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FRASS PRODUCTION IN OAK FOREST
IN SOUTHERN MICHIGAN

James L.  F a u l k n e r ,  M.A.

W e s t e r n  M ic h ig a n  U n i v e r s i t y ,  1970

P r o d u c t i o n  o f  f r a s s  ( I n s e c t  f e c a l  m a t e r i a l )  was 

d e t e r m i n e d  f o r  f i v e  s l i g h t l y  d i f f e r e n t  oak  f o r e s t  h a b i t a t s  

i n  A l l e g a n  S t a t e  Game A re a ,  A l l e g a n  C o u n ty ,  M ic h ig a n ,  f o r  

t h e  1968  g r o w i n g  s e a s o n .  F r a s s  s a m p le s  were  c o l l e c t e d  on 

30 o r  more 9 X 9  i n c h  c o l l e c t i n g  s u r f a c e s  i n  eac h  o f  t h e  

s t u d y  a r e a s .  I t  was fo u n d  t h a t  1 . 6 6  g ram s o r  87*36 s q u a r e  

i n c h e s  o f  w h i t e  o ak  l e a f  consumed was t h e  e q u i v a l e n t  o f  one 

gram o f  f r a s s  p r o d u c e d .  T h i s  was d e t e r m i n e d  from f i v e  m u s l i n  

b a g s  e n c l o s i n g  w h i t e  oak b r a n c h e s  a n d  c o n t a i n i n g  f i f t e e n  

a s s o r t e d  i n s e c t  l a r v a e  from f o u r  s p e c i e s  b e l i e v e d  t o  be 

r e s p o n s i b l e  f o r  m os t  o f  t h e  f r a s s  p r o d u c t i o n  on t h e  s t u d y  

a r e a s .  Core  s a m p le s  were  t a k e n  from w h i t e  oak a n d  b l a c k  

oak  l e a v e s  t o  d e t e r m i n e  any d i f f e r e n c e s  i n  l e a f  w e i g h t  a t  

th& t i m e  o f  c o n s u m p t io n  and  a f t e r  n a t u r a l  l e a f  f a l l .  F r a s s  

p r o d u c t i o n  on an a c r e  b a s i s  by w e i g h t  a n d  t h e  maximum a v a i l ­

a b l e  e n e r g y  t o  b e  t r a n s f e r r e d  t o  t h e  n e x t  t r o p h i c  l e v e l  

r a n g e d  from 1 7 , 9 ° 9  gms and 2 6 ,61 2  K c a l  f o r  t h e  s m a l l  oak 

a r e a  t o  3*9^8 gms and  5>867 K c a l  f o r  t h e  l a r g e  p i n e  a r e a .
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INTRODUCTION

F r a s s - d r o p  ( t h e  number  o f  f r a s s  p e l l e t s  f a l l i n g  t o  

t h e  g round)  was f i r s t  u s e d  a s  an i n d e x  o f  b o t h  p o p u l a t i o n  

numbers  and  I n s e c t  damage by German f o r e s t  e n t o m o l o g i s t s  

Rhum bler  (1 92 9 )  and  G o ssw a ld  (1935)*  Most s t u d i e s  u s i n g  

f r a s s  p r o d u c t i o n  a s  a  m e a su re  o f  i n s e c t  numbers  o r  p o p u l a ­

t i o n s  have  r e l i e d  s im p ly  on c o u n t i n g  t h e  number  o f  f r a s s  

p e l l e t s  f a l l i n g  on a  c o l l e c t i n g  s u r f a c e .  The s i z e  o f  t h e  

f r a s s  p e l l e t  v a r i e s  b e tw e e n  l a r v a l  s p e c i e s ,  b u t  f o r  e a c h  

l a r v a  t h e  p e l l e t  s i z e  i s  p r o p o r t i o n a l  t o  t h e  i n s t a r  i n  

w h ic h  i t  was p r o d u c e d .  The p e l l e t  s i z e  i n c r e a s e s  w i t h  

e ac h  i n s t a r  a n d  t h e  l a r v a  g e n e r a l l y  h a s  s i x  i n s t a r s  p r i o r  

t o  p u p a t i o n .  I n  o r d e r  f o r  f r a s s  sa m p le s  t o  be  o f  maximum 

v a l u e  f o r  p o p u l a t i o n  e s t i m a t i o n  t h e  f o l l o w i n g  f a c t s  m ust  

be known: i d e n t i t y  o f  t h e  s p e c i e s ,  t h e  d e v e l o p m e n t a l  s t a g e ,  

I n f o r m a t i o n  o f  t h e  q u a n t i t y  o f  f r a s s  p r o d u c e d  p e r  i n d i v i d ­

u a l  p e r  u n i t  o f  t i m e ,  and  t h e  p r o p o r t i o n  o f  t h e  f r a s s  

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

sample  (Sou thw ood ,  1 9 6 6 ) .  W a ld b au e r  (196*0 h a s  i n d i c a t e d  

t h a t  w e ig h t  o f  f r a s s  i s  much more c l o s e l y  c o r r e l a t e d  t h a n  

number o f  p e l l e t s  w i t h  t h e  amount o f  f o o d  consumed; c o n s e ­

q u e n t l y ,  w e i g h t  i s  t h e  p r i m a r y  m e a su re  o f  f r a s s  p r o d u c t i o n  

u s e d  i n  t h i s  s t u d y .

A l th o u g h  f r a s s  i s  n o t  a  new t e r m  i n  t h e  l i t e r a t u r e ,  

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

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



p r o j e c t  e n e r g y  f low  f o r  v a r i o u s  e c o s y s t e m s .  T here  h ave  

b e e n  o n l y  a few s t u d i e s  i n v o l v i n g  p r i m a r y  p r o d u c t i o n  i n  

w o od land  e n v i r o n m e n t s  ( O v i n g t o n ,  1965) an d  most o f  t h e s e  

s t u d i e s  r e l a t e  t o  b io m a s s  a n d  n o t  e n e r g y  f low  a t  t h e  

h e r b i v o r e  l e v e l .  The s t u d y  p r e s e n t e d  i s  b e l i e v e d  t o  be 

t h e  f i r s t  a t t e m p t  t o  d e t e r m i n e  e n e rg y  f lo w  i n  f o r e s t  

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

I n  f o r e s t  e c o s y s t e m s  t h e r e  a r e  many v a r i a b l e s  t h a t  

c a n n o t  be c o n t r o l l e d  o r  ev en  t o t a l l y  a c c o u n t e d  f o r .  T h i s  

f a c t  may h a v e  d i s c o u r a g e d  e x t e n s i v e  r e s e a r c h  i n  t h i s  a r e a .  

L a c k in g  r e f i n e d  t e c h n i q u e s ,  t h e  e s t i m a t e s  o f  e n e rg y  f low  

p r e s e n t e d  h e r e  s e r v e  o n ly  t o  g i v e  an i n s i g h t  o f  t h e i r  

o r d e r  o f  m a g n i tu d e  a t  t h e  h e r b i v o r e  l e v e l .

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

c o m p a r i s o n  b e tw ee n  f i v e  s l i g h t l y  d i f f e r e n t  oak f o r e s t  

h a b i t a t s  i n  t e r m s  o f  e n e r g y  f lo w  a t  t h e  h e r b i v o r e  l e v e l .
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DESCRIPTION OF THE STUDY AREAS

The f i v e  s t u d y  a r e a s  a r e  l o c a t e d  I n  t h e  A l l e g a n  

S t a t e  Game A r e a ,  A l l e g a n  C o u n ty ,  M ic h ig a n ,  and a r e  

r e c t a n g u l a r  i n  sh a p e  w i t h  d i v i s i o n  l i n e s  and s t a k e s  a t  

200 ( o c c a s i o n a l l y  100) f o o t  i n t e r v a l s .  The s o i l  o f  t h i s  

r e g i o n  h a s  b e e n  d e r i v e d  from a  f o r m e r  l a k e  p l a i n  and  

g l a c i a l  t i l l .  O a k -p in e  f o r e s t  p r e d o m i n a t e d  u n t i l  l o g g i n g  

o p e r a t i o n s  i n  t h e  n i n e t e e n t h  c e n t u r e  removed m os t  o f  t h e  

w h i t e  p i n e  ( P l n u s  s t r o b u s ) .  At p r e s e n t  a  community  o f  

s e c o n d - g r o w t h  w h i t e  and b l a c k  o a k s  ( Q u e rcu s  a l b a  and  Q,. 

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

The s m a l l  p i n e  a r e a  i s  l o c a t e d  i n  t h e  SW £  o f  S e c t .  

1 6 ,  R l ^ .W ,  T 2 N, o f  V a l l e y  Township ,  A l l e g a n  C o u n ty ,  

M i c h ig a n ,  w i t h  an a c r e a g e  o f  1 ^ . 7  a c r e s .  T h is  a r e a  

d i f f e r s  from t h e  o t h e r  s t u d y  a r e a s  i n  p o s s e s s i n g  an 

u n d e r s t o r y  l a y e r  composed o f  w h i t e  p i n e  p l a n t e d  i n  1938 .

The l a r g e  p i n e  a r e a  i s  l o c a t e d  i n  t h e  NE £  o f  S e c t .  

1 6 ,  T 2 N, R 1A W, o f  V a l l e y  Township ,  A l l e g a n  C o u n ty ,  

M ic h ig a n ,  w i t h  an a c r e a g e  o f  9 ,6  a c r e s .  T h is  a r e a  i s  

u n i q u e  i n  t h a t  t h e r e  a r e  a  number o f  m a tu r e  w h i t e  p i n e  

t r e e s  i n  t h e  can o p y .

The l a r g e  oak  a r e a  i s  l o c a t e d  i n  t h e  NW £  o f  S e c t .  

3 0 ,  T 2 N , R 1^ W, o f  V a l l e y  Township ,  A l l e g a n  C o u n ty ,  

M i c h ig a n ,  w i t h  an a c r e a g e  o f  18 .  a c r e s .  T h is  a r e a  i s  an 

oak  f o r e s t  t h a t  i s  r a p i d l y  a p p r o a c h i n g  m a t u r i t y  a n d  i s

3
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t h e  most  e c o l o g i c a l l y  a d v a n c e d  o f  a l l  t h e  s tu d y  a r e a s .

The s m a l l  oak  a r e a  i s  l o c a t e d  i n  t h e  NW i  o f  S e c t .

2k,  R l k  V,  T 2 N, o f  V a l l e y  Tow nsh ip ,  A l l e g a n  County ,  

M ic h ig a n ,  w i t h  an  a c r e a g e  o f  1 6 . 5  a c r e s .  The f o r e s t  o f  

t h i s  a r e a  i s  d e n s e r  and o f  g e n e r a l l y  s m a l l e r  t r e e s  t h a n  

t h a t  o f  t h e  l a r g e  oak a r e a .

The g r e e n b r i e r  a r e a  i s  l o c a t e d  i n  t h e  NW £  o f  S e c t .

25,  R 15 ¥ ,  T 2 N, o f  V a l l e y  Tow nsh ip ,  A l l e g a n  County ,  

M ic h ig a n ,  w i t h  an a c r e a g e  o f  1 8 . k  a c r e s .  I t  i s  a  r a t h e r  

h e t e r o g e n e o u s  a r e a ,  w i t h  some a r e a s  r e s e m b l i n g  t h e  l a r g e  

oak  a r e a ,  some t h e  s m a l l  oak  a r e a ,  a n d  a l s o  open a r e a s .

A g r o u n d  l a y e r  o f  g r e e n b r i e r  ( S m l lax  h l s p i d a ) i s  p r e s e n t  

on most  o f  t h e  t r a c t .

The canopy  o f  a l l  a r e a s  i s  composed m a in ly  o f  w h i t e  

oak  and b l a c k  oak ;  w h i t e  o ak  p r e d o m i n a t e s  among t h e  s m a l l e r  

t r e e s .  V e g e t a t i o n a l  a n a l y s i s  o f  t h e  a r e a  (Boyce,  B re w er ,  

Hodgson,  Wenger and  M i l l s ,  i 9 6 0 , U n p u b l i s h e d  M a n u s c r i p t )  

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

s a s s a f r a s  ( S a s s a f r a s  a l b l d u m ) . w i t c h  h a z e l  ( Hamamells 

v l r g l n l a n a ) . h a w th o rn  ( C r a t a e g u s  s p p . ) ,  s o u r  gum ( N.yssa 

s y l v a t l c a ) , r e d  maple ( A c e r  r u b ru m ) . b l a c k  c h e r r y  ( P r u n u s  

s e r o t l n a ) , l a r g e  t o o t h e d  a s p e n  ( P o p u l u s  g r a n d l d e n t a t a ) , 

a n d  s h a d - b u s h  ( A m e la n c h le r  s p . ) .
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METHODS

S t a n d a r d  9 X 9  i n c h  f l o o r  t i l e s  were  c h o se n  a s  a 

c o l l e c t i n g  s u r f a c e  f o r  s e v e r a l  r e a s o n s .  They a r e  a v a i l a b l e  

a t  a  m o d e r a te  c o s t  i n  p r e c i s e  s i z e s .  They a r e  t h i n  and  

h a v e  a  f l a t  s u r f a c e  w i t h o u t  s i d e s  w h ic h  would t e n d  t o  t r a p  

a  s a m p le .  T h ic k  c o l l e c t i n g  s u r f a c e s  would  n o t  have  a l l o w e d  

a s  much o f  t h e  sample  t o  bounce  o r  be  blown on t o  t h e  t i l e s  

a s  w ou ld  ha v e  b e en  l o s t  by t h e s e  p r o c e s s e s .  T h e i r  t e x t u r e  

i s  a  r e a s o n a b l e  a p p r o x i m a t i o n  o f  t h a t  o f  t h e  f o r e s t  f l o o r .  

I t  i s  a ssum ed t h a t  a f r e e  i n t e r c h a n g e  t o o k  p l a c e  b e tw ee n  

t h e  t i l e s  and  t h e  f o r e s t  f l o o r  an d  t h a t  a g i v e n  a r e a  o f  

t i l e  a c c u r a t e l y  m ea su re d  f r a s s  a c c u m u l a t i o n  on t h e  same 

a r e a  o f  t h e  f o r e s t  f l o o r .

T h i r t y  s t a n d a r d  9 X 9  i n c h  f l o o r  t i l e s  w ere  s y s te m ­

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

i n  a l l  t h e  s t u d y  a r e a s  w i t h  t h e  e x c e p t i o n  o f  t h e  s m a l l  and 

l a r g e  p i n e  a r e a s .  T i l e s  i n  t h e  s m a l l  p i n e  a r e a  w ere  p l a c e d  

a t  63 s t a k e s  a t  100 f o o t  i n t e r v a l s  on t h i s  a r e a  and  a  200 

f o o t  s t r i p  t h a t  forms t h e  w e s t e r n  b o u n d a ry  was n o t  u s e d .  

F r a s s  s a m p le s  c o l l e c t e d  f rom  63 t i l e s  i n  t h e  s m a l l  p i n e  

a r e a  and  27 t i l e s  i n  t h e  l a r g e  p i n e  a r e a  were  s t a n d a r d i z e d  

t o  f r a s s  p r o d u c t i o n  f o r  30 t i l e s  by a p p r o p r i a t e  c o n v e r s i o n  

f a c t o r s .  F r a s s - d r o p  s a m p le s  were  c o l l e c t e d  from t h e  t i l e s  

by means o f  a  1 ” p a i n t  b r u s h  and  sw ep t  i n t o  p l a s t i c  b a g s .  

The c o l l e c t i o n  p e r i o d  e x t e n d s  from May 2 5 , 1 9 6 8 ,  t h r o u g h
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6
Ju n e  2k,  1 9 6 8 * O b s e r v a t i o n  i n d i c a t e d  t h a t  f r a s s  p r o d u c t i o n  

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

Sam ples  w ere  u s u a l l y  c o l l e c t e d  on Monday, Wednesday,  an d  

F r i d a y  from e a c h  o f  t h e  s t u d y  a r e a s .  When r a i n  f e l l  e i t h e r  

on a  c o l l e c t i n g  day o r  t h e  day  b e f o r e ,  s a m p les  w ere  c o l l e c t e d  

a f t e r  t h e  t i l e s  were  d r y  f rom  a s  many o f  t h e  s t u d y  a r e a s  a s  

t i m e  p e r m i t t e d .  A sam ple  c o n s i s t e d  o f  f r a s s  c o n t a m i n a t e d  

w i t h  t w i g s ,  s a n d ,  and  p l a n t  down.

The s a m p le s  were  b r o u g h t  b a c k  t o  t h e  l a b o r a t o r y  and  

s o r t e d  w i t h  f o r c e p s  u n t i l  o n l y  f r a s s  r e m a in e d .  V o l u m e t r i c  

m e a su re m e n ts  w ere  t a k e n  u s i n g  a  10 ml g r a d u a t e d  c e n t r i f u g e  

t u b e .  Each sam p le  was g i v e n  t h e  same t r e a t m e n t  o f  25  f i n g e r  

t a p s  on t h e  s i d e  o f  t h e  t u b e  b e f o r e  t a k i n g  m e a s u r e m e n ts .

B e f o r e  w e i g h i n g ,  t h e  s a m p le s  w ere  o v e n - d r i e d  f o r  2k  h o u r s  

a t  95°C and  t h e n  p l a c e d  i n  a  d e s i c c a t o r  f o r  2 h o u r s  an d  

a l l o w e d  t o  c o o l  t o  room t e m p e r a t u r e .

The c u m u l a t i v e  w e i g h t  o f  f r a s s  p r o d u c e d  from e a c h  o f  

t h e  s t u d y  a r e a s  p r o v i d e d  a  b a s i s  f o r  c o m p a r i s o n  and  w e re  

p r o j e c t e d  t o  g i v e  v a l u e s  i n  t e r m s  o f  a c r e a g e  f o r  e a c h  o f  

t h e  s t u d y  a r e a s .  I n  a d d i t i o n ,  t h e  p r o j e c t e d  v a l u e s  w ere  

u t i l i z ’ d t o  g i v e  an  i n d e x  o f  e n e r g y  f lo w  a t  t h e  h e r b i v o r e  

l e v e l .

I n c l u d e d  and  h a n d l e d  i n  t h e  same m anner  w ere  s a m p le s  

t a k e n  from f o u r  m u s l i n  e n c l o s u r e s  p l a c e d  u n d e r  f i e l d  

c o n d i t i o n s  f o r  f o u r  d a y s  i n  May o f  1969  and  one  e n c l o s u r e  

f o r  n i n e  d a y s  i n  1 9 6 8 . T h ese  were  p l a c e d  on a r e a s  a d j a c e n t
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t o  t h e  s m a l l  o ak  a r e a .  A m u s l i n  e n c l o s u r e  was a  b a g  3 

f e e t  l o n g  s u p p o r t e d  by w i r e  hoops  r o u g h l y  20" i n  d i a m e t e r .  

The m u s l in  b a g ,  open  a t  b o t h  e n d s ,  was s l i d  o v e r  a  l i v i n g  

w h i t e  oak  t r e e  l i m b  a b o u t  f i v e  f e e t  above  t h e  g r o u n d  

and 15  c a t e r p i l l a r s  and  l e a f  m in e r  l a r v a e  were  p l a c e d  

i n s i d e  t h e  e n c l o s u r e .  The open end s  o f  t h e  bag  w ere  t h e n  

t i e d  s e c u r e l y  t o  t h e  t r e e  l im b .  L e a v e s  w i t h  consumed 

a r e a s  on them w e re  f i r s t  removed so t h a t  o n ly  w ho le  I n t a c t  

l e a v e s  r e m a i n e d .  White  o a k s  were u t i l i z e d  b e c a u s e  o f  t h e  

a c c e s s i b i l i t y  o f  i n t a c t  l e a v e s .  Sm all  b l a c k  o a k s  i n  t h e  

u n d e r s t o r y  w ere  s c a r c e  a n d ,  on t h o s e  p r e s e n t ,  t o o  few 

l e a v e s  were l e f t  a f t e r  rem o v in g  t h o s e  w i t h  consumed a r e a s  

t o  s u p p o r t  t h e  15  c a t e r p i l l a r s  and  l e a f  m i n e r s .  Mala-  

cosoma am er lcanum  was n o t  i n c l u d e d  among t h o s e  s p e c i e s  

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

a l r e a d y  u n d e r g o n e  p u p a t i o n .

A f t e r  t h e  p r e s c r i b e d  p e r i o d  o f  t i m e  t h e  t r e e  l im b  

was removed j u s t  above t h e  m u s l in  b a g  a n d  b r o u g h t  t o  t h e  

l a b o r a t o r y  w h e re  t h e  l e a v e s  were  removed and  t h e  f r a s s  

and  l i t t e r  c o l l e c t e d .  By m e a s u r i n g  t h e  a r e a  consumed a  

c o r r e l a t i o n  b e tw e e n  l e a f  a r e a  consumed a n d  w e i g h t  o f  

f r a s s  p r o d u c e d  was e s t a b l i s h e d .  The p e t i o l e s  w e re  removed 

p r i o r  t o  t a k i n g  m e a s u re m e n ts  b e c a u s e  t h e y  a r e  n o t  con­

s i d e r e d  t o  be  a  p a l a t a b l e  p o r t i o n  o f  t h e  l e a f  ( B r a y ,

1 9 6 1 ) .  M e a s u re m e n ts  o f  t o t a l  l e a f  a r e a  and  a r e a  consumed 

i n  s q u a r e  i n c h e s  were  t a k e n  by p l a c i n g  e a c h  l e a f  u n d e r  

a  p i e c e  o f  h e a v y  gauge  p l a s t i c  and  u s i n g  a B ru n in g
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a r e a g r a p h  ( t r a n s p a r e n t  p l a s t i c  w i t h  random ly  o l a c e d  d o t s  

i n  known n u m b e rs ) .  An a r e a g r a p h  o f  97 p e r  c e n t  p r e c i s i o n  

f o r  a r e a s  o v e r  t e n  s q u a r e  I n c h e s  was random ly  p l a c e d  

o v e r  each  l e a f .  Those d o t s  more t h a n  h a l f  e n c l o s e d  

i n s i d e  t h e  l e a f  were  c o u n t e d .  The t o t a l  number o f  d o t s  

was t h e n  d i v i d e d  by one h u n d r e d  t o  g i v e  l e a f  a r e a  in  

s q u a r e  i n c h e s .  L ea v es  t h a t  had  an a r e a  o f  f i v e  s q u a r e  

i n c h e s  o r  l e s s  were  c o u n te d  t w i c e  and an a v e r a g e  t a k e n .  

M easurem ents  were made o f  consumed a r e a s  by p l a c i n g  each  

l e a f  o v e r  a p i e c e  o f  g r a p h  p a p e r  and c o u n t i n g  t h e  number 

o f  s q u a r e s  (100  s q u a r e s  p e r  s q u a r e  i n c h )  one h a l f  o r  

more consumed. The r e s u l t s  f o r  e a c h  o f  t h e  e n c l o s e d  

s a m p le s  a p p e a r s  i n  a p p e n d i c e s  A t h r o u g h  E.

T w e n ty - f iv e  l e a f  s a m p le s  o f  w h i t e  and  b l a c k  oak 

l e a v e s  were c o l l e c t e d  d u r i n g  t h e  pe ak  o f  c a t e r p i l l a r  

f e e d i n g  i n  1969  > d u r i n g  t h e  t im e  t h a t  t h e  m u s l in  

e n c l o s u r e s  were i n  t h e  f i e l d .  These  l e a v e s  were  p r e s s e d  

and  p l a c e d  i n  a c o n s t a n t  t e m p e r a t u r e  room a t  70°F  and 

r e l a t i v e  h u m id i t y  LO p e r  c e n t .  A f t e r  f o u r  d a y s ,  c o re  

s a m p le s  were t a k e n  w i t h  a c o r k  b o r e r  from e a c h  o f  t h e  

w h i t e  oak l e a v e s  and th e  b l a c k  oak  l e a v e s  and w e ig h ed  on 

a  M e t t l e r  b a l a n c e .  In t h e  same m anner  one h u n d r e d  c o re  

s a m p le s  t o t a l i n g  26 sq .  i n .  were  t a k e n  from l e a v e s  o f  

t h e  same s p e c i e s  c o l l e c t e d  i n  t h e  f a l l  o f  1968  a f t e r  

d r o p p i n g  from t h e  t r e e .  T h i s  was done t o  d e t e r m i n e  any 

d i f f e r e n c e  i n  w e i g h t  be tw een  l e a v e s  t a k e n  d u r i n g  t h e

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



g r o w in g  s e a s o n  and  f a l l e n  l e a v e s .  Care  was t a k e n  t o  t a k e  

e a c h  c o re  f rom  t h e  same a r e a  o f  t h e  l e a f  w h ic h  l a c k e d  

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

C a t e r p i l l a r s  a n d  l e a f  m in e r  l a r v a e  were  c o l l e c t e d  i n  

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

t i o n .  The l a r v a e  w e re  r e a r e d  t o  a d u l t s  i n  o r d e r  t o  make 

p o s i t i v e  I d e n t i f i c a t i o n .
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RESULTS AND DISCUSSION 

INSECT SPECIES INVOLVED

C o l l e c t i o n s  i n d i c a t e d  t h a t  t h e  l a r v a e  r e s p o n s i b l e  

f o r  most  o f  t h e  f o l i a g e  c o n su m p t io n  w e re  members o f  f i v e  

s p e c i e s ,  f o u r  l e p i d o p t e r a n s  and one c o l e o p t e r a n .  The 

s p e c i f i c  i n s e c t s  i n v o l v e d  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  

s e c t i o n s .

B u c c u l a t r l x  a l n s l l e l l a  M u r t f e l d t

The l a r v a e  a r e  £ i n c h  l o n g  when f u l l  grown. The 

body i s  s t o u t  and  t h e r e  a r e  f i v e  p a i r s  o f  p r o l e g s .  

B u c c u l a t r l x  b e l o n g s  t o  t h e  f a m i l y  L y o n e t i i d a e  a n d  i s  

o f t e n  r e f e r r e d  t o  a s  t h e  r i b b e d  cocoon  m aker  b e c a u s e  t h e  

co co on  h a s  s i l k  t h r e a d s  i n  a r e g u l a r  p a t t e r n  b e tw e e n  

l o n g i t u d i n a l  r i d g e s  and  i s  a t t a c h e d  l o n g i t u d i n a l l y  t o  a 

t w i g  o r  t h e  t r u n k  ( F o r b e s ,  1 9 2 0 ) .

The a d u l t  b e e t l e  h a s  a  w ing  s p r e a d  o f  5 / 1 6  i n c h .

The w in g s  a r e  n a r ro w ;  h i n d w l n g s  have  a b r o a d  f r i n g e  o f  

h a i r .  The f o r e w i n g s  a r e  brown o r  b l a c k  w i t h  l i g h t  mark­

i n g s .  The h in d w ln g s  a r e  g r a y  ( A n d e r so n ,  I 9 6 0 ) .

The l a r v a  n o r m a l l y  f e e d s  on b l a c k  oak ;  i n  an e p id e m ic  

i t  w i l l  a t t a c k  a  v a r i e t y  o f  t r e e  s p e c i e s .  The eg g s  a r e  

d e p o s i t e d  upon  t h e  l e a v e s .  The l a r v a e  b o r e  d i r e c t l y  i n t o  

t h e  l e a f  t i s s u e  a t  t h e  p o i n t  o f  a t t a c h m e n t  o f  t h e  e g g .

The l a r v a e  t h e n  move t o  t h e  u p p e r  l a y e r  o f  t h e  pa renchym a
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an d  t h e r e  t u n n e l  o u t  n a r ro w  s e r p e n t i n e  t u n n e l s .  The 

t u n n e l s  a r e  a lm o s t  a lw a y s  f i l l e d  w i t h  f r a s s .

W hile  t h e  l a r v a e  c o n t i n u e  t o  mine t h e y  a r e  sm ooth ,  

b u t  when t h e y  emerge a s  e x t e r n a l  f e e d e r s  t h e y  a r e  r o u g h  

a n d  p o s s e s s  w a r t - l i k e  t u b e r c l e s  b e a r i n g  h a i r s .  Once 

emerged  t h e y  e a t  away one c u t i c l e  an d  m o s t  o f  t h e  s o f t  

i n t e r i o r  t i s s u e ,  l e a v i n g  t h e  c u t i c l e  on t h e  u n d e r  s i d e  

o f  t h e  l e a f  and  t h e  f i b r o v a s c u l a r  sy s te m  i n t a c t .  B e f o re  

e a c h  m o l t ,  a  s p e c i a l  m o l t i n g  co co o n  i s  s p u n .  The cocoon  

h a s  t h e  form o f  more o r  l e s s  c i r c u l a r ,  f l a t  webs spun 

upon  t h e  l e a v e s ,  eomewhat s m a l l e r  i n  d i a m e t e r  t h a n  t h e  

l e n g t h  o f  t h e  l a r v a .  I n  a b o u t  a  day  t h e  l a r v a e  emerge 

an d  f e e d  i n  t h e  f o l l o w i n g  i n s t a r  i n  t h e  a l r e a d y  d e s c r i b e d  

way. T h e re  i s  o n l y  one g e n e r a t i o n  p r o d u c e d  p e r  g ro w in g  

s e a s o n .

B u c c u l a t r l x  i s  n o t  c o n s i d e r e d  t o  be  a  s e r i o u s  f o r e s t  

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

summer when g ro w th  h a s  a l r e a d y  b e en  p r o d u c e d .

P a l e a c r l t a  v e r n a t a  Peck

The c a t e r p i l l a r s  a r e  a b o u t  3 / b  t o  1 i n c h  l o n g  when 

f u l l  grown.  The c o l o r  v a r i e s  f rom o l i v e  g r e e n  t o  d a rk  

g r e e n  o r  g r a y  i n  a d v a n c e d  i n s t a r s .  P. v e r n a t a  b e l o n g s  t o  

t h e  f a m i l y  G-eometridae a n d  i s  commonly r e f e r r e d  t o  a s  

s p r i n g  cankerworm and  h a s  o n l y  two p a i r s  o f  p r o l e g s .
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The a d u l t  f em a le  moth I s  w i n g l e s s ,  g r a y  t o  b l a c k  

and a p p r o x i m a t e l y  \  i n c h  l o n g .  The male i s  a  s l e n d e r  

b r o w n i s h - g r a y  moth w i t h  a wing s p r e a d  o f  5 /8  t o  1 1 / 5  

i n c h e s .  T h e re  a r e  t h r e e  i r r e g u l a r  d a r k  l i n e s  c r o s s i n g  

t h e  m a l e ' s  f o r e w l n g s  ( A n d e r s o n ,  I 9 6 0 ) .

The s p r i n g  cankerworm p r e f e r s  t h e  f o l i a g e  o f  elm and 

bassw ood  b u t  w i l l  u t i l i z e  t h e  f o l i a g e  o f  many o t h e r  

s p e c i e s  o f  d e c i d u o u s  t r e e s .  The eg g s  a r e  i r r e g u l a r  m asse s  

o f  50 d e p o s i t e d  on t h e  t w i g s ,  l i m b s ,  and t r u n k s  o f  t h e  

h o s t  t r e e .  The l a r v a e  a p p e a r  i n  l a t e  A p r i l  o r  e a r l y  May. 

At f i r s t  t h e  l a r v a e  e a t  s m a l l  h o l e s  t h r o u g h  t h e  l e a v e s ;  

i n  a d v a n c e d  s t a g e s  o f  m a t u r i t y ,  t h e y  d e v o u r  t h e  w ho le  l e a f  

w i t h  t h e  e x c e p t i o n  o f  t h e  mid r i b  and some o f  t h e  c o a r s e r  

v e i n s .

The c a t e r p i l l a r s  h a v e  a  l o n g  s l e n d e r  form and  t h e  

h a b i t s  o f  a  m e a s u r i n g  worm o r  l o o p e r .  When i t  i s  n o t  

e a t i n g ,  t h e  l a r v a  a d h e r e s  o n l y  by i t s  h in d m o s t  f o r e l e g s ,  

e x t e n d i n g  t h e  body from t h i s  p o i n t  o f  s u p p o r t  a t  an a n g l e  

o f  a b o u t  45 d e g r e e s .  I t  a l s o  h a s  t h e  h a b i t  o f  s p i n n i n g  

down t h e  t r e e  a t  t h e  end  o f  a t h r e a d  ( F o r b e s ,  1 9 1 1 ) .

About  a  month from h a t c h i n g  t h e  l a r v a e  a r e  f u l l  

grown and  l e a v e  t h e  t r e e  t o  p u p a t e  i n  t h e  e a r t h .  P u p a t i o n  

t a k e s  p l a c e  i n  t h e  g r o u n d  a t  a  d e p t h  o f  two t o  f i v e  

i n c h e s .  The p u p a  re m a in  i n  t h e  g ro u n d  and em erges  a s  an 

a d u l t  sometime i n  A p r i l  ( one g e n e r a t i o n  p e r  y e a r ) .

v e r n a t a  f r e q u e n t l y  d e f o l i a t e s  e x t e n s i v e  a r e a s  o f
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a  f o r e s t ,  b u t  b e c a u s e  e p i d e m i c s  u s u a l l y  l a s t  o n ly  a  few 

y e a r s  and  b e c a u s e  d e c i d u o u s  h o s t  t r e e s  se ldom  d i e  a s  t h e  

r e s u l t  o f  t h e  d e f o l i a t i o n s ,  s p r i n g  cankerw orm s a r e  n o t  

c o n s i d e r e d  t o  be  a  m a jo r  f o r e s t  p e s t  (A n d e r so n ,  i 9 6 0 ) .

M alacosoma am erlcanum  F a b r i c i u s

M. americanum b e l o n g s  t o  t h e  f a m i l y  L a s io c a m p id a e  

and  i s  r e f e r r e d  t o  a s  t h e  e a s t e r n  t e n t  c a t e r p i l l a r .  The 

c a t e r p i l l a r s  a r e  d a r k  c o l o r e d  w i t h  a  w h i t e  s t r i p e  a l o n g  

t h e  m id -b a c k  l i n e  b o r d e r e d  on b o t h  s i d e s  w i t h  o r a n g e .  A 

s m a l l  o v a l ,  b l u e  s p o t  l i e s  w i t h i n  a  l a r g e r  b l a c k  s p o t  on 

t h e  s i d e s  o f  e a c h  segm en t .

P u p a t i o n  t a k e s  p l a c e  i n s i d e  c o c o o n s  p l a c e d  i n  p r o ­

t e c t e d  c r e v i c e s  o r  i n  r o l l e d  l e a v e s .

The a d u l t  moths a r e  m o d e r a t e l y  r o b u s t  w i t h  a  wing 

s p r e a d  o f  1 t o  1 3 / k  i n c h e s .  They a r e  t a n  t o  r e d d i s h  t a n  

i n  c o l o r  w i t h  two t h i n  p a r a l l e l  c r o s s  l i n e s  on t h e  f o r e ­

w i n g s .  The h i n d w l n g s  a r e  a  u n i f o r m  t a n  (A n d e r so n ,  i 9 6 0 ) .

The eg g s  a r e  l a i d  i n  m a sse s  o f  100 t o  300 and u s u a l l y  

e n c i r c l e  a  t w i g .  Soon a f t e r  h a t c h i n g  t h e  l a r v a e  make a  

communal, s i l k e n  t e n t  i n  t h e  crown o f  t h e  h o s t  t r e e .  The 

t e n t  c o n s i s t s  o f  numerous l a y e r s  o f  d e n s e  s h e e t s  o f  s i l k  

w e b b in g  and  c o n t a i n s  e x c re m e n t  an d  num erous  m o l t e d  s k i n s .

The c a t e r p i l l a r s  f e e d  by consum ing  most  o f  t h e  l e a f  

s u r f a c e  e x c e p t  t h e  l a r g e r  v e i n s  and p e t i o l e s .  I f  any 

h o s t  t r e e  o t h e r  t h a n  P r u n u s  i s  u t i l i z e d  t h e  l a r v a e  seldom
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Ik-
l i v e  t o  m a t u r i t y .  Hos t  t r e e s  se ldom d i e  even  a f t e r  s e v e r a l  

a n n u a l  d e f o l i a t i o n s .  The m a j o r  t r e e  i n j u r y  c o n s i s t  o f  

r e t a r d e d  g ro w th  and so m e t im e s  t h e  d e a t h  o f  b r a n c h e s .

T h e re  i s  b u t  one g e n e r a t i o n  p e r  y e a r  w i t h  t h e  a d u l t  

m o th s  on t h e  wing soon a f t e r  mid-summer.

A r c h i o s  a r g y r o s p i l u s  W a lk e r

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

a n d  i s  commonly known a s  t h e  a p p le  l e a f  r o l l e r .  The 

c a t e r p i l l a r s  a r e  J / k  t o  1 i n c h  l o n g  when f u l l  grown.  The 

body i s  n a k ed  and p a l e  g r e e n  i n  c o l o r .  The l a r v a e  hav e  

f i v e  p a i r s  o f  p r o l e g s .

P u p a t i o n  t a k e s  p l a c e  i n s i d e  r o l l e d  l e a v e s ,  u s u a l l y  

w i t h  o n l y  one l a r v a  l i v i n g  i n  each  r o l l e d  l e a f .

The a d u l t  i s  s m a l l  a nd  i s  a  b e l l - s h a p e d  moth w i t h  a  

w ing  s p r e a d  o f  1 t o  l £  i n c h e s .  The f o r e w i n g s  a r e  i r r e g u l a r l y  

m o t t l e d  w i t h  a m ix t u r e  o f  s t r a w  y e l l o w ,  r e d - b r o w n  a n d  o f t e n  

b l a c k - b r o w n  s c a l e s ,  h a v i n g  t h e  a p p e a r a n c e  o f  a s e r i e s  o f  

c ream  c o l o r e d  q u a d r a t e  p a t c h e s .  The h in d w in g  i s  mouse 

g r a y .

The eggs  a r e  l a i d  i n  l a r g e  m asses  on t h e  u p p e r  l e a f  

s u r f a c e s .  A f t e r  h a t c h i n g  t h e  l a r v a e  f e e d  by s k e l e t o n i z i n g  

t h e  l e a v e s .  The l a r v a  fo rm s  a t u b e  o r  f o l d  by r o l l i n g  

t h e  l e a f  m a r g in  back  o r  by f a s t e n i n g  two o r  more a d j a c e n t  

l e a v e s  t o g e t h e r .  S k e l e t o n i z i n g  t a k e s  p l a c e  w h i l e  t h e  

l a r v a e  l i v e  w i t h i n  t h e  e n c l o s e d  l e a f  s p a c e s .  One g e n e r a ­

t i o n  o c c u r s  p e r  y e a r .
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S p a r a g a n o t h l s  p e t t l t l a n a

Cenools  p e t t l t l a n a  a p p e a r s  I n  t h e  l i t e r a t u r e  a s  a 

synonym. Common names a r e  l i n d e n  l e a f  r o l l e r  an d  maple 

l e a f  r o l l e r .  Bo th  S. p e t t l t l a n n a  and A. a r g y r o s p l l u s  

a r e  members o f  t h e  f a m i l y  T o r t r i c l d a e  an d  s h a r e  s i m i l a r  

l i f e  c y c l e s  a n d  tax o n o m ic  c h a r a c t e r i s t i c s .

C a t e r p i l l a r s  a r e  3 / k  t o  1 i n c h  l o n g  when f u l l y  grown 

The body i s  n a k e d  and  d a r k  g r e e n  t o  a l m o s t  brown o r  b l a c k  

w i t h  f i v e  p a i r s  o f  p r o l e g s .

The' a d u l t  m oth  i s  s m a l l  w i t h  a w in g  s p r e a d  o f  1 t o  

l £  i n c h e s .  The f o r e w i n g s  a r e  u n i f o r m l y  g r a y  an d  b e l l ­

s h a p e d  when f o l d e d .

F i e l d  o b s e r v a t i o n  on t h i s  s p e c i e s  i n d i c a t e  t h a t  3. 

p e t t l t l a n a  u n d e r  e p id e m ic  c o n d i t i o n s  o f t e n  f e e d s  on t h e  

ex p o se d  l e a f  m a r g i n s ,  l e a v i n g  o n l y  t h e  more c o a r s e  v e i n s .  

T h i s  c h a r a c t e r i s t i c  d i f f e r s  from t h a t  o f  A. a r g y r o s p l l u s  

w h ich  se ldom l e a v e s  t h e  s h e l t e r  o f  t h e  l e a f  r o l l  t o  f e e d .  

N e i t h e r  s p e c i e s  i s  c o n s i d e r e d  t o  be a  m a j o r  f o r e s t  p e s t .

FRASS PRODUCTION

The a v e r a g e  d a l l y  w e i g h t  o f  f r a s s  p r o d u c e d  was o b t a i n e d  

by d i v i d i n g  t h e  w e i g h t  o f  e a c h  f r a s s  sam ple  c o l l e c t e d  by 

t h e  amount o f  t im e  b e tw een  c o l l e c t i n g  d a y s  ( T a b le  l ) .  The 

a v e r a g e  d a i l y  w e i g h t  o f  f r a s s  p r o d u c e d  f o r  t h e  s m a l l  p in e  

a r e a  from May 31 t o  June  5 i s  c i t e d  a s  an e x am p le .  By 

t a k i n g  .3  gms c o l l e c t e d  on June  5 and d i v i d i n g  t h a t  w e ig h t
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Table 1 . The average weight of frass in grams per day
from 30 9 X 9 inch collecting surfaces in
e a c h  o f  t h e  s t u d y  a r e a s  d u r i n g  May and  Ju n e  
1968 .  Each e n t r y  i s  an a v e r a g e  f o r  t h e
p e r i o d  from t h e  
i n g  e n t r y .

day o f  e n t r y t o  t h e p r e c e e d -

Sm all  L a r g e Large Small G-reen-
p i n e  p i n e oak oak b r i e r

May 25
26
27 .00
28
29 .0 1 .01 .01
30
31 .01  .03 .01 .0 6

Ju n e  1
2
3 .0 9 .0 7 .1 0 .1 2
4
5 . 0 6  .1 0 • 36 .2 5 .2 1
6
7 .3 9  .3 0 1 .0 0 . 66 .6 1
8
9

10
11 • 67
12
13 .30 • 38 .6 5 . 3 7
14 .0 2 • 37
15
16
17
18
19 .0 5  . 0 4 .1 2 .0 6 • 05
20
21
22
23
24 .0 1  .0 0 .0 0 .01 .0 1
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17
by f i v e  ( t h e  number  o f  d a y s  b e tw een  c o l l e c t i n g  d a t e s )  t h e  

v a l u e  o f  . 0 6  gms i s  o b t a i n e d .  P r o d u c t i o n  p e a k s  o c c u r r e d  

i n  e a c h  o f  t h e  s t u d y  a r e a s  i n  t h e  v i c i n i t y  o f  June  7 ,  

w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  t h e  s m a l l  oak a r e a .  The 

p a t t e r n  shown by t h e  sm a l l  oak  a r e a  may a p p e a r  d i f f e r e n t  

b e c a u s e  o f  more f r e q u e n t  s a m p l in g  i n  t h a t  a r e a .  T h i s  a r e a  

was t h e  f i r s t  t o  d r y  a f t e r  a heavy dew o r  a f t e r  a r a i n .

B ecau se  i n t a c t  s a m p le s  c o u l d  o n ly  be c o l l e c t e d  when t h e  

t i l e s  were  d r y ,  some days d i d  n o t  a l l o w  enough  t im e  f o r  

sa m p le s  t o  be  c o l l e c t e d  from a l l  s t u d y  a r e a s .

The p e a k s  f o r  f r a s s  p r o d u c t i o n  i n  t h e  f i v e  s t u d y  

a r e a s  a r e  f u r t h e r  s u p p o r t e d  by p e a k s  f o r  t h e  a v e r a g e  

volume o f  f r a s s  i n  m i l l i l i t e r s  p e r  day ( T a b le  2 ) .  S o u th -  

wood (1 9 6 6 ) r e p o r t s  t h a t  t h e  r e l a t i o n s h i p  be tw een  w e ig h t  

and  volume o f  f r a s s  c o l l e c t e d  i s  n o t  n e c e s s a r i l y  p a r a l l e l .

As much a s  30 p e r  c e n t  o f  t h e  w e ig h t  o f  t h e  f r a s s  sample  

can  be l e a c h e d  o u t  by r a i n  and  w e a t h e r i n g  w i t h o u t  any 

c o r r e s p o n d i n g  l o ps i n  volume.  On t h i s  b a s i s  p e r h a p s  

volume o f  f r a s s  c o l l e c t e d  from eac h  o f  t h e  s t u d y  a r e a s  i s  

a  more v a l i d  s t a n d a r d  f o r  c o m p a r i s o n  t h a n  w e i g h t  o f  f r a s s  

from e a c h  s t u d y  a r e a .

A l th o u g h  some d i f f e r e n c e s  a p p e a r  i n  c o r r e l a t i n g  w e ig h t  

and  vo lum e ,  t h e  p e a k  i n  p r o d u c t i v i t y  by volume o c c u r r e d  

on t h e  same d a t e  a s  t h e  p e a k  by w e i g h t .  D i f f e r e n c e s  

b e tw e e n  w e i g h t  and  volume c o r r e l a t i o n s  become more 

a p p a r e n t  when a c c u m u la t e d  w e i g h t  an d  volume a r e  compared
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T a b l e  2 .  The a v e r a g e  volume o f  f r a s s  i n  m i l l i l i t e r s  
p e r  day  from 30 9 X 9 i n c h  c o l l e c t i n g  
s u r f a c e s  i n  e a c h  o f  t h e  s t u d y  a r e a s  d u r i n g  
May a n d  June 1 9 6 8 .

Sm all
p i n e

L arge
p i n e

Large
oak

S m al l
oak

Green­
b r i e r

May 25
26
2? .01
28
29 .0 8 .05 .0 5
30
31 .03 .06 . 23

June  1
2

k .1 9 .20 .3 3 .3 7

5 .1 9 .6 7 .99 .7 0 . 62
6
7 1 . 0 5 .89 2.50 1 . 0 5 1 . 6 5
8
9

10
11 I . L 3
12
13 .3 0 .9 5 1 . 3 5 .9 7
14 .3 3 .8 9
15
16
17
18
19 .0 5 .10 . 3 5 . I k . 1 5
20
21
22
23
24 .0 1 .01 .0 6 .0 6 . 0 4
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Table 3. The cumulative weight of frass In grams
collected from 30 9 X 9 inch collecting
s u r f a c e s  
May and

i n  e a c h  
June  1968

o f  t h e  
•

s tu d y  a r e a s d u r i n g

Sm all
p i n e

L arg e
p i n e

L arg e
oak

Small
oak

G reen­
b r i e r

May 25
26
2? .0 0
28
29 . 0 7 .0 6 .0 5
30
31 .0 3 .1 2 .10 . 1 7

June  1
2
3 .3 8 . 4 2 .40 .5 3
4
5 . 3 3 .59 1 . 1 4 .89 . 9 4
6
7 1 . 1 0 1 .1 9 3 .1 3 2 .21 2 . 1 5
8
9

10
11 4 .9 0
12
13 2 . 9 2 1 .3 3 5 .3 2 6 .20 4 . 3 4
14 6 .5 7
15
16
17
18
19 3 . 2 2 1 . 5 2 5 .9 9 6 .8 8 4 . 6 3
20
21
22
23
24 3 . 2 6 1 . 5 3 6 .0 5 6 .9 4 4 . 6 7

T o t a l 3 . 2 6 1 .5 3 6 .0 5 6 .9 4 4 . 6 7
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Table 4. The cumulative volume of frass in milliliters
collected from 30 9 X 9 inch collecting
s u r f a c e s  
May and

i n  e a c h  
Ju n e  1968

o f  t h e  : 
«

s tu d y  a r e a s d u r i n g

Sm all
p i n e

L a r g e
p i n e

L arge
oak

Small
oak

G reen­
b r i e r

May 25
26
27 . 0 2
28
29 .3 3 .2 0 .20
30
31 .1 2 . 5 8 .40 . 66

Ju n e  1
2
3 1 . 1 4 1 .2 0 1 .4 0 1 . 7 6
4
5 1 . 0 7 2 . 4 7 3 .1 7 2 .8 0 3 .0 0
6
7 3 . 1 7 4 . 2 5 8 .1 7 5 .90 6 .3 0
8
9

10
11 1 1 .5 9
12
13 6 .9 9 6 . 2 5 1 3 .8 7 1 4 .2 9 1 2 .1 0
lif- 1 5 .1 8
15
16
17
18
19 8 .2 9 6 . 8 3 1 5 . 9 4 1 5 .3 8 1 3 .0 0
20
21
22
23
2k 6 . 9 0 1 6 .2 4 1 8 .8 8 1 3 .2 0

T o t a l 8 . 3 4 6 .9 0 1 6 .2 4 1 8 .8 8 1 3 .2 0
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f o r  e ac h  s t u d y  a r e a s  ( T a b l e s  3 and  4 ) .

A l th o u g h  l e a c h i n g  h a s  a  p o t e n t i a l  w e ig h t  l o s s  o f  up 

t o  30 p e r  c e n t  f o r  f r a s s  s a m p le s ,  t h i s  r a r e l y  h a p p e n s  

p r o v i d e d  t h a t  t h e  s a m p le s  a r e  c o l l e c t e d  from t h e  f i e l d  

b e f o r e  e x t re m e  e x p o s u r e  o c c u r s .  However, m in o r  d i f f e r ­

e n c e s  d i d  o c c u r .  S e v e r a l  f a c t o r s  may c o n t r i b u t e  t o  

d i f f e r e n c e s  b e tw e e n  w e ig h t  and vo lum e.  When s a m p le s  

c o u l d  n o t  be c o l l e c t e d  from a l l  s t u d y  a r e a s  on t h e  same 

d a y ,  some s a m p le s  w e re  l e f t  i n  t h e  f i e l d  and  were  e x p o s e d  

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

s a m p le s  t h a t  w e re  c o l l e c t e d .  S m a l l e r  p e l l e t  s i z e  o f  t h e  

f r a s s  a t  t h e  b e g i n n i n g  o f  t h e  s t u d y  may h a ve  a l l o w e d  

e a r l i e r  s a m p le s  t o  p a c k  down i n  t h e  g r a d u a t e d  c e n t r i f u g e  

t u b e  and g i v e  a  s m a l l e r  volume t h a n  l a r g e r  p e l l e t s  

c o l l e c t e d  l a t e r  i n  t h e  s t u d y  b u t  h a v i n g  t h e  same w e i g h t .  

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

F r a s s  c o l l e c t e d  d u r i n g  t h e  l a s t  10 d a y s  ( J u n e  1 3 -2 4 )  h a d  

a volume o f  a b o u t  4 . 2  ml ( 3 * 2 - 6 .2 )  p e r  gm o f  f r a s s  w h e r e a s  

f r a s s  c o l l e c t e d  d u r i n g  t h e  f i r s t  10 d a y s  ( t o  June  $) h a d  

a  volume o f  a b o u t  3*3 ml ( 2 . 8 - 4 . 2 )  p e r  gm o f  f r a s s .

D u r in g  t h e  m i d d l e  o f  t h e  c o l l e c t i n g  p e r i o d ,  when f r a s s  

p r o d u c t i o n  was g r e a t e s t  t h e  volume t o  w e i g h t  r a t i o  w as ,  

ho w ever ,  s t i l l  l o w e r ,  a b o u t  3 .0  ml ( 2 . 2 - 5 . 1 )  p e r  gm o f  

f r a s s .  F o r  t h e  w ho le  c o l l e c t i n g  p e r i o d ,  t h e  volume t o  

w e i g h t  r a t i o  i s  2 . 6 - 2 . 8  f o r  a l l  a r e a s ,  e x c e p t  f o r  t h e  

l a r g e  p i n e  a r e a  ( T a b l e s  3 a n d  4 ) .  The r a t i o  f o r  t h e  l a r g e
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22
p i n e  a r e a  i s  4-.5» F u r t h e r  i n v e s t i g a t i o n  would be n e c e s s ­

a r y  t o  e x p l a i n  why w e i g h t  o f  f r a s s  i n  t h e  l a r g e  p i n e  

a r e a  h a s  a  d i s p r o p o r t i o n a t e l y  h i g h  volume a s  com pared  t o  

t h e  o t h e r  s t u d y  a r e a s ,  b u t  t h e  d i f f e r e n c e  i s  marked 

enough  t h a t  some f a i r l y  I m p o r t a n t  f a c t o r  ( s u c h  a s  a m a jo r  

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

may be i n v o l v e d .

R ank ing  t h e  d a t a  f rom  T a b l e s  3 and  4-, t h e  s t u d y  a r e a s  

i n  t e r m s  o f  f r a s s  p r o d u c t i o n  by w e i g h t  and  volume a r e  a s  

f o l l o w s :  s m a l l  oak: 6.94- g®s, 1 8 .8 8  ml;  l a r g e  oak  6 . 0 5  gms, 

16.24- ml;  g r e e n b r i e r  4-.6? gms, 13*20 ml;  sm a l l  p i n e  

3 . 2 6  gms, 8.34- ml;  a n d  l a r g e  p i n e  1 . 5 3  gms, 6 . 9O ml.

S e v e r a l  o b v io u s  v e g e t a t i o n a l  t r a i t s  f o r  e a c h  o f  t h e  s t u d y  

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

c l a s s e s ,  an d  num bers  o f  w h i t e  oak and  b l a c k  oak  d i d  n o t

- r e v e a l  a  s i m p l e  r e l a t i o n s h i p  b e tw een  f r a s s  p r o d u c t i o n
*

and  v e g e t a t i o n  p r e s e n t  on e a c h  s t u d y  a r e a .  P e r h a p s  

c l o s e r  s c r u t i n y  o f  t h e  s t u d y  a r e a s  on t h e  b a s i s  o f  

p a l a t a b l e  t r e e  a n d  s h r u b  s p e c i e s  p r e s e n t  would  g iv e  an 

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

s p e c i e s  a s  J u d g e d  by p e r  c e n t  c o n s u m p t io n  was d e t e r m i n e d  

by Wenger (1 9 6 9 » u n p u b l i s h e d  m a n u s c r i p t )  f o r  t h e  l a r g e  

oak a r e a .  H i s  f i n d i n g s  w e re :  b l a c k  oak  1 6 .9 9  p e r  c e n t  

consumed,  w h i t e  oak  13»13 p e r  c e n t ,  f l o w e r i n g  dogwood 

4-.72 p e r  c e n t ,  and  m i s c e l l a n e o u s  s p e c i e s  8 .5 8  p e r  c e n t .
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The immediate cause fo r  d if fe r e n c e s  in  fr a s s  produc­

t io n  among the f iv e  areas must be a d if fe r e n c e  in  in se c t  

numbers or populations p resen t on each area u n le ss  fa c to rs  

that a f f e c t  the ra te  of f r a s s  production a f fe c te d  one 

area d i f f e r e n t ly  than another. Local c l im a t ic  fa c to r s  

cannot be ru led  ou t, but have not been stud ied  in d e t a i l .  

The only other fa c to r  that would seem to  have t h i s  

c h a r a c te r is t ic  i s  that o f  the presence o f  p a r a s ite s  or 

carnivorous groups u t i l i z i n g  the c a t e r p i l la r s .  The 

study was conducted during the peak of n e s t in g  a c t iv i t y  

fo r  many sp ec ie s  o f  b ird s . C a te rp illa r s  make up the  

bulk of food item s fed  to the n e s t l in g s  o f  most b ird s  

n e s t in g  in  th ese  fo r e s t s  (R. Brewer, personal communica­

t i o n ) .  Adult b ird s  were seen foraging on c a t e r p i l la r s .

Another v a r ia b le  that must be accounted fo r  i s  the 

proportion  of the fra ss  produced that a c tu a lly  reaches  

the ground and i s  c o l l e c t e d .  A grea ter  proportion of  

the fr a s s  produced w i l l  be re ta ined  on the f o l ia g e  on a 

calm day than more windy c o n d it io n s .  Such th in gs  as the 

topography of the area and the presence o f  a dense 

understory v s .  a sparse understory would in f lu e n c e  

the amount of actu a l fr a ss  produced reaching the c o l l e c t ­

in g  su r fa ces .  The only area for  which an obvious b ia s  

might be produced in  t h i s  way i s  the sm all pine area  

w ith  i t s  dense white p ine understory.
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From t h e  d a t a  o b t a i n e d  from 30 9 X 9 i n c h  f l o o r  

t i l e s ,  v a l u e s  w ere  p r o j e c t e d  f o r  f r a s s  p r o d u c t i o n  i n  

t e r m s  o f  w e i g h t  and volume p e r  a c r e  (T a b le  5)« Tiie 

c o n v e r s i o n  f a c t o r  u s e d  t o  p u t  f r a s s  p r o d u c t i o n  on an  

a c r e  b a s i s  i s  (X gms o f  f r a s s  p ro d u c e d )  (*+3 >560 s q .  

f t . J / 1 6 . 8 8  s q .  f t .

RELATED DATA

Gere (1 95 6 )  r e l a t e d  f r a s s  w e i g h t  t o  w e i g h t  o f  f o o d  

consumed f o r  v a r i o u s  s t a g e s  o f  t h e  l a r v a l  d e v e lo p m e n t  

o f  t h e  l e p i d o p t e r a n  l a r v a e  H y p h a n t r l a  c u n e a  D ru ry .  Gere 

d i v i d e s  l a r v a l  d e v e lo p m e n t  i n t o  t h r e e  t i m e  p e r i o d s  o r  

g r o w t h  p h a s e s .  The f i r s t  p e r i o d  began  a t  t h e  2nd day  

a f t e r  h a t c h i n g  and  t e r m i n a t e d  w i t h  t h e  s e c o n d  m o l t  w h ich  

c o r r e s p o n d s  t o  t h e  1 4 t h  d a y .  The s e c o n d  p e r i o d  b e g an  

on t h e  15 t h  day  and  t e r m i n a t e d  on t h e  2^ t h  day o r  f o u r t h  

m o l t .  The f i n a l  o r  t h i r d  p e r i o d  began  on  t h e  25 t h  day 

a n d  t e r m i n a t e d  on  t h e  32 t h  day  a t  which  t im e  a l l  o f  t h e  

l a r v a e  h a d  b eg u n  p u p a t i o n  a nd  were no l o n g e r  f e e d i n g .

The f i r s t  p e r i o d  b e g i n s  w i t h  t h e  s e c o n d  day  b e c a u s e  

t h i s  i s  t h e  t i m e  when t h e  newly  h a t c h e d  l a r v a e  f i r s t  

b e g i n  t o  f e e d  on t h e  h o s t  p l a n t ,  b o x - e l d e r ,  A c e r  n e g u n d o . 

The s tu d y  was c o n d u c t e d  o v e r  a  t h r e e - y e a r  t i m e  p e r i o d  

w i t h  e x p e r i m e n t s  c o n s i s t i n g  o f  a  g roup  o f  t e n  c a t e r p i l l a r s  

f o r  e a c h  e x p e r i m e n t .
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T ab le  5* P r o j e c t e d  v a l u e s  f rom t h e  d a t a  o b t a i n e d  from 
30 9 X 9 i n c h  c o l l e c t i n g  s u r f a c e s  i n  e a c h  o f  
t h e  s t u d y  a r e a s  d u r i n g  May and June  1968 .

Sm all
p i n e

L a rg e
p i n e

L arg e
oak

Sm all
oak

G reen­
b r i e r

T o t a l
f r a s s
m l / a c r e 2 1 ,5 2 2 1 7 ,8 0 6 4 1 ,9 0 8 4 8 ,7 2 1 3 4 ,0 6 4

T o t a l  
f r a s s  
g m s / a c r e 8 ,4 1 3 3 ,9 4 8 1 5 ,6 1 2 1 7 ,9 0 9 1 2 ,0 5 1
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F r a s s  p r o d u c t i o n  d u r i n g  t h e  f i r s t  p e r i o d  a c c o u n t s  

f o r  51*4 p e r  c e n t  o f  t h e  f o o d  i n g e s t e d  by w e i g h t .

A n o t h e r  3 3 . 4  p e r  c e n t  was e x p en d e d  i n  m a i n t e n a n c e  o f  

body p r o c e s s e s .  The r e m a i n d e r  o r  1 5 . 2  p e r  c e n t  was 

e x h i b i t e d  i n  t h e  form o f  g a i n e d  body w e i g h t .  The 

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

i n g e s t e d  f o r  body w e i g h t  was a t  t h e  e x p e n se  o f  h i g h  

e n e r g y  l o s s .

In  t h e  s e c o n d  p e r i o d  f r a s s  p r o d u c t i o n  a c c o u n t s  f o r  

70 p e r  c e n t  o f  t h e  fo o d  i n g e s t e d  by w e i g h t .  A n o t h e r

8 .3  per c e n t  i s  l o s t  i n  m a i n t e n a n c e  o f  body p r o c e s s e s .  

G-aln i n  body w e i g h t  c o n s t i t u t e s  27*7 p e r  c e n t  o f  t h e  f o o d  

i n g e s t e d .  D u r in g  t h i s  p e r i o d  t h e  most  r a p i d  w e i g h t  g a i n  

o c c u r s  so t h a t  t h e  c a t e r p i l l a r  w e ig h s  22 t i m e s  a s  much

a t  t h e  end o f  t h e  s e c o n d  p e r i o d  a s  a t  t h e  end  o f  t h e  

f i r s t  p e r i o d .  F i f t e e n  t i m e s  a s  much f o o d  was consum ed 

i n  t h e  s e c o n d  p e r i o d  a s  com pared  t o  t h e  f i r s t  p e r i o d ,  

b u t  a  l a r g e r  amount o f  t h e  f o o d  consumed c o n t r i b u t e s  t o  

g a i n  i n  body w e i g h t .  The w e i g h t  o f  f r a s s  i n  t h e  s e c o n d  

p e r i o d  was 2 0 . 5  t i m e s  t h e  w e i g h t  o f  f r a s s  p r o d u c e d  i n  

t h e  f i r s t  p e r i o d .

In  t h e  t h i r d  an d  f i n a l  p e r i o d  6 4 . 1  p e r  c e n t  o f  t h e  

f o o d  I n g e s t e d  by w e i g h t  c o n s t i t u t e s  f r a s s  p r o d u c t i o n ;

2 6 . 5  p e r  c e n t  f o r  m a i n t e n a n c e  o f  body p r o c e s s e s ;  a nd

9 . 4  p e r  c e n t  t o  g a i n  i n  body w e i g h t .  At t h e  en d  o f  t h e  

t h i r d  p e r i o d  g a i n  i n  body  w e i g h t  i s  2 . 6  t i m e s  g r e a t e r
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t h a n  a t  t h e  end  o f  t h e  s e c o n d  p e r i o d .  F r a s s  p r o d u c t i o n  

d u r i n g  t h e  t h i r d  p e r i o d  i s  3*8 t i m e s  more t h a n  i n  t h e  

s e c o n d  p e r i o d  and f o o d  c o n s u m p t io n  i s  ^  t i m e s  g r e a t e r  

i n  t h e  t h i r d  p e r i o d .

W ald bau e r  ( 196^ )  u s i n g  t h e  t o b a c c o  hornworm, 

P r o t o p a r c e  s e x t a  Jo h a n ,  f o u n d  s i m i l a r  v a l u e s  f o r  t h e  

c o r r e l a t i o n  b e tw e e n  t h e  mean d ry  w e i g h t  o f  fo o d  consumed 

and  t h e  mean d ry  w e ig h t  o f  f r a s s  p r o d u c e d .  Tobacco 

hornworms i n  t h e i r  f o u r t h  i n s t a r  o f  d e v e lo p m e n t  a n d  f e d  

on a v a r i e t y  o f  f o o d s  w e re  u s e d .  H i s  f i n d i n g  f o r  f r a s s  

w e i g h t  r a n g e d  from k k . 2  p e r  c e n t  t o  6 8 . 1  p e r  c e n t  o f  fo o d  

w e i g h t .

In  G e r e ' s  d i s c u s s i o n  f r a s s  p r o d u c t i o n  p e a k s  o n l y  

a t  p u p a t i o n  and  p r o d u c t i o n  i n c r e a s e s  w i t h  e a c h  p e r i o d  

o f  g r o w th  u n t i l  t h e  l a r v a e  a r e  no l o n g e r  f o r a g i n g .

T a b l e  1 may a p p e a r  a s  a  d i r e c t  c o n t r a d i c t i o n  t o  t h e  

t r e n d s  t h a t  G ere  e s t a b l i s h e s  w i t h  H. c u n e a . However,  

one  m ust  k e e p  i n  mind t h a t  Gere  i s  w o r k i n g  w i t h  a  

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

I t  i s  my b e l i e f  t h a t  any one i n s e c t  s p e c i e s  i n  t h i s  s t u d y  

f o l l o w s  t h e  t r e n d  e s t a b l i s h e d  w i t h  fh_ c u n e a . But by 

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

a  f a l s e  p e a k  r e s u l t s  by c o m b in in g  f r a s s  p r o d u c t i o n  from 

a l l  f i v e  s p e c i e s .  I t  i s  more l i k e l y  t h a t  a l l  f i v e  s p e c i e s  

d i d  n o t  b e g i n  t o  p r o d u c e  f r a s s  on May 27 and  t e r m i n a t e  

p r o d u c t i o n  on June  2k,  b u t  r a t h e r  t h a t  a l l  f i v e  s p e c i e s
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w ere  p r o d u c i n g  f r a s s  o n l y  d u r i n g  p a r t  o f  t h i s  t im e  

I n t e r v a l .  I f  two o r  t h r e e  s p e c i e s  b egan  f r a s s  p r o d u c t i o n  

n e a r l y  a t  t h e  same t im e  a n d  were l a t e r  j o i n e d  by t h e  

r e m a i n i n g  s p e c i e s ,  a  p e a k  w ou ld  d e v e l o p  when one o r  more 

s p e c i e s  b e g an  t o  t e r m i n a t e  p r o d u c t i o n  and  u n d e rgo  

p u p a t i o n .  A d e c l i n e  i n  t o t a l  f r a s s  p r o d u c t i o n  w ould  

r e s u l t ,  b u t  p r o d u c t i o n  w o u ld  n o t  h a l t  f o r  t h e  r e m a i n i n g  

s p e c i e s .  I n d i v i d u a l  v a r i a t i o n  i n  h a t c h i n g  t im e  w i t h i n  a 

s i n g l e  s p e c i e s  may a l s o  b e  i n v o l v e d .

P e r h a p s  Malacosoma am erlcanum  s h o u l d  n o t  h a v e  been  

I n c l u d e d  a s  a  f r a s s - p r o d u c l n g  s p e c i e s  i n  t h i s  s t u d y ,  

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

h a d  s t o p p e d  f e e d i n g  and  w e re  a c t i v e l y  s e a r c h i n g  f o r  s i t e s  

t o  u n d e rg o  p u p a t i o n .  A lso  t h e  l a r v a e  r a r e l y  i f  e v e r  

f e d  on Q,uercus s p e c i e s .  M. amerlcanum i s  m e n t io n e d  

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

t i o n  d u r i n g  t h e  f i r s t  few d a y s  o f  t h i s  s t u d y .
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LEAF CONSUMPTION

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

r e l a t i o n s h i p  b e tw e e n  l e a f  a r e a  consumed and t h e  w e i g h t  

an d  volume o f  f r a s s  p r o d u c e d  was e s t a b l i s h e d  ( T a b l e  6 ) .  

The d a t a  f rom e n c l o s u r e  B d e v i a t e s  from t h e  o t h e r  

s a m p le s  t o  t h e  e x t e n t  t h a t  i t  b i a s e s  t h e  r e s u l t s .  F o r  

t h i s  r e a s o n  165*5^  s q u a r e  i n c h e s  o f  l e a f  a r e a  consumed 

f o r  e v e r y  one gram of  f r a s s  p r o d u c e d  i s  n o t  u s e d  t o  

p r o j e c t  v a l u e s  o f  t o t a l  l e a f  a r e a  consumed f o r  t h e  

t o t a l  amount o f  f r a s s  c o l l e c t e d  i r  e ac h  o f  t h e  s t u d y  

a r e a s .  By o m i t t i n g  t h e  d a t a  o f  e n c l o s u r e  B, a  mean 

o f  8 7 .9 3  s q u a r e  i n c h e s  p e r  one gram o f  f r a s s  p r o d u c e d  

i s  o b t a i n e d .  T h i s  v a l u e  i s  i n  a g re e m e n t  w i t h  8 7 .3 6  

s q u a r e  i n c h e s  p e r  one gram o f  f r a s s  p r o d u c e d  o b t a i n e d  

by d i v i d i n g  mean f r a s s  w e i g h t  i n t o  mean a r e a  consumed.  

A lso  t h e  m ed ian  o f  t h e  f i v e  sa m p les  f a l l s  i n  t h i s  

g e n e r a l  r a n g e .  A l l  c a l c u l a t i o n s  f o r  p r o j e c t e d  v a l u e s  

o f  l e a f  a r e a  consumed f o r  t o t a l  f r a s s  p r o d u c e d  by t h e  

a c r e  f o r  e a c h  o f  t h e  s t u d y  a r e a s  i s  b a s e d  on 87*36 

s q u a r e  i n c h e s  (T a b le  7 ) .  By t h e  same c r i t e r i a  31*36 

s q u a r e  I n c h e s  p e r  one m i l l i l i t e r  o f  f r a s s  p r o d u c e d  i s  

u s e d  f o r  p r o j e c t e d  v o l u m e t r i c  v a l u e s .
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T a b l e  6 .  D a ta  from f o u r ,  f o u r - d a y  m u s l i n  e n c l o s u r e s  from May 1969  and  one 

n i n e - d a y  e n c l o s u r e  f rom  May 1 9 6 8 ; e n c l o s i n g  p o r t i o n s  o f  w h i t e  oak  
l i m b s  and c o n t a i n i n g  f i f t e e n  a s s o r t e d  l a r v a e  from f o u r  i n s e c t  
s p e c i e s .

T o t a l  l e a f  
a r e a
( s q u a r e  i n c h e s )

T o t a l  a r e a  
consumed 
( s q u a r e  I n c h e s )

F r a s s
(gms)

F r a s s
(ml)

No. o f
s q u a r e  I n c h e s  
consumed p e r  
gm o f  f r a s s

No. o f
s q u a r e  i n c h e s  
consumed p e r  
ml o f  f r a s s

E n c l o s u r e  A 7 7 .3 4 8 .9 2 .1 8 . 6 0 4 9 . 5 6 l 4 . 67

E n c l o s u r e  B 1 8 2 .3 3 if. 76 .0 1 . 0 5 4 7 6 .0 0 9 5 .2 0

E n c l o s u r e  C 1 8 7 .3 0 2 2 .1 9 .23 .5 0 9 6 . 4 8 4 4 .3 8

E n c l o s u r e  D 326 . 6 4 1 7 .2 0 .1 9 .5 0 9 0 .5 3 3 4 .4 0

E n c l o s u r e  E * 366^ . 8 .0 6 ±21 ±22 . 2 6 .8 7

Average 2 2 8 .1 1 1 2 .2 3 .1 4 .3 9 1 6 5 .5 4 4 3 .1 4

* N i n e -d a y  sam ple



T a b le  7.  P r o j e c t e d  v a l u e s  o f  l e a f  c o n su m p t io n  f o r  t h e  
t o t a l  amount o f  f r a s s  p r o d u c e d  by w e i g h t  an d  
volume I n  s q u a r e  i n c h e s  p e r  a c r e  o f  l e a f  
a r e a  consumed f o r  e a c h  o f  t h e  s tu d y  a r e a s  I n  
May and June  1968.

S q u a re  I n c h e s  
consumed p r o j e c t e d  
f rom  g m s /a c r e

S q u a re  i n c h e s  
consumed p r o j e c t e d  
from m l / a c r e

Sm all
p i n e 7 3 4 ,9 2 6 674 ,9 28

L a rg e
p i n e 3 4 4 ,9 2 1 558 ,394

L a r g e
oak 1 , 3 6 3 , 9 0 3 1 , 3 1 4 , 2 4 9

Sm all
oak 1 , 5 6 4 , 5 4 3 1 , 5 2 7 ,8 9 5

G reen­
b r i e r 1 , 0 5 2 , 7 9 8 1 , 0 6 8 , 2 3 2
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LEAF WEIGHT

Core s a m p le s  were  t a k e n  from t w e n t y - f i v e  w h i t e  a n d  

b l a c k  o ak  l e a v e s  c o l l e c t e d  d u r i n g  t h e  p e a k  o f  c a t e r p i l l a r  

f e e d i n g  a c t i v i t y  a n d  from t h e  same s p e c i e s  c o l l e c t e d  

a f t e r  n a t u r a l  f a l l  t o  c o r r e l a t e  f r a s s  w e i g h t  w i t h  l e a f  

w e i g h t .  Core s a m p le s  were a l s o  u s e d  t o  d e t e r m i n e  i f  

s i g n i f i c a n t  w e i g h t  d i f f e r e n c e s  e x i s t e d  b e tw ee n  l e a f  

w e i g h t  a t  t h e  t i m e  o f  c o n s u m p t io n  a n d  l e a f  w e ig h t  a f t e r  

n a t u r a l  f a l l .

The f o l l o w i n g  r e s u l t s  were  o b t a i n e d  from t h e  c o r e  

s a m p le s  ( e a c h  26 s q u a r e  I n c h e s )  an d  s e r v e  a s  t h e  b a s i s  

f o r  p r o j e c t i n g  v a l u e s  o f  l e a f  w e i g h t  f o r  l e a f  a r e a  

consumed p e r  a c r e  f o r  e ac h  o f  t h e  s t u d y  a r e a s :  w h i t e  

oak  a t  t h e  t i m e  o f  c o n su m p t io n  . 5 0  gms; w h i t e  oak a f t e r  

n a t u r a l  f a l l  1 . 0 5  gms; b l a c k  oak  a t  t h e  t i m e  o f  c o n s u m p t io n  

. 8 2  gms; a n d  b l a c k  oak a f t e r  n a t u r a l  f a l l  1 . 3 5  gms.

I t  i s  a p p a r e n t  t h a t  d i f f e r e n c e s  e x i s t  be tw een  l e a f  

w e i g h t  a t  t h e  t i m e  o f  c o n su m p t io n  a n d  l e a f  w e ig h t  a f t e r  

n a t u r a l  f a l l .  P re s u m a b ly  t h e  oak  l e a v e s  l i g n i f y  and  

g a i n  w e i g h t  by t h e  end o f  t h e  g r o w in g  s e a s o n .  P r o j e c t e d  

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

d e p e n d i n g  on t h e  l e a f  w e i g h t  u s e d  i n  c a l c u l a t i n g  p r o j e c t e d  

v a l u e s .

From t h e  d a t a  o f  t h e  e n c l o s u r e  s a m p l e s ,  8 7 .3 6  s q u a r e

32

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



33
i n c h e s  i s  t h e  e q u i v a l e n t  o f  one gram o f  f r a s s  b a e e d  on 

w h i t e  oak s a m p l e s .  U s in g  87*36 s q u a r e  i n c h e s  t h e  

p e r c e n t a g e  o f  one gram o f  l e a f  t h a t  was e x p e n d e d  a s  f r a s s  

can  be c a l c u l a t e d .  W hite  oak l e a v e s  a t  t h e  t im e  o f  

c o n su m p t io n  w e i g h e d  .0 1 9  gms p e r  s q u a r e  i n c h  ( . 0 5  gms 

f o r  26 s q u a r e  i n c h e s ) .  C o n s e q u e n t ly ,  1 . 6 6  gms o f  l e a f  

( 8 7 .3 6  x . 0 1 9 ) w e re  consumed f o r  e a c h  gram o f  f r a s s  

p r o d u c e d .  F r a s s  w e i g h t  a s  a p e r c e n t a g e  o f  l e a f  w e i g h t  

consumed,  a c c o r d i n g l y ,  was 6 0 .2  p e r  c e n t .  I n  t h e  same 

m an n e r  t h e  p e r c e n t a g e  o f  l e a f  by w e i g h t  t o  be ex p en d e d  

a s  f r a s s  was c a l c u l a t e d  f o r  w h i t e  oak a f t e r  n a t u r a l  f a l l  

a s  2 8 .7  p e r  c e n t ,  b l a c k  oak  a t  c o n s u m p t io n ,  3 5 -7  p e r  

c e n t ;  and b l a c k  oak  a f t e r  n a t u r a l  f a l l ,  2 2 . 0  p e r  c e n t .

The w e i g h t  o f  w h i t e  oak  l e a v e s  p e r  gram a t  t h e  t im e  

o f  c o n su m p t io n  was u s e d  t o  p r o j e c t  e n e r g y  f lo w  i n  k l l o -  

c a l o r i e s  p e r  a c r e .  The w e ig h t  o f  w h i t e  oak l e a v e s  p e r  

gram t e n d s  t o  be  an  a v e r a g e  f o r  b l a c k  o a k ,  f l o w e r i n g  

dogwood, r e d  m a p l e ,  w i t c h  h a z e l ,  an d  o t h e r  m i s c e l l a n e o u s  

s p e c i e s  b o t h  by t h e  p e r c e n t a g e  o f  u t i l i z a t i o n  (Wenger,

1967  u n p u b l i s h e d  m a n u s c r i p t )  and l e a f  w e i g h t  p e r  gram 

o f  e a c h  o f  t h e  s p e c i e s .  The v a lu e  o f  6 0 . 2  p e r  c e n t  o f  

w h i t e  oak l e a f  w e i g h t  t o  be  expended  a s  f r a s s  i s  i n  

a g re e m e n t  w i t h  G e r e ' s  f i g u r e s  o f  51*^3 p e r  c e n t  i n  t h e  

f i r s t  p e r i o d ,  6 9 . 9 8  p e r  c e n t  i n  t h e  s e c o n d  p e r i o d ,  and 

6 ^ . 1 1  p e r  c e n t  i n  t h e  t h i r d  p e r i o d .

From G e r e ' s  r e s e a r c h  t h e  v a l u e s  f o r  t h e  p e r c e n t a g e
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f o o d  i n t a k e  by w e i g h t  t o  be s u b d i v i d e d  i n t o  f r a s s ,  

r e s p i r a t i o n ,  and  t h e  p r o d u c t i o n  o f  new p r o t o p l a s m  may 

be  u s e d  t o  e s t a b l i s h  l i m i t s  i n  t e r m s  o f  e n e rg y  f lo w  f o r  

t h i s  s t u d y .

ENERGY FLOW

G e r e ' s  work w i t h  H y p h a n t r i a  cunea  i n d i c a t e d  t h a t  t h e  

f i r s t  p e r i o d  51*43 Pe r  c e n t  o f  t h e  g r o s s  I n t a k e  by w e ig h t

becomes f r a s s  an d  15*14 p e r  c e n t  becomes new p r o t o p l a s m .

I n  t h e  se c o n d  p e r i o d  69*98 p e r  c e n t  o f  t h e  g r o s s  I n t a k e  

becomes f r a s s  a n d  2 1 .7 5  p e r  c e n t  becomes new p r o t o p l a s m .  

I n  t h e  t h i r d  and  f i n a l  p e r i o d  6 4 .1 1  p e r  c e n t  of t h e  g r o s s  

i n t a k e  becomes f r a s s  an d  9 . 4 4  p e r  c e n t  becomes new 

p r o t o p l a s m .  U s in g  G e r e ' s  e x t re m e  v a l u e s ,  a  r a n g e  o f  

e n e r g y  i n t a k e  a n d  o f  p r o d u c t i o n  o f  new p r o t o p l a s m  c a n  

be  e s t a b l i s h e d  f o r  t h e  f i v e  s t u d y  a r e a s .

C a l c u l a t i o n s  f o r  t h e  u p p e r  l i m i t  f o r  t h e  s m a l l  p i n e  

a r e a  a r e  shown a s  an i l l u s t r a t i o n :

8 ,4 1 3  gms o f  f r a s s  69*98# f r a s s  by w e i g h t
p e r  a c r e  i n  t h e  s e c o n d  p e r i o d

35 t o t a l  gms 100$ g r o s s  i n t a k e
consumed

The t o t a l  gms o f  l e a f  consumed t o  g i v e  8 ,4 1 3  gms o f  

f r a s s  i s  1 2 , 0 2 2 .  T h i s  v a l u e  i s  m u l t i p l i e d  by 4 .7 8 1  

k i l o c a l o r i e s  p e r  gm t o  g i v e  k l l o c a l o r i e s  p e r  a c r e  o r  

5 7 ,4 7 5  k i l o c a l o r i e s .  The c o n v e r s i o n  f a c t o r  o f  4 .7 8 1  

k i l o c a l o r i e s  p e r  gm o f  oven d r i e d  m a t e r i a l  f o r  Q u e rc u s
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s p e c i e s ,  was e s t a b l i s h e d  by O v in g to n  a n d  Heitkamp ( i 9 6 0 ) .  

The f i g u r e  5 7 ,4 7 5  k i l o c a l o r i e s  p e r  a c r e  i s  t h e  t o t a l  

e n e r g y  consumed and  i s  m u l t i p l i e d  by 2 1 . 7 5  p e r  c e n t  t o  

g i v e  t h e  v a l u e  i n  t e r m s  o f  new p r o t o p l a s m  p r o d u c e d  o r  

e n e r g y  p o t e n t i a l l y  a v a i l a b l e  t o  be t r a n s f e r r e d  t o  t h e  

n e x t  t r o p h i c  l e v e l .  T h a t  v a l u e  i s  1 2 ,5 0 1  k i l o c a l o r i e s  

p e r  a c r e .  T h is  v a l u e  i s  an  e s t i m a t e  o f  n e t  p r o d u c t i o n  f o r  

t h e  f r a s s - p r o d u c i n g  c o nsu m er  o f  f o l i a g e .  The u p p e r  

l i m i t s  f o r  e n e rg y  in  K c a l / a c r e  a v a i l a b l e  f o r  t h e  n e x t  

t r o p h i c  l e v e l  r a n g e  from 2 6 ,6 1 2  t o  5*867 i n  t h e  f i v e  

s t u d y  a r e a s ,  w h i l e  t h e  l o w e r  l i m i t s  r a n g e  from 1 5 ,7 1 6  

t o  3 , ^ 6 5  (T a b le  8 ) .

Boyce ( 1 9 6 9 ) a r r i v e d  a t  c a l o r i c  v a l u e s  f o r  t h e  

l a r g e  oak s tu d y  a r e a  by s a m p l i n g  l e a f  c o n su m p t io n  i n  

t h e  f o l l o w i n g  m anner .  T w e n t y - f i v e  h a r d w a r e  c l o t h  

s q u a r e s  w ere  random ly  p l a c e d  a t  t w e n t y - f i v e  s t a k e s ( o u t  

o f  t h i r t y )  w h ich  d i v i d e  t h e  a r e a  i n t o  200 s q u a r e  f o o t  

s e c t i o n s .  A f t e r  autumn l e a f  d r o p ,  t h e  l e a v e s  c o v e r i n g  

t h e  s q u a r e s  were  c o l l e c t e d .  L e a v e s  more t h a n  h a l f  o f f  

w e re  r e j e c t e d  and t h e  s a m p le s  were  d r i e d  o v e r  a p l a n t  

d r i e r  and  s t o r e d  a t  a c o n s t a n t  t e m p e r a t u r e  o f  7 0 ° F and  

a p p r o x i m a t e l y  b0 p e r  c e n t  r e l a t i v e  h u m i d i t y .  The number 

o f  l e a v e s  p e r  s p e c i e s  and t h e  w e i g h t  was d e t e r m i n e d .

From t h i s  d a t a  a t o t a l  l e a f  w e ig h t  p e r  a c r e  o f  1 ,2 5 1 * 8 1  

k g  was p r o j e c t e d  w i t h  an a v e r a g e  o f  1 , 4 1 6 . 7 9  k g  p e r  a c r e  

o v e r  a  t h r e e - y e a r  p e r i o d  ( 1966 - 1 9 6 8 ) .  U s in g  O v i n g t o n ' s  

an d  H e i tk a m p ' s  v a lu e  o f  4 . 7 8 1  k i l o c a l o r i e s  f o r  e a c h  gram
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o f  Q u e re u s  s p e c i e s ,  1 , 2 5 1 . 8 1  kg becom es 5>9 8 3 ,4 7 0  

k i r o c a l o r l e s  p e r  a c r e .  The t h r e e - y e a r -  a v e r a g e  i s  

6 , 7 4 0 , 3 5 6  k i l o c a l o r i e s  p e r  a c r e .

A s m a l l e r  sam p le  o f  one h u n d r e d  l e a v e s  was t h e n  

rand o m ly  c h o s e n  t o  m easu re  f o r  l e a f  c o n s u m p t io n .  

M easurem ent  o f  l e a f  a r e a  was done w i t h  a  p l a n e  p o l a r i z i n g  

p l a n i m e t e r .  Where a c t u a l  l e a f  m a r g i n s  were  a b s e n t  

t h e o r e t i c a l  m a r g i n s  w ere  drawn on a h eav y  guage  p l a s t i c  

s h e e t  c o v e r i n g  t h e  l e a f .  Consumed a r e a s  were  m e a s u r e d  

by u s i n g  g r a p h  p a p e r  (100 s q u a r e s  p e r  s q u a r e  i n c h )  u n d e r  

t h e  p l a s t i c  s h e e t ,  and  c o u n t i n g  a l l  s q u a r e s  one h a l f  o r  

more w i t h i n  t h e  t r a c e d  o u t l i n e  o f  t h e  consumed a r e a .

The p r o j e c t e d  v a l u e  f o r  t o t a l  l e a f  c o n s u m p t io n  p e r  a c r e  

from t h i s  sam ple  f o r  a l l  s p e c i e s  o f  l e a v e s  was 2 6 1 .7 8  kg  

p e r  a c r e  f o r  1968  and  an a v e r a g e  o f  2 4 1 .6 7  k g  p e r  a c r e  

f o r  1967  and  1968  ( T a b le  8 ) .  When k i l o g r a m s  consumed 

p e r  a c r e  was c o n v e r t e d  t o  c a l o r i c  v a l u e s  1 , 2 5 1 , 5 6 8  

k i l o c a l o r i e s  f o r  1968  and  an a v e r a g e  o f  1 , 1 7 5 , 5 5 2  k i l o ­

c a l o r i e s  consumed p e r  a c r e  was o b t a i n e d .

The v a l u e  o f  1 4 5 ,1 3 1  k i l o c a l o r i e s  p e r  a c r e  consumed 

was com puted  f o r  t h e  l a r g e  oak a r e a  f rom  t h e  w e i g h t  

o f  f r a s s  c o l l e c t e d  and G e r e ' s  p e r c e n t a g e s  f o r  f o o d  

u t i l i z a t i o n  by  w e i g h t  (T a b le  8 ) .  B o y c e ' s  e s t i m a t e  

o f  e n e r g y  f l o w  f o r  t h e  w h i t e  oak p e r  a c r e  w ou ld  h a v e  

b e en  7 2 , 4 8 0 . 4 1  k i l o c a l o r i e s  p e r  a c r e  i n s t e a d  o f  1 6 0 ,2 1 1  

k i l o c a l o r i e s  ( T a b l e  9 ) ,  had  he  u s e d  a  l e a f  w e i g h t  o f
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T a b le  8 .  The u p p e r  and  l o w e r  l i m i t s  o f  e n e r g y  f lo w  In  
k i l o c a l o r i e s  p e r  a c r e  t h a t  i s  a v a i l a b l e  t o  be 
p a s s e d  on t o  t h e  n e x t  t r o p h i c  l e v e l  and  t h e  
p r o j e c t e d  l e a f  c o n su m p t io n  i n  k i l o c a l o r i e s  
p e r  a c r e  f o r  e a c h  o f  t h e  s t u d y  a r e a s  d u r i n g  
May and June  1 9 6 8 .

S m all
p i n e

L a rg e
p i n e

L a rg e
oak

Sm all
oak

Green­
b r i e r

U pper
l i m i t s
( K c a l / a c r e ) 1 2 ,5 0 1 5 ,8 6 7 2 3 ,1 9 9 2 6 ,6 1 2 1 7 ,9 0 8

T o t a l  l e a f  
c o n su m p t io n  
f o r  u p p e r  
l i m i t s  
( K c a l / a c r e ) 7 8 ,2 0 8 3 6 ,7 0 1 1 4 5 ,1 3 1 1 6 6 , 4 8 4 1 12 ,02 8

Lower
l i m i t s
( K c a l / a c r e ) 7 ,3 8 3 3 ,4 6 5 1 3 ,7 0 0 1 5 , 7 1 6 1 0 ,5 7 5

T o t a l  l e a f  
c o n su m o t io n  
f o r  l o w e r  
l i m i t s  
( K c a l / a c r e ) 5 7 ,4 7 7 2 6 ,9 7 3 1 0 6 ,6 6 0 1 2 2 ,3 5 3 8 2 ,3 3 2
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T a b l e  9 .  L e a f  w e ig h t  consumed p e r  a c r e  and  e n e r g y  u t i l i z e d  p e r  a c r e  p e r  s p e c i e s  
i n c l u d e  S a s s a f r a s  a l b l d u m , Hamamelis  v l r g l n l a n a , C r a t a e g u s  s p . , Nyssa  
s y l v a t l c a , and A m e la n c h le r  s p .  when p r e s e n t  f rom Boyce ( 1 9 6 9 )•

Q,. v e l u t i n a Q. a l b a C. f l o r i d a A cer
rubrum

M isc .
sp p .

T o t a l

L e a f  w t .  
consumed p e r  
a c r e  (kg)

1966 2 0 1 .8 6 3 9 .9 1 1 .2 1 0 .3 0 1 .0 0 2 4 4 .2 8
1967 1 8 5 .8 5 2 7 .3 9 3 .1 8 - — 2 1 6 .4 2
1968 2 2 1 .1 5 3 3 .5 1 3 .2 0 0 . 9 8 2 .9 4 2 6 1 .7 8

A verage

E nergy  consumed

2 0 2 .9 5 3 3 .6 0 2 .5 3 0 .6 4 1 . 9 7 2 4 1 .6 9

p e r  a c r e  ( k c a l )
1966 9 6 5 ,0 9 3 1 9 0 ,8 1 0 5 ,7 8 5 1 , 4 3 4 ^ ,7 8 1 1 , 1 6 7 ,9 0 3
1967 8 8 .5 4 9 1 3 0 ,9 5 2 1 5 ,2 0 4 - — 1 , 0 3 4 , 7 0 5
1968 1 , 0 5 7 , 3 1 8 1 6 0 .2 1 1 1 5 ,2 9 9 4 ,6 8 5 1 4 ,0 5 6 1 , 2 5 1 , 5 6 9

Average 9 8 0 ,3 2 0 1 7 0 ,6 5 8 1 2 ,0 9 6 3 ,0 6 0 9 ,4 1 8 1 , 1 7 5 , 5 5 2



.0 19  grams p e r  s q u a r e  I n c h  ( t h a t  i s ,  t h e  w e ig h t  o f  t h e  

l e a v e s  f o r  w h i t e  oak  a t  t h e  t im e  o f  c o n su m p t io n  r a t h e r  

t h a n  a h i g h e r  v a l u e  a f t e r  l e a f  f a l l ) .  I n  t h e  same m anner ,  

i f  .031  grams p e r  s q u a r e  i n c h  was u s e d  f o r  b l a c k  o ak  

l e a f  w e i g h t ,  5 ^ * 9 8 6 . 1 9  k i l o c a l o r i e s  p e r  a c r e  w o u ld  have  

b e e n  o b t a i n e d  i n s t e a d  o f  1 ,0 5 7 » 3 1 8  k i l o c a l o r i e s .  When 

B o y c e ' s  v a l u e s  f o r  e n e r g y  f low  i n  k i l o c a l o r i e s  f o r  r e d  

m a p le ,  f l o w e r i n g  dogwood,  an d  m i s c e l l a n e o u s  s p e c i e s  a r e  

summed w i t h  72,**80 and  5*44,986, h i s  p r o j e c t i o n  f o r  t h e  

l a r g e  oak a r e a  becomes 907>912 k i l o c a l o r i e s  p e r  a c r e  as  

compared  w i t h  t h e  1 4 5 ,1 3 1  k i l o c a l o r i e s  e s t i m a t e d  i n  t h i s  

s t u d y  b a s e d  on t h e  amount o f  f r a s s  c o l l e c t e d ,  and  G e r e ' s  

r e s u l t s .  C a l o r i c  v a l u e s  f o r  r e d  m a p le ,  f l o w e r i n g  dogwood, 

an d  m i s c e l l a n e o u s  s p e c i e s  a r e  n o t  c o r r e c t e d  v a l u e s ,  

b e c a u s e  l e a f  w e i g h t  p e r  gram a t  t h e  t i m e  o f  c o n su m p t io n  

f o r  t h e s e  s p e c i e s  was n o t  d e t e r m i n e d .

B e ing  b a s e d  on l e a f  w e i g h t  a f t e r  n a t u r a l  f a l l ,

B o y c e ' s  v a l u e s  f o r  e n e r g y  f lo w  i n  t h e  l a r g e  oak a r e a  a r e  

o v e r e s t i m a t e d .  However,  a s  can  be  s e e n ,  u s i n g  l e a f  

w e ig h t  from n a t u r a l l y  f a l l e n  l e a v e s  d o e s  n o t  a c c o u n t  f o r  

t h e  t o t a l  d i f f e r e n c e  b e tw e e n  t h e  two e s t i m a t e s .  Some 

p o s s i b i l i t i e s  come t o  m ind  t h a t  may h e l p  t o  a c c o u n t  f o r  

p a r t  o f  t h e  d i f f e r e n c e .  A sample  s i z e  o f  one h u n d r e d  

l e a v e s  may n o t  h a v e  b e e n  a d e q u a t e  t o  make p r o j e c t i o n s  

when t h e r e  were  s e v e r a l  s p e c i e s  p r e s e n t  and  th e  p e r c e n t a g e
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o f  u t i l i z a t i o n  o f  e a c h  t r e e  o r  s h r u b  s p e c i e s  by t h e  

c a t e r p i l l a r s  and  l e a f  m in e r  l a r v a e  was d i f f e r e n t  f o r  e a c h  

l e a f  s p e c i e s .  The q u e s t i o n  a r i s e s  a s  t o  w h e t h e r  a h o l e  

e a t e n  i n  t h e  l e a f  by t h e  l a r v a  i n  t h e  e a r l y  s p r i n g  r e m a in s  

t h e  same s i z e  o r  does  t h e  h o l e  c o n t i n u e  t o  grow l a r g e r  

a s  t h e  l e a f  grows l a r g e r ,  c o n s e q u e n t l y  g i v i n g  l a r g e r  

v a l u e s  f o r  l e a f  c o n su m p t io n  when e n e r g y  f low  i s  b a s e d  on 

t h e  a r e a  consumed a f t e r  t h e  autumn l e a f  f a l l .  A lso  i t  

was n o t  d e t e r m i n e d  i f  a d d i t i o n a l  l e a f  c o n su m p t io n  t o o k  

p l a c e  a f t e r  June  2k by o t h e r  i n s e c t  l a r v a e .  I f  t h i s  

o c c u r r e d  e n e r g y  f lo w  w ou ld  be  u n d e r e s t i m a t e d  i n  t h e  

p r e s e n t  s t u d y .

While  Boyce t e n d s  t o  o v e r e s t i m a t e  e n e r g y  f l o w ,  any 

f a c t o r s  p r e v e n t i n g  f r a s s  f rom r e a c h i n g  o r  r e m a i n i n g  on 

t h e  t i l e s ,  a n d  w e i g h t  l o s s  due t o  e x p o s u r e  b e f o r e  t h e  

sa m p le s  were  c o l l e c t e d  w ould  t e n d  t o  make e s t i m a t e s  o f  e n e r g y  

f lo w  b a s e d  on f r a s s  p r o d u c t i o n  l o w e r  t h a n  i t  a c t u a l l y  w as .  

S i n c e  an a v e r a g e  l e a f  w e i g h t  p e r  gram f o r  p a l a t a b l e  l e a f  

s p e c i e s  a t  t h e  t im e  o f  c o n su m p t io n  was n o t  d e t e r m i n e d ,  

t h e  w e ig h t  o f  w h i t e  oak l e a v e s  p e r  gram u s e d  i n  p r o j e c t i n g  

e n e r g y  f low  may n o t  ha v e  b e e n  an a v e r a g e  l e a f  w e i g h t  f o r  

p a l a t a b l e  l e a f  s p e c i e s  b u t  r a t h e r  be low a v e r a g e .

THE SIGNIFICANCE OF ENERGY FLOW 
AS RELATED TO THIS STUDY

The i n s i g h t  o f  e n e r g y  f lo w  a t  t h e  h e r b i v o r e  l e v e l  

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

a b l e  i n  e a c h  o ak  f o r e s t  h a b i t a t  t o  be  t r a n s f e r r e d  t o  

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

E nergy  f lo w  may t h e n  be  r e f l e c t e d  by t h e  d e n s i t y  o f  t h e  

b i r d s  p o p u l a t i o n  and  a l s o  t h e  a v e r a g e  s i z e  o f  t h e  

t e r r i t o r y  p e r  s p e c i e s .  S t u d i e s  on t h e s e  p r o b le m s  a r e  

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

BIOENERGETICS

In  a r e l a t e d  s t u d y  by V a r le y  (1 9 6 ? )  e n e r g y  f lo w  was 

d e t e r m i n e d  f o r  t h e  w i n t e r  moth O p e r o p h t e r a  b r u m a t a . T h is  

s p e c i e s  f e e d s  on Q ue rcu s  r o b u r  and  h a s  a s i n g l e  g e n e r a t i o n  

p e r  y e a r  w i t h  f i v e  l a r v a l  s t a g e s .  V a r l e y  r e p o r t s  a  g r o s s  

c a l o r i c  i n t a k e  o f  5 6 ,48 0  c a l o r i e s  p e r  s q u a r e  m e t e r  

( 2 2 8 ,5 7 5  K c a l / a c r e )  w i t h  7 ,4 8 0  c a l o r i e s  p e r  s q u a r e  m e t e r  

a v a i l a b l e  t o  be  p a s s e d  on t o  t h e  n e x t  t r o p h i c  l e v e l  

( 3 0 , 2 7 2  K c a l / a c r e ) .

W ie g e r t  and  Evans (1 9 64 )  r e p o r t  c a l o r i c  v a l u e s  f o r  

a p o p u l a t i o n  o f  g r a s s h o p p e r s  i n  a  30 - y e a r - o l d  g r a s s l a n d  

i n  s o u t h e r n  M i c h ig a n .  S e c o n d a ry  p r o d u c t i o n  a v a i l a b l e  t o  

t h e  n e x t  t r o p h i c  l e v e l  was .5 1  K ca l /M 2 ( 2 , 0 6 4  K c a l / a c r e )  

and  a t o t a l  ce l  o r i c  i n t a k e  o f  3 .7 1  K ca l /M 2 ( 1 5 ,0 1 4  K c a l /  

a c r e ) .  S p i t t l e b u g s  i n  t h e  same g r a s s l a n d  h a d  a  t o t a l  

c a l o r i c  i n t a k e  o f  1 . 5 1  K ca l /M 2 ( 6 , 1 1 1  K c a l / a c r e )  a n d  a  

n e t  p r o d u c t i o n  o f  . 0 8  K ca l /M 2 (324  K c a l / a c r e ) .

W ie g e r t  and  Evans a l s o  r e p o r t  c a l o r i c  v a l u e s  f o r
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t h e  g r a s s h o p p e r  Orchel lmum f l d l c l n l u m  a n d  a  l e a f h o p p e r  

P r o k e l e s l a  m a r g l n a t a  i n  a c o a s t a l  G e o r g i a  s a l t  m arsh .

F o r  P .  m a r g l n a t a  t h e r e  was a t o t a l  i n t a k e  o f  413 Kcal /M 2 

( 1 , 6 7 1 , 4 1 1  K c a l / a c r e )  and ?0 K ca l /M 2 was a v a i l a b l e  t o  be 

p a s s e d  on t o  t h e  n e x t  t r o p h i c  l e v e l  ( 2 8 3 ,2 9 0  K c a l / a c r e ) .  

F o r  0 .  f l d l c l n l u m  t h e  t o t a l  c a l o r i c  i n t a k e  was 107 

Kcal /M^ (433*029 K c a l / a c r e )  and  11 Kcal/M^ was a v a i l a b l e  

t o  be p a s s e d  on t o  t h e  n e x t  t r o p h i c  l e v e l  ( 4 4 ,5 1 7  K c a l /  

a c r e ) .

The e s t i m a t e s  o f  e n e r g y  f lo w  f o r  t h e  f i v e  s t u d y  

a r e a s  a r e  g e n e r a l l y  h i g h e r  t h a n  f o r  most  o t h e r  e c o s y s t e m s  

a t  t h e  i n v e r t e b r a t e  h e r b i v o r e  l e v e l .  T h i s  i s  p e r h a p s  t o  

be e x p e c t e d  c o n s i d e r i n g  t h e  b io m a ss  p e r  u n i '  a r e a  

a v a i l a b l e  t o  s u p p o r t  h e r b i v o r e  p o p u l a t i o n s .  Agreement  

w i t h  t h e  s t u d y  by V a r l e y  (1967)  on E n g l i s h  oak  woods i s  

f a i r l y  c l o s e .  The o n l y  i n v e r t e b r a t e s  t h a t  w ould  t e n d  t o  

be  e x c e p t i o n s  a r c  t h o s e  s p e c i e s  t h a t  h a v e  more t h a n  one 

g e n e r a t i o n  p e r  y e a r  a n d / o r  t h o s e  s p e c i e s  t h a t  f e e d  b o t h  

a s  l a r v a  an d  a d u l t s .
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SUMMARY

F r a s s  p r o d u c t i o n  was s t u d i e d  i n  f i v e  s l i g h t l y  

d i f f e r e n t  oak  f o r e s t  h a b i t a t s  i n  s o u t h w e s t e r n  M ic h ig a n  

d u r i n g  May and  June  1 9 6 8 . The d a t a  o b t a i n e d  from f r a s s  

p r o d u c t i o n  were  u s e d  t o  p r o j e c t  v a l u e s  o f  e n e r g y  f l o w  a t  

t h e  h e r b i v o r e  l e v e l .  F i v e  s p e c i e s  o f  i n s e c t  l a r v a e  w ere  

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

Those  s p e c i e s  were  B u c c u l a t r l x  a l n s l i e l l a , P a l e a c r l t a  

v e r n a t a , Malacosoma a m e r lc a n u m , A r c h ip s  a r g y r o s p l l u s , and  

S p a r a g a n o t h i s  p e t t l t a n a »

F r a s s  was c o l l e c t e d  f rom  9 X 9  i n c h  c o l l e c t i n g  

s u r f a c e s  i n  eac h  o f  t h e  f i v e  s t u d y  a r e a s .  The w e i g h t  and  

vo lume o f  f r a s s  c o l l e c t e d  was p r o j e c t e d  on an a c r e  b a s i s  

f o r  t h e  s m a l l  p i n e  a r e a  a s  2 1 ,5 2 2  ml and 8 ,4 1 3  gms, f o r  

t h e  l a r g e  p i n e  a r e a  1 7 ,8 0 6  ml and  3»948 gms, f o r  t h e  

l a r g e  oak a r e a  4 1 ,9 0 8  ml a n d  1 5 ,6 1 2  gms, f o r  t h e  s m a l l  

o a k  a r e a  *4-8,721 ml and  1 7 ,9 0 9  gms, a n d  f o r  t h e  g r e e n b r i e r  

a r e a  3*4-,06*4- ml and  1 2 ,0 5 1  gms.

One h u n d r e d  c o re  s a m p le s  were  t a k e n  from w h i t e  oak 

a n d  b l a c k  oak  l e a v e s  t o  d e t e r m i n e  l e a f  w e i g h t  i n  r e l a t i o n  

t o  l e a f  a r e a  a t  t h e  t i m e  o f  c o n su m p t io n  a n d  a f t e r  n a t u r a l  

f a l l .  L e a f  w e i g h t  p e r  s q u a r e  i n c h  was a s  f o l l o w s :  w h i t e  

oak  a t  t h e  t im e  o f  c o n s u m p t io n  .0 1 9  gms, w h i t e  oak  a f t e r  

n a t u r a l  f a l l  .040  gms, b l a c k  oak  a t  t h e  t i m e  o f  c o n s u m p t io n  

. 3 2  gms, and  b l a c k  oak  a f t e r  n a t u r a l  f a l l  . 0 5 2  gms.
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Four  m u s l i n  bag  e n c l o s u r e s  c o n t a i n i n g  f i f t e e n  

l a r v a e  were  p l a c e d  on w h i t e  oak l i m b s  i n  t h e  f i e l d .

From t h e  l e a f  a r e a  consumed and f r a s s  p r o d u c e d  i t  was 

d e t e r m i n e d  t h a t  87*36 s q u a r e  i n c h e s  o f  l e a f  a r e a  was t h e  

e q u i v a l e n t  o f  one gram o f  f r a s s  p r o d u c e d .  Based  on t h e  

w e i g h t  o f  w h i t e  oak l e a v e s  a t  t h e  t i m e  o f  c o n s u m p t io n ,

1 . 6 6  grams o f  l e a f  were  consumed f o r  e v e r y  gram o f  f r a s s  

p r o d u c e d .  The p e r c e n t a g e  o f  l e a f  w e i g h t  p e r  gram t o  ber 

ex p en d e d  a s  f r a s s  was 6 0 . 2 4  p e r  c e n t .

P r o b a b l e  u p p e r  an d  l o w e r  l i m i t s  f o r  s e c o n d a r y  

p r o d u c t i o n  o r  e n e r g y  a v a i l a b l e  t o  be t r a n s f e r r e d  t o  t h e  

n e x t  t r o p h i c  l e v e l  was p r o j e c t e d  i n  k i l o c a l o r i e s  p e r  a c r e  

f o r  t h e  s m a l l  p i n e  a r e a  a s  1 2 ,5 0 1  a n d  7 ,383*  f o r  t h e  

l a r g e  p i n e  a r e a  5*867 an d  3*465, f o r  t h e  l a r g e  oak  a r e a  

23*199  and  1 3 , 7 0 0 ,  f o r  t h e  sm a l l  o a k  a r e a  2 6 ,6 1 2  and 1 5 ,7 1 6 ,  

and  f o r  t h e  g r e e n b r l e r  a r e a  1 7 ,9 0 8  a n d  10 ,575*
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Appendix A Leaf consumption data from a four-day
m u s l i n  b a g  e n c l o s u r e  c o n t a i n i n g  15 
c a t e r p i l l a r s  and  l e a f  m i n e r  l a r v a e .  
The t r e e  s p e c i e s  i s  Q u e rcu s  a l b a .

L e a f  
a r e a  

( i n . 2 )

A re a  
consumed 

( i n . 2)

.82 . 0 0
2 .6 2 . 0 8
5 .11 . 1 6
4 .8 5 . 0 0
2 .93 . 0 0
5 .36 . 0 0
2 .2 ? .0 0
4 .7 2 1 . 7 9
2 .76 . 3 7
3 .7 2 . 0 0
6 .66 .9 1
7 .70 2 .7 9
5 .5 8 . 1 6
3-96 . 5 6
3 .4 0 . 4 3
5 .72 .0 0
3 .20 . 9 3
2 .9 8 . 4 7
2 .9 8 . 2 7

T o t a l  77 .34 8 . 9 2

A v e rag e  4 .0 7 . 4 7
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Appendix B Leaf consumption data from a four-day
muslin bag enclosure co n ta in in g  15 
c a t e r p i l l a r s  and l e a f  miner larvae*  
The tr e e  sp e c ie s  i s  Quercus a lb a*

L e a f
a r e a

( i n . 2)

A rea  
consumed 

( i n . 2)

L e a f  
a r e a  

( i n . 2)

A re a
consumed

( i n . 2)

5*08 .33 2 . 1 5 . 0 0
6 .0 0 .0 0 6 . 5 8 .00
6 .8 5 .0 0 7 .6 9 .0 6
5 .66 . 0 0 1 0 . 8 5 .0 2
6 .8 3 .0 1 4 . 0 9 .0 0
2 .8 0 . 0 0 3 . 7 4 3 . 2 5
2 .8 7 . 1 8

• 57 . 0 0
2 .9 3 .1 0
1 .1 6 .0 0

. 7 4 .0 0
2 .8 6 .00
7 .09 . 0 5
6 .2 7 . 1 2
2 .6 2 .0 0
3-33 .0 0
3 .1 6 .0 0
3 .7 4 .0 0
6 .9 6 . 0 0
7 .7 4 .1 0
3 .1 2 .0 0
7 .4 8 .0 0

1 0 .4 3 .0 0
4 .5 2 .1 2
8 .2 1 . 0 0
9 .3 6 . 0 0
5 .3 1 .0 0
2 .3 8 . 0 0
5 . 0 4 .0 0

.9 3 . 0 2
2 .9 6 . 0 0
2 .2 3 . 3 2

T o t a l 1 8 2 .3 3 4 . 7 6

A verage 4 . 8 0 .1 3
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Appendix C Leaf consumption data from a four-day
m u s l i n  b a g  e n c l o s u r e  c o n t a i n i n g  15 
c a t e r p i l l a r s  a n d  l e a f  m i n e r  l a r v a e .
The t r e e  s p e c i e s i s  Q u e rc u s  a l b a .

L e a f A rea L e a f A rea
a r e a consumed a r e a consumed

( i n . 2) ( i n . 2 ) ( i n . 2 ) ( i n . 2)

6 .0 2 . 0 0 5 .1 2 1 . 0 4
3 .3 0 . 0 0 2 .8 5 . 4 1
8 .2 1 1 . 0 4 1 . 3 7 .3 8
5 . 2 4 .0 0 1 . 9 7 1 . 4 6
1 .9 0 . 0 0 1 .4 1 . 2 2
3-71 .7 0 3 . 7 5 3 .6 3
5 .7 6 .0 0 3 .3 7 3 .1 6

1 2 .5 5 . 7 5
1 0 .7 3 3 . 2 2
1 1 .8 9 .0 0
1 0 .9 8 . 7 2

7 .1 8 .0 0
1 . 2 3 .0 0

. 9 7 .0 1
8 . 7 2 .0 0
6 .9 7 . 0 8
1 .6 9 . 5 8
2 .8 2 . 0 0
4 .9 1 . 3 6
3 .6 9 1 . 4 2
5 . 4 4 . 0 0
5 .2 5 . 0 0
3 .6 1 .0 0
1 . 8 2 . 0 0
5 -57 . 0 2
3 .2 0 . 2 3
5 .6 6 . 5 5
5 .9 2 1 . 0 2
2 .6 0 . 0 2
3 .3 3 . 0 2
3 . 5 5 1 . 0 9
3 . 0 4 . 0 6

T o t a l 1 8 7 .3 0 2 2 .1 9

Average 4 .8 0 . 5 7
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Appendix D Leaf consumption data from a four-day
m u s l i n  b a g  e n c l o s u r e  c o n t a i n i n g  15 
c a t e r p i l l a r s  and  l e a f  m in e r  l a r v a e .  
The t r e e  s p e c i e s  i s  Q u e rc u s  a l b a .

L e a f
a r e a

( i n . 2 )

A rea  
consumed 

( i n . 2)

L e a f
a r e a

( i n . 2 )

A re a
consumed

( i n . 2 )

8 .5 0 . 1 2 6 . 1 2 .7 8
3 .5 2 .19 3 . 1 8 1 . 0 2

1 0 . ? 6 .0 1 1 . 9 8 1 .6 0
2 .0 6 .0 0 6 . 6  2 .0 0
1 .4 7 .0 1 7 .3 3 .3 5

.2 7 . 0 0 3 .1 3 .0 0
6 .3 4 .0 0 2 .2 1 .0 5
6 .9 1 . 3 1 4 . 6 7 . 0 0
7 .1 3 .0 0 6 .0 3 . 9 7  '
2 .0 7 .0 0 4 . 3 7 . 0 0
8 .2 6 .0 0 8 . 8 5 . 0 3
3 .9 5 .0 0 4 . 5 9 .0 0
3 .9 8 . 0 4 7 .3 0 . 7 8
4 .2 0 .0 0 4 . 3 3 .1 0
9 .9 1 . 0 0 6 . 9 7 .4 1

1 0 .3 9 .2 1 7 . 1 5 .0 0
1 2 .5 0 3 .6 2 5 .7 0 .0 0
1 0 .1 2 .6 1 5 . 3 2 .0 2

8 .0 6 .0 0 3 . 5 7 .1 3
1 1 .3 5 .4 3 4 . 2 9 . 2 7

4 .4 6 .8 9 4 .9 3 .0 0
2 .7 9 . 1 6 4 . 5 9 .0 5
1 . 3 8 .0 3 3 . 7 4 .1 2
2 .9 8 .0 0 2 .4 0 .0 0

.2 6 . 0 0 3 . 2 6 .0 0
1 . 3 8 1 . 3 4 5 . 8 4 .1 5
1 . 9 2 . 1 5 ‘1.92 . 0 2
9 .5 1 . 0 0 5 . 4 7 . 0 0
6 .6 1 . 0 0 3 .5 3 .6 1

1 3 .0 1 .6 0
5 . 0 5 .4 0
2 .1 5 . 6 2

T o t a l 3 2 6 . 6 4 1 7 .2 0

Average 5 . 3 5 . 2 8
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Appendix E Leaf consumption data from a nine-day
m u s l i n  b a g  e n c l o s u r e  c o n t a i n i n g  15  
c a t e r p i l l a r s  and l e a f  m i n e r  l a r v a e .  
The t r e e  s p e c i e s  i s  Q u e r c u s  a l b a .

L ea f  
a r e a  

( i n . 2 )

A rea
consumed

( i n . 2 )

L e a f
a r e a

( i n . 2 )

A re a  
consumed 

( i n . 2 )

4 .5 4 .0 3 1 2 .6 9 1 . 1 9
5 .6 2 . 0 4 4 . 3 1 . 0 4
6 .2 4 .3 4 1 . 9 0 .0 0
1 . 9 4 .0 0 2 .1 3 .0 0
8 . 3 4 .2 8 3 . 7 0 .0 0
7 .5 7 .0 9 3 . 5 3 . 0 2
2 .6 8 . 5 4 9 . 3 7 .0 1
5 . 9 4 .0 5 1 . 7 3 .0 0
8 .3 9 .0 0 7 .2 9 .0 0
3 .2 0 . 3 4 4 . 1 3 .3 9
2 .0 5 .0 0 6 . 8 5 .1 0
5-15 .0 5 7 . 2 3 .0 1
6 .7 7 .5 7 1 . 6 0 .0 0
1 .3 6 .0 0 8 . 9 9 . 0 2
6 .3 4 .0 0 9 . 8 1 .9 0
4 .4 9 . 1 8 6 . 0 7 . 0 2
4 .8 0 .0 2 4 . 6 3 .1 8
3 .9 4 .0 0 7 . 9 7 .1 6
7 .3 0 .0 1 8 . 6 8 . 0 9
5 .0 5 .0 5 4 . 3 1 .0 0
4 .1 8 .0 0 3 . 9 4 .0 0
5 .7 1 . 9 5 5 .8 3 .0 0

1 1 .6 2 . 0 4 6 . 1 8 . 0 2
3 .0 2 .0 0 5 .4 1 . 2 2
3 .5 0 .0 1 1 0 . 8 2 . 1 1
1 .5 9 . 0 5 6 . 0 2 . 0 0
6 .0 8 .0 0 1 1 . 4 7 .1 9
7 .83 .0 0 2 .7 9 .1 9
6 .3 1 . 0 1 1 0 . 3 9 .1 0
3 .2 8 .0 6 6 . 8 6 . 3 2
2 .6 1 . 0 0 4 . 9 3 . 0 4
2 .4 2 .0 0 2 . 0 8 .0 0
8 .1 1 .0 1 5 .3 2 .0 0

T o t a l 3 6 6 .9 3 8 .0 6

Average 5 .5 6 . 1 2
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