o p ,
f o o d i s d i g e s t e d .
a t s e r v e s a s a s t o r a g e a r e a f o r w a s t e ,
l y f o r c e s t h e w a s t e f r o m t h e b o d y ,
n d i n t h e t h o r a x .
e t e s a l i v a i n t o t h e m o u t h a r e a ,
e r v e s a s a s t o r a g e p l a c e f o r f o o d ,
e e s o p h a g u s t o t h e s t o m a c h ,
w i d e t u b e t h a t c o n n e c t s t h e s t o m a c h
t h t h e s m a l l i n t e s t i n e . C a r r i e s w a s t e s .

K i d n e y - l i k e t u b e s f o u n d a r o u n d t h e
T h e y r e m o v e w a s t e s f r o m t h e b l o o d

e m i n t h e i n t e s t i n e .
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D) HEAD AND
MOUTH PARTS

Simple eye Compound

Simple ey.£.

Labial Maxillary
palpus

Lobrum

L a b i u m - L o w e r l i p w h i c h h e l p s i n h o l d i n g f o o d
a s i t i s b e i n g c h e w e d .

S i m p l e E y e - T h r e e o f t h e s e s m a l l e r e y e s
a r e f o u n d o n t h e g r a s s h o p p e r .

M a x i l l a r y P a l p i ( s i n g u l a r P a l p u s )
C o n t r i b u t e t o t h e s e n s e s o f t o u c h a n d s m e l l .

J a w - M a n d i b l e s w h i c h c r u s h f o o d .

C o m p o u n d E y e s - M a d e u p o f h u n d r e d s o f s i x - s i d e d l e n s e s .
E n a b l e t h e g r a s s h o p p e r t o s e e f r o m f r o n t a n d s i d e s .

Mouth P

♦ M #
l a x m a * m j p g . , u fl l ^ , a x l l l Q

« P o l o u s r ^ " " P a l D U S *

Maxi l la

Palpus.

Maxi l la

Palpus

L a b i a l P a l p i ( s i n g u l a r P a l p u s ) -
C o n t r i b u t e t o s e n s e s o f t o u c h a n d s m e l l .

A n t e n n a ( p l u r a l a n t e n n a e ) -
C o n t a i n n e r v e e n d i n g s w h i c h h e l p i n t o u c h a n d s m e l l .

L a b r u m - U p p e r l i p p a r t .
H e l p s h o l d f o o d a s i t i s b e i n g c h e w e d .

P a l p i ( s i n g u l a r p a l p u s ) -
C o n t r i b u t e t o s e n s e s o f t o u c h a n d s m e l l .

M a x i l l a ( p l u r a l m a x i l l a e ) - G r i n d s f o o d .

M a n d i b l e - J a w - l i k e s t r u c t u r e s w h i c h c r u s h t h e f o o d .



E) REPRODUCTIVE SYSTEM

MALE * Molt Rtoroductiwt

fc SeminalS S y t t t w i

J T u t l i @ j

^ ~ $ * 1 ^ L S p t r m
I ^ O u c t

1 P^'g

Te s t i s ( p l u r a l Te s t e s ) - P r o d u c e s s p e r m c e l l s i n t h e m a l e ,

Sperm Duc t - ca r r ies sperm ce l l s dur ing mat ing p rocess .

Pen is - Ma le rep roduc t i ve o rgan .

S e m i n a l Ve s i c l e - S t o r e s s p e r m c e l l s u n t i l m a t i n g .

FEMALE

Ovary- Produces egg ce l ls in female .

O v i p o s i t o r - E x t e r n a l s t r u c t u r e f o u n d o n l y o n f e m a l e s .
Helps to d ig hole and deposi t eggs.

Vag ina- Rece ives sperm ce l ls dur ing mat ing process .

Semina l Recep tac le - S to res spe rm ce l l s un t i l eggs a re l a i d ,
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F) EXTERNAL FEATURES

A n t e n n a ( p l u r a l a n t e n n a e ) - C o n t a i n n e r v e e n d i n g s
w h i c h h e l p i n t o u c h a n d s m e l l .

S p i r a c l e - O p e n i n g i n a b d o m e n t h r o u g h w h i c h a i r p a s s e s
o n t h e w a y t o a i r s a c s .

P r o n o t u m - H a r d c h i t i n o u s s h i e l d o f t h e t h o r a x .

H i n d w i n g - M e m b r a n o u s w i n g u s e d f o r fl y i n g b y g r a s s h o p p e r .

F o r e w i n g - H a r d p r o t e c t i v e w i n g t h a t c o v e r s t h e h i n d w i n g .

Ty m p a n u m - M e m b r a n e t h a t a c t s a s e a r d r u m .

C o m p o u n d E y e s - M a d e u p o f h u n d r e d s o f s i x - s i d e d l e n s e s .
T h e y e n a b l e t h e g r a s s h o p p e r t o s e e f r o m f r o n t a n d s i d e s ,

S i m p l e E y e - T h r e e o f t h e s e s m a l l e r e y e s
a r e f o u n d o n t h e g r a s s h o p p e r .

T a r s u s - A t h r e e p a r t f o o t l i k e s t r u c t u r e a t t h e e n d
o f t h e t i b i a .

T i b i a - t h e t h i n a n d s p i n y m i d d l e p o r t i o n o f t h e l e g .

F e m u r - t h e l a r g e m u s c u l a r fi r s t s e c t i o n o f t h e l e g .
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DISSECTION GUIDELINES

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

Inse-t ?.;a pd just
under edgi: of pronotun

A f t e r t h e w i n g s h a v e b e e n r e m o v e d , t h e p r o n o t u m
s h o u l d b e t a k e n o f f . T o r e m o v e t h e p r o n o t u m , c a r e f u l l y
p r y u p t h e e d g e s w h i l e u s i n g y o u r s c a l p e l t o c u t i t
l o o s e . K e e p t h e s c a l p e l fl a t a g a i n s t t h e i n s i d e o f t h e
p r o n o t u m w h i l e c u t t i n g a n d p r y i n g i t l o o s e . C o n t i n u e
c u t t i n g a r o u n d t h e e n t i r e p e r i m e t e r o f t h e p r o n o t u m
u n t i l i t c a n b e r e m o v e d . B e c a r e f u l n o t t o c u t i n t o
t h e b o d y c a v i t y !

T h e g r a s s h o p p e r ' s s i x l e g s s h o u l d b e r e m o v e d
n e x t . U s i n g y o u r s c a l p e l o r s c i s s o r s , c u t o f f e a c h o f
t h e l e g s a t t h e p o i n t w h e r e i t i s a t t a c h e d o t t h e
b o d y . A f t e r a l l o f t h e l e g s h a v e b e e n r e m o v e d t h e
s p e c i m e n w i l l b e m u c h e a s i e r t o h a n d l e .

1^Remove all six leqs =
= Cut clos e tc body = j

lllll mm
iifc

■Jt̂ -̂ k.
x/̂ 1 tat .

Keep scissors tight against
inside of exoskeleton

Cut from point A to B

N o w w e a r e a t t h e p o i n t w h e r e w e m u s t r e m o v e a
m a j o r p o r t i o n o f t h e e x o s k e l e t o n . U s i n g y o u r s c i s s o r s ,
c a r e f u l l y p u n c t u r e t h e e x o s k e l e t o n w i t h i t s t i p . D o
n o t i n s e r t t h e p o i n t t o o d e e p l y ! M a k e a n i n c i s i o n f r o m
p o i n t ' A ' t o w a r d t h e a n t e r i o r t o p o i n t ' B * . K e e p t h e
p o i n t o f t h e s c i s s o r s t i g h t a g a i n s t t h e i n s i d e o f t h e
e x o s k e l e t o n s o a s n o t t o d a m a g e a n y o f t h e u n d e r l y i n g
o r g a n s . O n c e t h e i n c i s i o n f r o m p o i n t ' A 1 t o p o i n t ' B 1
i s c o m p l e t e w e m a y c o n t i n u e o n t o t h e n e x t s t e p .
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S t a r t i n g a t ' A ' , m a k e a n i n c i s i o n t o w a r d t h e
d o r s a l s u r f a c e . T h i s i n c i s i o n s h o u l d c o n t i n u e o v e r t h e
e n t i r e d o r s a l s u r f a c e . R e t u r n i n g t o f B ' , m a k e a n o t h e r
i n c i s i o n s i m i l a r t o t h e o n e f r o m p o i n t ' A ' , u p w a r d a n d
o v e r t h e d o r s a l s u r f a c e . D o n o t c u t t o o d e e p l y !

Continue dorsal incisions down right
side to points_C and D

Cut up left
side and across
dorsal surface

Do not cut
too deeply

C o n t i n u e t h e i n c i s i o n s f r o m p o i n t s ? A ' a n d f B '
d o w n t h e o p o s i t e s i d e o f t h e g r a s s h o p p r t o p o i n t s ' C
a n d ' D * . N o t i c e t h a t p o i n t s f C f a n d ' D ' a r e l o c a t e d i n
t h e s a m e p o s i t i o n s a s p o i n t s ' A ' a n d ' B ' b u t o n t h e
o p p o s i t e s i d e . A f t e r t h e t w o i n c i s i o n s t o p o i n t s ' C f
a n d f D ' a r e c o m p l e t e , s t a r t a t p o i n t f C f a n d m a k e a n
i n c i s i o n t o p o i n t ' D ' . M a k e s u r e t o k e e p t h e p o i n t o f
t h e s c i s s o r s j u s t u n d e r t h e e x o s k e l e t o n !

Start incision half way between
points A' and B at point E

Cut upward
•jird dorsal surface

Continue incision across dorsal surface
_ and down riant side

to point E

Keep scissors just
under exoskeleton

We
R e t u r n i
i n c i s i o
N o t i c e
s h o u l d
C o n t i n u
d o w n t
s h o u l d
c o r r e s p
s i d e o f
s c a l p e l
number
i n c i s i o
i n c i s i o

The
t h e e x o
g r a s s h o

sha
n g t o
n a b
t h i s

con
e t h i
h e r
s t o p
o n d s

t h e
t o o

o f o r
n , we
ns .

o n l y
s k e l e
P P e r ,

11
t h e

o u t
p o i n
t inu
s i
i g h t

a t
t o

g r a s
de

g a n s
a r

now
l e f t
h a l f

t ' E '
e a
n c i s i

s i d
p o i n
p o i n

s h o p p
eply .

i n
e fi

p r o
s i d

wa
i n

c r o s
on
e o f
t f
t '
er .

Th
t h i s
n i s h

c e e d
e o f
y b

t h
s t
o v e r

t h e
F' .
Ef
Be c
i s

a r
ed

t o
t h e

e t w e
e d
he

t h
g r a
N o t

b u t
e r t a
c o u l
ea .
w i t h

t h e
g r a s s h

e n p o i
i a g r a m .
e n t i r e
e d o r s
s s h o p p e
i c e t h

i t i s
i n n o t
d v e r y

Upon
a l l o f

fi n a l
opper ,
nts ' A

T h i s
dor sa

a l s u
r . T h i
a t p

o n t h
t o i

w e l l
comp le

t h e p

m c i
s t a r

1 and
i n c

1 s u r
r f ace
s i n c
oin t
e o p p
nser t

dam
t i n g
re l im

sion .
t a n

' B \
i s i o n
face .

and
i s i o n

, F,
os i t e

t h e
age a

t h i s
inar y

t h i n g l e f t t o d o i s r e m o v e
t o n . R e t u r n i n g t o t h e l e f t

w e m a y b e g i n t o r e m o v e t h e

t h e p o r t i o n s o f
s i d e o f t h e
l a r g e p o r t i o n s o f



Inse-t scalpel inside incision
L'Kegp blade pressed against exoskeleton

t h e
i nc i
c a r e
ins i
t h e
t h a t
e x o s
conn
a ba
exos
conn
s e a l
pr oc
w i l l

e x o s k
s i o n
f u l t
d e o
inc i s

may
kele t
ec t in
c k a
k e l e t
ec t in
p e l
edur e

r ema

e l e t
ma

o k e
f t
ion ,

be
on a
g t
nd
on .
g t i
shou

wi 1
i n i

on .
de
e p t
he

f r
a t

way
i s s u
f o r t

Do
s s u e
I d
1 i n
n t a c

C a r e f
be twe
h e s i
e x o s k
e e i n g
t a c h e

f r o
e s a
h m o

no
a t o

b e i
s u r e
t .

Peel back exoskeleton
as tissues are cut

Do not cut
too deeply

u l l y
en
de o
e l e t

t h
d t
m
r e c
t ion
t a
n e t
n s e r

t h a

p o i n
f t h
on
e e
o i
t h e
ut .

a
t tern
ime .
t e d
t m

s e r t
t s '
e sea
* Gent
xoske
t . G

i n t
Con t i
l o n g
p t t

O n l y
unde

o s t

y o u r
A ' a n d
l p e l t
l y move
let on
r a d u a l 1
e r n a l
n u e m o v

t h e
o c u t

t h e
r t h e
o f t h e

s c a l p
' B '

i g h t
t h e

f r o m
y i i

o r g a
i n g t

i n s i
t o o

v e r y
exos

i n t

e l i n
, b e i
a g a i n

s e a l p e
any

f t o r
n s a
h e s e a
d e o

much
t i p

k e l e t o
e r n a l

t o t h e
n g v e r y
s t t h e
1 a l o n g
t i s s u e s
p r y t h e
s t h e
l p e l i n
f t h e

o f t h e
o f t h e
n . T h i s

o r g a n s

A s t h e e x o s k e l e t o n i s p u l l e d b a c k a n u m b e r o f
i n t e r n a l o r g a n s w i l l b e c o m e v i s i b l e . C o n t i n u e t h e b a c k
a n d f o r t h m o t i o n o f t h e s c a l p e l , f r e e i n g t h e
e x o s k e l e t o n f r o m t h e u n d e r l y i n g t i s s u e . A s m o r e a n d
m o r e o f t h e e x o s k e l e t o n i s f r e e d f r o m t h e c o n n e c t i n g
t i s s u e i t s h o u l d m a k e t h e c u t t i n g e v e n e a s i e r .

Mr.re organs will c-'me irto ,'iew
re of the e oskelet; n is removed

Proceed

£#^>

Finish removal of exoskeleton
by Method »1 or «Z

O n c e y o u h a v e r e a c h e d t h e d o r s a l s u r f a c e , y o u
s h o u l d h a v e l i t t l e p r o b l e m i n r e m o v i n g t h e r e s t o f t h e
e x o s k e l e t o n . Y o u m a y fi n i s h t h e r e m o v a l o f t h e
e x o s k e l e t o n b y o n e o f t w o m e t h o d s .

M e t h o d 1 : C o n t i n u e r e m o v a l o f t h e e x o s k e l e t o n a l o n g
t h e d o r s a l s u r f a c e a n d d o w n t h e r i g h t s i d e o f t h e
g r a s s h o p p e r e n d i n g a t t h e i n c i s i o n b e t w e e n ' C a n d ' D ' .

M e t h o d 2 : A f t e r y o u r e a c h t h e d o r s a l s u r f a c e y o u m a y
t u r n t h e g r a s s h o p p e r t o t h e r i g h t s i d e a n d r e p e a t t h e
s a m e p r o c e d u r e s t a r t i n g a t t h e i n c i s i o n m a d e b y p o i n t s
' C a n d ' D ' a n d e n d i n g a t t h e d o r s a l s u r f a c e .
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C a r e f u l l y r e m o v e a n y l a r g e s e c t i o n s o f c o n n e c t i n g
t i s s u e t h a t m i g h t r e m a i n a t t a c h e d t o t h e i n t e r n a l o r g a n s .
I f t h e s p e c i m e n i s a f e m a l e y o u m i g h t o b s e r v e t h e o v a r y
fi l l e d w i t h a l a r g e m a s s o f e g g s . T h i s m a s s w o u l d b e
l o c a t e d o n t h e d o r s a l s u r f a c e o f t h e i n t e s t i n e , j u s t
b e l o w t h e h e a r t s a n d b l o o d v e s s e l . I f y o u r g r a s s h o p p e r
d o e s c o n t a i n a n e g g m a s s , y o u m a y w a n t t o r e m o v e i t t o
s e e t h e d i g e s t i v e s y s t e m b e n e a t h i t .

£os±

Several major
organs can now

be viewed

Stomach

Large Intestine
Small Intestine

Rectum

Blood Uessel
Hearts

nP a r t s o f t h e f fl W I w
nervous system j(Jj§|tnr/

Move digestive
tract aside with
y \ P r o b e

V %.

Ganglia

—Nerve Cord

L o o k i n g d o w n a t t h e d o r s a l s u r f a c e
g r a s s h o p p e r , y o u s h o u l d b e a b l e t o o b
d i g e s t i v e c a n a l . A n u m b e r o f o r g a n s s h
i d e n t i fi e d . U s i n g y o u r p r o b e , c a r e f u l l y s e
m u c h c o n n e c t i v e t i s s u e a s p o s s i b l e f r o m t h e
t r a c t . I n s e r t t h e p r o b e v e r y c a r e f u l l y
d i g e s t i v e t r a c t . R o l l t h e t r a c t o v e r t o
e x p o s i n g t h e n e r v e c o r d a n d g a n g l i a . T h e n
a p p e a r s a s a fi n e w h i t e t h r e a d w i t h s l i g h t s w e
i t . T h e s e s w e l l i n g a r e t h e g a n g l i s . B e c a r e f u l
s t r e t c h t h e t r a c t t o o f a r . I t w i l l t e a r i f
f a r t o t h e s i d e .

o f t h e
ser ve the
o u l d b e
p a r a t e a s
d igesti ve
u n d e r t h e
o n e s i d e
er ve cord
11 i n g s i n

n o t t o
m o v e d t o o

W e s h a l l n o w m a k e a n i n c i s i o n t o e x p o s e t h e
r e m a i n d e r o f t h e c r o p a n d e s o p h a g u s . T h i s i n c i s i o n
w i l l a l s o e x p o s e t h e b r a i n . U s i n g y o u r s c a l p e l ,
c a r e f u l l y m a k e a n i n c i s i o n a s i l l u s t r a t e d i n t h e
p i c t u r e . B e v e r y c a r e f u l n o t t o c u t t o o d e e p ! A f t e r
t h i s s e c t i o n o f e x o s k e l e t o n h a s b e e n t h o r o u g h l y
l o o s e n e d , i t m a y b e r e m o v e d u s i n g y o u r f o r c e p s . S o m e
c o n n e c t i v e t i s s u e h o l d i n g t h i s p i e c e o f e x o s k e l e t o n
i n p l a c e m a y h a v e t o b e c u t .

fJi*
1 Jnflillft I *"ut carefully
1

Do n:.t make
incision too deep

X

Gastric Pouch e

Stomqch--
Large, Ir tei t i
Small Intestir

Rectum —
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STRUCTURES AND FUNCTIONS - NERVOUS SYSTEM

T h e n e r v o u s s y s t e m o f
q u i t e s i m p l e . T h e s i m p l e
c o n t r o l o v e r t h e g r a s h o p p e r
t h e g a n g l i a w h i c h a r e f o u n d

T h e g a n g l i a a c t a s
p a r t s . T h e s e b o d y p a r t s
c o n t r o l l e d b y t h e g a n g l i a .

M a n y i n s e c t s a l s o h a
c e l l s w h i c h r e l a y i n f o r m a t i
s y s t e m . T h i s a l l o w s t h e
s t imuli .

B e c a u s e t h e b r a i n i
c o n t r o l o v e r t h e b o d y , a n
f o r a t i m e a f t e r t h e h e a d i

t h e g r a s s h o p p e r i s b a s i c a l l y
b r a i n a c t u a l l y h a s v e r y l i t t l e
' s b o d y . T h e c o n t r o l l i e s i n

i n e a c h s e g m e n t .
n e r v e c e n t e r s f o r n e a r b y b o d y
( i n t e r n a l o r e x t e r n a l ) a r e

v e a n u m b e r o f e x t e r n a l n e r v e
o n t o t h e i n t e r n a l n e r v o u s

i n s e c t t o r e s p o n d t o e x t e r n a l

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

DIGESTIVE SYSTEM Rectum

As
mand i bl
p a s s e s
i t i s
g l a n d s
i t s p a
the c ro
g i zzard
the p 1 a
c h i t i n ,
e x o s k e 1

t h e f o o d i s c u t u p b y t h e a c t i o n o f t h e
e s , i t i s s u c k e d i n t o t h e m o u t h . T h e r e i t
t h r o u g h t h e e s o p h a g u s a n d i n t o t h e c r o p w h e r e

s t o r e d f o r a s h o r t p e r i o d o f t i m e . T h e s a l i v a r y
s e c r e t e j u i c e s w h i c h m i x w i t h t h e f o o d a n d m a k e
s s a g e t h r o u g h t h e e s o p h a g u s m u c h e a s i e r . F r o m

f o o d p a s s e s i n t o t h e g i z z a r d . I n t h e
f o o d p a r t i c l e s a r e s h r e d d e d a n d g r o u n d b y

' t e e t h ' . T h e s e t e e t h a r e m a d e u p o f
s a m e t y p e o f m a t e r i a l t h a t m a k e s u p t h e

p t he
t h e

t e s o f
t h e

e t o n o f t h e g r a s s h o p p e r .
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T h e p a r t i a l l y d i g e s t e d f o o d i s t h e n s c r e e n e d
t h r o u g h t h i n p l a t e s b e f o r e i t p a s s e s i n t o t h e s t o m a c h .
O n t h e o u t s i d e o f t h e s t o m a c h t h e g a s t r i c p o u c h e s c a n
b e f o u n d . T h e s e g a s t r i c p o u c h e s s e c r e t e e n z y m e s i n t o
t h e s t o m a c h . T h e e n z y m e s c o m p l e t e t h e d i g e s t i o n o f t h e
f o o d p a r t i c l e s . T h e d i g e s t e d f o o d i s t h e n a b s o r b e d
t h r o u g h t h e s t o m a c h w a l l .

T h e d i g e s t e d f o o d t h e n i s s t o r e d f o r a s h o r t t i m e
i n t h e l a r g e a n d s m a l l i n t e s t i n e s . T h e f o o d t h e n
p r o c e e d s t o t h e r e c t u m w h e r e e x c e s s w a t e r i s r e m o v e d
f r o m t h e u n d i g e s t e d m a t e r i a l a n d t h e m i x t u r e i s f o r m e d
i n t o s m a l l p e l l e t s w h i c h a r e r e l e a s e d f r o m t h e b o d y .

RESPIRATORY SYSTEM

77^ , SpiraclesVent ra l rn
A i r T u b e I

up o
j o i n
segm
memb
a l s o
f o r

c a l l
t h e
i n s i
w i n g
s a c s
body
d i f f

Each
f a n
e d b
e n t t o
r a n e ,

conne
a g r e a
O n m o
e d s p i

a i r
d e o f
s and
. T h e

t i ssu
u s e s o

ab
upp

y
e

bes
c t s
t d e
s t
r a c l
t u b e
t h e
abdo

o x
e s o
u t .

d o m i
e r
a
x p a n
i d e s
t h e
a l o
o f
es c
s o r
g r a s
men ,
y g e n
f t h

n a l s
and
fl e x i
d a

j o i
segme
f mov
t h e
an be

t r a c
hoppe

a i r
d i f

e g r a

egment o
l o w e r p
b l e m e m
n d c o n
n i n g t h
n t s t o e
e m e n t i n
a bdomina

f o u n d .
hea , whi
r . T h r o u
i s f o r c e
f u s e s f r
s s h o p p e r

f t h e
l a t e ,
b r a n e
t r a c t
e u p p
ach

t h e
1 seg
T h e s e
ch f o
g h t h
d i n t
om t h

and

g r a s s
Thes
w h i c

Th
e r a n d
o t h e r .
abdome
men t s

s p i r a
rm a c
e mo v
o and
e a i r
t h e c

h o p p e r
e p l a
h a l l
i s

l o w e r
T h i s

n .
t iny

c l e s
o m p l e x
ement
o u t o f
t u b e s
ar bon

i s m a d e
t e s a r e
ows each
fl e x i b l e

p l a t e s ,
a l l o w s

o p e n i n g s
l e a d t o

n e t w o r k
of t h e
t h e a i r

i n t o t h e
d i o x i d e
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CIRCULATORY SYSTEM

Circulatory System

open
con t
t h e
h e a r
end
h e a r
i n t o
t o w a
a l l
p r o c
s p a c
t h e
r e t u

The c i
s y s

ai ned
t i m e

t s . I n
o f t

t s . T h
t h e

r d t h e
o f t

e s s o x
es , an

p o s t
r n e d t

r c u l
tern .
w i t h

i t
s t e a
he
e b l

bod
pos

he
ygen
d c a
er io
o t h

ator y
T h i

i n a c
l e a v e

d , t h e
g r a s s h
o o d i s
y c a v
t e r i o r
i n t e r n

i s p i
r b o n d
r o f
e h e a r

s y s t e m
s m e a
l o s e d s
s t h e h

b l o o d
o p p e r

t h e n f
i t y n e

end
a l o r g
e k e d u
i o x i d e

t h e
t s t o b

o f
ns
y s t e
ear t
i s
by
o r c e
a r
o f
ans
p f
i s

g r a
e c i

t h e
t h a

m o f
s u n
pump
t h e
d ou
t h e
t h e

as
rom
r e l e
s s h o
r c u l

t t
b i o

t i l
ed

con
t o f
head

g r a
i t
t h e

ased ,
p p e r ,
a t e d

a s s h
he
od
i t r
t o
t rac

t h
. T h
s s h o
g o e s

a i
. U

oppe
b l o o
v e s s
e tur
t h e
t ion
e a
e b l
p p e r
. Du
r t
pon

t h e

r 1
d i
e l s
n s t

an t
s o
or ta
ood

ba
r i n g
u b e s

r e a
b i o

s a n
s n o t

f rom
o t h e
e r i o r
f t h e

and
f lows
t h i n g

t h i s
and

c h i n g
o d i s

again .

EXCRETORY SYSTEM

T h e e x c r e t o r y s y s t e m o f t h e g r a s s h o p p e r i s m a d e u p
o f a s e r i e s o f k i d n e y - l i k e t u b u l e s c a l l e d M a l p i g h i a n
t u b u l e s . T h e b l o o d c o l l e c t s t h e w a s t e s f r o m t h e c e l l s
a s i t p a s s e s o v e r t h e i n t e r n a l o r g a n s . T h e s e w a s t e s
a r e t h e n r e m o v e d f r o m t h e b l o o d b y t h e M a l p i g h i a n
t u b u l e s . T h e w a s t e m a t e r i a l i s t h e n p a s s e d i n t o t h e
i n t e s t i n e w h e r e i t i s r e m o v e d f r o m t h e g r a s s h o p p e r ' s
body .
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REPRODUCTIVE SYSTEM

Male Reproductive

:-:n „al

M A L E - T h e m a i n i n t e r n a l r e p r o d u c t i v e o r g a n o f t h e
m a l e g r a s s h o p p e r i s t h e t e s t i s ( p l u r a l t e s t e s ) . T h i s
i s t h e o r g a n t h a t p r o d u c e s t h e m a l e r e p r o d u c t i v e c e l l s
o r s p e r m . T h e s p e r m c e l l s m o v e f r o m t h e t e s t i s t h r o u g h
t h e s p e r m d u c t a n d a r e s t o r e d f o r a t i m e i n t h e
s e m i n a l v e s i c l e . W h i l e m a t i n g t h e s p e r m i s r e l e a s e d
f r o m t h e m a l e ' s b o d y t h r o u g h t h e p e n i s a n d i s
d e p o s i t e d i n t h e f e m a l e ' s v a g i n a .

F E M A L E - T h e f e m a l e g r a s s h o p p e r ' s m a i n i n t e r n a l
r e p r o d u c t i v e o r g a n i s t h e o v a r y . T h i s i s w h e r e t h e
f e m a l e r e p r o d u c t i v e c e l l s o r e g g s a r e p r o d u c e d ,
e g g s a r e f o r c e d t h r o u g h t h e o v i d u c t s a n d i n t o
v a g i n a . T h e s p e r m c e l l s t h a t w e r e s t o r e d i n
s e m i n a l r e c e p t a c l e s m e e t t h e e g g s h e r e
f e r t i l i z a t i o n t a k e s p l a c e . T h e f e r t i l i z e d e g g s
t h e n d e p o s i t e d i n t h e g r o u n d b y t h e f e m a l e . T o a i d
i n d i g g i n g t h e h o l e , s h e u s e s h e r s p e c i a l ' t o o l ' c a l l e d
t h e o v i p o s i t o r .

The
t h e
t h e
and
a r e
h e r

EXTERNAL FEATURES

EXTERNAL FEATURES
c F i f r i u rroremnq

T h e g r a s s h o p p e r h a s s e v e r a l e x t e r n a l f e a t u r e s
w h i c h c a n b e e a s i l y f o u n d a n d i d e n t i fi e d . T h e p r o n o t u m

e x o s k e l e t o n . I t f o r m s a
a n d d o r s a l s u r f a c e o f t h e

i s p a r t o f t h e g r a s s h o p p e r ' s
s h i e l d c o v e r i n g t h e s i d e s
thorax .

T h e s p i r a c l e s c a n b e f o u n d
g r a s s h o p p e r ' s a b d o m e n . T h e s e t i n y
b r e a t h i n g . T h e s p i r a c l e s o p e n i n t o a i r s a c s i n s i d e
g r a s s h o p p e r ' s b o d y .

o n e a c h s i d e o f
h o l e s a r e u s e d

t h e
f o r
t h e
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T h e t y m p a n u m c a n b e f o u n d a t t h e a n t e r i o r e n d o f
t h e a b d o m e n . T h e r e i s o n e o n e a c h s i d e . T h e t y m p a n u m
i s t h e e a r o f t h e g r a s s h o p p e r . I t f u n c t i o n s m u c h t h e
s a m e w a y t h a t a n e a r d r u m d o e s i n a h u m a n . S o u n d w a v e s
c a u s e i t t o v i b r a t e . T h e g r a s s h o p p e r t h e n i n t e r p r e t s
t h i s a s s o u n d .

T w o p a i r s o f w i n g s c a n b e f o u n d o n t h e d o r s a l
s u r f a c e o f t h e t h o r a x . T h e f r o n t w i n g s a r e n a r r o w a n d
h a r d , f o r m i n g a s h i e l d f o r t h e d e l i c a t e h i n d w i n g s . T h e
p a i r o f h i n d w i n g s a r e u s e d b y t h e g r a s s h o p p e r f o r
fl y i n g .

T h e g r a s s h o p p e r h a s s i x j o i n t e d l e g s f a s t e n e d t o
i t s t h o r a x . T h e fi r s t t w o p a i r s a r e s m a l l e r a n d a r e
u s e d m a i n l y f o r w a l k i n g a n d c l i m b i n g . T h e t h i r d p a i r
i s t h e l a r g e s t a n d v e r y m u s c u l a r . T h i s p a i r i s u s e d
f o r j u m p i n g . E a c h l e g h a s t h r e e d i s t i n c t i v e p a r t s : T h e
f e m u r w h i c h i s a t t a c h e d t o t h e b o d y , t h e t i b i a o r
m i d d l e s e c t i o n , a n d t h e t a r s u s w h i c h s e r v e s a s a f o o t .

O t h e r e x t e r n a l p a r t s i n c l u d i n g t h e 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 w i l l b e d i s c u s s e d w i t h t h e
h e a d s t r u c t u r e s b e l o w .

HEAD STRUCTURES

Simple ti Compound

Simple, tyx

Labial
palpus '

Uti™

Maxillary
.ftal&uj.

Mandible

flputh Parti

Labrum Mand.ble

T h e h e a d o f t h e g r
s e g m e n t s f u s e d t o g e t h e r . O n
e y e s , a n t e n n a e , a n d p a r t s o

T h e . g r a s s h o p p e r h a s
c o m p o u n d . T h e r e a r e t h r e e s
T h e s e d o n o t f o r m c l e a
m o v e m e n t a n d l i g h t c h a n g e
e y e s a r e t h e c o m p o u n d e
s i m p l e e y e s . T h e y f o r m i m a g
a m o s a i c - l i k e p i c t u r e t o t h

T h e a n t e n n a i s t h e 1
t h e h e a d o f t h e g r a s s h o p
o r g a n . T h e a n t e n n a i s c o
s t r u c t u r e s . T h e s e h a i r - l i
t o t o u c h a n d s m e l l .

T h e r e a r e s e v e r a l p a r
h o p p e r ' s m o u t h . T h e l a b r
t h e f o o d . T h e l a b i u m o r l o w
f o o d . T h e p a l p i a r e a t t a c
T h e y a r e r e s p o n s i b l e f o r t h
s m e l l . T h e m a x i l l a e a n d
f o r c u t t i n g , g r i n d i n g , a n d

% m #

a s s h o p p e r i s a c t u a l l y s e v e r a l
t h e h e a d w e c a n fi n d t h e

f t h e m o u t h .
t w o t y p e s o f e y e s , s i m p l e a n d
i m p l e e y e s . ( S e e d i a g r a m . )
r i m a g e s b u t s i m p l y d e t e c t

T h e l a r g e r m o r e o b v i o u s
y e s . T h e s e a c t a s g r o u p s o f
e s w h i c h p r o b a b l y a p p e a r a s
e g r a s s h o p p e r .
o n g t u b e - l i k e a p p e n d a g e o n
p e r . I t i s a c t u a l l y a s e n s e
v e r e d w i t h t i n y h a i r - l i k e
k e s t r u c t u r e s a r e s e n s i t i v e

t s t h a t m a k e u p t h e g r a s s -
u r n o r u p p e r l i p h e l p s t o h o l d
e r l i p a l s o h e l p s t o h o l d t h e
h e d t o t h e m a x i l l a e a n d l a b i u m ,
e m o u t h ' s s e n s e o f t o u c h a n d

t h e m a n d i b l e s a r e r e s p o n s i b l e
c r u s h i n g t h e f o o d .
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MULTIPLE CHOICE TEST

1 . A s a n i n s e c t , t h e g r a s s h o p p e r h a s
a ) 2 m a i n b o d y s e c t i o n s
b ) 3 m a i n b o d y s e c t i o n s
c ) 4 m a i n b o d y s e c t i o n s
d ) 5 m a i n b o d y s e c t i o n s

2 . T h e g a s t r i c p o u c h e s
a ) c o l l e c t w a s t e s f r o m t h e b o d y
b ) h e l p i n t h e r e s p i r a t o r y p r o c e s s
c ) a r e f o u n d o n l y i n f e m a l e s
d ) s e c r e t e d i g e s t i v e j u i c e s

3 . I n a n o p e n c i r c u l a t o r y s y s t e m :
a ) B l o o d m o v e s i n v e i n s a n d a r t e r i e s .
b ) B l o o d i s n o t c o n t a i n e d i n v e s s e l s .
c ) B l o o d d o e s n o t m o v e i n t h e b o d y .
d ) B l o o d n e v e r e n t e r s t h e h e a r t .

4 . T h e b o d y o f t h e g r a s s h o p p e r i s c o n t r o l l e d b y t h e
a ) g a n g l i a
b ) s p i r a c l e s
c ) m a n d i b l e s
d ) g a s t r i c p o u c h e s

> . A n e x t e r n a l f e a t u r e o f t h e f e m a l e g r a s s h o p p e r i s t h e
a ) v a g i n a
b ) o v a r y
c ) o v i p o s i t o r
d ) s e m i n a l r e c e p t a c l e

6 . T h e k i d n e y - l i k e t u b u l e s
a ) a i d i n r e p r o d u c t i o n
b ) c i r c u l a t e t h e b l o o d
c ) a r e f o u n d o n l y i n t h e m a l e
d ) r e m o v e w a s t e s f r o m t h e b l o o d

7 . A i r m o v e s i n a n d o u t o f t h e g r a s s h o p p e r ' s b o d y
t h r o u g h t h e

a ) s p i r a c l e s
b ) o v i p o s i t o r
c ) m a n d i b l e s
d ) m o u t h

8 . W h i c h o f t h e f o l l o w i n g i s t r u e o f t h e
g r a s s h o p p e r n y m p h ?

a ) I t s p e n d s i t s l i f e u n d e r g r o u n d .
b ) I t h a s n o d i g e s t i v e s y s t e m .
c ) I t c a n n o t s e e .
d ) I t h a s n o r e p r o d u c t i v e o r g a n s .
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9. The crop o f the grasshopperer
a ) g r i n d s a n d m i x e s f o o d
b ) a b s o r b s f o o d p a r t i c l e s
c ) s e r v e s a s a h o l d i n g a r e a f o r f o o d
d ) h o l d s w a s t e p r o d u c t s

1 0 . T h e a o r t a i s p a r t o f t h e
a ) r e p r o d u c t i v e s y s t e m
b ) c i r c u l a t o r y s y s t e m
c ) r e s p i r a t o r y s y s t e m
d ) e x c r e t o r y s y s t e m

TRUE - FALSE TEST 1

1 . The b ra in con t ro ls the who le body.

2 . The g izzard c rushes and g r inds food .

3. Mandib les he lp the nervous system.

4. Abdominal movement helps breathing.

5 . T h e h a r d s h e l l o f t h e g r a s s h o p p e r i s c a l l e d
t h e e x o s k e l e t o n .

6 . The b lood o f the g rasshopper car r ies oxygen.

7 . The ov i pos i t o r i s f ound on l y i n f ema le g rasshoppe rs .

8 . The head o f the grasshopper is located
a t t h e a n t e r i o r e n d .

9. The wings of the grasshopper are found on the
on the do rsa l su r face .

10 . The t es tes a re pa r t o f t he ma le ' s r ep roduc t i ve sys tem,
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TRUE - FALSE TEST 2

1 . G a n g l i a c o n t r o l b o d y p a r t s t h a t t h e y a r e n e a r.

2 . T h e g i z z a r d s t o r e s f o o d f o r l a t e r u s e .

3. The labrum is one of the mouth par ts .

4. The abdomen is covered wi th hard p lates.

5 . The ha rd she l l o f the g rasshopper i s made o f bone .

6 . The b lood o f t he g rasshoppe r ca r r i es ca rbon d iox ide .

7 . The ov ipos i t o r i s f ound on l y i n ma le g rasshoppe rs .

8 . The head o f the grasshopper is located
a t t h e p o s t e r i o r e n d .

9. The wings of the grasshopper are found on the
o n t h e v e n t r a l s u r f a c e .

10. The testes produce sperm in the male grasshopper.

TRUE - FALSE TEST 3

1. Nerve cords connect one gang l ia to another.

2 . The g izzard absorbs waste products .

3 . The lab ium he lps the exc re to ry sys tem.

4 . A b d o m i n a l p l a t e s a r e c o n n e c t e d b y fl e x i b l e t i s s u e .

5 . T h e h a r d s h e l l o f t h e g r a s s h o p p e r i s m a d e o f c h i t i n .

6 . The b lood o f t he g rasshopper neve r l eaves
t h e a r t e r i e s o r v e i n s .

7 . The ov ipos i to r i s found in bo th ma le and fema le
g rasshoppers .

8 . T h e o v i p o s i t o r o f t h e g r a s s h o p p e r i s l o c a t e d
nea r t he an te r i o r end .

9 . The fo rew ings cover the h indwings .

10 . The tes tes a re found on ly in the ma le g rasshopper.
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EXTERNAL FEATURES TEST

EXTERNAL FEATURES

K C . L &

i i i i i i i ii|||GJ ■ E h I H

^-F

J 1 ,K
i X . I * " 4

1. HINDWING

2. ANTENNA
3. FEMUR

4. COMPOUND EYE
5. TYMPANUM
6. SPIRACLES

7. TARSUS

_ 8. SIMPLE EYE

_ 9. FOREWING
_10. PRONOTUM
11. TIBIA
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HEAD AND MOUTH PARTS TEST

■^=^^s
8 B

E.

i—H

: HEAD L....
STRUCTURES:

^ U fl l H l H ^
D —

a c A

Mouth Por t s

1. COMPOUND EYE

2. LABIUM

3. LABRUM

4. SIMPLE EYE

5. LABIAL PALPI

6. MAXILLARY PALPI

7. ANTENNA

8. JAW

9. LABIUM

_10. PALPUS
11. LABRUM

_12. MAXILLA

13. MANDIBLE
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MALE / FEMALE SYSTEMS TEST

ff Female Reproduct ive
0 S y s t e m _ ^ ^ = a ^

B

TpTu

1. OVIPOSITOR

2. SEMINAL RECEPTACLE

3. OVARY

4. VAGINA

5. SPERM DUCT

6. PENIS

7. TESTIS

8. SEMINAL VESICLE
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CIRCULATORY / NERVOUS SYSTEMS TEST

1. NERVE CORD

2. AORTA

3. GANGLION

4. HEART

5. BRAIN
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DIGESTIVE / EXCRETORY SYSTEMS TEST

1. LARGE INTESTINE

2. CROP

3. SALIVARY GLANDS

4. RECTUM

5. MALPIGHIAN TUBULES

6. STOMACH

7. ESOPHAGUS

8. SMALL INTESTINE

9. GASTRIC POUCHES

10. GIZZARD
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RESPIRATORY SYSTEM TEST

1
Resp i re

A

itory System

B y £

Ei{tULp,*J| i l l T», lIP
1
lc' \
\

^ \ E .

1. SPIRACLES

2. DORSAL AIR TUBE

3. ABDOMINAL AIR SACS

4. VENTRAL AIR TUBE

5. LATERAL AIR TUBE
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