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ABSTRACT

DIPLOPODA OF A BEECH-MAPLE FOREST:

POPULATION ECOLOGY AND SEASONAL ACTIVITY

By

V iv ia n  M e s te y - V i l l a m i l

The p r e s e n t  s tu d y  a s s e s s e d  some a s p e c t s  o f  p o p u l a t i o n  d e n s i t y ,  

v e r t i c a l  and  h o r i z o n t a l  d i s t r i b u t i o n ,  and a c t i v i t y  o f  t h e  dom inan t 

d ip lo p o d  s p e c i e s  o f  Baker w o o d lo t ,  a  b e e c h -m a p le  f o r e s t ,  i n  M ic h ig a n .  

F i e l d  work was fo c u s e d  on q u a n t i t a t i v e  s a m p l in g  o f  l e a f  l i t t e r ,  o r g a n i c  

l a y e r  and  A h o r i z o n .  P i t f a l l  t r a p s  w ere  u se d  to  a s s e s s  s e a s o n a l  

a c t i v i t y  d u r i n g  two c o n s e c u t i v e  y e a r s  (1 9 8 4 -1 9 8 5 ) .

Of s i x  d ip lo p o d  s p e c i e s  c o l l e c t e d  i n  t h e  s tu d y  a r e a  o n ly  t h r e e  

were common enough f o r  q u a n t i t a t i v e  a n a l y s i s : O p h y lu lu s  p i l o s u s  

(N e w p o r t ) ,  P o lydesm us l n c o n s t a n s  L a t z e l ,  and Po lyzon ium  b lv i r g a tu m  

(W ood). O p h y lu lu s  p i l o s u s  was th e  d o m in an t s p e c i e s .

V e r t i c a l  m i g r a t i o n  and d i s t r i b u t i o n  o f  th e  l i f e  s t a g e s  o f  0 .  

p i l o s u s  was a f f e c t e d  by c l i m a t i c  p a r a m e te r s  su c h  a s  s e a s o n a l  

t e m p e r a t u r e  and  p r e c i p i t a t i o n .  D i f f e r e n c e s  i n  t h e s e  two p a r a m e te r s  

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

O p h y lu lu s  p i l o s u s  c a n  o v e r w in t e r  i n  any  s t a g e  ( s m a l l  j u v e n i l e ,  

j u v e n i l e  o r  a d u l t ) ,  e x c e p t  p r o b a b ly  a s  e g g s ,  w hich  a r e  l a i d  d u r in g  

s p r i n g  and  summer. A d u l t s  w ere common i n  s p r i n g  and w ere p r e s e n t  i n  

e v e r y  s o i l  l a y e r .  I n m a tu re  s t a g e s  w ere m ost common, d u r in g  summer and 

f a l l ,  i n  0 and A h o r i z o n s .



The h o r i z o n t a l  d i s t r i b u t i o n  o f  th e  d o m in a n t  s p e c i e s  c o u ld  n o t  be 

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

D ata  from  p i t f a l l  t r a p s  showed d i f f e r e n t  a c t i v i t y  p e a k s  f o r  e a c h  

s p e c i e s .  O p h y lu lu s  p i l o s u s  was m a in ly  a c t i v e  i n  s p r i n g ,  P. l n c o n s t a n s  

d u r i n g  summer and  P. b iv i r g a tu m  I n  t h e  f a l l .  A d u l t s  w ere t h e  most 

a c t i v e  s t a g e  i n  e v e r y  s p e c i e s ,  and b o th  s e x e s  w ere  e q u a l l y  a c t i v e ,  

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

m a t t i n g  s e a s o n .
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I .  INTRODUCTION

The D ip lo p o d a ,  commonly known a s  m i l l i p e d e s  o r  t h o u s a n d - l e g g e r s , 

a r e  an  e n t i r e l y  t e r r e s t r i a l  g ro u p  o f  more t h a n  7 ,5 0 0  d e s c r i b e d  s p e c i e s  

( B a r n e s ,  1 9 8 0 ) .  They a r e  found  th r o u g h o u t  t h e  w o r ld ,  e s p e c i a l l y  i n  th e  

warm and humid t r o p i c s ,  b u t  a l s o  i n  a l l  t e m p e r a t e  r e g i o n s  e x c e p t  t h e  

m ost a r i d .  M i l l i p e d e s  a r e  found  up t o  t h e  snow l i n e  and down t o  t h e  s e a  

l e v e l  (W il l i a m s  and  H e f n e r ,  1 9 2 8 ) .  They l i v e  u n d e r n e a th  s t o n e s ,  b a r k ,  

l o g s ,  among l e a v e s  and  i n  t h e  s o i l ,  consum ing  l e a f  l i t t e r  and  o t h e r  

o r g a n i c  d e b r i s  and th e r e b y  c o n t r i b u t i n g  t o  t h e  f o r m a t io n  o f  humus. A 

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

few  a r e  commensal i n  a n t  n e s t s ,  b u t  m ost a r e  f r e e  l i v i n g  ( B a r n e s ,  19 8 0 ) .

A l th o u g h  D ip lo p o d a  a r e  v e r y  w e l l  d i s t r i b u t e d ,  n o t  much i s  known 

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

T h ere  a r e  many p u b l i c a t i o n s  on t h e  m i l l i p e d e  fa u n a  o f  N o r th  A m erica and 

E u ro p e ,  b u t  m ost o f  t h e s e  p a p e r s  d e a l  w i th  t h e  taxonomy and m orphology  

o f  t h e  g r o u p .  The f i r 3 t  s c i e n t i s t  to  i n v e s t i g a t e  A m erican  D ip lo p o d a  was 

Thomas Say (1 8 2 1 )  who d e s c r i b e d  13 s p e c i e s ,  o f  w h ich  h a l f  s t i l l  s t a n d  

g e n e r i c a l l y .  Bollm an (1 8 9 3 )  p u b l i s h e d  th e  f i r s t  c a t a lo g u e  o f  N o r th  

A m erican  m i l l i p e d e s .  A seco n d  was w r i t t e n  by C h am b er lin  ( 1 9 4 7 ) .  The most 

r e c e n t  c h e c k l i s t  was made by C h am b er l in  and  Hoffman ( 1 9 5 8 ) .  F a u n i s t i c  

s t u d i e s  have been  p u b l i s h e d  f o r  o n ly  f o u r  s t a t e s :  Ohio (W il l i a m s  and 

H e f n e r ,  192 8 ) ;  M ic h ig a n  ( J o h n s o n ,  1952, 1 9 5 3 ) ;  New York ( B a i l e y ,  1928 ); 

and f o r  some a r e a s  o f  N o r th  C a r o l i n a  ( S h e l l e y ,  19 7 8 ) .
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P o p u la t i o n  s t u d i e s  t h a t  a t t e m p t  t o  d e t e r m in e  d e n s i t y ,  age  

s t r u c t u r e ,  and  v e r t i c a l  o r  h o r i z o n t a l  d i s t r i b u t i o n  a r e  few i n  num ber. 

E a r l y  s t u d i e s  w ere  made i n  Denmark, by B o rnebusch  (1 9 3 0 ) ,  who r e c o r d e d  

p o p u l a t i o n s  o f  up  t o  160 m i l l i p e d e s / m 1 i n  d e c id u o u s  w o o d la n d s .  Van d e r  

D r i f t  (1 9 5 1 )  e s t i m a t e d  a  d e n s i t y  o f  80 j u l l d s / m *  (m a in ly  C y l i n d r o l u l u s  

p u n c t a t u s  ( L e a c h ) )  i n  a b e e c h  wood w i th  raw humus i n  H o l l a n d .  B low er and 

G a b b u t t  (1 9 6 4 )  d e s c r i b e d  t h e  p a p u l a t i o n  s t r u c t u r e  o f  C y l i n d r o l u l u s  

l a t e s t r l a t u B  ( C u r t i s ) ,  C y l i n d r o l u l u s  p u n c t a t u s , O p h y lu lu s  p i l o s u s  

(N ew p o rt ,  1 8 4 2 ) ,  and  l u l u s  s c a n d in a v iu s  L a t z e l  i n  Devon Oak Wood i n  

E n g la n d ,  b u t  c o u ld  n o t  e s t i m a t e  p o p u l a t i o n  d e n s i t y  b e c a u s e  th e y  o n ly  

sam pled  l i t t e r .  D e n s i ty  and s u r f a c e - a c t i v i t y  o f  d ip lo p o d s  w ere a l s o  

r e c o r d e d  by B low er (1 9 6 9 )  i n  a n  E n g l i s h  w oodland  w here he sam pled  s o i l  

and  l i t t e r .

S e v e r a l  s c i e n t i s t s  have I n v e s t i g a t e d  th e  v e r t i c a l  d i s t r i b u t i o n  o f  

m i l l i p e d e s .  Bocock and H e a th  (1 9 6 7 )  s t u d i e d  t h e  f e e d i n g  a c t i v i t i e s  i n  

s o i l  o f  G lo m e ris  m a r g i n a ta  ( V i l l e r s )  i n  r e l a t i o n  t o  i t s  v e r t i c a l  

d i s t r i b u t i o n .  Dowdy (1 9 4 4 )  worked on th e  i n f l u e n c e  o f  t e m p e r a t u r e  on 

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

P e i t s a l m i  (1 9 7 4 )  i n v e s t i g a t e d  t h e  v e r t i c a l  o r i e n t a t i o n  and a g g r e g a t i o n  

o f  P r o t e r o i u l u s  f u s c u s  (AM S t e i n ) .  And D a v ie s ,  H a s s a l l  and  S u t to n  (1 9 7 7 )  

d e s c r i b e d  th e  v e r t i c a l  d i s t r i b u t i o n  o f  l s o p o d s  and  d ip l o p o d s  i n  a  dune 

g r a s s l a n d  a t  E a s t  Y o r k s h i r e ,  E n g la n d .

Some E uropean  r e s e a r c h e r s  ( M i l l e r ,  1974; B low er, 1974a; Sakwa,

1974) h av e  shown t h a t  d ip lo p o d  d i s t r i b u t i o n  c a n  be r e l a t e d  n o t  o n ly  to  

a v a i l a b l e  f o o d ,  b u t  a l s o ,  t o  l e a f  l i t t e r  d e p t h ,  a r e a  to p o g ra p h y  and
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o t h e r  f a c t o r s  su c h  a s  h u m id i ty  and  t e m p e r a t u r e .  Very few  r e p o r t s  on 

v e r t i c a l  d i s t r i b u t i o n  a r e  p u b l i s h e d  f o r  N o r th  A m erica .

M ich ig an  D ip lo p o d a  have  b een  i n v e s t i g a t e d  by Jo h n so n  (1 9 5 2 ,  19 5 3 ) ,  

Kane (1 9 8 1 )  and  S n id e r  ( 1 9 8 0 ) .  Jo h n so n  r e c o r d e d  16 s p e c i e s  n o t  

p r e v i o u s l y  known from  th e  s t a t e .  The a u t e c o l o g y  o f  some o f  th e  31 

s p e c i e s  r e p o r t e d  t o  o c c u r  i n  M ich ig an  i s  known ( J o h n s o n ,  1 9 5 2 ) .  Many of 

t h e s e  s p e c i e s  a r e  hardw ood f o r e s t  i n h a b i t a n t s  and can  be fo u n d  a l l  o v e r  

th e  s t a t e .  S n id e r  (1 9 8 0 )  s t u d i e d  th e  b io e c o lo g y  o f  Polydesm us l n c o n s t a n s  

L a t z e l ,  1884, and  Kane (1 9 8 1 )  worked on t h e  s y s t e m a t l c s ,  m o rpho logy , and 

n a t u r a l  h i s t o r y  o f  P o ly x en u s  l a g u r u s  ( L i n n e ) .

The p r e s e n t  i n v e s t i g a t i o n  d e a l s  w i th  s p e c i e s  c o m p o s i t io n ,  v e r t i c a l  

d i s t r i b u t i o n ,  and  a c t i v i t y  o f  t h r e e  D ip lo p o d a  s p e c i e s  In  a  m a p le -b e e c h  

f o r e s t  on th e  M ic h ig a n  S t a t e  U n i v e r s i t y  campus i n  E a s t  L a n s in g ,

M ic h ig a n .  The s t u d i e d  s p e c i e s  w e re :  t h e  j u l i d  O p h y lu lu s  p i l o s u s , t h e

p o ly d e sm id  Po lydesm us in c o n s ta n B  and F o lyzon ium  b iv i r g a tu m  (Wood) 1864, 

w h ich  i s  th e  o n ly  r e p r e s e n t a t i v e  o f  t h e  c o lo b o g n a th  f a m i ly  P o ly z o n i id a e  

i n  M ich ig an  ( J o h n s o n ,  1 9 5 2 ) .

O p h y lu lu s  p i l o s u s  h a s  been  s t u d i e d  by Blower and G a b b u t t  ( 1 9 6 4 ) ,  

B low er (1 9 7 0 ,  1 9 7 4 a ) ,  M i l l e r  (1 9 7 4 )  and Blow er and M i l l e r  (1 9 7 4 )  i n  

E n g la n d .  These  a u t h o r s  found  t h a t  0 .  p i l o s u s  was one o f  t h e  m ost common 

j u l i d s  a s s o c i a t e d  w i t h  l e a f  l i t t e r ,  w here  i t  c o n t r i b u t e s  t o  l i t t e r  

d e g r a d a t i o n .  O p h y lu lu s  p i l o s u s  i s  a  s e m e lp a ro u s  s p e c i e s  w hich  upon 

r e a c h i n g  m a t u r i t y ,  d i e s ,  u n l i k e  m ost B r i t i s h  j u l i d s  w hich become m a tu re ,  

b r e e d  and and s u r v i v e  f o r  s e v e r a l  y e a r s  (B lo w e r ,  19 6 9 ) .  Compared to

o t h e r  B r i t i s h  j u l i d s ,  f o r  exam ple Z u lu s  s c a n d i n a v i u s  w hich  n e e d s  3 y e a r s
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to  m a tu r e ,  0 .  p i l o s u s  r e a c h e s  m a t u r i t y  i n  2 y e a r s *  I t  h a s  been  s u g g e s te d  

(B lo w e r ,  1969) t h a t  t h i s  ty p e  o f  n e o t e n i c  c o n t r a c t i o n  o f  t h e  l i f e  

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

c o l o n i s t .  O p h y lu lu s  p i l o s u s  h a s  s p r e a d  o v e r  t h e  w o r ld  and now d o m in a te s  

e x o t i c  f a u n a s  (B lo w e r ,  1969).

In  E urope  0 .  p i l o s u s  i s  found  from  th e  B r i t i s h  I s l e s ,  w here  i t  i s  

th e  seco n d  m ost f r e q u e n t l y  r e c o r d e d  s p e c i e s  (B lo w e r ,  1 9 8 5 ) ,  t o  C e n t r a l  

E u ro p e ,  N o r th e r n  I t a l y ,  Y u g o s la v ia  and b o th  t h e  E u ropean  p l a i n s  and 

C a r p a t h i a n  r e g i o n s  o f  t h e  S o v ie t  U nion; b u t  i t  h a s  n o t  been  r e c o r d e d  

from  F i n l a n d ,  F ra n c e  and Belgium  (B lo w e r ,  1 9 8 5 ) .  I t  h a s  a l s o  been  

d e s c r i b e d  from  New Z ea lan d  by Dawson (1 9 5 8 )  and J o h n s  (1 9 6 2 ,  1 9 6 7 ) .

I n  N o r th  A m erica 0 .  p i l o s u s  h a s  been  s t u d i e d  by Jo h n so n  (1 9 5 2 ,  

1 9 5 3 ) ,  who d e s c r i b e d  i t s  m orphology and d i s t r i b u t i o n  w i th  some n o te s  on 

i t s  a u t e c o lo g y  and n a t u r a l  h i s t o r y .  He r e p o r t e d  0 .  p i l o s u s  f o r  t h e  f i r s t  

t im e  i n  M ic h ig a n  and r e c o r d e d  i t  from  41 l o c a l i t i e s .  Jo h n so n  (1 9 5 2 )  a l s o  

c h a r a c t e r i z e d  i t  a s  an  i n h a b i t a n t  o f  U lm us-A cer a s s o c i a t i o n s  i n  Ingham 

County  (w here  th e  p r e s e n t  s tu d y  to o k  p l a c e ) .  The s p e c i e s  h a s  a l s o  been  

r e p o r t e d  from  Ohio (W il l i a m s  and  H e fn e r ,  1 9 2 8 ) ,  New J e r s e y ,

P e n n s y lv a n i a ,  Quebec (C h a m b e r l in ,  19 4 7 ) ,  Nova S c o t i a ,  V i r g i n i a ,  

T e n n e s s e e ,  and th e  A p p a la c h ia n s  (C h a m b e r l in  and H offm an, 1 9 5 8 ) .  I t  th u s  

seem s t h a t  0 ^  p i l o s u s  i s  found i n  r e g i o n s  c h a r a c t e r i z e d  by te m p e ra te  

d e c id u o u s  f o r e s t s  ( M i l l e r ,  1 9 7 4 ) .

Po lydesm us l n c o n s t a n s , l i s t e d  by J o h n so n  (1 9 5 2 )  a s  P . c o r i a c e u s  

P o r a t ,  i s  c o n s id e r e d  a  P a l e a r c t i c  s p e c i e s  found  i n  most E uropean  

c o u n t r i e s  and th e  S o v ie t  Union (B lo w er ,  1 9 8 5 ) .  I t  was i n t r o d u c e d  to  th e
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U n ite d  S t a t e s ,  Canada and I c e l a n d  (B lo w e r ,  1985) and I s  w id e ly  s p r e a d .

I n  t h e  U n i te d  S t a t e s  i t  h a s  b een  r e p o r t e d  from  New York ( B a i l e y ,  1 9 2 8 ) ,  

I n d ia n a  ( a s  0 .  t e s t i  by B o llm an , 1 8 8 7 ) ,  Ohio (W il l ia m s  and H e f n e r ,

19 2 8 ) ,  M a s s a c h u s s e t s ,  D elaw are  (C h a m b e r l in ,  1947 ); from  N ew foundland to  

New E n g la n d ,  O regon , B r i t i s h  Colum bia (C h am b er l in  and H e f n e r ,  1928) and 

from  14 l o c a l i t i e s  i n  M ich igan  by Jo h n so n  (1 9 5 2 , 1953) who d e s c r i b e d  I t  

a s  an  i n h a b i t a n t  o f  g r a s s l a n d s  i n  Ingham C oun ty .  Polydesmus l n c o n s t a n s  

was i n t e n s e l y  s t u d i e d  by S n id e r  (1 9 8 0 ,  1981, 1984a) who d e s c r i b e d  i t s  

e c o lo g y  and l i f e  c y c l e .

Polyzonium  b i v i r g a tu m  an  endem ic N o r th  A m erican s p e c i e s  i s  th e  

l e a s t  w e l l  known o f  th e  t h r e e  s t u d i e d  s p e c i e s .  I t  was f i r s t  d e s c r i b e d  by 

Wood (1 8 6 4 )  and l a t e r  by Cook and Loomis (1 9 2 8 ) .  I t  h a s  been  r e p o r t e d  

from  T en n e ssee  (Cook and  Loom is, 1928; B a i l e y ,  1 9 2 8 ) ,  Ohio (W il l i a m s  and 

H e fn e r ,  1928; Dowdy, 1944; J o h n s o n ,  1 9 5 2 ) ,  and  M ich ig an  (B o llm an ,  1888, 

1893; C h a m b e r l in ,  1914; J o h n so n ,  1952 ) .  Jo h n so n  (19 5 2 )  c h a r a c t e r i z e d  P. 

b iv i r g a tu m  a s  an  i n h a b i t a n t  o f  U lm us-A cer a s s o c i a t i o n s  i n  Ingham C oun ty .

The p r im a ry  o b j e c t i v e s  o f  th e  p r e s e n t  r e s e a r c h  w ere :

1) t o  s tu d y  th e  community s t r u c t u r e  and dom inance 

r e l a t i o n s h i p s  o f  t h e  D ip lopoda  fa u n a  i n  a 

b eec h -m ap le  f o r e s t ;

2 )  t o  q u a n t i f y  t h e  s e a s o n a l  p o p u l a t i o n  dynam ics  o f  t h e  

dom inan t s p e c i e s  O p h y lu lu s  p i l o s u s  i n

th e  s tu d y  s i t e ;

3) t o  s tu d y  th e  i n f l u e n c e  o f  m o i s tu r e  and te m p e r a tu r e  on 

t h e  s p a t i a l  d i s t r i b u t i o n  o f  th e  dom inant
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s p e c i e s '  l i f e  s t a g e s ;  and

4)  t o  d e s c r i b e  t h e  a c t i v i t y  p a t t e r n s  o f  0 ^  p i l o s u s ,

P . l n c o n s t a n s  and  b iv i r g a tu m  d u r in g  s p r i n g ,  

summer and  f a l l *

To a c c o m p l i s h  th e  a b o v e ,  d a t a  w ere  c o l l e c t e d  i n  t h e  f i e l d  from  

A p r i l  t o  O c to b e r  o f  two c o n s e c u t iv e  y e a r s  ( 1 9 8 4 -1 9 8 5 ) .  A sp e c ts  o f  

d ip lo p o d  b io lo g y  l i s t e d  above have been  o n ly  s u p e r f i c i a l l y  s t u d i e d  i n  

N o r th  A m erica .  I n  p a r t i c u l a r ,  no s t u d i e s  o f  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  

m i l l i p e d e s  a r e  i n  e x i s t e n c e .  The p r e s e n t  s tu d y  a s s e s s e d  th o s e  a s p e c t s .
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I I .  MATERIALS AND METHODS

1. D e s c r i p t i o n  o f  t h e  s tu d y  a r e a

The s tu d y  s i t e  was l o c a t e d  i n  B aker w o o d lo t ,  a  b e e c h -m a p le  w o o d lo t  

I n  Ingham County  on t h e  campus o f  M ich ig an  S t a t e  U n i v e r s i t y .  The 

w o o d lo t  c o m p r i s e s  30 h a  w i t h  A cer saccha rum  M arsh ,  d o m in a n t ,  f o l lo w e d  

by FagUB g r a n d i f o l i a  E h rh .  mixed w i th  Q uercus  r u b r a  L . and F r a x in u s  

a m e r ic a n a  L.

A rea  to p o g ra p h y  c o n s i s t s  o f  low h i l l s  i n t e r s p e r s e d  w i th  p rono u n ced  

d e p r e s s i o n s ,  among w hich  f o u r  ponds a r e  f o u n d .  T h is  s tu d y  to o k  p l a c e  

a ro u n d  th e  l a r g e s t  pond , encom pas ing  a p p r o x im a te ly  1 ha i n  a r e a .

D i f f e r e n t  ty p e s  o f  s o i l  o c c u r r e d  i n  B aker w o o d lo t .  I n  d e p r e s s i o n s  

t h e  s o i l  c o n s i s t e d  o f  m o d e ra te ly  d r a in e d  loam  w i th  pH be tw een  5 .7  t o

6 . 5 ,  and  a p p r o x im a te ly  9X o r g a n i c  m a t t e r .  H i l l  s o i l s  w ere more 

v a r i a b l e ,  w e l l  d r a i n e d  san d y  loam s p r e d o m in a t in g  w i th  pH 6 .2  t o  6 . 6 ,  

and  a p p r o x im a te ly  6% o r g a n i c  m a t t e r  ( S n i d e r ,  1 9 8 0 ) .  S o i l  was a lw ay s  

c o v e re d  w i th  l e a f  l i t t e r ,  i t s  t h i c k n e s s  v a r y in g  s e a s o n a l l y .  Fond s i z e  

a l s o  v a r i e d  w i th  t h e  s e a s o n ,  b e in g  l a r g e s t  d u r in g  s p r i n g t i m e  a f t e r  

snow m elt and s m a l l e s t  d u r in g  A u g u s t ,  t h e  d ry  s e a s o n .

2 .  Sam pling  m ethods

A t o t a l  o f  14 s a m p l in g  d a t e s  w ere  s e l e c t e d  d u r in g  y e a r  1 (1 9 8 4 )  

and 13 d u r in g  y e a r  2 ( 1 9 8 5 ) ,  e a c h  s e t  s p a n n in g  t h e  months from  A p r i l  t o  

O c to b e r .  C o l l e c t i o n  d a t e s  i n  ea c h  y e a r  w ere  o r g a n iz e d  i n  t h r e e  g r o u p s .  

T hese  c o r r e s p o n d e d  a p p r o x im a te ly  t o  t h e  s p r i n g ,  summer and f a l l
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s e a s o n s .  A l l  c o l l e c t i o n  d a t e s  be tw een  A p r i l  1 and Ju n e  21 w ere

c l a s s i f i e d  a s  " s p r i n g " ,  b e tw ee n  J u n e  22 and A ugust 21 a s  "sum m er", and

be tw een  A ugust 22 and O c to b e r  31 a s  " f a l l " .

2 . 1 .  Q u a d ra t  s a m p l in g

Ten g e n e r a l  sam ple  l o c a t i o n s ,  a p p r o x im a te ly  10-15 m a p a r t  and 

s u r r o u n d in g  a  s m a l l  pond , w ere s e l e c t e d  ( F i g u r e  1 ) ;  w i t h i n  e a c h  a  25cm 

x  25cm sam ple  o f  t h e  f o r e s t  f l o o r  was t a k e n  random ly  a t  2 week 

i n t e r v a l s .  Each sam p le  was d i v i d e d  i n t o  3 s u b sa m p le s :

1) The l e a f  l i t t e r  ( IX )  w h ich  was t h e  u p p e r  p o r t i o n  o f  t h e  

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

e t c .

2 )  The o r g a n i c  l a y e r ,  o r  0 l a y e r  ( 0 L ) ,  w h ich  c o n s i s t e d  o f  

decom posed and p a r t l y  decom posed o r g a n i c  m a t t e r ,  raw humus, w e l l  

d e l i m i t e d  from  th e  m i n e r a l  s o i l .

3) The u p p e r  l a y e r  o f  t h e  A h o r i z o n  (AL) w hich  was th e  zone  o f

p ro n o u n ced  d e c o m p o s i t io n  and h u m i f i c a t i o n ,  i n  w hich  o n ly  few p l a n t  

r e s i d u e s  a r e  r e c o g n i z a b l e .

A t o t a l  o f  30 su b sa m p le s  w ere  o b t a i n e d  p e r  d a t e ,  c o n s i s t i n g  o f  a l l  

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

l a y e r .  The amount o f  s o i l  c o l l e c t e d  i n  t h e  A h o r i z o n  v a r i e d  from  

q u a d r a t  t o  q u a d r a t  d e p e n d in g  on i t s  n a t u r a l l y  o c c u r r i n g  d e p th  a t  a 

g iv e n  s a m p l in g  p o i n t .

Sam ples w ere  i n m e d l a t e l y  p la c e d  i n  p l a s t i c  bags  and t r a n s p o r t e d  to  

t h e  l a b o r a t o r y  i n  a  foam c o o l e r  t o  a v o id  o v e r - h e a t i n g .  Even th o u g h
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T u l l g r e n  h e a t  e x t r a c t i o n  i s  commonly u se d  t o  e x t r a c t  o rg a n ism s  from  

s o i l  and  l i t t e r  s a m p le s ,  i t  was n o t  u se d  i n  t h i s  s tu d y .  D uring  

p r e l i m i n a r y  e x p e r im e n t s  dead  m i l l i p e d e s ,  e s p e c i a l l y  s m a l l  j u v e n i l e s ,  

w ere  fo u n d  i n s i d e  r o l l e d  l e a v e s  and  s e e d s  a f t e r  e x t r a c t i o n  was 

com ple ted*  M oreover ,  w i th  t h i s  method i t  was im p o s s ib l e  t o  f i n d  egg 

c a s e s .  Hand s o r t i n g  o f  s a m p le s  w as, t h e r e f o r e ,  p r e f e r e d .  A l l  s e e d s ,  

wood and  l e a v e s  w ere  c a r e f u l l y  i n s p e c t e d  u n d e r  a  p o w e r fu l  m a g n ify in g  

g l a s s .  M i l l i p e d e s  w ere  p r e s e r v e d  i n  95% e t h a n o l  a l c o h o l ,  w i t h  2% 

g l y c e r i n  a d d e d ,  and c l a s s i f i e d  by s p e c i e s ,  l i f e  s t a g e ,  and  s e x .

2 . 2 .  P i t - t r a p p i n g

S u r f a c e  a c t i v i t y  o f  m i l l i p e d e s  was d e te r m in e d  by th e  p i t f a l l  t r a p  

m e th o d . T ra p s  c o n s i s t e d  o f  a  l a r g e ,  p e rm a n e n t ly  em placed  o u t e r  c u p ,  and 

a  s n a p - i n  f u n n e l  to  g u id e  th e  c a t c h  i n t o  t h e  i n n e r  c o l l e c t i n g  cup 

( F i g u r e  2 ) .  The r im  o f  t h e  o u t e r  cup was f l u s h  w i th  t h e  s o i l  s u r f a c e .

Twenty t r a p s  w ere d i s t r i b u t e d  a ro u n d  th e  pond a t  i n t e r v a l s  o f  

a p p r o x im a te ly  10 m e te r s .  D uring  t h e  second  y e a r  s e v e n  o f  t h e  t r a p s  w ere 

r e l o c a t e d  b e c a u s e  i n c r e a s e d  pond s i z e  t h r e a t e n e d  t o  f lo o d  them.

S am pling  to o k  p l a c e  e v e r y  o t h e r  week from  A p r i l  t o  O c to b e r  d u r in g  1984 

and 1985. T ra p s  w ere a c t i v a t e d  f o r  a  p e r io d  o f  24 h o u r s ,  and th e  c a t c h  

was p r e s e r v e d  i n  95% e t h a n o l  w i th  2% g l y c e r i n .  D uring  th e  f i r s t  y e a r  

e t h y l e n e  g l y c o l  was u se d  a s  t r a p p i n g  medium i n  th e  i n n e r  c u p s .  I n  th e  

se c o n d  y e a r  a n im a ls  w ere l l v e - t r a p p e d  and  p r e s e r v e d  l a t e r  a t  t h e  

l a b o r a t o r y .  The d i s t a n c e  be tw een  t r a p s  a t  t h e  end o f  th e  seco n d  y e a r  i s  

d e s c r i b e d  i n  T a b le  1.
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Table 1. Inter-trap distances. 

Traps Distance (meters)

1 - 2 9 . 0 2 *
2 - 3 1 5 . 2 7
3 - 4 1 6 . 9 2 *
4 - 5 1 1 . 3 1 *
5 - 6 7 . 6 8 *
6 - 7 1 0 . 8 5
7 - 8 8 . 5 0
8 - 9 9 . 4 5 *
9 - 1 0 9 . 1 1 *

1 0 - 1 1 9 . 0 5
1 1 - 1 2 1 0 . 1 4
1 2 - 1 3 9 . 2 6
1 3 - 1 4 7 . 3 8 *
1 4 - 1 5 7 . 7 7 *
1 5 - 1 6 1 1 . 0 3
1 6 - 1 7 8 . 2 0
1 7 - 1 8 1 2 . 1 9
1 8 - 1 9 1 3 . 2 5 h
1 9 - 2 0 1 1 . 7 9 *
2 0 - 1 1 5 . 2 4 *

* Traps that were moved from their 
original position after first year.
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Table 2. Characteristics of developmental stages 
used to classify Ophyiulus pilosus.

# podous # apodous
Stage segments segments

SJ I 4 2
to V 22,23 7,8

JU VI 29,30 6,7
to IX 44 2,3

AD IX 45,40 (males) 
(females)

3
3,4

to XI 51,54 2

Data taken from Slower and Miller (1974).
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2*3 . C l a s s i f i c a t i o n  o f  l i f e  s t a g e s

M i l l i p e d e  l i f e  s t a g e s  w ere c l a s s i f i e d  by c o u n t in g  th e  t o t a l  number 

o f  body s e g m e n ts a C a t e g o r i e s  e s t a b l i s h e d  f o r  0 .  p i lo B u s  w e r e : s m a l l  

j u v e n i l e s  ( S J ) ,  j u v e n i l e s  ( J U ) ,  and a d u l t s  (AD). T a b le  2 shows th e  

ra n g e  o f  segm ent num bers w i th  l e g s  (p o d o u s )  and w i th o u t  l e g s  (ap o d o u s )  

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

PolydesmuB in c o n s t a n s  w ere  a l s o  lumped a s  s m a l l  j u v e n i l e s ,  

J u v e n i l e s ,  and a d u l t s ,  encom pass ing  a t o t a l  o f  e i g h t  d e v e lo p m e n ta l  

s t a g e s .  T a b le  3 shows how th e y  w ere  o r g a n iz e d  f o r  th e  p u rp o s e  o f  t h i s  

s t u d y .

T a b le  3 .  C h a r a c t e r i s t i c s  o f  d e v e lo p m e n ta l  s t a g e s  u sed  to  
e s t a b l i s h  c a t e g o r i e s  f o r  Polydesm us i n c o n s t a n s .

C a te g o ry  I n s t a r  T o t a l  # o f
segm en ts

SJ I  * 7
I I 9

I I I 12

JU IV 15
V 17

VI 18
VII 19

AD V I I I 20

* l a r v a l  s ta d iu m  

Data t a k e n  from  S c h u b a r t  (1934 )
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Sm all j u v e n i l e s  o f  P. b iv l r g a tu m  w ere  r a r e l y  fo u n d ,  b u t  when t h a t  

was t h e  c a s e  t h e y  w ere s h o r t e r  th a n  2 mm. J u v e n i l e s  c o n s i s t e d  of

a n im a ls  w i th  l e s s  th a n  29 se g m e n ts .  A d u l t s  p o s s e s s e d  30 t o  60 s e g m e n ts .

2 . 4 .  S o i l  m o i s t u r e  d e t e r m i n a t i o n

On e a c h  d a t e ,  10 sam p le s  o f  e a c h  l a y e r  w ere p la c e d  i n  t i g h t l y

c o v e re d  c o n t a i n e r s  6 .5  cm h ig h  by 9 cm d i a m e t e r .  Samples w ere wet

w e ig h ed ,  d r i e d  i n  a 24°C oven  f o r  one week o r  u n t i l  no f u r t h e r  w e ig h t  

l o s s  o c u r r e d ,  and  w eighed  a g a i n .  P e r c e n t  m o i s tu r e  o f  ea c h  l a y e r  was 

o b ta in e d  by u s in g  th e  f o l l o w i n g  e q u a t i o n :

% M o is tu r e  -  100 x (Wet w e ig h t  -  Dry w e ig h t )  /  Cry w e ig h t

2 . 5 .  L ea f  l i t t e r  mass d e t e r m i n a t i o n

The 10 l e a f  l i t t e r  su b sam p les  o b ta in e d  on e a c h  d a t e  w ere u s e d  to  

d e t e r m in e  l e a f  l i t t e r  mass a f t e r  a l l  a n i m a l s ,  t w i g s ,  s e e d s ,  and p i e c e s  

o f  wood had  been  rem oved. The l e a v e s  w ere p la c e d  i n  p a p e r  b a g s ,  d r i e d  

i n  a  2 4 °C oven f o r  one week, and r e -w e ig h e d .

2 . 6 .  T e m p e ra tu re  and p r e c i p i t a t i o n

T em p era tu re  and p r e c i p i t a t i o n  d a t a  w ere o b t a in e d  from  th e  U .S . 

D epartm en t o f  Commerce N a t i o n a l  W ea ther  S e r v ic e  (N .W .S .)  i n  E a s t  

L a n s in g .
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I I I  -  RESULTS AND DISCUSSION

1. P h y s i c a l  p a r a m e te r s

1 . 1 .  D a l ly  t e m p e r a t u r e s

Maximum and minimum te m p e r a t u r e s  r e c o r d e d  by th e  N a t i o n a l  W ea the r  

S e r v ic e  d u r in g  th e  two y e a r s  o f  s tu d y  a r e  p r e s e n t e d  i n  F ig u r e s  3 ,  4 .

Low te m p e r a t u r e s  w ere  r e p o r t e d  a t  th e  b e g in n in g  o f  th e  s tu d y  d u r in g  

b o th  y e a r s .  However, warmer t e m p e r a tu r e s  were o b ta in e d  e a r l i e r  i n  A p r i l  

o f  y e a r  2 .  In  a d d i t i o n  many more warmer d a y s  w ere o b s e rv e d  In  y e a r  2 

( e . g .  4 d a y s  w i th  t e m p e r a t u r e s  above 2 0 *C i n  y e a r  1 , and 12 d ay s  f o r  

y e a r  2 ) .  D uring  mid-May o f  y e a r  1, more c o ld  days  and t e m p e r a tu r e s  

below  z e r o  were r e c o r d e d .

Summer te m p e r a tu r e s  were warmer i n  y e a r  1 th a n  i n  y e a r  2 ,  many 

more d ay s  w i th  t e m p e r a t u r e s  above 26 .4°C  were r e p o r t e d  ( e . g . ,  21 d a y s  

I n  J u n e ,  y e a r  1, and 8 d a y s  i n  y e a r  2 ) .  The h i g h e s t  t e m p e r a tu r e s  

r e c o r d e d  f o r  b o th  y e a r s  o c u r r e d  In  J u l y  ( 3 3 . 0 *C y e a r  1 and 3 2 .4 " C y e a r  

2 ).

The warm p e r i o d  was p ro lo n g e d  u n t i l  th e  b e g in n in g  o f  Sep tem ber 

( b o t h  y e a r s ) .  F a l l  t e m p e r a t u r e s  were v e ry  s i m i l a r  t o  th o s e  o b ta in e d  In  

s p r i n g .

1 . 2 .  D a l ly  p r e c i p i t a t i o n

D a i ly  p r e c i p i t a t i o n  r e c o rd e d  by th e  N a t i o n a l  W eather S e r v ic e  i s  

p r e s e n t e d  i n  F ig u r e s  5 and 6 . Snow was r e c o rd e d  e a r l y  i n  A p r i l  d u r in g  

b o th  y e a r s ,  how ever more snowy days  w ere r e p o r t e d  f o r  y e a r  2 .  Only in
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y e a r  1 d id  s n o w f a l l  o c c u r  w e l l  i n t o  t h e  month o f  A p r i l ,  I n  y e a r  2 

p r e c i p i t a t i o n  i n  t h e  form  o f  r a i n  was o b s e rv e d  e a r l i e r  i n  th e  s p r i n g , 

how ever ,  more p r e c i p i t a t i o n  d ay s  were r e c o rd e d  f o r  y e a r  1.

A t o t a l  r a i n f a l l  o f  4 4 .4 2  cm was o b t a in e d  f o r  th e  s tu d y  p e r i o d  o f  

y e a r  1 and  5 8 .8 3  cm f o r  y e a r  2 .  As shown i n  F ig u r e  5 r a i n  was n o t  

e v e n ly  d i s t r i b u t e d  th r o u g h o u t  y e a r  1 a s  i t  was i n  y e a r  2 ( F i g u r e  6 ) .

The d r y e s t  and w arm est p e r i o d  was o b se rv e d  d u r in g  summer o f  y e a r  1

(12*34 cm o f  r a i n ) ,  w here 4 r a i n y  d a y s  w ere r e c o rd e d  i n  J u n e ,  9 i n  

J u l y ,  and 5 i n  A u g u s t .  The h i g h e s t  a c c u m u la t io n  o cc u re d  i n  J u n e ,  w i th  a 

t o t a l  o f  0 .4 5 7 2  cm. I n  summer o f  y e a r  2 r a i n  was e v e n ly  d i s t r i b u t e d  

( F i g u r e  6 )  and th e  w arm est d ay s  w ere a lw ay s  p r e c e d e d  by r a i n .

A f t e r  t h e  warm and d ry  summer, s e v e r a l  r a i n y  days  w ere r e c o rd e d  

e a r l y  i n  Septem ber and i n  O c to b e r .  D uring  f a l l  o f  y e a r  1, few more days  

w ere r e p o r t e d  w i th  a t o t a l  o f  15 .27  cm. However, i n  y e a r  2 t h e  t o t a l

amount o f  p r e c i p i t a t i o n  i n  t h e  f a l l  was 2 1 .3 6  cm.

1 . 3 .  S u b s t r a t e  m o i s tu r e

A verage p e r c e n t  m o i s t u r e  o f  l e a f  l i t t e r ,  0 l a y e r  and A l a y e r  i s  

p r e s e n t e d  i n  F ig u r e  7 .

A) L ea f  l i t t e r :

The l e a f  l i t t e r  was t h e  l e a s t  humid l a y e r  i n  b o th  y e a r s  e x c e p t  

be tw een  weeks 11, and  13 o f  y e a r  1, w here many r a i n y  days  w ere r e c o rd e d  

a f t e r  t h e  d r y e s t  p e r io d  o f  th e  y e a r .

M o is tu r e  p eak s  o f  l i t t e r  shown i n  F ig u r e  7 c o r re s p o n d  to  d ay s  o f
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h ig h  p r e c i p i t a t i o n  i n  b o th  y e a r s .

The d r i e s t  c o n d i t i o n s  w ere  o b s e rv e d  b e tw ee n  weeks 4 and 9 o f  y e a r  

1 and weeks 3 t o  7 i n  y e a r  2 ,  t h e s e  p e r i o d s  c o r r e s p o n d s  to  t h e  d ry  

s e a s o n  o f  e a c h  y e a r .  The d r y n e s s  o f  t h e  l e a f  l i t t e r  ended  e a r l i e r  i n  

.y e a r  2 (w eek 8) t h a n  i n  y e a r  1 (week 1 1 ) .

B) £  l a y e r :

The 0 l a y e r  was t h e  m ost humid l a y e r  d u r in g  y e a r  1 and i n  a few

weeks o f  y e a r  2 .  A verage  p e r c e n t  m o i s t u r e  was v e r y  s i m i l a r  a t  t h e

b e g in n in g  o f  b o th  y e a r s ,  b u t  d i f f e r e d  th r o u g h o u t  t h e  re m a in in g  s e a s o n s .  

I n  y e a r  1 t h i s  p a r a m e te r  o s c i l l a t e d  more th a n  i n  y e a r  2 ,  w here 

p r e c i p i t a t i o n  was e v e n ly  d i s t r i b u t e d .  Y ear 2 showed a  d r a m a t i c  i n c r e a s e  

i n  a v e r a g e  p e r c e n t  m o i s t u r e  d u r in g  week 7 (108%) and week 10 (105% ). In  

y e a r  2 th e  0 l a y e r  was n o t  o n ly  more m o i s t  i n  t h e  summer b u t  a l s o  

d u r in g  f a l l .

C) Â l a y e r :

The r e s u l t s  o b t a in e d  f o r  t h e  A l a y e r  d u r in g  y e a r  1 w ere v e r y

s i m i l a r  t o  t h o s e  f o r  th e  0 l a y e r .  T h is  was a l s o  th e  c a s e  f o r  y e a r  2

e x c e p t  i n  week 7 , w here  no i n c r e a s e  i n  t h e  a v e r a g e  p e r c e n ta g e  o f  

m o i s t u r e  was o b s e r v e d .

1 . 4 .  L i t t e r  c o v e r

T a b le  4 sum m arizes  a v e r a g e  l i t t e r  m ass /m 4 i n  Baker w o o d lo t  f o r  

e a c h  s e a s o n .  L i t t e r  c o v e r  d im in is h e d  c o n s i d e r a b l y  d u r in g  y e a r  2 ,  b e in g
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Table 4. Average dry mass of forest floor litter (g/m1 )

SEASON YEAR 1 YEAR 2

Spring 545.28 328.37
Summer 409.12 258.68
Fall 325.72 256.11
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o n ly  a b o u t  2 /3  o f  th e  am ount r e c o r d e d  f o r  s p r i n g  o r  summer o f  y e a r  1 

and a b o u t  3 /4  t h e  am ount i n  th e  f a l l  o f  t h a t  same y e a r .

The h i g h e s t  l i t t e r  mass was r e c o r d e d  i n  s p r i n g ,  d e c r e a s i n g  s lo w ly
t

to w a rd s  f a l l .  S p r in g  l i t t e r  mass i n  y e a r  2 was v e r y  s i m i l a r  to  th e  

am ount o b t a i n e d  i n  f a l l  o f  t h e  p r e v i o u s  y e a r .  The l i t t e r  mass was 

s m a l l e r  i n  summer and  f a l l  o f  y e a r  I ,  and  a lm o s t  t h e  same f o r  b o th  

s e a s o n s  i n  y e a r  2 .

2 .  S p e c i e s  dom inance

S ix  D lp lo p o d a  s p e c i e s  o c u r r e d  i n  t h e  s tu d y  s i t e .  T hese  were 

P seu d o p o ly d esm u s  s e r r a t u s  ( S a y ) ,  1821; A n iu lu s  v e n u s t u s  (Wood), 1864; 

D i p l o l u l u s  c a e r u l e o c i n c t u s  (W ood), 1864; 0 .  p i l o s u s ; P. i n c o n s t a n s , and 

P. b i v i r g a t u m . Only one sp e c im e n  o f  A^ v e n u s t u s  and  I)^ c a e r u l e o c i n c t u s , 

and two s p e c im e n s  o f  P. s e r r a t u s  w ere  c o l l e c t e d  d u r in g  th e  two y e a r s .  

B ecause  o f  t h e  low f r e q u e n c y  o f  o c c u r r e n c e  o f  t h e s e  t h r e e  s p e c i e s ,  

s p e c i e s  dom inance  was a s s e s s e d  u s i n g  o n ly  d a t a  on 0 ^  p i l o s u s , P. 

I n c o n s t a n s , and  b i v i r g a t u m .

To s e a s o n a l l y  a s s e s s  s p e c i e s  d o m in a n c e ,  t h e  p e r c e n t  o f  t h e  t o t a l  

number o f  i n d i v i d u a l s  c o l l e c t e d  i n  B aker w o o d lo t  was com puted f o r  e a c h  

s p e c i e s  ( T a b le  5 ,  F i g u r e s  8 and 9 ) .  O p h y iu lu s  p i l o s u s  was t h e  m ost 

common s p e c i e s  d u r i n g  y e a r  1 and i n  t h e  s p r i n g  and f a l l  o f  y e a r  2 . 

D u r in g  summer o f  y e a r  2 i t  was s u r p a s s e d  by j \ _  i n c o n s t a n s . The a p p a r e n t  

p o p u l a t i o n  p e a k  o f  i n c o n s t a n s , h o w ev er ,  was due t o  61 h a t c h i n g s  

r e c o v e r e d  from  a s i n g l e  sam p le  ( a s  e v id e n c e d  by th e  l a r g e  SE) and  i s  

th u s  a  somewhat b i a s e d  e s t i m a t e .



Table 5 . Percent of total number for the three species studied in
Baker woodlot each season.

(a) YEAR 1

SPECIES SPRING SUMMER FALL TOTAL

0. pilosus 93.26% 90.00% 89.51% 91.53%
P. inconstans 3.70% 6.67% 5.59% 4.91%
P. bivirqatum 3.04% 3.33% 4.90% 3.56%

SPECIES SPRING

(b) YEAR 2 

SUMMER FALL TOTAL

O. pilosus 91.18% 40.00% 86.26% 75.93%
P. inconstans 4.41% 56.36% 10.99% 20.56%
P. bivirqatum 4.41% 3.64% 2.75% 3.57%
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FIGURE 8. SEASONAL FLUCTUATIONS IN PERCENT OF TOTAL NUMBERS FOR THE THREE
SPECIES OF DIPLOPODS STUDIED IN BAKER NOODLOT IN YEAR 1.
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FIGURE 9. SEASONAL FLUCTUATIONS IN PERCENT OF TOTAL NUMBERS FOR THE THREE
SPECIES OF DIPLOPODS STUDIED IN BAKER WOODLOT IN YEAR 2.
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3. P o p u la t io n  d e n s i t y

P o p u la t i o n  d e n s i t i e s  o f  th e  t h r e e  common s p e c i e s  a r e  p r e s e n t e d  i n  

T a b le  6 and  F ig u r e  8 and  9 .  Each  a v e r a g e  r e p r e s e n t s  th e  e x p e c te d  number 

o f  i n d i v i d u a l s  ( a l l  s t a g e s  c o m b in ed ) /m l  ( a l l  l a y e r s  com bined)  d u r in g  a 

c o l l e c t i o n  d a t e .  O p h y iu lu s  p i l o s u s  showed th e  h i g h e s t  p o p u l a t i o n  

d e n s i t y  i n  a l l  s e a s o n s  o f  y e a r  1 and  i n  s p r i n g  and summer o f  y e a r  2 .  

D u r in g  y e a r  1 t h e  maximum d e n s i t y  was o b s e rv e d  d u r in g  s p r i n g  ( 7 3 .8 6  

m i l l l p e d e s / m * ) ■ H owever, i n  y e a r  2 th e  maximum d e n s i t y  was o b t a i n e d  in  

t h e  f a l l  ( 8 3 .7 3  m i l l i p e d e s /m * ') .  Polydesm us I n c o n s t a n s  was m ost a b u n d a n t  

i n  summer o f  y e a r  2 ,  w i t h  an  e s t i m a t e d  2 4 .8 0  m i l l ip e d e s /m * ’, and 

o c c u r r e d  i n  v e r y  low  num bers th r o u g h o u t  y e a r  1. The low d e n s i t y  d u r in g  

summer o f  y e a r  1 was p ro b a b ly  due to  a  h o t  and d ry  summer ( S e c t i o n  1 ) .  

Blow er (1 9 6 9 )  h a s  s u g g e s t e d  t h a t  low num bers o r  c o m p le te  a b s e n c e  o f  

Polydesm us d u r i n g  summer can  r e s u l t  from  v e r y  d r y  c o n d i t i o n s .

Po lyzon ium  b iv i r g a tu m  showed th e  lo w e s t  p o p u l a t i o n  d e n s i t y  i n  a l l  

s e a s o n s ,  e s p e c i a l l y  d u r i n g  y e a r  2 .  The maximum d e n s i t y  o b ta in e d  f o r  

t h i s  s p e c i e s  was 2 .8 0  m l l l i p e d e s / m 1 i n  f a l l  o f  y e a r  1.

P o p u la t io n  s t u d i e s  o f  o t h e r  j u l i d s  i n  Europe show d e n s i t i e s  

s i m i l a r  t o  th o s e  o b t a i n e d  f o r  0 ^  p i l o s u s  i n  th e  p r e s e n t  s t u d y .  Van d e r  

D r i f t  (1 9 5 1 )  fo u n d  d e n s i t i e s  o f  80 m i l l i p e d e s / m  f o r  C y l i n d r o i u l u s  

p u n c t a t u s  and I u I u b  s c a n d i n a v i u s  i n  a  Beech wood w i th  raw humus. 

H owever, Blower (1 9 7 0 )  r e p o r t e d  v e r y  h i g h  p o p u l a t i o n  d e n s i t i e s  f o r  

B r i t i s h  f o r e s t s  on l i m e s t o n e ,  r a n g in g  from  350 to  650 m i l l i p e d e s / m 4



Table 6 . Seasonal variations in average population density 
the three species studied in Baker woodlot ( + S

from 
. E . ) a

(a) YEAR 1

SPECIES SPRING SUMMER FALL TOTAL

0. pilosus 
P. inconstans 
P. bivirqatum

73.86 ± 10.85 
2.93 + 1.11 
2.40 + 0.83

54.00 + 16.15
4.00 + 1.64
2.00 + 1.30

51.20 + 9.43 
3.20 + 1.54 
2.B0 + 1.39

61.71 + 6.67 
3.31 + 0.79 
2.40 + 0.65

tb) YEAR 2

SPECIES SPRING SUMMER FALL TOTAL

0. Dilosus 
P. inconstans 
P. bivirqatum

33.07 + 7.90
1.60 t I.35
1.60 + 0.98

17.60 ± 4.09 
24.80 + 24.39 
1.60 + 0.96

83.73 + 24.71 
10.67 + 4.15 
2.67 + 1.73

40.00 + 7.15 
10.83 + 7.58 
1.85 + 0.67
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r i s i n g  t o  800 m i l l i p e d e s / m 1 a t  t im e s  o f  j u v e n i l e  em ergence .

S e v e n t y - f i v e  p e r c e n t  o f  t h e s e  w ere j u l i d s  l i k e  0 .  p i l o s u s  and  I .  

s c a n d i n a v l u s . B low er and  M i l l e r  (1 9 7 4 )  fo u n d  t h a t  0 .  p i l o s u s  showed 

f o u r  t im e s  h i g h e r  d e n s i t i e s  t h a n  o t h e r  j u l i d s  su c h  a s  I .  s c a n d i n a v l u s . 

I n  a d d i t i o n ,  when s p e c i e s  o f  d i f f e r e n t  o r d e r s  w ere  com pared , j u l i d s  

a lw a y s  e x h i b i t e d  t h e  h i g h e s t  a b u n d a n c e .  Blow er ( 1 9 7 0 ) ,  f o r  i n s t a n c e ,  

r e p o r t e d  num bers/raz o f  58 l u l u s , 38 P o lydesm us and  6 T a c h y p o d o lu lu s  a t  

E r n o c r o f t  w oods.

Abundance e s t i m a t e s  o b t a i n e d  f o r  I n c o n s t a n s  and  b iv i r g a tu m  

w ere  much s m a l l e r  t h a n  th o s e  r e p o r t e d  by S n id e r  (1 9 8 0 ,  1984a) and 

J o h n s o n  ( 1 9 5 2 ) .  S n id e r  (1 9 8 4 a )  e s t i m a t e d  450 i n d i v i d u a l s  o f  P. 

i n c o n s t a n s / m 2 i n  A p r i l  b u t  d e n s i t i e s  g e n e r a l l y  d id  n o t  e x ce ed  200 

i n d i v i d u a l s / m 1 i n  d e p r e s s i o n s  and  5 t o  74 i n d i v i d u a l s / r a 3, i n  u p la n d  

a r e a s  o f  B aker w o o d lo t .

E s t im a te d  d e n s i t y  r a n g e s  i n  u p la n d  a r e a s  ( S n i d e r ,  1984a) w ere  

s i m i l a r  t o  t h o s e  o b t a i n e d  f o r  P̂ _ i n c o n s t a n s  i n  t h e  p r e s e n t  s tu d y  (T a b le  

6 ) .  C o n d i t i o n s  i n  t h e s e  a r e a s  may have  b e e n  s i m i l a r  t o  th e  h o t / d r y  

c l i m a t e  o f  1 9 8 4 -8 5 ,  w h ich  c o u ld  be p a r t l y  r e s p o n s i b l e  f o r  low 

d e n s i t i e s .  The m ost I m p o r t a n t  c a u s a t i v e  f a c t o r  may have  been  i n t e n s i v e  

c o l l e c t i n g  a c t i v i t y  p r i o r  t o  1984. D uring  a n  e x p e r im e n t  i n  w h ich  

d l p l o p o d s  w ere  o f f e r e d  a s  p r e y  t o  c a r a b i d  b e e t l e s  ( S n i d e r ,  1 9 8 4 b ) ,  

s e v e r a l  th o u s a n d  i n d i v i d u a l s  o f  P . I n c o n s t a n s  w ere  removed f ro m  th e  

B aker w o o d lo t  p o p u l a t i o n .  S l i g h t l y  i n c r e a s i n g  abundance  i n  1985 ( y e a r  2 

o f  t h e  p r e s e n t  s tu d y )  may hav e  r e p r e s e n t e d  t h e  b e g in n in g  o f  p o p u l a t i o n  

r e c o v e r y .



32

G iven  t h e  known h i s t o r y  o f  p o p u l a t i o n  d e p l e t i o n  ( S n i d e r ,  1984b) 

p r i o r  t o  t h i s  s t u d y ,  dom inance r e l a t i o n s h i p s  w i t h i n  th e  d ip lo p o d  

community o f  B aker w o o d lo t  ( T a b le  6) may w e l l  change  i n  f u t u r e  y e a r s ;  

e v e n t u a l l y  th e y  may r e t u r n  t o  t h e  " u n d i s t u r b e d ” s t a t e  c h a r a c t e r i s t i c  o f  

t h e  s i t e ,  i n  w h ich  P . i n c o n s t a n s  becomes d o m in an t  ( S n i d e r ,  1980) o r  

c o -d o m in a n t  w i t h  (h_ p i l o s u s .

J o h n s o n  (1 9 5 2 )  r e p o r t e d  d e n s i t i e s  f o r  P o lyzon ium  b iv i r g a tu m  i n  

S o u th e rn  M ich ig an  f o r e s t s  o f  30 t o  40 i n d i v i d u a l s / m 1. A cco rd in g  t o  t h i s  

a u t h o r ,  P . b i v i r g a t u m  ab u n d an ce  was g e n e r a l l y  lo w e r  i n  N o r th e rn  

f o r e s t s ,  b u t  no num bers w ere g iv e n .

P o p u la t i o n  s t a g e  s t r u c t u r e

S t a g e - s p e c i f i c  d e n s i t i e s  w ere com puted f o r  e a c h  s e a s o n  o n ly  f o r  

t h e  d o m in an t s p e c i e s ,  0 .  p i l o s u s , i n  o r d e r  to  s tu d y  s t a g e - r e l a t e d  

s e a s o n a l  f l u c t u a t i o n s .

The s t a g e  s t r u c t u r e  o f  0^_ p i l o s u s  i s  p r e s e n t e d  i n  T a b le  7 and 

F ig u r e  10. O p h y iu lu s  p i l o s u s  i s  a s e m e lp a ro u s  s p e c i e s  w hich  l i v e s  f o r  

two y e a r s  (B low er and  M i l l e r ,  1 9 8 4 ) .  I t s  l i f e  c y c l e  s t a r t s  w i t h  s m a l l  

j u v e n i l e s  h a t c h e d  a t  t h e  end o f  s p r i n g  o r  summer and ends  a f t e r  th e y  

m a tu re  and r e p r o d u c e  d u r in g  t h e i r  second  summer. In  th e  p r e s e n t  s t u d y ,  

s m a l l  j u v e n i l e s  showed an  i n c r e a s e  i n  numbers from  s p r i n g  ( o v e r w in te r e d  

i n d i v i d u a l s )  t o  f a l l  i n  b o th  y e a r s .  T h is  i n c r e a s e  was c a u s e d  by 

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

t h i s  was o b s e rv e d  d u r in g  b o th  y e a r s .  Sm all j u v e n i l e s  showed a  d e n s i t y



Table 7. Stage-specific average number of 0. pilosus 
per square meter for each season ( ± S.E.).

(a) YEAR 1

STAGE SPRING SUMMER FALL

Small juveniles
Juveniles
Adults

2.66 + 1.91 
36.80 t 8.15 
34.40 + 5.94

30.80 + 11.40 
16.00 + 4.17 
7.20 + 2.43

40.80 ± 
4.00 + 
6.40 ±

8.37
1.25
1.97

Total 73.86 ± 10.85 54.00 t 16.15 51.20 ± 9.43

(b) YEAR 2

STAGE SPRING SUMMER FALL

Small juveniles 
Juveniles 
Adults

3.20 + 1.65 
12.27 ± 4.72 
17.60 f 4.11

4.40 t 1.98 
3.20 + 1.83 

10.00 ± 2.90
20.27 ± 
5B.13 + 
5.33 +

7.89
16.76
2.34

Total 33,07 + 7.90 17.60 + 4.09 83.73 + 24.71



% 
OF

 
TO

TA
L 

N

100 -

9 0 -
*

8 0 -

7 0 -
*

6 0 -

5 0 -
*

4 0 -
*

3 0 -

20 -

10 -  

0

SMALL JUVENILES 
EZ2 JUVENILES 
CEO ADULTS

SPRING SUMMER

(1984)

FAIL SPRING SUMMER

(1985)

2
FALL

u.p-

FIGURE 1 0 .  SEASONAL DISTRIBUTION OF STAGES IN THE 0 .  PILOSUS POPULATION IN 1984-1985.



35

d e c r e a s e  from  f a l l  o f  y e a r  1 t o  s p r i n g  o f  y e a r  2 .  T h i s  d e c r e a s e  was 

c a u s e d  by m o l t in g  o f  t h i s  c a t e g o r y  t o  th e  J u v e n i l e  c a t e g o r y  a t  th e  end 

o f  f a l l  and  I n  e a r l y  s p r i n g .

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

d e c r e a s e  i n  d e n s i t y  from  s p r i n g  t o  f a l l  o f  y e a r  1 . The j u v e n i l e  

d e c r e a s e  was c a u se d  by m o l t i n g  o f  i n s t a r s  V I I I  and IX t o  a d u l t .  These  

new a d u l t s  r e p l a c e d  t h e  t w o - y e a r - o l d  a d u l t s  d u r in g  t h a t  t i m e .  I n  

a d d i t i o n ,  u n f a v o r a b l e  w e a th e r  c o n d i t i o n s  c a u s e d  e s t i v a t i o n  i n  th e  

p r e v a i l i n g  s t a g e s  and an  a p p a r e n t  p o p u l a t i o n  d e c r e a s e .

The p o p u l a t i o n  i n  y e a r  2 showed an  i n c r e a s e  from  th e  p r e v i o u s  

f a l l ,  a g a i n  c a u s e d  by new j u v e n i l e s  e n t e r i n g  t h e  p o p u l a t i o n .  A f t e r  th e  

v e r n a l  i n c r e a s e  o f  y e a r  2 ,  a d e c r e a s e  was o b s e rv e d  i n  t h e  summer, a g a i n  

a t t r i b u t a b l e  t o  c l i m a t i c  c o n d i t i o n s .  However, t h e  p o p u l a t i o n  showed a 

l a r g e  d e n s i t y  i n c r e a s e  i n  t h e  f a l l ,  p r o b a b ly  c a u s e d  by a h i g h e r  

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

w h ich  now r e - a p p e a r  i n  t h e  u p p e r  s o i l  h o r i z o n  and a r e  now sam pled  f o r  

t h e  f i r s t  t im e .  I n  a d d i t i o n  some o f  th e  s m a l l  j u v e n i l e s  ( i n s t a r  V) 

m o l te d  to  j u v e n i l e s .  The l a r g e  s u r v i v o r s h i p  was p r o b a b ly  c a u se d  by 

m o i s t e r  c o n d i t i o n s  d u r i n g  t h i s  summer. The p r e s e n c e  o f  fe w e r  s m a l l  

j u v e n i l e s  and more J u v e n i l e s  c o u ld  be i n d i c a t i v e  o f  a  f a s t e r  

d e v e lo p m e n t  th a n  i n  t h e  p r e v i o u s  y e a r  (B low er (1 9 7 4 a ) ;  B low er and 

M i l l e r  ( 1 9 7 4 ) ) .  The e f f e c t s  w ere s u b t l e ,  h o w ev e r ,  m ost j u v e n i l e s  

c o l l e c t e d  a t  th e  end o f  f a l l  o f  b o th  y e a r s  w ere  i n s t a r s  V I I ,  V I I I ,  and 

IX, o v e r w i n t e r i n g  a s  s u c h .  T h is  c o n f i rm e d  d a t a  g iv e n  by Blow er and 

M i l l e r  (1 9 7 4 )  f o r  t h e  B r i t i s h  I s l e s .
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The a d u l t  s u b p o p u la t lo n  was m ost ab u n d a n t  i n  s p r i n g ,  d e c r e a s i n g  

c o n s i s t e n t l y  to w a rd s  f a l l >  A l l  tw o - y e a r  a d u l t s  a p p a r e n t l y  d i e d  a f t e r  

r e p r o d u c i n g  d u r i n g  summer. A d u l t s  c o l l e c t e d  i n  t h e  f a l l  w ere  young 

a d u l t s  w h ich  would m a tu re  t h e  f o l l o w i n g  s p r i n g .

5 .  S p a t i a l  d i s t r i b u t i o n  o f  t h e  dom inan t s p e c i e s

5 . 1 .  S e a s o n a l  h o r i z o n t a l  d i s p e r s i o n

The v a r i a n c e /m e a n  r a t i o  t e s t  ( E l l i o t ,  1973) was u se d  t o  e v a l u a t e  

th e  p o p u l a t i o n  d i s p e r s i o n  o f  p i l o s u s  i n  co m p a r iso n  w i th  a P o i s s o n  

s e r i e s .  T h re e  sam ple  g ro u p s  w ere  c o n s i d e r e d ,  one p e r  s e a s o n  ( y e a r s  and 

l a y e r s  c o m b in e d ) ,  u s i n g  a l l  q u a d r a t  d a t a  from  a g iv e n  s e a s o n .  B ecause 

th e  number o f  s a m p le s  was l a r g e ,  a g re e m e n t  w i th  t h e  P o is s o n  model was 

t e s t e d  w i th  t h e  s t a n d a r d  no rm al v a r i a b l e :

d -  V

w here  V r e p r e s e n t s  d e g r e e s  o f  f reed o m  and ')(*’ i s  th e  v a r i a n c e /m e a n  r a t i o  

p ro p o s e d  by E l l i o t  ( 1 9 7 3 ) .

R e s u l t s  a r e  d e t a i l e d  i n  T ab le  8 .  As a l l  v a l u e s  o f  d w ere  much 

l a r g e r  t h a n  2 . 5 8 ,  a g re e m e n t  w i t h  a P o is s o n  s e r i e s  was r e j e c t e d  a t  th e  

99% p r o b a b i l i t y  l e v e l .  T h is  im p l i e s  t h a t  th e  p o p u l a t i o n  was n o t  

d i s t r i b u t e d  ran d o m ly .  A c h e c k  w i th  t h e  g o o d n e s s - o f - f i t  c o n f i rm e d

t h e s e  r e s u l t s .

The e x t r e m e ly  h i g h  v a l u e s  o f  d (T a b le  8) i n d i c a t e  t h a t  t h e  

d i s p e r s i o n  o f  th e  p o p u l a t i o n  was s t r o n g l y  a g g r e g a t e d .  A y 1 t e s t  f o r  

g o o d n e s s - o f - f i t  w i th  t h e  n e g a t i v e  b in o m ia l  d i s t r i b u t i o n  gave p o s i t i v e  

r e s u l t s  f o r  s p r i n g  d a t a .  B ecause  o f  d i f f e r e n t  sam p le  s i z e s ,  a



Table 8

SEASON

Spring
Summer
Fall

. Variance/mean ratio test parameters for large samples 
from the 0, pilosus population. Data from both years 
were combined.

n X/sample S* X* d DISPERSION

120 3.34 22.59 804.85 24.73 aggregated
80 2.24 17.08 602.37 22.18 aggregated
70 4.07 38.98 660.84 24.65 aggregated

* d is normally distributed N(0,1) and Prob(d > 2.58) = 0.0049
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co m p a r iso n  o f  t h e  r e l a t i v e  d e g r e e  o f  c lu m p in g  be tw een  s e a s o n s  was n o t  

p o s s i b l e .  I t  c a n  be a ssu m ed , ho w ev er ,  t h a t  t h e  d i s t r i b u t i o n  o f  0 .  

p i l o s u s  g e n e r a l l y  confo rm ed  t o  t h e  n e g a t i v e  b in o m ia l .

The a g g r e g a te d  d i s t r i b u t i o n  o f  0 ^  p i l o s u s , a s  w e l l  a s  o f  o t h e r  

d ip l o p o d s  ( S n i d e r ,  1 9 8 0 ) ,  c a n  be i n  p a r t  r e l a t e d  t o  o v i p o s i t l o n  h a b i t s .  

B low er and  M i l l e r  (1 9 7 4 )  fo u n d  t h a t  one f e m a le  o f  0 .  p i l o s u s  c a n  l a y  an  

a v e r a g e  o f  more th a n  72 e g g s .  Eggs a r e  l a i d  i n  m asses  and  new ly h a tc h e d  

i n d i v i d u a l s  have  v e r y  low m o b i l i t y ,  th u s  c l u s t e r i n g  th e  p o p u l a t i o n .

5 . 2 .  H o r i z o n t a l  d i s t r i b u t i o n  and l i t t e r  mass

A p o s s i b l e  r e l a t i o n s h i p  be tw een  t h e  s p a t i a l  d i s t r i b u t i o n  o f  0 .  

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

s e a s o n .  S c a t t e r  d ia g ra m s  o f  l i t t e r  mass and  number o f  i n d i v i d u a l s  i n  

e a c h  q u a d r a t  a r e  p r e s e n t e d  i n  F ig u r e s  11 to  16 f o r  s p r i n g ,  summer, and 

f a l l .

The p a r a m e te r  r z was u se d  t o  v a l i d a t e  th e  l i n e a r  m odel.  The s m a l l  

v a l u e s  o f  t h i s  p a r a m e te r  ( T a b le  9) i n d i c a t e d  l a c k  o f  f i t  w i th  t h a t  

m o d e l .  In  p a r t i c u l a r ,  l e s s  th a n  8% of  t h e  v a r i a b i l i t y  i n  number o f  

i n d i v i d u a l s  p e r  sam p le  i n  y e a r  1 and l e s s  th a n  13% i n  y e a r  2 c o u ld  be 

e x p l a i n e d  by l i n e a r  r e g r e s s i o n .  A lth o u g h  r 1 was somewhat h i g h e r  i n  

summer o f  y e a r  1 and f a l l  o f  y e a r  2 ,  no s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  

be tw ee n  th e  amount o f  l e a f  l i t t e r  and t h e  d e n s i t y  o f  p i l o s u s  became 

a p p a r e n t .

F i g u r e s  11 t o  16 i l l u s t r a t e  t h i s  l a c k  o f  c o r r e l a t i o n  be tw een  

d e n s i t i e s  and  l i t t e r  m ass ,  and  no a d d i t i o n a l  r e g r e s s i o n  m odels  w ere
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FIGURE 11. SCATTER DIAGRAMS FOR REGRESSION ANALYSIS BETWEEN
LITTER MASS AND NUMBER OF O. PILOSUS DURING SPRING YEAR 1.
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FIGURE 12. SCATTER DIAGRAMS FOR REGRESSION ANALYSIS BETWEEN
LITTER MASS AND NUMBER OF 0. PILOSUS DURING SPRING YEAR 2.
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FIGURE 13. SCATTER DIAGRAMS FOR REGRESSION ANAI.YS1S RETWF.F.tt
LITTER MASS AMD :u OF O. IMI.OSUS PUR I HU SUMMER YEAR 1.
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FIGURE 14. SCATTER DIAGRAMS FOR REGRESS IOH ANALYSIS BETWEEN
LITTER MASS AND NUMBER OF O. PILOSUS DURING SUMMER YEAR 2.
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FIGURE 15. SCATTER DIAGRAMS FOR REGRESSION ANALYSIS BETWEEN
LITTER MASS AND NUMBER OF O. PILOSUS DURING FALL YEAR 1.
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FIGURE 16. SCATTER DIAGRAMS FOR REGRESSION ANALYSIS BETWEEN
LITTER HASS AND NUMBER OF O. PILOSUS DURING FALL YEAR 2.
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Table 9. Values of rl for linear regression test betveen 
litter mass and number of 0. pilosus.

SEASON YEAR 1 YEAR 2

Spring 0.0016 0.0640
Summer 0.2440 0.0635
Fall 0.1089 0.3906

Annual 0.0800 0.1300
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t r i e d  on th e  d a t a .  An e x p e c te d  d i r e c t  p r o p o r t i o n a l i t y  be tw een  l i t t e r  

mass and num bers o f  0 .  p i l o s u s  c o u ld  n o t  be c o n f i rm e d .  A b r i e f  

e v a l u a t i o n  o f  p o t e n t i a l  r e l a t i o n s h i p s  be tw een  l i t t e r  m o i s t u r e  and 

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

s p e c i e s  a p p e a re d  t o  be a  f u n c t i o n  o f  o t h e r ,  p o s s i b l y  i n t e r a c t i n g  

p a r a m e te r s  ( e . g .  t e m p e r a t u r e ,  amount o f  woody d e b r i s ,  o r  ev en  A h o r i z o n  

c h a r a c t e r i s t i c s ) .

6* V e r t i c a l  d i s t r i b u t i o n  o f  t h e  d o m in an t s p e c i e s

6 . 1 .  S e a s o n a l  d i s t r i b u t i o n

D ata  p r e s e n t e d  i n  F ig u r e  17 and T a b le  10 show t h a t  l e a f  l i t t e r  was 

c o n s i s t e n t l y  t h e  l e a s t  p o p u la t e d  l a y e r  d u r in g  b o th  y e a r s ,  e x c e p t  d u r in g  

f a l l  o f  y e a r  2 .  Most o f  t h e  m i l l i p e d e s  w ere  p r e s e n t  i n  t h e  A h o r i z o n  

d u r in g  s p r i n g  and f a l l  and i n  t h e  0 l a y e r  d u r in g  summer o f  y e a r  1 and 

2 .

6 . 2 .  S t a g e - s p e c i f i c  d i s t r i b u t i o n  

A . l )  S m all  j u v e n i l e s

No s m a l l  j u v e n i l e s  w ere  found  d u r in g  s p r i n g  ( b o t h  y e a r s )  i n  th e  

l e a f  l i t t e r  ( F i g u r e s  17 and 18 and  T a b le  1 1 ) .  The few s m a l l  j u v e n i l e s  

c o l l e c t e d  w ere  o v e r w i n t e r i n g  fo rm s  ( s t a d i a s  IV and V) and w ere  found  in  

t h e  A l a y e r  (100%) d u r i n g  y e a r  1 and  from  th e  0 (66.56% ) and  A l a y e r  

(33 .44% ) i n  y e a r  2 ( F i g u r e  1 8 ) .

A d v e rse  w e a th e r  c o n d i t i o n s  a t  th e  b e g in n in g  o f  e a c h  y e a r  ( S e c t i o n  

1) may have  ca u se d  a b s e n c e  o f  t h e  s t a g e  i n  l e a f  l i t t e r ,  f o r c i n g  i t  to
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Table 10, Seasonal vertical distribution of average number
of 0, pilosus per square meter + S.E. (percent of season total).

LAYER YEAR 1 % YEAR 2 %

s
p LL 1 8 . 4 0 + 5 . 2 9 ( 2 4 . 9 3 ) 9 . 3 3 ± 3 . 5 1 ( 2 8 . 2 1 )
R OL 2 5 . 8 6 + 7 . 7 1 ( 3 5 . 0 0 ) 11 . 74 ± 2 . 6 3 ( 3 5 . 5 1 )
I
M

AL 2 9 . 6 0 ± 5 . 8 8 ( 4 0 . 0 7 ) 1 2 . 0 0 ± 4 . 0 2 ( 3 6 . 2 8 )
ft
G TOTAL 7 3 . 8 6 t 1 0 . 8 5 3 3 . 07 ± 7 . 9 0 •

S
U LL 9 . 6 0 ± 8 . 0 2 ( 1 7 . 7 8 ) 3 . 2 0 ± 1 . 64 ( 1 8 . 1 8 )
M OL 2 3 . 2 0 ± 6 . 3 0 ( 4 2 . 9 6 ) 7 . 6 0 + 2 . 5 6 ( 4 3 . 1 8 )
M
t?

AL 2 1 . 2 0 + 5 . 7 4 ( 3 9 . 2 6 ) 6 . 8 0 ± 2 . 4 9 ( 3 8 . 6 4 )
El
R TOTAL 5 4 . 0 0 ± 1 6 . 1 5 1 7 . 60 ± 4 . 0 9

F LL 4 . 4 0 + 2 . 4 3 ( 8 . 5 9 ) 3 1 . 4 7 ± 1 5 . 20 ( 3 7 . 5 9 )
A OL 2 1 . 2 0 ± 5 . 4 5 ( 4 1 . 4 1 ) 1 7 . 6 0 + 6 . 2 9 ( 2 1 . 0 2 )
L
T

AL 2 5 . 6 0 + 5 . 9 2 ( 5 0 . 0 0 ) 3 4 . 6 6 + 9 . 5 5 ( 4 1 . 3 9 )
u

TOTAL 5 1 . 2 0 + 9 . 4 3 8 3 . 7 3 ± 24 . 7 1
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Table 11. Spring vertical distribution of average number of
0. pilosus per square meter by stages ± S.E. (percent of season total).

LAYER YEAR 1 % YEAR 2 %
SJ

LL 0.00 + 0.00 ( 0.00) 0.00 + 0.00 ( 0.00)
OL 0.00 + 0.00 ( 0.00) 1.07 + 0.75 (33.44)
AL 2.66 + 1.91 (100.0) 2.13 + 1.49 (66.56)
Total 2.66 t 1.91 3.20 + 1.65

JU
LL 6.67 + 2.47 (18.13) 2.66 + 1.71 (21.68)
OL 14.93 + 6.65 (40.57) 4.54 + 1.32 (37.00)
AL 15.20 + 3.85 (41.30) 5.07 + 2.30 (41.32)
Total 36.80 + 8.15 12.27 + 4.72

AD
LL 11.73 ± 3.38 (34.10) 6.67 t 2.19 (37.90)
OL 10.94 + 2.03 (31.80) 6.13 + 2.32 (34.83)
AL 11.73 + 2.97 (34.10) 4.80 + 1.71 (27.27)
Total 34.40 ± 5.94 17.60 + 4.11
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rem a in  i n  t h e  s o i l .  S e v e r a l  a u t h o r s  (D a v is  e t  a l ,  1977; Dowdy, 1944 and 

Bocock and H e a th ,  1967) found  t h a t  d ip lo p o d s  rem a in  deep  i n  t h e  s o i l  

d u r in g  u n f a v o r a b l e  w e a th e r  c o n d i t i o n s  ( w i n t e r  and summer) and t h e i r  

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

■ Warm e a r l y  summer te m p e r a tu r e s  p ro b a b ly  t r i g g e r e d  m i g r a t i o n  o f  

o v e r w in te r in g  i n d i v i d u a l s  ( i n s t a r s  IV and  V) and  o f  newly h a tc h e d  

i n d i v i d u a l s  ( I n s t a r s  I I  and I I I )  from  th e  A l a y e r  t o  th e  u p p e r  s o i l  and 

l e a f  l i t t e r  ( F ig u r e  18 and T a b le  1 2 ) .  Warmer s u r f a c e  te m p e r a tu r e s  

( S e c t i o n  1 .3 )  and more a v a i l a b l e  fo o d  c r e a t e d  f a v o r a b l e  c o n d i t i o n s  t h a t  

w ere n o t  p r e s e n t  b e f o r e .

Blower and M i l l e r  (1 9 7 4 )  r e p o r t e d  t h a t  a t  l e a s t  one month was 

n e c e s s a r y  f o r  th e  f i r s t  i n d i v i d u a l s  o f  s ta d iu m  I I I  t o  a p p e a r  i n  th e  

f i e l d .  I n d i v i d u a l s  c o l l e c t e d  from  s o i l  sam p les  (A l a y e r )  must have  

emerged from  eggs l a i d  d u r in g  A p r i l ,  May and th e  b e g in n in g  o f  J u n e .  I n  

a  p r e l i m i n a r y  s t u d y ,  32 s m a l l  j u v e n i l e s  and  s e v e r a l  eg g s  were found  

i n s i d e  an  a c o rn  i n  t h e  l e a f  l i t t e r .  T h is  may i n d i c a t e  t h a t  t h e  s p e c i e s  

l a i d  i t s  eggs  n o t  o n ly  i n  th e  s o i l  b u t  t h a t  i t  u sed  o t h e r  r e s o u r c e s  as  

w e l l .  The p r e s e n c e  o f  eggs  and i n s t a r s  I I I  i n  a l l  l a y e r s  a l s o  i n d i c a t e d  

t h a t  summer was th e  h a t c h i n g  s e a s o n  f o r  0 ^  p i l o s u s .

Sm all j u v e n i l e s  w ere d i s t r i b u t e d  o v e r  a l l  h o r i z o n s  d u r in g  f a l l .  In  

y e a r  1 m ost w ere found  i n  t h e  0 and A l a y e r  b u t  i n  y e a r  2 th e y  

p r e f e r r e d  th e  l e a f  l i t t e r  ( F ig u r e  18 and T a b le  1 3 ) .

E a r l y  o n s e t  o f  c o ld  t e m p e r a t u r e s  d u r in g  f a l l  o f  y e a r  1 ( F i g u r e  3) 

may have ca u se d  m i g r a to r y  movements to  lo w e r  s o i l  l a y e r s .  D uring  t h i s  

s e a s o n  48.04% o f  t h e  s m a l l  j u v e n i l e s  ( i n s t a r s  IV and V) w ere  i n  t h e  0



Table 12. Summer vertical distribution of average number of
0. pilosus per square meter by stages ± S.E. (percent of season total).

LAYER YEAR 1 % YEAR 2 %
SJ

LL 8.40 + 7.62 (27.27) 1.60 + 1.12 (36.36)
OL 12.00 ± 4.92 (38.96) 0.40 ± 0.40 ( 9.09)
AL 10.40 ± 3.69 (33.77) 2.40 + 1.67 (54.55)
Total 30.80 ± 11.40 4.40 1.98

JU
LL 0.80 ± 0.56 ( 5.00) 0.00 ± 0.00 ( 0.00)
OL 6.40 t 1.88 (40.00) 2.40 + 1.77 (75.00)
AL 8.80 + 2.86 (55.00) 0.80 ± 0.56 (25.00)
Total 16.00 ± 4.17 3.20 ± 1.83

AD
LL 0.40 + 0.40 ( 5.56) 1.60 ± 0.96 (16.00)
OL 4.80 ± 2.23 (66.67) 4.80 + 2.00 (48.00)
AL 2.00 + 1.02 (27.77) 3.60 ± 1.67 (36.00)
Total 7.20 + 2.43 10.00 ± 2.90



Table 13. Fall vertical distribution of average number of
0. pilosus per square meter by stages ± S.E. (percent of season total)

LAYER YEAR 1 % YEAR 2 %
SJ

LL 4.40 + 2.43 (10.78) 12.80 + 6.25 (63.15)
OL 19.60 t 5.23 (46.04) 2.67 ± 1.55 (13.17)
AL 16.80 + 4.21 (41.18) 4.80 + 2.56 (23.68)
Total 40.80 ± 8.37 20.27 + 7.89

JU
LL
OL
AL

0.00
1.60
2.40

±
±+

0.00
0.77
1.08

( 0.00)
(40.00)
(60.00)

17.60
12.80
27.73

±+
+

8.69
5.11
8.12

(30.28)
(22.02)
(47.70)

Total 4.00 + 1.25 58.13 + 16.76

AO
LL 0.00 ± 0.00 ( 0.00) 1.07 ± 1.07 (20.08)
OL 0.00 + 0.00 ( 0.00) 2.13 + 1.67 (39.96)
AL 6.40 ± 1.97 (100.0) 2.13 ± 1.27 (39.96)
Total 6.40 ± 1.97 5.33 ± 2.34



54

l a y e r  and  41.18% w ere  i n  t h e  A. l a y e r .  T h i s  m i g r a to r y  movement p r o b a b ly  

c o n t in u e d  u n t i l  t h e  end o f  f a l l  when th e  a n im a l s  s t a r t e d  h i b e r n a t i n g .

D u rin g  f a l l  o f  y e a r  2 m ost s m a l l  j u v e n i l e s  w ere  c o l l e c t e d  from  

l e a f  l i t t e r  (6 3 .1 5 % ) ,  i n d i c a t i n g  t h a t  t h e  s t i m u l i  c a u s in g  v e r t i c a l  

m i g r a t i o n  i n  y e a r  1 w ere  n o t  y e t  p r e s e n t  a t  t h e  t im e .  Downward 

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

Some r e s e a r c h e r s  (Dowdy, 1944; D av ies  e t  a l ,  1977) have  found  t h a t  

many i n v e r t e b r a t e s  move downward when t h e  t e m p e r a t u r e  f a l l s  below  a 

c r i t i c a l  l e v e l ,  t h e  t h r e s h o l d  b e in g  a ro u n d  4 - 7 aC (Dowdy, 1944, and 

Bocock and H e a th ,  1967) o r  4-9°C  (D a v ie s  e t . a l . , 1 9 7 7 ) .  In  t h e  p r e s e n t  

s tu d y  s i m i l a r  t e m p e r a t u r e s  w ere r e p o r t e d  e a r l y  i n  f a l l  o f  y e a r  1 

( S e c t i o n  1 . 1 ) .

A .2 )  J u v e n i l e s

J u v e n i l e s  w ere  fo u n d  i n  a l l  h o r i z o n s  i n  t h e  s p r i n g  o f  b o th  y e a r s  

( F i g u r e s  17 and 18 and T a b le  1 1 ) .  The m a j o r i t y  o f  i n d i v i d u a l s  o c u r r e d  

i n  t h e  A h o r i z o n  (41.30% i n  y e a r  1 and 41.32% i n  y e a r  2 )  and i n  t h e  0 

l a y e r  (40.57% i n  y e a r  1 and 37% i n  y e a r  2 ) .  I t  I s  n o t  known why t h i s  

s t a g e  was p r e s e n t  i n  a l l  l a y e r s  d u r in g  A p r i l  ( b o t h  y e a r s ) ,  r e g a r d l e s s  

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

j u v e n i l e s  re sp o n d  t o  d i f f e r e n t  t e m p e r a t u r e  s t i m u l i  th a n  s m a l l  

j u v e n i l e s .  F o l lo w in g  a  s u b z e ro  w i n t e r ,  t e m p e r a t u r e s  above  5 . 5 ' C  w ere 

r e c o r d e d  i n  March and e a r l y  A p r i l  ( S e c t i o n  1 . 1 ) ,  t h i s  may have  

t r i g g e r i n g  upward m o b i l i t y .  Dowdy (1 9 4 4 )  fo u n d  t h a t  t e m p e r a t u r e s  

b e tw een  3 .3  ° C  and  7 .1 5  ®C i n f l u e n c e d  upw ard movements i n  s o i l
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i n v e r t e b r a t e s  d u r in g  s p r i n g .

D uring  summer o f  b o th  y e a r s  fe w e r  j u v e n i l e s  w ere c o l l e c t e d  m a in ly  

from  th e  0  l a y e r  (40% i n  y e a r  1 and 75% i n  y e a r  2 ) ,  and A h o r i z o n s  (55% 

i n  y e a r  1 and  25% i n  y e a r  2 )  ( F ig u r e  18 and T a b le  1 2 ) .  P r e s e n c e  o f  

j u v e n i l e s  i n  s o i l  d u r in g  summer o f  b o th  y e a r s  may be i n d i c a t i v e  o f  

u n f a v o r a b l e  c o n d i t i o n s  i n  th e  l e a f  l i t t e r .  D ry n ess  and summer h e a t  

( S e c t i o n  1) c o u ld  have  t r i g g e r e d  downward m i g r a t i o n  and e s t i v a t i o n  o f  

j u v e n i l e s  i n  o r d e r  t o  s u r v i v e  t e m p e r a t u r e  s t r e s s .  The number o f  

s u r v i v o r s  would depend  on t h e  i n t e n s i t y  o f  t h e s e  c l i m a t i c  c o n d i t i o n s  

(L e v ln g s  and  W in d so r ,  19 8 5 ) .

I t  h a s  b een  known ( O 'N e i l l ,  1969; L ew is ,  1971a , 1971b, 1974) t h a t  

t h e  a n n u a l  m o lt  i n  some m i l l i p e d e s  c o r r e s p o n d e d  t o  t h e  p e r i o d  when th e  

f o r e s t  f l o o r  became d r y .  At t h i s  t im e  m i l l i p e d e s  burrow ed  i n t o  l o g s  

(O ’N e i l l , 1969) o r  m ig r a te d  down i n t o  th e  s o i l ,  b u i l d i n g  t h i c k  w a l l e d  

m o l t i n g  cham bers  and e n t e r i n g  d i a p a u s e  th r o u g h  th e  d ry  s e a s o n  (L e w is ,  

1 9 7 4 ) .  T hese  a r e  m echanism s w h ich  p r o t e c t  t h e  p o p u l a t i o n  d u r in g  

c l i m a t i c  s t r e s s ,  p a r t i c u l a r l y  i n  t r o p i c a l  r e g i o n s  (L e w is ,  1 9 7 4 ) .  

D e s s i c c a t i o n  i s  one o f  t h e  m ost im p o r ta n t  fo rm s o f  s t r e s s  t o  w hich  

m i l l i p e d e s  a r e  s u b j e c t  i n  t h e i r  n a t u r a l  h a b i t a t  ( O 'N e i l l ,  1 9 6 9 ) .

A f t e r  an  u n f a v o r a b l e  summer, j u v e n i l e s  re m a in e d  i n  t h e  A h o r i z o n  

(60%) and 0 l a y e r  (40%) d u r in g  f a l l  o f  y e a r  1 , b u t  o c u r r e d  i n  a l l  s o i l  

h o r i z o n s  (47.70% i n  t h e  A h o r i z o n ,  30.28% I n  t h e  l e a f  l i t t e r ,  and 

22.02% i n  t h e  0 l a y e r )  d u r in g  f a l l  o f  y e a r  2 (T a b le  1 3 ) .  The b e h a v i o r  

o f  j u v e n i l e s  i n  th e  f a l l  o f  b o th  y e a r s  was t h u s  v e ry  s i m i l a r  t o  t h a t  

e x h i b i t e d  by s m a l l  j u v e n i l e s  d u r i n g  t h e  same s e a s o n .
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A .3)  A d u l ts

A d u l t s  w ere fo u n d  I n  a l l  h o r i z o n s  d u r in g  s p r i n g  o f  b o th  y e a r s  

( F i g u r e s  17 and  18 and  T a b le  1 1 ) .  T h is  s u g g e s te d  t h a t  a d u l t s  s t a r t e d  

t h e i r  p o s t - h i b e r n a t i o n  a c t i v i t y  v e r y  e a r l y  i n  t h e  s p r i n g .  S m all  

j u v e n i l e s  d e n s i t i e s  ( F i g u r e s  17 and 18) and p r e s e n c e  o f  e g g s  i n  

d i s s e c t e d  f e m a le s  e a r l y  i n  th e  summer i n d i c a t e d  t h a t  s p r i n g  was th e  

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

A s u b t l e  p r e f e r e n c e  f o r  l e a f  l i t t e r  i n  b o th  y e a r s  (34.1% i n  y e a r  1 

and 37.9% i n  y e a r  2) s u g g e s te d  t h a t  s u r f a c e - a c t i v l t y  i s  b e n e f i c i a l  to  

th e  s p e c i e s .  I t  g i v e s  t h e  a d v a n ta g e  o f  a  tw o -d im e n s io n a l  r a t h e r  th a n  a 

t h r e e - d i m e n s i o n a l  h a b i t a t  t o  s e a r c h  f o r  a  m ate and a l s o  o f f e r s  a  r i c h e r  

s o u r c e  o f  food  th a n  t h e  s o i l  (L e w is ,  1 9 7 4 ) .  F ig u r e s  17 and 18 a l s o  

show, ho w ev er ,  t h a t  a d u l t s  w ere  common i n  th e  s o i l  (34.1% i n  A h o r i z o n

and 31.8% i n  0 l a y e r  d u r in g  y e a r  1 , and 27.27% i n  A h o r i z o n  and 34.83%

i n  t h e  0 l a y e r  d u r in g  y e a r  2 ) .

A f t e r  t h e  s p r i n g  r e p r o d u c t i v e  s e a s o n ,  e x te n d e d  i n t o  t h e  b e g in n in g  

o f  summer, s u r v i v i n g  a d u l t s  ( S e c t i o n  4) m ig r a te d  i n t o  th e  s o i l .  I n  y e a r  

1 , 66.67% w ere  fo u n d  i n  t h e  0 l a y e r ,  27.77% I n  t h e  A h o r i z o n  and 5.56%

i n  l e a f  l i t t e r  ( T a b le  1 2 ) .  I n  y e a r  2 ,  48% w ere p r e s e n t  i n  t h e  0 l a y e r ,

36% i n  t h e  A h o r i z o n  and  16% i n  t h e  l e a f  l i t t e r .  The d r y ,  warm summer 

o f  y e a r  1 may have  c a u s e d  more p ro n o u n ced  v e r t i c a l  m i g r a t i o n  i n  o r d e r  

t o  s u r v i v e  th e  d ry  s e a s o n .  The l a r g e  body s i z e  o f  a d u l t s  a l lo w s  them to  

s u r v i v e  d e s s i c a t i o n  b e t t e r  t h a n  s m a l l e r  s t a g e s  (L e w is ,  1 9 7 4 ) .  However, 

th e y  can  n o t  s u r v iv e  e x tre m e  c o n d i t i o n s ,  b e c a u s e  th e y  l a c k  th e  a b i l i t y
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t o  c o n s t r u c t  p r o t e c t i v e  m o l t i n g  cham bers  (L ew is  1971a , 1971b, 1 9 7 4 ) .  

Even i n  t h e  t e m p e r a te  c o n d i t i o n s  o f  B aker w o o d lo t ,  many dead  a d u l t s  

w ere found  d u r i n g  hand  c o l l e c t i n g .  A d u l t s  c o l l e c t e d  a t  t h e  end o f  

summer w ere p ro b a b ly  young a d u l t s ,  h a v in g  m o l te d  from  j u v e n i l e  t o  a d u l t  

a t  t h a t  t im e  ( S e c t i o n  4 ) .

The few  a d u l t s  w h ich  s u r v iv e d  th e  summer w ere p r e s e n t  i n  t h e  A 

l a y e r  (100%) d u r in g  f a l l  o f  y e a r  1 and i n  e v e r y  h o r i z o n  (39.96% i n  A 

h o r i z o n ,  3 9 .9 6  i n  t h e  0 l a y e r  and 2 0 .0 8  i n  t h e  l e a f  l i t t e r )  d u r i n g  f a l l  

y e a r  2 ( T a b le  1 3 ) .  F a l l  v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  w ere  th u s  

s i m i l a r  f o r  a l l  l i f e  s t a g e s .  Young a d u l t s  would o v e r w in t e r  i n  th e  A 

h o r i z o n ,  m i g r a t i n g  t o  t h e  u p p e r  s o i l  and  l e a f  l i t t e r  t o  r e p ro d u c e  th e  

f o l l o w i n g  s p r i n g .

7 .  S u r f a c e  a c t i v i t y

7 . 1 .  T o t a l  number o f  i n d i v i d u a l s  c a p t u r e d

C a tc h e s  from  a l l  20 t r a p s  were added  t o  o b t a i n  f r e q u e n c i e s  f o r  

e a c h  s a m p l in g  d a t e ,  b e c a u s e  c o n s i d e r i n g  i n d i v i d u a l  t r a p s  d id  n o t  g iv e  

a d d i t i o n a l  i n f o r m a t i o n .  The most ab u n d a n t  s p e c i e s  was 0 .  p i l o s u s . The 

o t h e r  two s p e c i e s  w ere  s c a r c e ,  a c c o u n t in g  f o r  a b o u t  1 /5  o f  th e  t o t a l .  A 

t o t a l  o f  472 i n d i v i d u a l s  w ere c a p t u r e d  i n  y e a r  1 . Among t h e s e ,  78% 

(3 6 8 )  w ere  0 .  p i l o s u s , 17% (8 3 )  w ere P. i n c o n s t a n s  and  5% (2 1 )  P . 

b i v i r g a t u m . In  y e a r  2 ,  206 i n d i v i d u a l s  w ere c a p t u r e d .  O p h y iu lu s  p i l o s u s  

a c c o u n te d  f o r  87% (1 7 9 )  o f  th e  t o t a l ,  P . i n c o n s t a n s  f o r  6% (1 3 )  and  P. 

b iv i r g a tu m  f o r  7% ( 1 4 ) .  The h ig h  p e r c e n t a g e s  o b ta in e d  f o r  0 .  p i l o s u s
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i n d i c a t e d  t h a t  t h i s  s p e c i e s  was t h e  m ost a c t i v e ,  and c o n f i rm e d  i t s  

d o m in a n t  p o s i t i o n  i n  t h e  community ( S e c t i o n  2 . 1 ) .  A s i m i l a r  

d i s t r i b u t i o n  h a s  been  r e p o r t e d  f o r  t h e  B r i t i s h  I s l e s  (B lo w e r ,  1979) 

w here  p i l o s u s  was th e  d o m in an t  s p e c i e s  i n  s e v e r a l  f o r e s t s  s t u d i e d .

The number o f  i n d i v i d u a l s  o f  a l l  s p e c i e s  t r a p p e d  i n  y e a r  1 was 

d o u b le  t h e  t o t a l  number f o r  y e a r  2 .  T h is  d e c r e a s e  i n  y e a r  2 may have  

b een  th e  r e s u l t  o f  a r e d u c t i o n  i n  p o p u l a t i o n  d e n s i t y  c a u s e d  by summer 

d r o u g h t ,  y e a r  1 s a m p l in g  a c t i v i t i e s  ( e . g . ,  t r a p p i n g  and hand 

c o l l e c t i n g )  and p o s s i b l y  by p r e d a t i o n .  Q u a n t i t a t i v e  p o p u l a t i o n  d a t a  

a l s o  showed a marked r e d u c t i o n  i n  p o p u l a t i o n  d e n s i t y  from  y e a r  1 t o  

y e a r  2 .

S i m i l a r  re d u c e d  c a t c h e s  w ere  d e s c r i b e d  by F a i r h u r s t  (1 9 7 9 )  who 

docum en ted  a d e c r e a s e  i n  th e  number o f  i n d i v i d u a l s  t r a p p e d  a f t e r  th e  

f i r s t  y e a r .  He p o in t e d  o u t  t h a t  t h i s  was r e l a t e d  t o  a  d e c r e a s e  i n  

p o p u l a t i o n  s i z e  due t o  o v e r - t r a p p i n g  and n o t  t o  p e r i o d i c  p o p u l a t i o n  

o u t b r e a k s  a s  r e p o r t e d  by Barlow  (1 9 5 7 ) .

The e f f e c t  o f  p r e d a t o r s  on m i l l i p e d e  a c t i v i t y  and d e n s i t y  h a s  n o t  

been  t a k e n  i n t o  c o n s i d e r a t i o n  by many a u t h o r s ,  b u t  an  e f f e c t i v e  

p r e d a t o r  c a n  p o t e n t i a l l y  i n f l u e n c e  p o p u l a t i o n  d e n s i t y .  S n id e r  (1 9 84b )  

found  t h a t  c a r a b i d  and  s t a p h y l i n i d  b e e t l e s  c o u ld  l i v e  on a  m i l l i p e d e  

d i e t  i n  l a b o r a t o r y  e x p e r i m e n t s ,  and w ere c a p a b le  o f  consum ing l a r g e  

num bers o f  d ip l o p o d s  p e r  d a y .  S n id e r  ( 1984b) r e p o r t e d  t h a t  a l l  s t a g e s  

o f  P̂ _ i n c o n s t a n s  w ere  s u c e p t i b l e  t o  s e v e r a l  s p e c i e s  o f  p r e d a c e o u s  

b e e t l e s .  A d u lt  O p h y lu lu s  p i l o s u s  w ere  a l s o  o f f e r e d  a s  p r e y  by S n id e r  

( 1 9 8 4 b ) ,  b u t  t h e r e  i s  no d o u b t  t h a t  th e y  c a n  e a t  j u v e n i l e s  and s m a l l
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j u v e n i l e s  a s  w e l l  ( p e r s o n a l  o b s e r v a t i o n s ) *  T hese  in m a tu re  s t a g e s  te n d  

t o  c l u s t e r  so  t h a t ,  one b e e t l e  c o u ld  d e c im a te  a  w hole  c l u s t e r  i n  a 

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

7 . 2 .  S t a g e - s p e c i f i c  a c t i v i t y

S t a g e - s p e c i f i c  c a t c h e s  a r e  shown i n  T a b le  14. C a tc h e s  o f  s m a l l  

j u v e n i l e s  w ere i n f r e q u e n t ,  r e p r e s e n t i n g  o n ly  1% o f  a l l  i n d i v i d u a l s  

c o l l e c t e d  i n  y e a r s  1 and 2 ,  and a t t r i b u t a b l e  t o  low m o b i l i t y  o f  th e  

s t a g e .  F i t - t r a p p i n g  i s  n o t  a  good method t o  c o l l e c t  s m a l l  j u v e n i l e s ,  

n o t  even  d u r in g  summer and f a l l  when th e y  a r e  more a b u n d a n t .  A d u l ts  

w ere  m ost a c t i v e ,  c o n s t i t u t i n g  89% of  th e  t o t a l  i n  y e a r  1 and 83% i n  

y e a r  2 .

O th e r  a u t h o r s  have fo u n d  t h a t  s m a l l  j u v e n i l e s  a r e  in d e e d  

r e l a t i v e l y  i n a c t i v e .  S n id e r  (1 9 8 1 )  r e p o r t e d  t h a t  f i r s t  i n s t a r s  o f  P. 

i n c o n s t a n s  showed a  t e n d e n c y  to  a g g r e g a t e  n e a r  t h e  empty egg  cham ber.

I n  t h e  p r e s e n t  s t u d y ,  s m a l l  j u v e n i l e s  n e a r  empty cham bers w ere found  i n  

l e a f  l i t t e r  ( s e e  S e c t i o n  6 . 2 ) .  B lower and M i l l e r  (1 9 7 4 )  r e p o r t e d  t h a t  

i n s t a r  I I  o f  0 .  p i l o s u s  c o u ld  w a lk  o u t  from  t h e  egg c a p s u le  b u t  were 

r e l a t i v e l y  i n a c t i v e .  I n s t a r  I I I ,  w hich  i s  t h e  no rm al s t a g e  f o r  t h i s  

s p e c i e s  t o  l e a v e  t h e  n e s t ,  w ere  a l s o  n o t  v e r y  a c t i v e .  The f o u r  s m a l l  

j u v e n i l e s  t r a p p e d  i n  y e a r  1 and th e  two i n  y e a r  2 w ere  a l l  t h i r d  

i n s t a r s .

H igh  f r e q u e n c y  o f  a d u l t s  i s  p r o b a b ly  r e l a t e d  t o  th e  f a c t  t h a t  

m i l l i p e d e s  a c t i v e l y  s e a r c h  f o r  m ates  and  o v i p o s i t i o n  s i t e s  (L e w is ,  

1971b, 1974; B arlow , 1958; B a n e r j e e ,  1 9 6 7 a ) .  I t  a p p e a r s  t h a t  a d u l t s



Table 14. Distribution among stages of pit-fall trapped
individuals (all species combined).

STAGE YEAR 1 YEAR 2

Small juvenles 4 2
Juveniles 47 32
Adults 421 172



61

move t o  th e  s u r f a c e  In  s e a r c h  o f  m a te s ,  g i v i n g  them th e  a d v a n ta g e  o f  

s e a r c h i n g  I n  a  tw o -  d im e n s io n a l  r a t h e r  th a n  a t h r e e - d i m e n s i o n a l  

h a b i t a t .  A lso  t h e  s o i l  s u r f a c e  p r o v id e s  a  r i c h e r  s o u rc e  o f  fo o d  th a n  

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

p r e d a t i o n  (L e w is ,  1 9 7 1b) .

7 . 3 .  S e a s o n a l  a c t i v i t y  p a t t e r n s

A) At s p e c i e s  l e v e l :

D ata  f o r  b o th  y e a r s  ( F ig u r e s  19 t o  21) showed an a c t i v i t y  peak  f o r

e a c h  s p e c i e s .  I n  0 .  p l l o s u s  i t  o c u r r e d  i n  A pril-M ay  w i th  t h e  h i g h e s t  

num bers c a p t u r e d  e a r l y  i n  May; P. i n c o n s t a n s  was m ost a c t i v e  i n  

J u n e - J u l y ,  w i th  a d i s t i n c t  p eak  i n  J u n e ;  P. b iv i r g a tu m  a c t i v i t y  peaked  

i n  S e p te ra b e r -O c to b e r .  I t  i s  s i g n i f i c a n t  t h a t  none o f  t h e s e  p eak s  

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

by t e m p e r a tu r e  o r  p r e c i p i t a t i o n )  and th e  p o s s i b i l i t y  o f  s p e c i a l i z a t i o n  

to  a v o id  i n t e r s p e c i f i c  c o m p e t i t i o n  f o r  r e s o u r c e s  d u r in g  a g iv e n  s e a s o n .

Blow er (1 9 7 9 )  r e p o r t e d  t h a t  when two s p e c i e s  ( 0 .  p i l o s u s  and

M icrochordeum a s c u t e l l a r e  ( R i b a u t ) )  w ere a t  t h e i r  h i g h e s t  b iom ass  

s i m u l t a n e o u s l y ,  th e y  would need  most o f  t h e i r  food  a t  t h e  same t im e  and 

p re su m a b ly  c o n c e n t r a t e d  on d i f f e r e n t  fo o d  i t e m s .  I f  th e  same r e s o u r c e  

was u se d  by two o r  more s p e c i e s  t h e  maximum b iom ass  o f  ea c h  s p e c i e s  

would be re a c h e d  a t  d i f f e r e n t  t i m e s ,  t h e r e b y  a v o id in g  c o m p e t i t i o n  

t e m p o r a l l y .
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R e l a t i o n s h i p  w i t h  t e m p e r a t u r e  and p r e c i p i t a t i o n :

Barlow  (1 9 5 8 )  m a in ta i n e d  t h a t  t e m p e r a t u r e  and  p r e c i p i t a t i o n  

i n i t i a t e d  s p r i n g  a c t i v i t y  and  g o v e rn ed  i t s  t e r m i n a t i o n  l a t e r  i n  th e  

y e a r .  A c c o rd in g  t o  t h i s  a u t h o r  t e m p e r a t u r e  was a p p a r e n t l y  more 

i n f l u e n t i a l  i n  c h a n g in g  a c t i v i t y .  I n  t h e  p r e s e n t  s t u d y ,  t h i s  

r e l a t i o n s h i p  was i n v e s t i g a t e d  by a n a l y z i n g  d a t a  from  th e  two c o l l e c t i o n  

d a y s  w hich  y i e l d e d  th e  h i g h e s t  num bers .  The t e m p e r a t u r e  ra n g e  f o r  t h e s e  

d a y s  i s  p r e s e n t e d  i n  F ig u r e s  2 2 ,  and  23 . D ata  f o r  b o th  y e a r s  i l l u s t r a t e  

t h e  marked p r e f e r e n c e  o f  0 .  p l l o s u s  f o r  c o o l  e a r l y  s p r i n g  t e m p e r a t u r e s  

and o f  P . b iv i r g a tu m  f o r  m o d e ra te  e a r l y  f a l l  t e m p e r a t u r e s .  T e m p e ra tu re s  

d u r in g  th e  p e r i o d s  o f  maximum a c t i v i t y  f o r  b o th  s p e c i e s  w ere somewhat 

s i m i l a r ,  b u t  t h e r e  was no o v e r l a p  i n  th e  a c t i v i t y  p a t t e r n s  ( F i g u r e s  19 

and  2 1 ) .

The r e l a t i o n  be tw een  t e m p e r a t u r e  and  a c t i v i t y  o f  i n c o n s t a n s  was 

l e s s  c l e a r .  D uring  y e a r  1 t h e  s p e c i e s  was more a c t i v e  when th e  

t e m p e r a t u r e s  ra n g e d  from  1 1 .5 5  t o  3 1 .3 5  ° C  ( F i g u r e  2 2 ) .  I n  y e a r  1 a 

s m a l l  a c t i v i t y  peak  was a l s o  o b s e rv e d  a t  t h e  b e g in n in g  o f  th e  t r a p p i n g  

p e r i o d  ( F i g u r e  2 0 ) ,  b u t  t h i s  may have  been  t r i g g e r e d  by th e  f r e s h l y  

d l g g i n g - i n  o f  t h e  new t r a p s .  I n  y e a r  2, t r a p s  from  y e a r  1 w ere r e u s e d ,  

e l i m i n a t i n g  d i g g i n - i n  e f f e c t s .  The o n ly  a c t i v i t y  p eak  r e c o r d e d  i n  y e a r  

2 o c u r r e d  a t  t h e  b e g in n in g  o f  th e  t r a p p i n g  p e r i o d  ( F i g u r e  2 0 ) .  T h is  was 

p r o b a b ly  c a u s e d  by my a c t i v i t i e s  i n  t h e  a r e a .  No o t h e r  p eak  was 

o b s e r v e d ,  p o s s i b l y  due t o  t h e  s m a l l  number o f  i n d i v i d u a l s  t r a p p e d  

d u r i n g  y e a r  2 .



TE
M

PE
RA

TU
RE

 
(°

C
)

P e r c e n t  o f  t o t a l  number f o r  e a c h  s p e c i e s .

205f 16% 3 2 % 30% 36% 33%
~ 1  1 1 1  1 1 1---------------- >---------------- 1------------------<— — i --------------1-----------------1 ----------------1---------------- 1------------------1------------ 1------------------1 ----------------■----------------

■   SAMPLING DATE 1
35  _  - 7 - PRECEDING DATE YEAR 1

3 0 -

2 5 -  T

i '

' ! , ! ' ' I ! I -
1 ! ! ! ' •

>0 -  | f  ; 1 I ! !
1 1 1 1

5 -  ! i !
4 4 I n

0 -

- 5 -

- 1 0 - 1  '  < I I | '  1------1------ 1------ 1------ i 1--------1-------1----- j-------- ,-----,------- ,------

5/2 5/16 6/13 6/27 9/IB 9/5 Dates
P.  P i lo sn g  P. i n c o n s t a n s  R b i v i ra a t i i m

FIGURE 22 . MAXIMUM AND MINIMUM TEMPERATURES ON TRAPP I^G^AY^T iOTHMAXIMUM
DIPL0P0D ACTIVITY AND ON DAYS PRECEDING THEM, YEAR 1 (1 9 8 4 ) .

t «------1------ r
— SAMPLING DATE
— PRECEDING DATE

T
I
I
I
I
I
I
I
I



TE
M

PE
RA

TU
RE

 
(°

C
)

4 0  

3 5  

3 0  

2 5  

20 

15 

10 

5  

0  

- 5  

-1 0

5 / 3  4 /1 9  4 / 3  5 /1 7  9 /2 2  9 /1 6  D a te s

—  P f l o s i J g g j n c o n s t a n s  P. bi  v i r o a t u m
FIGURE 2 3 . MAXIMUM AND MINIMUM TEMPERATURES ON TRAPPING DAYS WITH MAXIMUM 

DIPLOPOD ACTIVITY AND ON DAYS PRECEDING THEM, YEAR 2 (1 9 8 5 ) .

31 %
—  SAMPLING DATE
—  PRECEDING DATE

P e r c e n t  o f  t o t a l  number f o r  e a c h  s p e c i e s .  

1 9 *  84% 0.76% 43% 14%
— i—i 1------1------r

YEAR 2

T

T
I
A

T
i
(
1
I
i
i
i
i
i



68

B) At_ s t a g e  l e v e l :

S t a g e - s p e c i f i c  a c t i v i t y  f o r  a l l  s p e c i e s  i s  sum m arized i n  T ab le  15. 

The few  s m a l l  j u v e n i l e s  t r a p p e d  i n  y e a r s  1 and 2 w ere found  d u r in g  f a l l  

and w ere a l l  ()•_ p i l o a u s . No s m a l l  j u v e n i l e s  o f  i n c o n s t a n s  o r  P. 

b iv i r g a tu m  w ere c o l l e c t e d .

F a l r h u r s t  ( 1 9 7 9 ) ,  i n  h i s  s tu d y  o f  P. i n c o n s t a n s , o n ly  t r a p p e d  f o u r  

s m a l l  j u v e n i l e s  d u r in g  t h e  e n t i r e  s tu d y  and was u n a b le  t o  deduce  th e  

s p e c i e s '  l i f e  h i s t o r y  by t h e s e  m eans. B low er (1969 )  found  t h a t  s m a l l  

j u v e n i l e s  o f  o t h e r  p o ly d e sm id s  a l s o  r a r e l y  f e l l  i n t o  t r a p s .

P o lyzon ium  b iv i r g a tu m  i s  th e  l e a s t  known o f  th e  t h r e e  s p e c i e s .  No 

s m a l l  j u v e n i l e s  w ere  t r a p p e d  d u r in g  th e  s tu d y ;  th e  a d u l t  s t a g e  was th e  

m ost a c t i v e  (T a b le  1 5 ) .  I t  was found  t h a t  P. b iv i r g a tu m  p r e f e r r e d  

d e c a y in g  wood and  a r e a s  o f  a b u n d a n t ,  humid l e a f  l i t t e r ,  c o n f i rm in g  

o b s e r v a t i o n s  by J o h n so n  ( 1 9 5 2 ) .

Among j u v e n i l e s ,  59% (2 8 )  o f  th e  t o t a l  i n  y e a r  1 and 19% (1 9 )  o f

th e  t o t a l  i n  y e a r  2 w ere c o l l e c t e d  i n  th e  s p r i n g ;  35% (1 6 )  o f  y e a r  1

and  19% (6 )  o f  y e a r  2 t o t a l s  were c o l l e c t e d  i n  th e  summer and 6% (3 )  of

y e a r  1 and 22% (1 2 )  o f  y e a r  2 were c o l l e c t e d  i n  th e  f a l l .

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

i n d i v i d u a l s  h a tc h e d  t h e  p r e v io u s  y e a r .  A l l  i n d i v i d u a l s  t r a p p e d  were 

i n s t a r s  V I I ,  V I I I  and  IX and  became s e x u a l l y  m a tu re  d u r in g  s p r i n g  and 

e a r l y  summer. Q u a n t i t a t i v e  d a t a  a l s o  showed a h ig h  f r e q u e n c y  o f  

j u v e n i l e s  i n  s p r in g  and a  d e c r e a s e  to w ard s  summer.

A cco rd in g  to  Blower and M i l l e r  (19 7 4 )  0 .  p i l o s u s  j u v e n i l e s  

o v e r w in te r  a s  i n s t a r s  V I, V II  and V I I I .  L a b o r a to r y  s t u d i e s  by t h e s e
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Table 15. Total numbers captured of each species.

0 .  PILOSUS P . INCONSTANS P. 0IVIRGATUM

OATE
SJ JU

O 
1 

< 
1 1

VI 
1 1 

c.
 

1 
c

a 
i 

< 
1 SJ

APR 3 0 4 33 0 3 0 0
APR 4 0 2 40 0 0 1 0
MAY 2 0 13 91 0 0 0 0
MAY 16 0 2 59 0 1 0 0
MAY 30 0 1 8 0 0 5 0
JUN 13 0 2 30 0 0 27 0
JUN 27 0 3 19 0 2 23 0
JUL 11 0 0 10 0 0 17 0
JUL 25 0 4 4 0 0 2 0
AUG 1 0 2 6 0 0 1 0
AUG 16 0 0 5 0 0 0 0
SEP 5 3 5 3 0 0 0 0
SEP 18 a 0 5 0 0 0 0
OCT 2 i 1 7 0 1 0 0
OCT 25 0 0 5 0 0 0 0

TOTAL 4 39 325 0 7 76 0

0
0
0
0
0
0
0
0
0
0
0
0
0
1
0

AO

0
0
0
0
1
0
0
0
0
0
0
7
B
4
0

1 20

TOTAL

SJ

1 
u

 
1 

c AO

0 7 33
0 2 41
0 13 91
0 3 59
0 1 14
0 2 57
0 5 42
0 0 27
0 4 6
0 2 7
a 0 S
3 5 10
0 0 13
1 3 1 1
0 a 5

4 47 421

(a) Year 1

0 . PILOSUS P . INCONSTANS

OATE
SJ

1
l 

(. 
1 

I 
C 

I ■

AO SJ

1
1 

t_ 
1 

I 
C 

I t 1
» 

>
 

1 
1 

O 
1 1

APR 3 0 3 29 0 7 4
APR 19 0 0 34 0 0 0
MAY 3 0 1 55 0 0 0
MAY 17 0 t 12 0 0 1
MAY 30 0 0 15 0. 0 0
JUN 13 0 7 4 a 0 0
JUN 28 0 0 3 0 0 0
JUL 12 0 0 2 0 0 1
JUL 26 0 0 a 0 0 a
AUG 7 0 0 0 0 0 0
AUG 19 0 0 0 0 a 0
SEP 2 2 5 0 0 0 0
SEP 16 0 1 0 0 0 0
SEP 22 0 5 0 0 0 0
OCT 2 0 0 0 0 0 0
OCT 16 0 0 0 0 0 0

TOTAL 2 23 154 0 7 6

P. BIVIRGATUM

SJ JU AO

0
0
0
0
0
0
0
o
Q
0
0
0
0
□
0
0

0
0
0
0
0
O'
1
0
0
o
0
0
0
»
0
0

2
o
0
0
0
0
0
0 
0 
0 
0 
0 2 
s
1 
2

12

TOTAL

SJ JU AO

0 10 35
0 0 34
0 1 55
0 1 13
0 0 15
0 7 4
a 1 3
0 0 3
0 a 0
0 0 0
0 0 0
2 5 0
0 1 2
0 8 5
0 0 1
a 0 2

2 32 172

(b) Year 2



70

a u t h o r s  showed t h a t  m a le s  c o u ld  r e a c h  s e x u a l  m a t u r i t y  a t  I n s t a r  IX (tw o 

m onths  a f t e r  t h e  p r e s e n c e  o f  l n s t a r  V I I ) .  H owever, m ales  w h ich  r e a c h e d  

s e x u a l  m a t u r i t y  a t  i n s t a r  X s p e n t  a  l a r g e  amount o f  t im e  i n  m o u l t in g  

cham bers* They a p p e a re d  a t  t h e  same t im e  a s  t h e  f e m a le s ,  w h ich  c o u ld  

r e a c h  s e x u a l  m a t u r i t y  o n ly  a t  i n s t a r  X (1 0 -1 3  months w ere  n eed e d  to  

r e a c h  t h a t  i n s t a r ) .

O v e rw in te re d  j u v e n i l e s  o f  P ^  i n c o n s t a n s  fo u n d  i n  s p r i n g  w ere  

i n s t a r s  V, VI and V I I ,  and would become s e x u a l l y  m a tu re  by th e  end o f  

s p r i n g  and  th ro u g h  summer* Q u a n t i t a t i v e  d a t a  showed a l a r g e r  number o f  

P .  i n c o n s t a n s  j u v e n i l e s  i n  t h e  s p r i n g  t h a n  i n  summer.

L i t t l e  i s  known a b o u t  ^  b iv i r g a tu m  and th e  e x t r e m e ly  low 

f r e q u e n c y  o f  j u v e n i l e s  t r a p p e d  d u r in g  t h i s  s tu d y  (T a b le  15) made i t  

I m p o s s ib le  t o  d raw  c o n c l u s i o n s .  The a d u l t  s t a g e  was th e  most a c t i v e  i n  

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

d e t e r m i n a n t  o f  t h e  a c t i v i t y  p a t t e r n s  o f  a l l  s p e c i e s  shown i n  F ig u r e s  19 

to  2 1 .

C) S e x - r e l a t e d  d i f f e r e n c e s  i n  a d u l t  a c t i v i t y i 

S e x - s p e c i f i c  a c t i v i t y  f r e q u e n c i e s  f o r  e a c h  s p e c i e s  a r e  p r e s e n t e d  

i n  T a b le  16, and F i g u r e s  24 t o  26 . Both s e x e s  w ere  e q u a l l y  a c t i v e  i n  

a l l  s p e c i e s .  I n  y e a r  1 , 52% (2 2 0 )  o f  a l l  a d u l t s  w ere  m a les  and 48%

(2 0 1 )  f e m a l e s .  I n  y e a r  2 ,  44% (7 6 )  o f  th e  t o t a l  w ere  m a les  and 56% (9 6 )  

w ere  f e m a l e s .  The p ro n o u n ced  a c t i v i t y  p e a k s  o f  e a c h  s p e c i e s  o c u r r e d  i n  

b o th  s e x e s  ( F i g u r e s  2 4 -2 6 )  and were d i r e c t l y  r e l a t e d  t o  r e p r o d u c t i v e  

p e r i o d s .
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Table 16. Total numbers of males and females captured.

0 .  PILOSUS P . INCONSTANS P . BIVIRGATUM

OATE
c f _?

APR 3 14 19
APR 4 28 12
MAV 2 53 36
MAV 16 41 18
MAV 30 4 4
JUN 13 12 18
JUN 27 7 12
JUL 1 1 4 6
JUL 25 1 3
AUG 1 1 5
AUG 16 4 1
SEP 5 0 3
SEP 16 2 3
OCT 2 5 2
OCT 25 1 4

TOTAL 177 146

Cf 9 or Cf 9
— — —■

0 0 0 0 14 19
0 t 0 0 26 13
0 0 0 a S3 36
a 0 0 0 41 18
4 1 0 i B 6
9 18 0 0 21 36

14 9 □ 0 21 21
7 10 0 a 11 16
0 2 0 0 1 5
1 0 0 0 2 5
0 0 0 0 4 1
0 0 2 5 2 8
0 0 5 3 7 6
0 0 1 3 6 5
0 0 0 0 1 4

—— — — — -

35

a )

41

Y e a r  1 .

8 1 2 220 201

TOTAL

OATE

0 .  PILOSUS P . INCONSTANS P . BIVIRGATUM

APR 3 7 22
APR 19 19 15
MAV 3 22 33
MAV 17 1 1 1
MAY 30 6 9
JUN 13 0 4
JUN 28 3 0
JUL 12 a 2
JUL 26 0 0
AUG 7 0 0
AUG 19 0 a
SEP 2 0 0
SEP 16 0 0
SEP 22 0 0
OCT 2 0 0
OCT 16 0 0

TOTAL 68 8 6

0
0
0 
0 
0 
0 
0
1 
0 
0 
0 
0 
0  
0 
0 
0

4
0
0
1
0
0
0
0
0
□
0
0
0
0
a
0

1
0
o
0
0
0
0
0
0
0  
0 
0 
0 
3
1 
2

■ I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
0 
0

TOTAL

a
19 
22  
1 1 

6 
0 
3 
1 
0 
0 
0 
0 
0 
3 
1 
2

76

27
15
33

2
9 '
4
0
2
a
o
o
a
2
2
0
0

96

(b) Year 2
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FIGURE 24. SEASONAL FLUCTUATIONS IN THE ACTIVITY OF
0. PILOSUS ADULTS (BY SEXES).
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FIGURE 25. SEASONAL FLUCTUATIONS IN THE ACTIVITY OF
P. INCONSTANS. ADULTS (BY SEXES).
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FIGURE 26. SEASONAL FLUCTUATIONS IN THE ACTIVITY OF
.P. BIVIRGATUM ADULTS (BY SEXES) .
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B a n e r je e  (1 9 6 7 a )  r e p o r t e d  t h a t  th e  t im e  when th e  l a r g e s t  number o f  

d ip lo p o d s  w ere c o l l e c t e d  In  p i t f a l l  t r a p s  c o i n c id e d  w i th  t h e i r  b r e e d in g  

p e r i o d ,  when a d u l t s  became a c t i v e  i n  s e a r c h  f o r  m a tes  and  s u i t a b l e  

s i t e s  f o r  o v i p o s i t i o n >

C . l )  O p h y lu lu s  p i l o s u s  

More m ales  (1 5 9 )  t h a n  f e m a le s  (1 0 9 )  o f  0 .  p i l o s u s  w ere c a p t u r e d  

d u r in g  th e  s p r i n g  o f  y e a r  1, b u t  more f e m a le s  (2 6 )  w ere c a p t u r e d  i n  th e  

summer (m a le s  ■ 3 ) .  In  s p i t e  o f  th e  fe w e r  c a p t u r e s  o f  y e a r  2 more 

f e m a le s  (8 4 )  th a n  m a les  (6 5 )  w ere found  i n  t h e  s p r i n g  o f  t h a t  y ea r*

Both s e x e s  showed a  peak  o f  a c t i v i t y  d u r in g  s p r i n g  ( F i g u r e  24) 

w hich  I s  t h e  r e p r o d u c t i v e  s e a s o n  f o r  t h i s  s p e c i e s .  Blower and  M i l l e r  

(1 9 7 4 )  r e p o r t e d  t h a t  0 .  p i l o s u s  eg g s  w ere  l a i d  be tw een  A p r i l  and J u n e .  

The r e l a t i v e  s i z e s  o f  e a c h  p eak  can  be r e l a t e d  t o  th e  r e l a t i v e  

d e n s i t i e s  o f  e a c h  s e x .  T h is  was in d e e d  th e  c a s e  i n  y e a r  2 when 

q u a n t i t a t i v e  d a t a  showed a 1 : 1 . 8  m a le : f e m a le  r a t i o  i n  th e  s p r i n g  ( t r a p  

d a t a  showed a 1 :1 .3  r a t i o ) .  R e l a t i v e  dom inance o f  m ales  t r a p p e d  i n  th e  

s p r i n g  o f  y e a r  1 ( 1 . 4 : 1  r a t i o )  was n o t  i n  c o r re s p o n d e n c e  w i th  th e  

q u a n t i t a t i v e  d a t a  r a t i o  ( 1 : 1 . 2 )  b u t  t h e  d i f f e r e n c e  i s  n e g l i g e a b l e  when 

s t a n d a r d  e r r o r s  a r e  c o n s i d e r e d .  Blower and  M i l l e r  (1 9 7 4 )  a l s o  found  sex  

r a t i o s  o f  a p p r o x im a te ly  1:1 i n  o v e r w in t e r in g  0 .  p i l o s u s , b u t  d id  n o t  

a s s e s s  a c t i v i t y  se x  r a t i o s .  I n  th e  p r e s e n t  s t u d y ,  t h e s e  r a t i o s  d i f f e r e d  

s l i g h t l y  from  th e  d e n s i t y  s t a n d a r d s .

A d e c l i n e  i n  a c t i v i t y  o f  0^_ p i l o s u s  a d u l t s  a t  th e  end o f  summer i s  

e v i d e n t  from  F ig u r e  24 . Blower and M i l l e r  (1 9 7 4 )  found  t h a t  t h i s
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s p e c i e s  s u f f e r e d  a h ig h  m o r t a l i t y  o f  o l d e r  s t a d i a  i n  t h e i r  second  y e a r ,  

f i n i s h i n g  th e  s p e c i e s '  l i f e  c y c l e .  The few  a c t i v e  a d u l t s  d u r in g  f a l l  

(T a b le  16 and F ig u r e  24) w ere  p ro b a b ly  young a d u l t s  ( s e e  s e c t i o n  6 . 2 ) .

C .2 )  Polydesm us i n c o n s t a n s  

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

be tw een  l a t e  May and l a t e  J u l y  ( F ig u r e  2 5 ) .  Both s e x e s  w ere  a c t i v e  a t  

th e  same t i m e .  The num bers o b t a in e d  d u r in g  y e a r  2 w ere v e r y  s m a l l  

(T a b le  1 6 ) ,  b u t  most o f  t h e  t r a p p e d  i n d i v i d u a l s  w ere f e m a le s .  No 

a c t i v i t y  t r e n d  c o u ld  be o b s e rv e d  i n  t h a t  y e a r .

The m ain  p eak  o b t a i n e d  f o r  P̂ _ i n c o n s t a n s  d u r in g  y e a r  1 

c o r re s p o n d e d  to  th e  r e p r o d u c t i v e  s e a s o n  o f  th e  s p e c i e s .  T h is  was 

s u p p o r te d  by t h e  p r e s e n c e  o f  eggs i n  fe m a le s  d i s s e c t e d  d u r in g  t h i s  

s tu d y  and by S n id e r  (1 9 8 4 a )  who r e p o r t e d  eg g s  l a i d  i n  May and Ju n e  

( w i th  a  p eak  o f  egg p r o d u c t i o n  p r o b a b ly  i n  J u n e ) .

An a p p ro x im a te  1 :1  se x  r a t i o  i n  t r a p p e d  a d u l t s  was c h a r a c t e r i s t i c  

o f  y e a r  1 ( y e a r  2 d a t a  w ere  i n c o n c l u s i v e ) ,  s i m i l a r  t o  s e x  r a t i o s  o f  

f i e l d - c o l l e c t e d  i n d i v i d u a l s  r e p o r t e d  by S n id e r  (1 9 8 4 a ) .

A d ro p  i n  a c t i v i t y  o f  P._ i n c o n s t a n s  a d u l t s  was o b se rv e d  a t  t h e  end 

o f  J u l y  ( F ig u r e  2 5 ) .  T h is  c a n  be r e l a t e d  to  t h e  f a c t  t h a t  i n c o n s t a n s  

I s  a s e m e lp a ro u s  s p e c i e s  i n  w hich  no i n d i v i d u a l s  s u r v i v e  beyond th e  

summer b r e e d in g  s e a s o n  ( S n i d e r  1980, 19 8 1 ) .

C .3 )  P o lyzon ium  b iv i r g a tu m  

H ig h e s t  a c t i v i t y  o f  a d u l t s  o c c u r r e d  d u r in g  Sep tem ber and e a r l y
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O c to b e r ,  s im u l t a n e o u s l y  i n  b o th  s e x e s  ( F ig u r e  2 6 ) .  A pproxim ate  1 :1  se x  

r a t i o s  w ere  o b ta in e d  d u r in g  t h i s  p e r i o d .

J o h n so n  (1952) o b s e rv e d  m a les  and f e m a le s  i n  c o p u l a t i o n  d u r in g  

May, w h ich  s u g g e s t s  t h a t  s p r i n g  i s  t h e  r e p r o d u c t i v e  s e a s o n  f o r  P. 

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

a p p e a re d  t o  be no c o r r e l a t i o n  be tw een  h ig h  a c t i v i t y  and r e p r o d u c t i v e  

b e h a v i o r  i n  t h i s  s p e c i e s .
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IV. SUMMARY AND CONCLUSIONS

The p h y s i c a l  p a r a m e te r s  o f  t e m p e r a t u r e ,  p r e c i p i t a t i o n ,  s o i l  

m o i s t u r e ,  and l i t t e r  c o v e r  w ere d i f f e r e n t  i n  e a c h  s tu d y  y e a r .  Y ear 1 

was c h a r a c t e r i z e d  by a c o o l e r  s p r i n g t i m e ,  a d r i e r  and warmer summer, 

and a  s l i g h t l y  more humid f a l l  when compared to  y e a r  2 .  I n  y e a r  2 t h e  

e f f e c t  o f  warm te m p e r a t u r e s  was p ro b a b ly  b u f f e r e d  by p r e c i p i t a t i o n .  

F u r th e r m o re ,  l i t t e r  c o v e r  was g r e a t e r  i n  y e a r  1.

These p a r a m e te r s ,  t o g e t h e r  w i th  t h e  im p ac t  o f  s am p l in g  a c t i v i t i e s  

i n  t h i s  and p r e v io u s  s t u d i e s ,  may have a f f e c t e d  th e  s e a s o n a l  p o p u la t io n  

d e n s i t i e s  e a c h  y e a r .  Y ear  1 d e n s i t i e s  f o r  p i l o s u s , P. i n c o n s t a n s  and 

P. b iv i r g a tu m  were h i g h e r  th a n  y e a r  2 .  O p h y iu lu s  p I I o b u b  showed th e  

h i g h e s t  d e n s i t y  d u r in g  y e a r  1 and i n  s p r i n g  and f a l l  o f  y e a r  2 .  

Polydesm us in c o n s t a n s  ou tnum bered  0^_ p i l o s u s  i n  summer o f  y e a r  2 .  The 

d e n s i t i e s  r e p o r t e d  f o r  P ^  i n c o n s t a n s  and  _P;_ b iv i r g a tu m  i n  t h i s  s tu d y  

w ere t h e  lo w e s t  e v e r  r e c o r d e d  i n  M ich ig an .

Dominance a n a l y s i s  d e m o n s t ra te d  t h a t  0^_ p i l o s u s  was th e  dom inant 

s p e c i e s  i n  Baker w o o d lo t .  S ta g e  s t r u c t u r e  a s s e s s m e n t  o f  0^_ p i l o s u s  

showed t h a t  i t s  s m a l l  j u v e n i l e  s u b p o p u la t io n  in c r e a s e d  c o n s i s t e n t l y  

from  s p r i n g  t o  f a l l  d u r in g  b o th  y e a r s .  T h is  i n c r e a s e  was cau sed  by

new ly h a tc h e d  i n d i v i d u a l s  e n t e r i n g  th e  p o p u l a t i o n  a t  th e  end o f  s p r in g

and summer. The j u v e n i l e  s t a g e  was most a b u n d an t  i n  s p r i n g  o f  y e a r  1 

( o v e r w in t e r e d  i n d i v i d u a l s )  and  f a l l  o f  y e a r  2 .  I n  y e a r  1 t h e  j u v e n i l e

s u b p o p u la t io n  d e c r e a s e d  from  l a t e  s p r i n g  t o  f a l l ,  b u t  i n  y e a r  2 a

d e c r e a s e  was o b s e rv e d  o n ly  from  s p r i n g  t o  summer. In  b o th  y e a r s  th e
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d e c r e a s e  was c a u s e d  by m e ta rao rph ic  ch a n g e s  i n  i n s t a r s  V I I I  and  IX and 

by u n f a v o r a b l e  w e a th e r  c o n d i t i o n s  t h a t  in d u c e d  e s t i v a t i o n  and th u s  an  

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

s u b p o p u l a t i o n  d u r in g  f a l l  o f  y e a r  2 was p r o b a b ly  c a u se d  by h i g h e r  

s u r v i v o r s h i p  d u r in g  summer due t o  f a v o r a b l e  w e a th e r  c o n d i t i o n s .  The 

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

y e a r s ) ,  d i m i n i s h i n g  c o n s i s t e n t l y  to w a rd s  f a l l .  T h is  d e c r e a s e  was c a u se d  

by d e a t h  o f  m ost tw o -y e a r  a d u l t s  a t  t h e  end o f  t h e i r  r e p r o d u c t i v e  

p e r i o d  i n  t h e  summer. The few  a d u l t s  c o l l e c t e d  d u r i n g  f a l l  w ere  

p r o b a b ly  young a d u l t s .

I t  was fo u n d  t h a t  0^_ p i l o s u s  s t a g e s  f o l lo w e d  a s e a s o n a l  p a t t e r n  i n  

t h e i r  v e r t i c a l  d i s t r i b u t i o n .  H o r iz o n  p r e f e r e n c e s  o f  th e  s p e c i e s  w ere  

i n f l u e n c e d  by t e m p e r a t u r e  and  p r e c i p i t a t i o n .  The l e a f  l i t t e r  was l e a s t  

p o p u l a t e d ,  i n d i c a t i n g  th e  s p e c i e s ' s  s t r o n g e r  p r e f e r e n c e  f o r  th e  s o i l  

l a y e r s .

The few  s m a l l  j u v e n i l e s  c o l l e c t e d  i n  t h e  s p r i n g  w ere found  i n  t h e  

A l a y e r  i n  y e a r  I and  i n  t h e  0 and A l a y e r  i n  y e a r  2 .  D uring  th e  summer 

t h i s  s t a g e  was fo u n d  i n  e v e ry  l a y e r  b u t  more p r e d o m in a n t ly  i n  th e  0 and 

A l a y e r  i n  y e a r  1 and i n  t h e  A and l e a f  l i t t e r  i n  y e a r  2 .  F a l l  

p r e f e r e n c e s  w ere v e r y  s i m i l a r  to  th e  summer d u r i n g  y e a r  1, b u t  i n  y e a r  

2 m ost o f  t h e  s m a l l  j u v e n i l e s  w ere  i n  t h e  l e a f  l i t t e r .  The p r e s e n c e  o f  

s m a l l  j u v e n i l e s  i n  t h e  l e a f  l i t t e r  d u r i n g  summer and  f a l l  o f  y e a r  2 

c o u ld  be a n  i n d i c a t i o n  o f  a d e q u a te  m o i s t u r e  c o n d i t i o n s  due t o  h i g h e r  

and  more e v e n ly  d i s t r i b u t e d  p r e c i p i t a t i o n .

J u v e n i l e s  w ere  p r e s e n t  i n  t h e  l e a f  l i t t e r ,  0 l a y e r  and A l a y e r



80

d u r in g  th e  s p r i n g  o f  b o th  y e a r s ,  how ever ,  m ost i n d i v i d u a l s  w ere found  

i n  th e  A l a y e r .  D uring  summer o f  y e a r  1 m ost j u v e n i l e s  w ere i n  t h e  A 

l a y e r  fo l lo w e d  by th e  0 l a y e r  b u t  th e  r e v e r s e  s i t u a t i o n  was o b s e rv e d  i n  

y e a r  2 .  D uring  f a l l  o f  b o th  y e a r s  t h i s  s t a g e  a l s o  showed a s t r o n g e r  

p r e f e r e n c e  f o r  t h e  A l a y e r .

A d u l ts  w ere p r e s e n t  i n  a l l  s t r a t a ,  w i th  a  s t r o n g e r  p r e f e r e n c e  f o r  

t h e  A l a y e r  i n  y e a r  1 and f o r  th e  0 i n  y e a r  2 .  They w ere  a l s o  p r e s e n t  

i n  e v e r y  s t r a t a  d u r in g  t h e  summer showing a s t r o n g e r  p r e f e r e n c e  f o r  t h e  

0 l a y e r  f o l lo w e d  by th e  A. D uring  f a l l  o f  y e a r  1 a d u l t s  showed a 

s t r o n g e r  p r e f e r e n c e  f o r  t h e  A l a y e r ,  w h i l e  th e y  w ere p r e s e n t  i n  a l l  

s t r a t a  d u r in g  y e a r  2 .

The v a r ia n c e /m e a n  r a t i o  t e s t  f o r  th e  h o r i z o n t a l  d i s t r i b u t i o n  o f  

t h e  dom inan t s p e c i e s  showed t h a t  t h e  0±_ p i l o s u s  p o p u la t io n  was

a g g r e g a t e d .  T h is  c l u s t e r i n g  te n d e n c y  i s  t y p i c a l  o f  th e  D ip lo p o d a  and

can  be r e l a t e d  t o  t h e i r  o v i p o s i t i o n  h a b i t s .

A r e g r e s s i o n  a n a l y s i s  r e v e a l e d  no d i r e c t  r e l a t i o n s h i p  be tw een  

l i t t e r  mass and th e  number o f  0 .  p i l o s u s  i n  a  s a m p le .  S i m i l a r  r e s u l t s  

were o b ta in e d  when a n a l y z i n g  th e  r e l a t i o n s h i p  betw een s o i l  m o i s t u r e  and , 

d e n s i t y .  The s p a t i a l  d i s t r i b u t i o n  o f  0 .  p i l o s u s  was p ro b a b ly  a f f e c t e d

by th e  j o i n t  e f f e c t s  o f  v a r i o u s  p a r a m e te r s  su c h  a s  t e m p e r a t u r e ,

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

P i t f a l l  t r a p  d a t a  showed t h a t  0 ^  p i l o s u s  was th e  most 

s u r f a c e - a c t i v e  s p e c i e s  i n  Baker w o o d lo t .  A c h a r a c t e r i s t i c  p eak  o f  h ig h  

s u r f a c e - a c t i v i t y  was docum ented f o r  e a c h  s p e c i e s .  These p e a k s  o cc u re d  

i n  s p r i n g  f o r  (K_ p i l o s u s , summer f o r  P;_ i n c o n s t a n s  and f a l l  f o r



81

b i v i r g a t u m . The p r e s e n c e  o f  eg g s  i n  d i s s e c t e d  f e m a le s  o f  0 ^  p i l o s u s  and 

P. i n c o n s t a n s  and o f  s m a l l  j u v e n i l e s  i n  t h e  f o l l o w i n g  s e a s o n  may 

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