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ABSTRACT

THE BIOECOLOGY OF POLYDESMUS INCONSTANS LATZEL (DIPLOPODA) IN MICHIGAN

By

Renate Machan S n id e r

The p r e s e n t  s tu d y  was d es ig n e d  to  co m p reh en s iv e ly  a s s e s s  m ajo r 

l i f e  h i s t o r y  p a ra m e te rs  o f  Polydesmus in c o n s t a n s  L a tz e l  1884, a 

polydesm id  m i l l i p e d e  common th ro u g h o u t  Europe and most o f  N orth  

America* L a b o ra to ry  work fo c u se d  on e f f e c t s  o f  te m p e ra tu re  on 

m o r t a l i t y ,  i n s t a r  d u r a t i o n  and re p ro d u c t io n *  Companion s t u d i e s ,  

conduc ted  i n  two d i f f e r e n t  s i t e s  n e a r  M ichigan S t a t e  U n iv e r s i t y ,  

c l a r i f i e d  s e a s o n a l  developm ent and b e h a v io r  o f  _P. in c o n s ta n s  

p o p u la t io n s  i n  th e  f i e l d .

Reproducing l a b o r a t o r y  c u l t u r e s  p ro v id ed  l i v e  m a t e r i a l  f o r  

e x p e r im en ts  a t  f o u r  c o n s t a n t  t e m p e r a tu r e s :  1 0° ,  15*5° , 21® and  26*6°C. 

I n s t a r  d u r a t i o n s  d e c re a se d  w ith  i n c r e a s i n g  te m p e ra tu r e .  D u ra t io n s  d id  

n o t  d i f f e r  betwen se x e s  from s t a g e  1 th ro u g h  VI; b u t  g r a d u a t io n  from 

V II t o  a d u l t  was more r a p i d  in  m ales th a n  in  fe m a le s .  M o r t a l i t y  was 

lo w e s t  a t  1 5 .5 °  and  2 1 8C, s l i g h t l y  h ig h e r  a t  10°C, and d r a s t i c  (up to  

100%) a t  2 6 .6°C.

D u ra t io n  o f  the  egg s t a g e  was a l s o  i n f lu e n c e d  by t e m p e ra tu r e ,

21°C a l lo w in g  th e  most r a p id  d e v e lo p m e n t ; eggs cou ld  no t s u r v iv e  

26 .6°C .

As soon as th e y  reac h ed  m a t u r i t y ,  p a i r e d  a d u l t s  rep ro d u ced  

r e a d i l y .  I n t e r v a l s  betw een o v i p o s i t l o n s  were s h o r t e s t  a t  2 1 °C (a b o u t  

one week) and in c r e a s e d  a t  low er t e m p e r a tu r e s .  F e c u n d i ty  was h ig h e s t  

a t  21°C. At b o th  1 5 .5 °  and 21°C th e  h ig h e s t  numbers o f  eggs were l a i d  

d u r in g  the  f i r s t  e i g h t  o v i p o s i t i o n s , th e n  s t e a d i l y  d e c l in e d .  A maximum 

o f  22 o v i p o s i t i o n s  were r e c o r d e d .  During a  l i f e  t im e ,  a  mean



o f  abou t 500 eggs  were p roduced  p e r  fe m a le ,  w ith  a  maximum of  1100.

Comparison betw een f i e l d - c o l l e c t e d  and l a b o r a t o r y - r e a r e d  a d u l t s  

showed t h a t  l a b o r a t o r y - r e a r e d  fem a les  a c c u r a t e l y  p o r t r a y e d  th e  r e p ro ­

d u c t iv e  p o t e n t i a l  o f  th e  s p e c i e s .  Females o f  b o th  t y p e s ,  when p a i r e d  

w i th  m a le s ,  showed c u r t a i l e d  l o n g e v i ty .  Females i s o l a t e d  a f t e r  

s u c c e s s f u l  m ating  l i v e d  lo n g e r  and o v ip o s i t e d  more o f t e n  th a n  p a i r e d  

i n d i v i d u a l s .  Egg v i a b i l i t y  o f  i s o l a t e s ,  a t  f i r s t  as  h ig h  as  t h a t  of 

p a i r e d  fe m a le s ,  d e c re a s e d  s t e a d i l y  w ith  s u c c e s s iv e  o v i p o s i t i o n s .  Sperm 

s to r a g e  c a p a c i t y  of th e  s p e c ie s  was e f f e c t i v e  d u r in g  th e  p e r io d  of 

maximum egg p ro d u c t io n  ( o v i p o s i t i o n s  1 th ro u g h  9 ) .

F ie ld  d a t a  were o b ta in e d  from a  home g a rd en  i n  1976 and 1978, and 

from a  d ec iduous  w oodlo t i n  1979. £ .  in c o n s t a n s  behaved s i m i l a r l y  i n

a l l  t h r e e  y e a r s :  o v i p o s i t i o n  took  p la c e  from May th ro u g h  A ugust;  young 

h a tc h e d  from  June th ro u g h  A ugust, and g ra d u a te d  to  i n s t a r s  VI, V II and 

V II I  d u r in g  summer and f a l l  g row th .  The l i f e  c y c l e  i n  th e  f i e l d  

encompassed one y e a r .  A d u lts  m a tu r in g  in  l a t e  f a l l  and in  th e  

fo l lo w in g  s p r in g  re p ro d u c e d  from May to  A ugust ,  th e n  d ie d .  S e m e lp a r i ty  

was i n d i c a t e d  n o t  o n ly  i n  th e  f i e l d ,  b u t  was s u p p o r te d  by r e p r o d u c t iv e  

p a t t e r n s  o b se rv ed  in  l a b o r a t o r y  c u l t u r e .

S p a t i a l  d i s t r i b u t i o n  and d e n s i t y  were s tu d i e d  in  a  w oodlo t 

p o p u la t io n .  Low -lying d e p r e s s io n s ,  w ith  t h i c k  l i t t e r  l a y e r s  and 

f a v o r a b l e  te m p e ra tu re  and m o is tu re  c o n d i t i o n s ,  h a rb o re d  d e n s e s t

p o p u la t io n s  (100 t o  200/m on most d a t e s ) .  In  upper s lo p e  a r e a s ,

d e n s i t i e s  i n  l i t t e r  nev er  exceeded  38/m . D e n s i t i e s  in  s o i l  c o u ld

n o t  be e x t r a p o l a t e d  to  l a r g e  u n i t s  because  o f  th e  l a r g e  number of

n i l - c a p t u r e s , bu t  were l i k e l y  to  be low er th a n  th o se  i n  l i t t e r .

Mating b e h a v io r ,  c o n s t r u c t i o n  o f  egg and m o l t in g  cham bers ,  and



a g g r e g a t io n s  were documented in  l a b o r a t o r y  and f i e l d .  Q u a l i t a t i v e  

o b s e r v a t i o n s  on i n c o n s t a n s  as  p rey  f o r  b e e t l e s ,  c e n t ip e d e s  and 

m i l l i p e d e s  showed t h a t  p r e d a t io n  and oophagy c o u ld  be a  s i g n i f i c a n t  

f a c t o r  i n  l i m i t i n g  _P. in c o n s t a n s  p o p u la t io n s .



In memory o f  my f a t h e r
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POLYDESMUS INCONSTANS LATZEL 1884

The Diplopoda have been n e g l e c t e d  by American z o o l o g i s t s  when 

m easured  a g a i n s t  im p re s s iv e  taxonom ic ,  m o rp h o lo g ic a l  and b i o l o g i c a l  

compendia amassed by European i n v e s t i g a t o r s .

American taxonom ic l i t e r a t u r e ,  s p e c i f i c a l l y  p r i o r  to  1940, i s  of 

l i m i t e d  v a lu e  because  i t  c o n s id e r s  o n ly  one o r  a  few s p e c i e s .

F a u n i s t i c  s t u d i e s  have been p u b l i sh e d  f o r  o n ly  t h r e e  s t a t e s : Ohio 

(W il l iam s  and H efne r ,  19 2 8 ) ,  New York ( B a i l e y ,  1928) and M ichigan 

(Jo h n so n ,  1 9 5 3 ) .  R e c e n t ly ,  S h e l l e y  (1978) added a com prehensive  

i n v e s t i g a t i o n  f o r  p a r t s  o f  N orth  C a ro l in a .

The f i r s t  c a ta lo g u e  o f  N orth  American m i l l i p e d e s  was com piled  by 

Bolliuan (18 9 3 ) .  Cham berlin  th e n  p u b l i s h e d  a second i n  1947, and 

Cham berlin  and Hoffman, i n  1958, c o o p e ra te d  to  p u b l i s h  th e  most r e c e n t  

c h e c k l i s t  f o r  North America.

Polydesmus in c o n s t a n s  was d e s c r ib e d  by L a tz e l  in  1884, b u t  was 

th e n  m isp la c e d .  I t  was r e d e s c r i b e d  a s  ]?. d i s t r a c t u s  L a tz e l  i n  1888,

_P. c o r i a c e u s  b o r e a l i s  P o r a t  1889, and P. rhenanus V erh o e f f  1891.

A ccording to  Hoffman ( p e r s .  comm.) a number o f  taxonomic 

d i f f i c u l t i e s  a re  a s s o c i a t e d  w i th  P. i n c o n s t a n s . For many y e a rs  i t  had 

been  d e s ig n a t e d  a s  c o r i a c e u s  P o ra t  1870. This  d e s c r i p t i o n  was based  

on m a t e r i a l  from th e  A zores ,  where i t  had p robab ly  been in t ro d u c e d  from 

so u th w es t  Europe. A p p a re n t ly  t h e  d e s c r i p t i o n  d id  n o t  a c c u r a t e l y  f i t  

t h e  European s y n a n th ro p ic  s p e c ie s  d i s c u s s e d  by S ch u b a r t  (1934b) under  

th e  name o f  c o r i a c e u s .

Cham berlin  and Hoffman (1958) t h e r e f o r e  f e l t  j u s t i f i e d  to  in c lu d e  

th e  s p e c ie s  a s  P. in c o n s t a n s  in  t h e i r  N orth  American c h e c k l i s t ,

1



2

synonym izing i t  w i th  P. c o r i a c e u s  ( n o t  P o r a t )  S c h u b a r t ,  1934. Demange

(1970) gave a  f u l l y  documented a c c o u n t  o f  th e  s i t u a t i o n  based  on ample

A zores m a t e r i a l .  Known synonyms o f  _P. in c o n s t a n s  a r e  l i s t e d  below.

Polydesmus In c o n s ta n s  L a t z e l .  1884. B u l l .  Soc. S c i .  N at. Rouen, s e r .
2, ann .  19 :269

Polydesmus d i s t r a c t u s  L a t z e l ,  1888. B u l l .  Soc. H i s t .  Nat. T o u lo u se ,  
P ro c .  V e rb . : lx x x v

Polydesmus c o r ia c e u s  v a r .  b o r e a l i s  P o r a t ,  1889. E n t .  T id s k r .  v o l  
10 :71

Polydesmus rhenanus  V e rh o e f f ,  1891. B e r l i n e r  E n t .  Z e i t s c h r .  v o l .
36:121

Polydesmus c o r i a c e u s  ( n o t  P o r a t )  S c h u b a r t ,  1934. I n :  D ahl, Die 
T ie rw e l t  D e u ts c h la n d s ,  T e i l  28:165

Polydesmus t e s t i  Bolim an, 1888. P roc . U. S. Nat. Mus. v o l  10:617

Polydesmus s o c a m i u s  C ham berlin ,  1910. Ann. E n t.  Soc. Arner. v o l .
3:252

Polydesmus p i l l d e n s  Humbert, 1894. Mem. Soc. Geneve v o l  32 :14

Polydesmus h o r tu s  W illiam s and  H efn e r ,  1928. B u l l .  Ohio B io l .  Survey 
no. 18 :113

Polydesmus pronom eutes C h am berlin ,  1942. B u l l .  Univ. Utah b i o l .  s e r .  
v o l .  6, no . 8 :9

Polydesmus w h e e le r i  C ausey , 1950. E n t .  News v o l .  61 :197 .

The s p e c ie s  was found i n  M ichigan f o r  th e  f i r s t  tim e by Johnson (1 9 5 2 ) .

A lthough  under d i f f e r e n t  names, i t  was a l r e a d y  known to  o c c u r  in  New

York ( B a i l e y ,  1928 ) ,  Ohio (W il l iam s  and H e fn e r ,  1928),  In d ia n a

(Bollraan, 1 8 8 8 ) ,  U tah (C h am b er lin ,  1 9 1 0 ) ,  C olorado  (C h am b er lin ,  1942)

and N orth  Dakota (C ausey , 1950 ) .  Cham berlin  (1947) l i s t e d

M a s sa c h u s e t ts  and Delaw are as  d i s t r i b u t i o n  r e c o r d s  of EH c o r i a c e u s  (■

i n c o n s t a n s ) ,  add ing  t h a t  i t  was w id esp read  in  th e  e a s t e r n  and

m idw este rn  s t a t e s ,  and had p ro b ab ly  been In t ro d u c e d  from Europe.

In d eed ,  S ch u b ar t  (1934b) and Attems (1540) c i t e  most o f  th e  c o u n t r i e s



o f  Europe i n  t h e i r  g e o g ra p h ic  d i s t r i b u t i o n  r e c o r d s  o f  th e  s p e c i e s .

A ll  o f  J o h n s o n 's  spec im ens  ( Jo h n so n ,  1952) were c o l l e c t e d  i n  s o u th  

c e n t r a l  M ich ig an ,  in c lu d in g  Ingham C ounty , w i th i n  which th e  p r e s e n t  

s tu d y  was c o n d u c te d .  Johnson s u g g e s te d  t h a t  w a te r  m igh t a c t  a s  a  

d i s p e r s a l  a g e n t  o f  the  s p e c i e s ;  he f r e q u e n t l y  found l a r v a e  among d e b r i s  

on s t r e a m  b an k s ,  and showed t h a t  young i n s t a r s  c o u ld  s u r v iv e  submerged 

f o r  36 to  48 h o u rs .  A l l  o th e r  c o l l e c t i o n  s i t e s  were h y g r ic  o r  m e s ic ,  

w i th  a  l a y e r  o f  p r o t e c t i v e  l e a f  l i t t e r .  Johnson a l s o  found th e  s p e c i e s  

i n  g a rd e n s  and c e m e te r i e s ,  and conc luded  t h a t  man was g e n e r a l l y  th e  

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

i n c o n s t a n s ) •

Johnson (1952 , p. 308) d e s c r ib e s  P. c o r i a c e u s  i n  d e t a i l .  The 

d e s c r i p t i o n  i s  co m p reh en s iv e ,  and w i l l  n o t  be r e p e a te d  h e r e .  In 

s u b se q u e n t  c h a p te r s  c h a r a c t e r i s t i c s  o f  the  s p e c i e s ,  now c o r r e c t l y  named 

J?. i n c o n s t a n s , w i l l  be shown i n  c o n te x t  w i th  r e s u l t s  o f  t h i s  

i n v e s t i g a t i o n .

PART I

THE BIOLOGY OF POLYDESMUS INCONSTANS AT CONSTANT TEMPERATURES

1 .  INTRODUCTION

l u l u s  t e r r e s t r i s  Koch (now T achypodo iu lu s  n i g e r  (L ea ch ))  was th e  

f i r s t  m i l l i p e d e  f o r  w hich d ev e lo p m en ta l  d a ta  were o b ta in e d  (Newport, 

1 8 4 1 ) .  L a t e r  in  th e  1 9 th  c e n tu r y ,  a  number o f  e x t e n s i v e  s t u d i e s  

i n v e s t i g a t e d  em bryonic developm ent b o th  o f  i u l i d s  and po lydesm ids  

( M e ts c h n ik o f f , 1971, 1974; C holodovsky , 1895; Rimslcy-Korsakow, 1895;

3
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H e a th c o te ,  1 8 8 6 ,1 8 8 8 ) .  A l l  o f  them s t r e s s e d  d e t a i l s  o f  germ l a y e r ,  o r ­

gan  and appendage developm ent* Much o f  t h i s  e a r l y  work, was th e n  summa­

r i z e d  by At terns ( 1 9 2 6 ) ,  V e rh o e ff  (1928-1932) and F f l u g f e l d e r  (1 9 3 2 ) .

Not u n t i l  C a r l  V erh o eff  s u c c e s s f u l l y  began c u l t u r i n g  v a r io u s  

s p e c i e s  d id  d e t a i l s  o f  anam orphlc developm ent become a  f o c a l  p o i n t  of 

I n v e s t i g a t i o n .  Among d ip lo p o d  developm ent p a t t e r n s ,  t h a t  o f  I u l l f o r m l a  

p roved  most d i f f i c u l t  to  fo l lo w .  In  th e s e  d ip lo p o d s ,  in c rem en t of body 

r i n g s  added p e r  i n s t a r  i s  v a r i a b l e :  a s  Blower and G abbutt (1964) 

i l l u s t r a t e ,  a  fem a le  C y l i n d r o iu lu s  l a t e s t r i a t u s  p o s s e s s in g  38 body 

seg taen ts  may belong i n  any one o f  f o u r  s t a g e s .  F u r th e rm o re ,  m o l t in g  

does  no t  s to p  once m a tu r i t y  i s  a t t a i n e d .  V erhoeff  (1928) f i r s t  

d e s c r ib e d  a l t e r n a t i o n  o f  s e x u a l l y  f u n c t i o n a l  m ales  w i th  i n t e r c a l a r y  

m ales (S c h a l tm a n n c h e n ) : f o l lo w in g  V e rh o e f f ,  t h i s  p ro lo n g ed  anam orphosis  

i s  term ed p e r io d o m o rp h o s is , and i s  now known to  o ccu r  i n  s e v e r a l  i u l i d s  

and  b l a n i u l i d s  ( R a n t a l a ,  1970, 1974; S a h l i ,  1958, 1961, 1966: H alkka, 

1958; Blower and F a i r h u r s t ,  1968). D r i f t  (1951) ob se rv ed  

p e r io d o m o rp h o s is  in  fem a les  a s  w e l l ,  b u t  c h a r a c t e r i z a t i o n  of l a t e r  

i n s t a r s ,  where segment numbers o v e r l a p ,  i s  so d i f f i c u l t  t h a t  even 

H alkaas  (1958) e x t e n s i v e  work does no t  d e t a i l  th e  s u c c e s s io n  o f  fem ale  

i n s t a r s .

The s i t u a t i o n  i s  q u i t e  d i f f e r e n t  i n  N ematophora, Polydesm oidea and 

th e  f i r s t  s i x  s t a g e s  o f  F e n ta z o n ia .  Ins  t a r s  a r e  s e p a r a t e d  by a 

c o n s t a n t  in c re m en t  o f  new seg m en ts .  T here  i s  a  f ix e d  t o t a l  number of 

i n s t a r s  -  e i g h t  i n  p o lydesm ids  -  o f  which th e  l a s t  ( a d u l t )  does n o t  

undergo f u r t h e r  e c d y s e s .  An e x c e p t io n  to  th e  r u l e  i s  p ro v id ed  by 

Brachydesmus s u p e ru s  ( L a t z e l ) :  th e  s u b a d u l t  i n s t a r  may m olt i n t o  one

w i th  th e  a d u l t  number o f  r i n g s ,  b u t  w i th o u t  secondary  s e x u a l
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c h a r a c t e r s ;  th e  gonopods a r e  d eve loped  d u r in g  a  supernum era ry  e c d y s l s  

w i th o u t  a d d i t i o n  o f  segm ents  (S te p h e n so n ,  1961)* Nematophora p o s se s s  

n in e  i n s t a r s  t o t a l  (S c h u b a r t ,  1 9 3 4 a )• In  P e n ta z o n la ,  a  f i x e d  number o f  

anam orphic i n s t a r s  i s  fo l lo w e d  by f o u r  o r  more ep lm orph ic  i n s t a r s  

(V e rh o e f f ,  1928; B low er, 1958; H eath  e t  a l ,  1 9 7 4 ) .

Segmental and appendage numbers a s  g iv e n  by S chubart  (1934a) 

fo l lo w in g  S e i f e r t  (1932) h o ld  t r u e  f o r  a l l  p o ly d esrao id s .  By 

c o n v e n t io n ,  i n s t a r s  a r e  numbered in  roman n u m e ra ls :  I  th ro u g h  V I I I  

( a d u l t ) •

Myriapod eggs a r e  e n c lo s e d  by a  tough  membrane, th e  c h o r io n .  As 

d e s c r ib e d  i n  d e t a i l  by Bohle (1 9 6 4 ) ,  i t  s p l i t s  d u r in g  embryonic 

deve lopm ent,  b u t  one o r  more c u t i c u l a r  l a y e r s  s t i l l  e n c lo s e  th e  embryo, 

which i s  now term ed th e  pupoid  s t a g e .  V erhoeff  c o n s id e r e d  th e  pupoid  

to  be em bryonic and th e  hexapod l a r v a  which h a tc h e s  from i t  t o  be the  

f i r s t  p o s t-em b ry o n ic  s t a g e .  P f l u g f e l d e r  (1 9 3 2 ) ,  Halkka (1958) and 

Dohle (1964) c o n s id e r  the  pupoid  to  be th e  f i r s t  p o s t-e m b ry o n ic  s t a g e ,  

and th e  f r e e - l i v i n g  l a r v a  t h a t  emerges to  be l n s t a r  I I .  Most 

w o rk e rs ,h o w ev er ,  c o n s i s t e n t l y  ad o p t th e  o l d e r  te rm in o lo g y ;  s i n c e  i t  i s  

o n ly  a  m a t t e r  o f  c o n v e n ie n c e ,  th e  f r e e - l i v i n g  hexapod l a r v a  w i l l  h e re  

be c o n s id e r e d  to  be th e  f i r s t  p o s t-em b ry o n ic  i n s t a r .

Once th e  f i r s t  i n s t a r  h a s  em erged, developm ent i s  a ch iev ed  by a 

s e r i e s  o f  m o l ts .  P f l u g f e l d e r  (1 9 3 2 ) ,  Halkka (1958) and Vachon (1947) 

have shown t h a t  anam orphic  g row th  comes ab o u t in  t h r e e  s t e p s :  a )  th e

p r o l i f e r a t i o n  zone forms new segm ents d u r in g  a  m o l t ,  b u t  th e  segm ents  

rem ain  i n  em bryonic c o n d i t i o n  i n  th e  e n su in g  i n s t a r ;  b) a t  th e  n e x t  

m o l t ,  t h e s e  segm ents become r e c o g n iz a b le  body r i n g s ,  b u t  rem ain  

ap o d o u s ; and c) d u r in g  th e  second  m o lt  fo l lo w in g  t h e i r  f o r m a t io n ,  th e s e



6

r i n g s  become podous segments*

F i e l d  sam pling  has e n a b le d  many w orkers  to r e c o n s t r u c t  th e  l i f e  

c y c l e  s t a g e s  o f  m i l l i p e d e s  a s  th e y  o ccu r  s e a s o n a l l y  ( s e e  F a r t  I I ) .  

O b v io u s ly ,  age  s t r u c t u r e  a t  a g iv e n  time o f  y e a r  i s  a p ro d u c t  o f  grow th 

r a t e s  o f  i n d i v i d u a l  i n s t a r s .  That g row th  r a t e s  a re

te m p e ra tu re -d e p e n d e n t  i s  f r e q u e n t l y  im p l ie d ;  th u s  Blower (1970) speaks 

o f  th e  d i f f e r e n t  s t a g e  d i s t r i b u t i o n s  o f  T achypodo iu lu s  n l g e r  i n  "good" 

and "poor '*years .  But l i t t l e  com prehensive  work has  been done on th e  

I n f lu e n c e  o f  te m p e ra tu re  on grow th  r a t e s  und er  c o n t r o l l e d  c o n d i t i o n s .

E a r ly  w orkers  (V e rh o e f f ,  1 9 2 8 ;M iley ,  1927) s u r e l y  had no way o f  

c o n t r o l l i n g  e n v i ro n m e n ta l  c o n d i t i o n s ,  and conduc ted  t h e i r  o b s e r v a t i o n s  

a t  u n s p e c i f i e d  room t e m p e r a tu r e s .  S ince  th e n ,  p ro lo n g ed  r e a r i n g  of 

m i l l i p e d e s  un d er  more o r  l e s s  c o n s t a n t  c o n d i t io n s  has  been r e p o r t e d .

Regard ing  i u l o i d s ,  K e i r a l l a h  (1966) r e a r e d  l u l u s  s c a n d in a v iu s  

L a tz e l  to  a d u l th o o d .  F a i r h u r s t  (1974) p a r t i a l l y  r e a r e d  Ommatoiulus 

s a b u lo s u s  ( L . ) and re c o rd e d  s t a d i a l  d u r a t i o n s  th ro u g h  i n s t a r  I I I .

Halkka (1958) commented on grow th  r a t e  v a r i a t i o n s  due to  te m p e ra tu re  i n  

Sch izophy llum  s a b u lo s u s  ( L . ) ;  f i n a l l y ,  Blower (1974) f u l l y  documented 

th e  p o s t-e ia b ry o n ic  developm ent o f  O phy iu lus  p i l o s u s  (Newport) in  th e  

l a b o r a t o r y ,  under somewhat f l u c t u a t i n g  te m p e ra tu re  c o n d i t i o n s .

Developm ental d a t a  f o r  polydesruoids have been g iv e n  f o r  a v a r i e t y  

o f  s p e c i e s .  F r e q u e n t l y ,  th e s e  a c c o u n ts  co v e r  o n ly  a narrow  segment 

o f  th e  l i f e  c y c le  o f  a  s p e c i e s ,  i . e .  th o s e  segm ents o f  p a r t i c u l a r  

i n t e r e s t  to  th e  I n v e s t i g a t o r  a t  the  t im e .  The most e x t e n s iv e  

o b s e r v a t i o n s ,  m a in ly  u n d e r  v a r i a b l e  c o n d i t i o n s ,  a r e  found in  work by 

Causey (1943) on Orthomorpha g r a c i l i s  (Koch); by K e i r a l l a h  (1978) who 

r e a r e d  t h a t  same s p e c ie s  th ro u g h  a l l  s t a g e s ;  by S tephenson  (1961) on
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Brachydesmus s u p e ru s  ( L a t z e l ) ;  and  by B an e r jee  (1970, 1973) on 

Polydesmus a n g u s tu s  L a tz e l .

M i l l ip e d e s  g e n e r a l l y  do n o t  ap p e a r  to  be d i f f i c u l t  to  m a in ta in  i n  

c u l t u r e ,  a  f a c t  r e f l e c t e d  in  th e  f r e q u e n t  use  o f  d ip lo p o d s  a s  t e s t  

a n im a ls  in  l a b o r a t o r y  s t u d i e s .  B eg inn ing  in  th e  1 9 6 0 's ,  d e t a i l e d  work 

on r e s p i r a t o r y  r a t e s  o f  m i l l i p e d e s  a s  a f f e c t e d  by te m p e ra tu re  was 

p u b l i s h e d  by Byzova (1 9 6 7 ) ,  Dwarakanath (1 9 7 8 a ,b )  and Gromysz-Kalkowska 

(1967 , 1970a ,b ,  1973). R e c e n t ly ,  s p e c i f i c  o b s e r v a t io n s  on l e a f  p a l a t a -  

b i l i t y  (N euhauser  and K a r t e n s t e i n ,  1978) and coprophagy (M cBrayer,

1973) have a l s o  in c lu d e d  po lydesm ids  i n  t h e i r  e x p e r im e n ta l  d e s ig n s .

P robab ly  th e  most th o ro u g h ly  s tu d i e d  polydesm id  i s  Polydesmus 

a n g u s tu s  L a t z e l ,  a  common i n h a b i t a n t  o f  some p a r t s  o f  c o n t i n e n t a l  

Europe (S c h u b a r t ,  1934b; M e id e l l ,  1967) and B r i t i s h  woodlands (B low er, 

1955, 1958, 1970; B a n e r je e ,  1967, 1973).  As S ch u b ar t  (1934a) p o in t s  

o u t ,  common s p e c i e s  a r e  most l i k e l y  to  be i n v e s t i g a t e d ;  s m a l l  wonder 

th e n  t h a t  P. a n g u s tu s  h as  been th e  s u b j e c t  o f  r e s p i r a t i o n  s t u d i e s  

( P h i l l i p s o n ,  19 6 7 ) ,  d e s c r i p t i o n s  o f  d ev e lo p m en ta l  morphology ( P e t i t ,  

1973b, c ,  19 7 6 ) ,  r e p r o d u c t iv e  b io lo g y  ( S a h l i ,  1969) and r e g e n e r a t io n  o f  

appendages ( P e t i t ,  1973a).

C om para tive  s t u d i e s  on grow th r a t e s  under  s e v e r a l  te m p e ra tu re  

reg im es  h a v e ,  to  t h i s  a u t h o r ' s  know ledge, no t been  r e p o r t e d .

S i m i l a r l y ,  r e l a t i o n s h i p s  between te m p e ra tu re  and s u r v i v a l  a r e  no t  

u s u a l l y  s p e c i f i e d .  R a th e r ,  m o r t a l i t y  r a t e s  a r e  e s t im a te d  from s e a s o n a l  

d e n s i t y  d a t a  i n  th e  f i e l d ,  and a r e  s u g g e s te d  to  depend on f a c t o r s  

su ch  as  w a te r lo g g in g  ( M i l l e r ,  1973, 1974; H eath e t  a l . , 1 9 7 4 ) ,  

d e s s i c a t i o n  ( O 'N e i l l ,  1969) o r  food  l i m i t a t i o n  ( M i l l e r ,  1974; Blower 

and M i l l e r ,  1974),  a s  w e l l  a s  on u n s p e c i f i e d  b i o t i c  I n f l u e n c e s .
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Indeed ,  a l l  o f  th e s e  p ro b a b ly  ou tw eigh  th e  s i n g l e  e f f e c t  of 

te m p e ra tu re  s in c e  m i l l i p e d e s  and o t h e r  t e r r e s t r i a l  i n v e r t e b r a t e s  a p p e a r  

to  be c a p a b le  o f  a c t i v e  s e a r c h  f o r  p r o p i t i o u s  m i c r o c l im a t i c  c o n d i t i o n s  

( P e r t t u n e n ,  1953, 1955; H aacker,  1970 ) .  In H a a c k e r 's  e x t e n s iv e  work on 

m i l l i p e d e  eco logy  i n  Germany ( 1 9 6 8 ) ,  he r e l a t e d  d a ta  on te m p e ra tu re  

p r e f e r e n d a  and r e s i s t a n c e  to  ex trem e te m p e ra tu re s  to  th e  g e o g r a p h ic a l  

d i s t r i b u t i o n  r e c o r d s  o f  f o u r t e e n  s p e c i e s .  From the  p o in t  o f  view o f  

co m p a ra t iv e  p h y s io lo g y  h i s  r e s u l t s  were com p reh en s iv e ,  b u t  by v i r t u e  o f  

h i s  e x p e r im e n ta l  d e s ig n  d id  no t  in c lu d e  lo n g - te rm  te m p e ra tu re  e f f e c t s .

Data on d ip lo p o d  r e p r o d u c t iv e  p o t e n t i a l  a r e  s c a r c e  and i n c i d e n t a l ,  

owing to  th e  c r y p t i c  h a b i t s  o f  th e  a n im a l s ,  a n d ,  i n  some s p e c i e s ,  to  

th e  d i f f i c u l t i e s  e n c o u n te re d  i n  t h e i r  r e a r i n g .  Even i n  o th e rw is e  

s u c c e s s f u l  c u t l u r e s ,  a d u l t s  te n d  to  be n o n - r e p ro d u c t iv e  (B low er,  1 9 7 4 ) .  

P o ly d esm o id s ,  many o f  which a r e  sem elparous  (a  s i n g l e  e g g - la y in g  p e r io d  

a f t e r  which th e y  d i e ) ,  a r e  p ro b ab ly  more cond u c iv e  to  l a b o r a to r y  

o b s e r v a t io n  th an  th e  o f t e n  l o n g - l i v e d ,  i t e r o p a r o u s  i u l o i d s .

T ab le  1 summarizes a v a i l a b l e  in f o r m a t io n  on th e  r e p r o d u c t iv e  

p o t e n t i a l  o f  p o ly d esm o id s ,  and in c lu d e s  comments on where and how th e  

in f o r m a t io n  was o b ta in e d .  As a  r u l e ,  th e  p o t e n t i a l  number of 

c o n s e c u t iv e  o v i p o s i t i o n s  by one fem ale a r e  n o t  known. R ecu rr in g  

a c c o u n ts  o f  s i n g l e  o v i p o s i t i o n s  by l a b o r a t o r y - r e a r e d  fem ales  p r e s e n t  a  

s i n g u l a r  c o n t r a s t  to  th e  p ro lo n g ed  r e p r o d u c t iv e  p e r io d s  in  f i e l d  

p o p u la t io n s  ( s e e  P a r t  I I ) .  In  some s p e c i e s ,  s e a s o n a l  o c c u r re n c e  o f  

m atu re  eggs i n  d i s s e c t e d  fem a le s  i n d i c a t e s  t h a t  more th a n  one brood may 

be th e  r u l e  (L ew is ,  1971b).

The l a b o r a t o r y  i n v e s t i g a t i o n s  r e p o r t e d  h e re  were g e a re d  toward 

a s s e s s i n g  th e  fo l lo w in g  a s p e c t s  o f  th e  b io lo g y  o f  £ .  i n c o n s t a n s ;
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a )  G en era l  o b s e r v a t i o n s  on th e  b io lo g y  o f  th e  s p e c ie s  In  

c a p t i v i t y ,  in c lu d in g  n e s t i n g  and m o l t in g  h a b i t s  and q u a l i t a t i v e  

o b s e r v a t i o n s  on th e  s p e c i e s '  p r e d a t o r s ;

b) T em pera tu re -dependency  o f  grow th  r a t e s ,  i . e .  d u r a t i o n  o f  th e  

s t a g e s  when r e a r e d  a t  c o n s ta n t  t e m p e r a tu r e s ;

c)  T em pera tu re -dependency  o f  s u r v i v o r s h i p  o f  each  i n s t a r ;

d )  F e c u n d i ty ,  w i th  a  com parison  betw een l a b o r a t o r y - r e a r e d  and 

f i e l d - c o l l e c t e d  fe m a le s .



Table 1. Summary of available information on the reproductive potential of polydesmoids.

SPECIES AUTHOR NO. EGGS OBSERVED COMMENTS

Oxydesmus sp .

Habrodesmus f a l x

Sphenodesmus
sh e r ib o n g e n s is

Tymbodes f a l c a t u s

Habrodesmus
dubosqui

Xanthodesmus sp .

Xanthode sinus 
physkon

Ampylodesmus 
iy o n is  Murak.

P la ty r rh a c u s  
amauros At terns

Toye 1967

Lewis 1971a

Lewis 1971b

Murakami 1965a

P f lu g f e ld e r  1932

731
range  456-1034

1436 
range 576-2353

81
(167, 56, 49)

172

1213
(702 ,887 ,1213 ,2050)

291
(337 ,232 ,323 ,271 )

1434 
(871, 1997)

u s u a l l y  4-6 
range  1-7

60-80

In c u l t u r e ,  a t  l e a s t  5 
fem ales pe r  s p e c ie s

Counts o f  l a r g e  ova, 3 
fe m a le s ,  f i e l d - c o l l e c t e d

Counts o f  l a r g e  ova, 4 
f i e l d - c o l l e c t e d  fem a le s ;  
" a t  l e a s t  2 b ro o d s /y ea r"

Counts o f  l a rg e  ova ,  4 
f i e l d - c o l l e c t e d  fe m a le s ; 
"presumably 2 broods"

Counts of l a r g e  ova , 2 
f i e l d - c o l l e c t e d  fem ales

59 n e s t s  observed  i n  
c u l tu r e

In c u l t u r e

Strongylosoma 
p a l l i p e s  (O liv )

S e i f e r t  1932 40-60 In c u l tu r e ? ?



Table 1 (cont'd)

Orthomorpha
g r a c i l i s  (Koch)

A p h e lo r ia  c o r ia c e a  
(Koch)

Luminodesmus 
s e q u ia l  
Loomis & Dav.

Euryurus
e ry th ro p y g u s
(B rand t)

Brachydescius
superus  ( L a tz e l )

Polydesmus
com planatus ( L . )

Polydesmus
com planatus ( L . )

Polydesmus
an g u s tu s  L a tz .

Polydesmus
a n g u s tu s  L atz .

Causey 1943

Eaton 1943

Davenport e t  a l  
1952

Miley 1927

Stephenson 1961 

V erhoeff 1928

Voges 1916 

E ffe n b e rg e r  1909 

B anerjee  1973

500 Cne c l u t c h  found in
greenhouse

(1 7 ,4 2 ,5 2 ,6 3 ,1 5 1 )  In c u l t u r e ; 1  ba tch  l a i d
p e r  fem a le ;  s t i l l  con­
ta in e d  m ature eggs upon 
d i s s e c t io n *

1076 In c u l t u r e ;  s i n g l e
o b s e rv a t io n

(70 ,160 ,165 )  3 egg masses counted

526 1 n e s t  i n  c u l tu r e

49 22 n e s t s  o bserved ;
range  42-56 u s u a l ly  only  one brood

2u0 p o s s ib ly  more than  1
brood , w ith  d e c re a s in g  
no. o f  eggs .

25-40 n = ? In c u l t u r e

100 In c u l t u r e

184
range 125-246 In f i e l d

157
range  135-251 In c u l t u r e
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2. MATERIALS AND METHODS

A c o n t in u o u s  su p p ly  o f  i n c o n s t a n s  was a s s u re d  by m a in ta in in g  a 

number o f  s to c k  c u l t u r e s  a t  15° and 21°C. O r ig in a l l y  

f i e l d - c o l l e c t e d  i n  Baker w o o d lo t , (mixed d e c id u o u s  woods on M ichigan  

S t a t e  U n i v e r s i t y  cam pus), th e s e  s to c k s  u s u a l l y  c o n ta in e d  mixed s tag es*  

Once th e  a n im a ls  were a d u l t  th e y  r e a d i l y  rep ro d u ced  in  c u l t u r e ,  and 

t h e i r  progeny were r a i s e d  i n  numbers l a r g e  enough to  p ro v id e  most of 

th e  e x p e r im e n ta l  l i v e  m a t e r i a l  n eeded .  O c c a s io n a l ly ,  s to c k s  were 

r e p l e n i s h e d  by f i e l d - c o l l e c t i o n ; th e s e  an im a ls  were a l lo w e d  a  p e r io d  of 

a d ju s tm e n t  l a s t i n g  no l e s s  th a n  two weeks. Where p e r t i n e n t ,  th e  e x a c t  

p rovenance  o f  e x p e r im e n ta l  an im a ls  w i l l  be m entioned  in  th e  d i s c u s s io n  

o f  r e s u l t s .

A f te r  some t r i a l  and e r r o r ,  c u l t u r e  c o n d i t io n s  were k e p t  c o n s ta n t  

i n  th e  fo l lo w in g  ways:

a )  The b a s ic  s u b s t r a t e  c o n s i s t e d  o f  p l a s t e r  o f  P a r i s  and 

c h a r c o a l ,  mixed w ith  w a te r ,  poured and s e t .  Layered above i t ,  a 

m ix tu re  o f  m o is t  d u f f ,  d eca y in g  wood and l e a v e s ,  and d a rk  woodland 

s o i l ;  th e s e  m a t e r i a l s  p ro v id e d  c o v e r ,  food  and n e s t i n g  m a t e r i a l s  f o r  

t h e  a n im a ls .  D i s t i l l e d  w a te r  was added to  th e  d u f f  when needed to  keep 

i t  m o is t  bu t  n o t  w et. Whenever th e  amount o f  f a e c a l  m a t e r i a l  exceeded 

t h a t  o f  unconsumed d u f f ,  th e  o r g a n ic  m a t te r  was r e p la c e d .

b) Powdered y e a s t  was p ro v id ed  a s  an a d d i t i o n a l  food s o u r c e .  I t  

was r e p la c e d  when i t  had e i t h e r  been e a t e n  o r  when i t  had l e d  to  fu n g a l  

g ro w th .  Y east was r e a d i l y  a c c e p te d  a s  food  by a l l  i n s t a r s .

c) C u l tu r e s  were k ep t  i n  c o n t r o l l e d - t e m p e r a t u r e  c a b i n e t s  

( te m p e r a tu r e s  a v a i l a b l e :  1 0 ° ,  1 5 .5 ° ,  21° and 2 6 .6 °C ) ,  in
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c o n s t a n t  da rk  e x c e p t  d u r in g  o b s e r v a t io n  p e r io d s .

A ll  r e a r i n g  c o n t a i n e r s  were c y l i n d r i c a l  j a r s  o f  c l e a r  p l a s t i c  w i th  

t i g h t  snap-on  l i d s .  C o n ta in e r  s i z e  v a r i e d  depending  on th e  d e n s i t y  of 

th e  p o p u la t io n s  and t h e i r  e s t im a te d  needs f o r  s p a c e .  Two s i z e s  were 

used  most o f t e n :  5 cm d ia m e te r  x 4 cm h ig h ;  and  3 cm d ia m e te r  x 2 .5  cm 

h ig h .

S p e c i f i c  d e t a i l s  o f  r e a r i n g  methods a r e  d i f f i c u l t  t o  in c o r p o r a te  

h e r e  s in c e  th ey  were th e  outcome o f  v a r io u s  o b s e r v a t io n s  and 

e x p e r im e n ts .  Each r e a r i n g  c o n t a i n e r  h a rb o re d  a  p o p u la t io n  o r  an 

i n d i v i d u a l  d i s t i n c t  from th o s e  o f  o t h e r  c o n t a i n e r s ;  e a c h  c o n t a in e r  a l s o  

p ro v id e d  a s e t  of e n v i ro n m e n ta l  c o n d i t i o n s  d i f f e r i n g ,  to  an  unknown 

d e g re e ,  from th o se  o f  o th e r  c o n t a i n e r s .  Throughout any r e a r i n g  program  

minor a d ju s tm e n ts  were made c o n s t a n t l y ,  based  on s u b j e c t i v e  judgm ent -  

in  f a c t ,  to  be most e f f i c i e n t  and h o p e f u l ly  o p t im a l ,  m a n ip u la t io n s  had 

to  vary  between j a r s .  But in  a l l  c a s e s ,  th e  g e n e r a l  p ro ced u re s  

o u t l i n e d  above were fo l lo w e d ,  to  a s s u r e  u n i f o r m i ty  o f  o v e r a l l  c u l t u r e  

c o n d i t i o n s .

M i l l ip e d e  c u l t u r e s  a r e  s u b j e c t  to  i n f e s t a t i o n  by p a r a s i t i c  m ites  

and nem atodes in t r o d u c e d  w ith  th e  o r g a n ic  m a t te r  used  a s  s u b s t r a t e .  

These i n f e s t a t i o n s  can become v e ry  heavy w i th in  s h o r t  p e r io d s  o f  t im e. 

T r a n s f e r r i n g  p a r a s i t i z e d  I n d i v i d u a l s  to  new c o n t a i n e r s  may p os tpone  th e  

b u i ld u p  o f  p a r a s i t e  p o p u la t i o n s ,  b u t  can n o t  s o lv e  th e  problem .

I n f e s t e d  s to c k  c u l t u r e s  were t h e r e f o r e  s im p ly  d i s c a r d e d .  P a r a s i t i z e d  

e x p e r im e n ta l  c u l t u r e s  were a l s o  d i s c o n t in u e d ,  and th e  r e c o rd s  

p e r t a i n i n g  to  them were n o t  u sed  i n  th e  c a l c u l a t i o n  o f  r e s u l t s .
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3. RESULTS
3 .1  G en e ra l  O b se rv a t io n s  on th e  B io logy  o f  P. i n c o n s t a n s

A) M atin g ;

P. in c o n s t a n s  p a i r s  assume th e  same g e n e r a l  c o p u la to r y  a t t i t u d e  

d e s c r ib e d  f o r  o th e r  p o lydesm ids  ( S e i f e r t ,  1932; H arz , 1962) ( F ig u r e  

1 ) .  The male f i r s t  a p p ro ac h es  th e  fem ale  a long  h e r  d o r s a l  m id l in e ,  

th e n  c u rv e s  h i s  a n t e r i o r  body downward and draws th e  fem ale around  so 

t h a t  th e  v e n t r a l  s u r f a c e s  o f  the  p a i r  a r e  opposed. The fem ale  i s  h e ld  

t i g h t l y  by th e  m a le ’ s l e g s ,  e s p e c i a l l y  i n  th e  r e g io n  where gonopods 

and v u lv a e  to u c h ,  and th e  gonopods a r e  i n s e r t e d  in t o  th e  v u lv a e .  The 

l a s t  f o u r  o r  f i v e  segm ents  o f  t h e  p a r t n e r s  a r e  o f t e n  o n ly  l o o s e l y  

j o i n e d ,  f r e q u e n t l y  even s e p a r a t e .

M ating has  been r e p o r t e d  to  l a s t  from a p p ro x im a te ly  10 m in u te s  to  

30 h ou rs  i n  o t h e r  polydesm id  s p e c i e s  ( S c h u b a r t ,  1934a) .  One p a i r  of 

P. i n c o n s t a n s , th e  e x a c t  l o c a t i o n  and p o s i t i o n  of w hich had been 

r e c o r d e d ,  a p p a r e n t ly  d id  n o t  move f o r  24 h o u r s .  F r e q u e n t ly ,  d u r a t i o n s  

o f  s e v e r a l  hours  were r e c o rd e d .  In g e n e r a l ,  th e  a n im a ls  d id  n o t  

r e a d i l y  i n t e r r u p t  m a ting  a c t i v i t y ,  even when p ic k ed  up w ith  f o r c e p s ,  

t r a n s f e r r e d  from j a r  to  j a r ,  and s u b j e c t e d  to  m ild  i l l u m i n a t i o n  and 

h e a t .

The " o u ts t a n d in g  s e x u a l  d r iv e  o f  p o lydesm ids"  was r e f l e c t e d  in  

th e  b e h a v io r  o f  r e c e n t l y  m olted  a d u l t s  i n  l a b o r a t o r y  c u l t u r e .  

C o p u la t io n  f r e q u e n t l y  took  p la c e  w i th i n  a  few h ou rs  o f  emergence from 

th e  m o l t in g  chamber. Tw ice, a  male was o b se rv ed  g r a s p in g  a fem ale  

which had e a t e n  h e r  exuvium, bu t was s t i l l  c u r l e d  i n  h e r  chamber and 

had been a r t i f i c i a l l y  exposed  by d e s t r o y in g  th e  chamber w a l l .  Two o r
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F i g u r e  1 .  M a t in g  p a i r  o f  P .  i n c o n s t a n s ; m a le  o n  t h e  r i g h t ,  

f e m a l e  c o v e r e d  a n d  h e l d  by m a l e ' s  l e g s .
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more m ales were sometimes found c l u s t e r e d  a round  th e  m o l t in g  chambers 

o f  fe m a le s  which had j u s t  begun to  chew t h e i r  way o u t  o f  th e  cham ber. 

Pheromones co u ld  p o s s i b ly  have been In v o lv e d .  Schomann (1956) f i r s t  

d i s c o v e r e d  ch em ica l  r e c o g n i t i o n  s i g n a l s  i n  P o lyxenus  la g u ru s  L. and 

th e y  have been im p l ic a te d  in  c o n s p e c i f i c  b e h a v io r  o f  l u l i d s  (H aacker 

and  F u ch s ,  1970; H aacker, 1969b),  s p i r o b o l i d s  (H aacker ,  1970 ) ,  

chordeum ids (H aacker ,  1971) and g lo m e r id s  ( J u b e r t h l e  and T ab a ca ru ,  

1968; H aacker, 1969a) .

In c u l t u r e ,  a t  c o n s t a n t  t e m p e r a tu r e ,  m a ting  was f r e q u e n t  and n o t  

a t  a l l  a  s e a s o n a l  o ccu re n ce  -  a s  m igh t be e x p e c te d .

B) N e s t i n g :

F ig u re  2 i l l u s t r a t e s  th e  sequence  o f  e v e n t s  in  egg n e s t  

c o n s t r u c t i o n  by a P. in c o n s t a n s  fe m a le .  As a  r u l e ,  th e  p r e l im in a r y  

p r e p a r a t i o n  o f  a n e s t i n g  s i t e  e n t a i l s  th e  rem oval o f  d e b r i s  (sand  and 

o r g a n ic  m a t t e r )  from a ro u g h ly  c i r c u l a r  a r e a  o f  th e  s u b s t r a t e .  A low 

w a l l  i s  b u i l t ,  and the  fem a le  bends h e r  a n t e r i o r  segm ents o ver  th e  

open ing  and d e p o s i t s  h e r  eggs (F ig u re  2A,B,C). Then n e s t  c o n s t r u c t i o n  

p ro ceed s  to  c o m p le t io n .  The dome t h a t  f i n a l l y  e n c lo s e s  th e  eggs 

v a r i e s  i n  c r o s s - s e c t i o n ,  from a  h a l f - c i r c l e  to  a p o in te d  cone w i th  

v i r t u a l l y  s t r a i g h t  w a l l s .  While Polydesm us com plana tus  L. i s  re p u te d  

to  s e t  a  " v e n t i l a t i o n  chimney" on top  o f  th e  dome (vom R ath , 1891; 

Voges, 1 9 1 6 ) ,  no such  s t r u c t u r e s  were e v e r  o b se rv e d  in  i n c o n s t a n s . 

I f  u n d i s tu r b e d ,  th e  fem a les  co v ere d  th e  chamber w i th  o rg a n ic  d e b r i s ,  

an  a c t i o n  r e m in is c e n t  o f  cam ouflage (F ig u re  2 E ,F ) .

Voges (1916) re c o u n te d  th e  p r o t e c t i v e  b e h a v io r  o f  j>. com planatus  

f e m a le s ,  which rem ained w ith  t h e i r  n e s t s  f o r  s e v e r a l  d a y s ,  and q u ic k ly
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F i g u r e  2 .  C o n s t r u c t i o n  o f  a n  e g g  c h a m b e r  b y  a  P .  i n c o n s t a n s  

f e m a l e ;  f ro m  a  low  c i r c u l a r  w a l l  (A) t o  e g g  d e p o s i t i o n  

(B , C ) , c l o s u r e  o f  t h e  n e s t  dome (D) an d  c a m o u f la g e  o f  t h e  

n e s t  w i t h  d e b r i s  (E, F ) .



F i g u r e  2 .
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r e tu r n e d  to  i t  i f  f o r c i b l y  removed. P. in c o n s ta n s  d id  n o t  show t h i s  

k in d  o f  b e h a v io r .

The m a te r i a l  used fo r  b u i ld in g  an egg chamber v a r i e d  acc o rd in g  to 

a v a i l a b i l i t y ;  most commonly, o rg an ic  m a t t e r .  IC was mixed w ith  s o i l ,  

i f  t h e r e  was some in  th e  v i c i n i t y ,  o r  even w ith  c h a rc o a l  i f  the  

p l a s t e r - c h a r c o a l  s u b s t r a t e  happened to  be s o f t  enough to be i n g e s t e d .  

Given n o th in g  but m o is t  sand ,  fem ales  s t i l l  c o n s t r u c te d  chambers (by 

I n g e s t in g  sand?) -  c lum sy, i r r e g u l a r l y  shaped s t r u c t u r e s  which d r i e d  

ou t  and crumbled e a s i ly *  Under normal c o n d i t io n s ,  th e  n e s t  w a l l  was 

t h i n  bu t s t r o n g  and e l a s t i c .

Much d is p u te d  i n  e a r l i e r  work (V erh o e f f ,  1915; vom R a th ,  1891; 

Voges, 1916), th e  mechanics o f  polydesmid n e s t - b u i ld in g  a r e  no lo n g e r  

i n  q u e s t io n .  The fem ale  In g e s t s  m a te r i a l  from the  su r ro u n d in g s  and 

th e  r e s u l t a n t  f a e c a l  m a t t e r ,  ex tru d e d  in  m o is t  d r o p le t s  and p a t t e d  

i n t o  p la c e  by the  r e c t a l  pad, c o n s t i t u t e s  the  a c tu a l  w a l l  m a t e r i a l .  

Females o f  P. in c o n s ta n s  cou ld  o f t e n  be observed  " fo r a g in g ” i n  th e  

v i c i n i t y  o f  a chamber, a l l  th e  w h ile  keeping  u n in t e r r u p te d  c o n ta c t  

w i th  th e  edge of th e  n e s t  by means of t h e i r  p o s t e r i o r  le g  p a i r s .

N esting  s u b s t r a t e s  chosen  by _P. In c o n s ta n s  i n  c u l t u r e  appea red  

to  have one common c h a r a c t e r i s t i c ; they tended  to  be r e l a t i v e l y  

smooth, and s o l i d .  The p l a s t e r - c h a r c o a l  s u b s t r a t e ,  smooth p ie c e s  of 

wood and undecomposed p ie c e s  o f  le a v e s  (F ig u re  3 ) ,  o r  th e  c o n t a in e r  

w a l l  were u t i l i z e d  ( i n  o rd e r  of p r e f e r e n c e ,  a s  c a l c u l a t e d  from a  t o t a l  

o f  500 o b s e r v a t i o n s ) .  S e i f e r t  (1932) s t a t e d  t h a t  po lydesm ids in  

g e n e r a l  tend  to  n e s t  on smooth s u b s t r a t e s .  The on ly  egg chambers 

found in  f i e l d  l o c a l i t i e s  du ring  th e  p r e s e n t  s tu d y  were b u i l t  on 

sm o o th -su r fa c e d  b ranches  and b i t s  of wood.
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F i g u r e  3 .  Egg c h a m b e rs  b u i l t  on  wood an d  l e a f  d e b r i s .



mam#"*



23

C) M o l t in g :

A l l  l a r v a l  s t a g e s  o f  P. I n c o n s ta n s  c o n s t r u c t e d  m o l t in g  chambers 

much In  th e  way t h a t  egg chambers a r e  made, e x c e p t  t h a t  th e  fo rm er 

w ere b u i l t  from the  in s id e *  In  l a t e r  s t a g e s  o f  c o n s t r u c t i o n ,  th e  

r e c t a l  pad and l a s t  p a i r  o f  l e g s  co u ld  o f t e n  be s e e n  a t  work a ro u n d  

t h e  s m a l l  open ing  s t i l l  l e f t  to  be c lo sed*

More o f t e n  th a n  n o t ,  a l r e a d y  e x i s t i n g  s t r u c t u r e s  were used  o r  

i n c o r p o r a t e d  in  th e  chamber d e s ig n .  One i s o l a t e d  i n d i v i d u a l  m o lted  

th r e e  t im e s  (from  I to  IV) i n s i d e  t h e  same seed  c a p s u le ,  u n t i l  i t  

f i n a l l y  outgrew  th e  sp ace  a v a i l a b l e .  A l l  i n s t a r s  took  a d v a n ta g e  o f  

l a r g e  p ie c e s  o f  o rg a n ic  m a t t e r ;  th e y  c ra w le d  u n d e rn e a th  and e n c lo s e d  

th e m se lv e s  by a  c y l i n d r i c a l  w a l l  w hich co n n ec ted  d e b r i s  and s o l i d  

s u b s t r a t e  b e n e a th .

E q u a l-ag ed ,  g rouped  i n d i v i d u a l s  o f  P• i n c o n s t a n s , e . g .  c lo n e s  

from one egg n e s t ,  te n d e d  to  undergo  m o lts  a t  th e  same tim e  and in  th e  

same a r e a  o f  th e  c u l t u r e .  R a th e r  th a n  a c t i v e  a g g r e g a t io n ,  t h i s  may 

s im p ly  r e p r e s e n t  a  c h o ic e  o f  th e  one m ost s u i t a b l e  s p o t  i n  a  somewhat 

h e te ro g e n e o u s  en v iro n m e n t .  C as t s k i n s  were a lw ays consumed b e fo re  

t h e  new i n s t a r s  emerged from t h e i r  cham bers .  To em erge, they  u s u a l l y  

a t e  an amount of chamber w a l l  j u s t  s u f f i c i e n t  to  a l lo w  p assag e  of th e  

body. Blower (1974) o b se rv ed  an  ex te n d e d  p e r io d  of f a s t i n g  (maximum 

o f  30 d a y s )  p r i o r  to  th e  o n s e t  o f  e c d y s i s  i n  O phyiu lus  p i l o s u s  

(N ew port) .  C e s s a t io n  o f  f e e d in g  p r i o r  to  a  m olt was no t tim ed i n  

i n c o n s t a n s , b u t  i s  p ro b a b ly  a g e n e r a l  o c c u r re n c e  In  i n v e r t e b r a t e s ;  

c e n t ip e d e s  and is o p o d s  ( p e r s .  o b s . ) ,  and C ollem bola  (P a le v o d y ,  1974; 

J o o s s e ,  1 9 7 5 ) ,  to  name a few.

D u ra t io n  o f  th e  m o l t in g  a c t  a s  such  -  s p e c i f i c a l l y ,  from
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c o m p le t io n  o f  th e  chamber to  em ergence o f  th e  n e x t  i n s t a r  -  was tim ed 

i n  i s o l a t e d  j?. I n c o n s ta n s  a t  15.5® and 21 °C. T ab le  2 g iv e s  th e  

r e s u l t s *  E cd y s is  from i n s t a r  I  t o  i n s t a r  I I  was o f  s h o r t e r  d u r a t i o n  

th a n  l a t e r  ecdyses*  I n c r e a s e s  i n  m olt d u r a t i o n  were s l i g h t  bu t  

c o n s t a n t  from s t a g e  to  s tage*  The l a s t  e c d y s i s ,  from V II t o  a d u l t ,  

was o f  th e  l o n g e s t  d u r a t i o n  a t  b o th  t e m p e r a tu r e s .  In  g e n e r a l ,  th e  

h ig h e r  te m p e ra tu re  d e c re a s e d  th e  t im e  needed  to  com ple te  a  g iv e n  

e c d y s i s .

T ab le  2. flean d u r a t i o n  o f  m o lts  o f  £ .  in c o n s t a n s  a t  two 

t e m p e r a tu r e s .  Time r e f e r s  to  days e l a p s e d  betw een comple 

t i o n  o f  a m o l t in g  chamber and em ergence o f  th e  n e x t  i n s t a r .

INSTAR

T°C Days I I I I I I IV V VI VII

mean 5 .8 6 .4 6 .9 7 .2 7 .5 8 .7 1 2 .0

1 5 .5 + SD 0 .9 1 .1 0 .9 1 .1 1 .1 2 .0 2 .0

n* 30 30 30 27 22 27 28

ra n g e 4 -8 4-9 5-8 5-9 5-9 5-13 9-16

mean 3 .4 4 .3 5 .0 4. 6 5 .7 7.1 9 .7

21 + SD 0 .6 0 .9 1 .2 1 .1 1 .2 1 .1 1 .9

n= 14 14 14 14 14 14 10

ran g e 3-5 3-6 4-8 4-8 4-7 5-9 8-13
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D) Predation and oophagy:
P r e d a t i o n  on J?. i n e o n s t a n s  was d is c o v e re d  p u re ly  by a c c i d e n t :  a

p a i r  o f  a d u l t s  i n  c u l t u r e  d i s a p p e a re d  o v e r n ig h t ,  a f t e r  new and n o t  v e ry  

th o ro u g h ly  examined d u f f  had been added to  t h e i r  c u l t u r e  j a r .  What 

rem ained  were some s i n g l e  seg m en ta l  r in g s  o f  P. i n c o n s t a n s  and a  l a r g e  

and a c t i v e  c a r a b id  l a r v a  ( P t e r o s t i c h u s  m e la n a r iu s ) .

Time c o n s t r a i n t s  p r o h i b i t e d  l a r g e - s c a l e  q u a n t i t a t i v e  o b s e r v a t i o n s ,  

b u t  as a p o in t  o f  i n t e r e s t  s e v e r a l  q u a l i t a t i v e  s t u d i e s  were th e n  

u n d e r ta k e n .  During f i e l d  c o l l e c t i o n s  i n  l a t e  summer and f a l l ,  any 

p o t e n t i a l  p r e d a t o r s  e n c o u n te re d  were b ro u g h t back to  the  l a b o r a t o r y .  

They were o f f e r e d  w hateve r  s t a g e s  o f  P. in c o n s t a n s  were a v a i l a b l e  an d ,  

where a p p r o p r i a t e ,  a c h o ic e  o f  o t h e r  p rey  s p e c i e s .

A ll  p r e d a t o r s  were o b ta in e d  from h a b i t a t s  known to  h a rb o r  £ .  

i n c o n s t a n s : Baker w o o d lo t ,  l i t t e r  and lo g s ;  t h e  wooded a r e a  o f  th e  

Water Q u a l i ty  Management s i t e  n e a r  M ichigan S t a t e  U n iv e r s i t y  and an 

o rc h a rd  n e a r  Grand R a p id s ,  M ich igan . E x p e r im e n ta l  c o n d i t i o n s  in c lu d e d  

th e  use  o f  p l a s t e r - c h a r c o a l  s u b s t r a t e  i n  th e  u s u a l  c l e a r  p l a s t i c  

c o n t a i n e r s ,  5 cm d ia m e te r ;  and a  few s m a l l  p i e c e s  of decomposed wood -  

to  g iv e  some food to  JP. i n c o n s t a n s , b u t  n o t  enough to  co v e r  th e  f l o o r  

o f  th e  c o n t a i n e r .  O b se rv a t io n  i n t e r v a l s  v a r i e d  from 24 h o u rs  to  3 

d a y s .  Feeding r a t e s  c o u ld  n o t  be c a l c u l a t e d ;  f r e q u e n t l y ,  a l l  p rey  had 

been  consumed a t  th e  tim e o f  o b s e r v a t i o n ,  w i th o u t  a c c u r a t e  checks on 

th e  time span  in v o lv e d .  T o ta l  o b s e r v a t i o n  p e r io d s  a l s o  v a r i e d  betw een 

in d i v i d u a l  p r e d a to r s  ( r a n g e  from one to  t h r e e  w eeks, a f t e r  which time 

m ost o f  them were s t i l l  a l i v e  and f e e d i n g ) .  The r e s u l t s  a r e  summarized 

i n  T ab le  3.



Table 3* Summary of acceptance of various prey by larval and adult predators.

Polydesmus in c o n s ta n s Ophyiulus p i lo s u s Collembola

I 11 I I I  IV V VI VII V III sm all  med. l a rg e F. cand. 11. arm.

Amara s p . , ad . — 0 -  -  -  0 0 0 — —

P te r o s t i c h u s  
m e la n a r iu s , ad. + + -I i i i I i I. i k tTT TT ITT TFT TTT +-H- 4 + 0  0 + +

S ta p h y l in id a e ,  ad.+++ - +++ -  -  0 - - -  - -

P te r o s t i c h u s  
m e la n a r iu s ,  l a r v . + ++ 4+ 4+ +++ +++ +++ +++ -  - + +

T id ab iu s  
t i v i u s ,  ad. ++ - _ _ - - +H-

n o t  o f f e r e d  
0: n o t  acc ep ted
+: o c c a s io n a l ly  acc ep ted
++: u s u a l ly  acc ep ted  
4-H-: always acc ep ted
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CARABIDAE, ADULTS:

P t e r o s t i c h u s  m e la n a r iu s  I l l i g e r :

C o l l e c t e d  In  Baker woodlot and Grand R apids  (n = 9 ) .  O f fe re d :  

Folsom ia Candida (W illem ) and H y p o g a s tru ra  a rm a tus  ( N ic o l e t )  

( C o l le m b o la ) ; P. in c o n s ta n s  I  th ro u g h  V I I I ;  O phy iu lus  p i l o s u s  (Newport) 

o f  " s m a l l ,  medium and l a r g e "  s i z e s .

A l l  i n d i v i d u a l s  o f  t h i s  s p e c i e s  s h a r e d  a  common p r e f e r e n c e :  th e

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

Depending on p r i o r  fe e d in g  h i s t o r y ,  a  maximum o f  te n  a d u l t s  a n d /o r  

s u b a d u l t s  were consumed by one b e e t l e  i n  24 h o u r s .  Also a c c e p te d  w ere 

s m a l l e r  s t a g e s  of J?. i n c o n s t a n s ,  s m a l l  0 .  p i l o s u s , and th e  c o l lem b o lan  

H. a rm a tu s  (a  s l u g g i s h  s p e c i e s ) .

F ig u re  4 i l l u s t r a t e s  th e  segm en ta l  d e b r i s  l e f t  by a  c a r a b id  

f e e d in g  on m i l l i p e d e s .

S u r p r i s i n g l y ,  two o f  th e  c a r a b id s  l a i d  eggs (one and th r e e  eggs 

r e s p e c t i v e l y ) .  Two o f  th e  eggs h a tc h e d .  The l a r v a e  were o f f e r e d  a 

m ix tu re  o f  JT. C and ida , a rm a tu s , and i n s t a r s  I ,  I I  and  I I I  o f  

i n c o n s t a n s .  Of th e s e  p r e y ,  Folsom ia was no t  e a t e n .  H y p o g as tru ra  was 

a c c e p te d ,  a s  were a l l  t h r e e  s t a g e s  o f  th e  m i l l i p e d e .  The g r e a t e s t  

number o f  p rey  consumed by one l a r v a  w i th i n  24 hours  w ere : f o u r

H y p o g as tru ra  and a l l  m i l l i p e d e s  o f f e r e d  ( f i v e  each  o f  s t a g e s  I ,  I I  and 

I I I ) .

A qara s p .  :

C o l l e c t e d  i n  th e  w a te r  q u a l i t y  management a r e a  ( n = l l ) .  Did no t  

a c c e p t  any s p e c ie s  o r  s t a g e  o f  d ip lo p o d s  a s  fo o d .  D isc o n t in u e d  a f t e r  

one week.
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F i g u r e  4 .  D e b r i s  o f  p a r t l y  chew ed  m i l l i p e d e  s e g m e n ts  

l e f t  b y  a  p r e d a t o r y  c a r a b i d .
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F i g u r e  4 .
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STAPHYLINIDAE, ADULT ( u n i d e n t i f i e d ) :

These o b s e r v a t io n s  o f  w o o d lo t - c o l l e c t e d  b e e t l e s  l a s t e d  f o r  s i x  days 

(number o f  b e e t l e s  * 3 ) .  O ffe red  P. in c o n s t a n s  s t a g e s  I ,  I I I  and VI. 

I n s t a r s  I  and I I I  were a lw ays a c c e p te d ,  b u t  n e v e r  i n s t a r  VI (abou t 

tw ic e  as l a r g e  as  th e  p r e d a t o r s ) .

CARABID LARVAE

P t e r o s t i c h u s  m e la n a r iu s  I l l i g e r :

C o l le c te d  i n  Baker w oodlot i n  August (n  = 9 ) .  O f fe re d :  a l l

s t a g e s  o f  _P. i n c o n s t a n s , and th e  C ollem bola  F. Candida and H. a rm a ta .

A ll  were a c c e p te d ,  e s p e c i a l l y  th e  l a r g e r  s i z e d  m i l l i p e d e s .  These 

l a r v a e  w ere a s  v o ra c io u s  a s  th e  a d u l t s  o f  th e  s p e c i e s ,  and e x t re m e ly  

a c t i v e .  F ive  o r  s i x  l a r g e  m i l l i p e d e s ,  p lu s  a  few s m a l l  s t a g e s ,  were 

commonly e a t e n  w i th in  24 h o u r s .

CHIL0P0DA

T ld a b iu s  t i v i u s  (C h a m b e r l in ) :

_T. t i v i u s  i s  a  d im in u t iv e  l i t h o b i i d  (7 -9  nun), c o l l e c t e d  in  Grand 

R ap id s ,  which has  been r o u t i n e l y  r e a r e d  i n  th e  l a b o r a t o r y  on a d i e t  o f  

F. C and ida . A d u lts  o f  t h i s  c e n t ip e d e  were o b se rv ed  f o r  th r e e  

c o n s e c u t iv e  24-hour p e r i o d s ,  i n  th e  fo l lo w in g  e x p e r im e n ta l  s e tu p :

a )  Ten m ales and t e n  fe m a le s ,  s t a r v e d  f o r  f i v e  d ay s ,  v e r s u s  t e n  

i n d i v i d u a l s  o f  each  s e x  which had been w e l l  f e d .  Every 24 h o u r s ,  e a c h  

o f  them was o f f e r e d  20 P. i n c o n s t a n s , s t a g e  I .

b) The same r e p l i c a t i o n  a s  i n  a ) ,  a l s o  fed  and s t a r v e d .  Each was 

o f f e r e d  20 P. i n c o n s t a n s , s t a g e  I ,  and 20 F_. Candida a s  a l t e r n a t i v e  

p re y .
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The w e ig h ts  o f  i n d i v i d u a l  p r e d a t o r s  were n o t  r e c o rd e d .  P o s s ib le  

e f f e c t s  o f  hav ing  f e d  on F. C an d id a , th e  a l t e r n a t i v e  p rey  i n  b ) ,  were 

n o t  known. R a th e r  th an  p e rfo rm in g  q u e s t i o n a b le  a n a l y s e s ,  o n ly  th e  mean 

number of p rey  consumed were c a l c u l a t e d *

a )  In  T a b le  4 ,  s t a r v e d  and f e d  T. t i v i u s  o f  ea c h  sex  a r e  opposed . 

S ta rv e d  a n im a ls  consumed more p re y  i n  24 h o u r s ,  a s  m igh t be e x p e c te d ,  

b u t  s ta n d a r d  d e v i a t i o n s  o f  th e  means were g e n e r a l l y  l a r g e .  L i t t l e  i f  

any d i f f e r e n c e  became a p p a re n t  between th e  sexes*

T ab le  4. Mean number (+ S .D . ) o f  f i r s t  i n s t a r  P. in c o n s t a n s  consumed by 

a d u l t  T id a b iu s  t i v i u s  (C h ilo p o d a )  i n  eac h  o f  t h r e e  c o n s e c u t iv e  24-hour 

p e r io d s .

Fem ales Males

s t a r v e d fed s t a r v e d fed

1O

h o u rs 7 .4  + 6 .3 5 .8  + 4 .0 8 .4  + 6 .0 3 .3  +  2 .6

24 -  48 h o u rs 7 .6  + 4 .8 6 .2  + 4 .9 7 ,9  + 3 .3 4 .7  +  1 .7

48 -  72 h o u rs 9 .2  + 7 .8 3 .2  + 2. 2 6 .4  +  4 .2 5. 7 + 4 .1

b) T ab le  5 shows t h a t ,  g iv e n  a  c h o ic e  of p r e y ,  th e  c e n t ip e d e s  

p r e f e r r e d  th e  C ollem bola to  th e  m i l l i p e d e s ,  w i th  s t a r v e d  i n d i v i d u a l s  

consuming more than  fed  i n d i v i d u a l s .  S in ce  n e i t h e r  w e ig h ts  nor 

p h y s i o l o g i c a l  c o n d i t i o n  o f  th e  an im a ls  were known, th e  r e l a t i v e l y  h ig h  

consum ption  r a t e  of fed  fem ales  ( v s .  f e d  m a les )  can n o t  w ith  c e r t a i n t y  be 

a t t r i b u t e d  to  s ex .
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T ab le  5 . T ld a b iu s  t i v i u s  g iv e n  a  c h o ic e  o f  p r e y  s p e c i e s :  number o f  p re y  

e a t e n  i n  each  o f  t h r e e  c o n s e c u t iv e  24-hou r  p e r io d s  (means +  S. D .) .

S ta rv e d  fem a le s Fed fem a les

DAY 1 2 3 1 2 3

F. in c o n s ta n s I 2.6 1 .6 0 .5 1 .0 o • CO 1 .1

+2*2 + 1 .9 + 1 .2 + 1 .1 + 0 .8 + 0 .9

F . Candida 15 .2 13 .4 8 .0 1 1 .4 11 .2 6 .9

+3. 7 + 3 .7 + 2 .9 + 5 .1 + 3 .6 + 1 .8

S ta rv ed  m ales Fed m ales

P. in c o n s ta n s I 1 .9 1 .6 1 .0 0 .8 0 .3 0 .8

+2.5 +1 .6 + 0 .9 + 0 .9 +0 .5 + 0 .9

F. Candida 13 .6 1 0 .4 8 .1 5 .5 5 .7 4 .8

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

Civen a  c h o ic e  of p r e y ,  JC. t i v i u s  s t i l l  o c c a s i o n a l l y  fe d  on P. 

in c o n s ta n s  I .  F i r s t  i n s t a r s  o f  th e  m i l l i p e d e  a r e  w h ite  and resem ble  _F. 

Candida in  s iz e *  The m i l l i p e d e s  were c e r t a i n l y  n o t  p r e f e r r e d  o ver  th e  

C ollem bola: t h e i r  c o n t in u e d ,  b u t  d e c re a s e d ,  a c c e p ta n c e  by th e  p r e d a to r

may r e p r e s e n t  a c c i d e n t a l  a t t a c h  r a t h e r  th a n  p u rp o s e fu l  f e e d in g .

Feeding h a b i t s  o f  c e n t ip e d e s  have most o f t e n  been i n v e s t i g a t e d  in  

l a b o r a to r y  s t u d i e s ,  w ith  a l i m i t e d  number o f  p rey  s p e c ie s  o f f e r e d  a s  

food to the  p r e d a t o r s .  R oberts  (1956) and Lewis (1 9 6 5 ) ,  how ever,
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a n a ly z e d  th e  g u t  c o n te n t s  o f  f i e l d - c o l l e c t e d  c h i lo p o d s :  none were found

to  c o n t a in  rem a ins  o f  d ip lo p o d s .  A ll  e i g h t  c e n t ip e d e  s p e c ie s  

i n v e s t i g a t e d  had a p p a r e n t ly  been f e e d in g  on m i t e s ,  o p i l i o n i d s ,  s p i d e r s ,  

and o t h e r  c e n t ip e d e s .

DIPLOPODA

D ip lo iu lu s  c o e r u l e o c in c tu s  (Wood) and  O phy iu lus  p i l o s u s  (N ew p o rt) :

Ten a d u l t  i n d i v i d u a l s  o f  eac h  s p e c ie s  were in t r o d u c e d  to  c u l t u r e  

j a r s  c o n ta in in g  eggs of P. i n c o n s t a n s . In  o rd e r  to  a v o id  s t a r v a t i o n  

e f f e c t s ,  y e a s t  was a l s o  added . Y eas t was a l r e a d y  known to  be an 

a c c e p ta b l e  food f o r  bo th  s p e c i e s .

B oth  i u l o i d s  consumed eggs o f  £ .  i n c o n s t a n s , w he ther  th ey  were 

f r e s h l y  l a i d  o r  had d eve loped  to  th e  s t a g e  where th e  c h o r io n  had 

r u p tu r e d .  G e n e r a l ly ,  the  l a r g e  D ip lo i u lu s  consumed more th a n  the  

s l e n d e r  O phy iu lus  i n  24 h o u rs  (a  maximum o f  80 eggs v e r s u s  a  maximum o f  

28 e g g s ) .  Both  s p e c i e s  c o n t in u e d  f e e d in g  on th e  eggs u n t i l  none were 

l e f t ,  o r ,  i n  th e  c a s e  o f  deve loped  e g g s ,  u n t i l  t h e s e  began h a tc h in g .

Given i n t a c t  egg cham bers, b o th  i u l o i d s  a l s o  a t t a c k e d  th o s e .  0 .  

p i l o s u s  s lo w ly  consumed th e  chamber w a l l ,  and some o f  th e  eggs s t i l l  

rem ained  u n touched  a f t e r  n in e  d a y s .  Of e i g h t  n e s t s  o f f e r e d  to  e i g h t  D. 

c o e r u l e o c i n c t u s , no t r a c e s  o f  e i t h e r  n e s t s  o r  eggs rem ained  a f t e r  f o u r  

days .

These r e s u l t s  a r e  t e n t a t i v e .  I t  i s  p ro b a b le  t h a t  exposed eggs w i l l  

be e a t e n ,  s in c e  P. in c o n s t a n s  o c c a s i o n a l l y  c a n n i b a l i z e s  i t s  own eg g s .  

Feed ing  on i n t a c t  n e s t s ,  on th e  o t h e r  hand , c o u ld  i n d i c a t e  a need f o r  

o rg a n ic  m a t t e r  r a t h e r  th a n  an a t te m p t  to  g e t  a t  th e  e g g s .

V a r ia t io n  o f  e x p e r im e n ta l  c o n d i t io n s  and a c c u r a t e  q u a n t i f i c a t i o n
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a r e  c l e a r l y  needed  f o r  a l l  o b s e r v a t io n s  on p r e d a t io n  and oophagy. 

S p e c i f i c a l l y ,  p ro o f  o f  p r e d a t io n  on J?. i n c o n s t a n s  i n  th e  f i e l d  i s  o f  

u tm ost  im p o r ta n c e .  Once t h a t  p ro o f  h a s  been o b ta in e d  f o r  a number of 

p o t e n t i a l  p r e d a t o r s  ( e . g .  th ro u g h  g u t  c o n te n t  a n a l y s e s ) ,  

l a b o r a t o r y - d e r i v e d  f e e d in g  r a t e s  and p r e f e r e n c a  w i l l  g a in  g r e a t e r  

v a l i d i t y .

3 .2  Growth and Development

A) M ethods;

As a r u l e ,  l i v e  an im a ls  f o r  th e  s tu d y  o f  s t a g e  d u r a t i o n  were 

o b ta in e d  from l a b o r a t o r y  s to c k s  r e a r e d  a t  t h e  same te m p e ra tu re  a s  t h a t  

u sed  f o r  a  g iv e n  e x p e r im e n ta l  s e r i e s .  But t h i s  c o n s ta n c y  o f  

te m p e ra tu re  cou ld  n o t  a lw ays be m a in ta in e d .  For o b s e r v a t io n s  a t  

26.6°C an im a ls  from  21°C s to c k s  had to  be u sed ,  becau se  a t te m p ts  to 

r e a r  s to c k s  a t  2 6 . 6°C were u n s u c c e s s f u l .  For ex p e r im e n ts  a t  10°C, 

i n d i v i d u a l s  grown a t  15.5°C  su p p lem en ted ,  when needed ,  th e  

s low -grow ing  s to c k s  k e p t  a t  10°C. For e x p e r im e n ts  a t  1 5 .5 °  and 

21°C, s to c k s  r e a r e d  a t  th o s e  r e s p e c t i v e  te m p e ra tu re s  were a v a i l a b l e .

F re s h ly  m o lted  i n d i v i d u a l s  o f  each  s t a g e  were o b ta in e d  by

ch e c k in g  th e  s to c k s  once a day ; th u s  th e  day o f  e n t r y  i n t o  a  s t a g e  was 

known, and was re c o rd e d  as  day no . 1 in  th e  developm ent o f  newly 

emerged i n s t a r s .

At each  te m p e r a tu r e ,  f o r  i n s t a r s  I  th ro u g h  V I I ,  r e p l i c a t e  c u l t u r e

j a r s  were made up in  th e  u s u a l  way (s e e  S e c t io n  1 .2 )  and te n

new ly-m olted  i n d i v i d u a l s  were In t ro d u c e d  to  e ac h .  With o n ly  fo u r  

e x c e p t io n s  (due to th e  d e p l e t i o n  o f  s to c k s  o f  th e  r i g h t  ag e )  a t o t a l
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o f  abou t 100 an im a ls  of each  s t a g e  were o b se rv ed  a t  each  te m p e ra tu r e .

At I n t e r v a l s  o f  1 to  3 days th e  c u l t u r e s  were th e n  checked f o r  

m o l t in g  a c t i v i t y ,  and a l l  a n im a ls  t h a t  had emerged from t h e i r  chambers 

(and now belonged  to  th e  su b se q u e n t  I n s t a r )  were c o u n te d ,  sexed  and 

removed. From i n s t a r  IV on , eac h  o f  th e  r e p l i c a t e  c o n t a i n e r s  was 

s to c k e d  w ith  f i v e  males and f i v e  f e m a le s .  In  a few i n s t a n c e s  e q u a l  

numbers of eac h  sex  were n o t  a v a i l a b l e ,  bu t  th e  o v e r a l l  sex  r a t i o  pe r  

s e r i e s  was k e p t  a s  c lo s e  to  u n i t y  a s  p o s s i b l e .

For the  s tu d y  o f  em bryonic deve lopm en t,  some o f  the  many egg 

b a tc h e s  l a i d  by p a i r e d  fem ales  were s e t  a s i d e  and o b se rv e d .  These 

eggs were k e p t  a t  each o f  the  th re e ,  t e m p e r a tu r e s  a t  which th ey  had 

been  l a i d :  1 0 ° ,  1 5 .5 °  and 21°C. By removing o n ly  t h e  to p  o f  th e  n e s t  

dome, em bryonic developm ent c o u ld  be ob se rv ed  w i th o u t  c o m p le te ly  

d e p r iv in g  th e  eggs o f  t h e i r  p r o t e c t i v e  e n c l o s u r e .

B) Embryonic developm ent and h a t c h in g

At th e  tim e th e y  a r e  l a i d ,  eggs o f  j?. i n c o n s t a n s  a r e  w h i te ,  

op aq u e ,  and m easure 0 .4  mm i n  d ia m e te r .  They soon become o v o id a l ,  and 

th e  c h o r io n  s p l i t s  a f t e r  a  te m p e ra tu re -d e p e n d e n t  i n t e r v a l  o f  em bryonic 

grow th (T a b le  6 ) .  The embryo i s  w e l l  v i s i b l e  th rough  i t s  t r a n s l u c e n t  

membranes (F ig u r e  5 ) .  H atch ing  o c c u rs  soon t h e r e a f t e r  a t  21°C, b u t  i s  

r e t a r d e d  by low er te m p e ra tu re s  (T a b le  7 ) .  At 10°C i n  p a r t i c u l a r ,  

em bryonic l i f e  may l a s t  a p p ro x im a te ly  3 months.

H atch ing  b eg in s  w ith  slow movements o f  th e  embryo. I t  s t r e t c h e s  

from i t s  c u r l e d  p o s i t i o n  -  w i th  l e g s  h e ld  s t r a i g h t  back  a lo n g  th e  body 

-  u n t i l  th e  head and most o f  th e  rump a r e  f r e e d  from th e  c h o r io n  c a p s .  

T his  f i r s t  phase  may l a s t  from 7 rain to  h a l f  an hour (n  -  6
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F i g u r e  5 .  Egg d e v e lo p m e n t  a n d  h a t c h i n g .  A: f r e s h l y  l a i d  

e g g s ;  B: c h o r i o n  r u p t u r e d ,  t r a n s l u c e n t  e m b ry o s  v i s i b l e ;

C, D: l a r v a  f r e e i n g  i t s e l f  f ro m  c h o r i o n ;  E : f i r s t  i n s t a r s  

a f t e r  f e e d i n g  h a s  b e g u n .
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o b s e r v a t i o n s ) , and i s  fo l lo w e d  by a l t e r n a t i n g  p e r io d s  o f  im m o b il i ty  

and f u r t h e r  s t r e t c h i n g .  During th e  n e x t  30 to  100 m in u te s  (n  * 8 ) ,  

t h e  le g s  a r e  b ro u g h t  fo rw a rd  to  t h e i r  normal p o s i t i o n ,  and 

th e  t i p  o f  th e  abdomen i s  f r e e d  from th e  gap ing  c h o r io n  s h e l l s *  A f te r  

a  t o t a l  o f  1 to  2 h o u r s  (n = 5) th e  l a r v a  i s  c a p a b le  o f  w alk ing  a b o u t .  

F ig u re  5 i l l u s t r a t e s  some o f  th e  s t a g e s  d i s c u s s e d  above .

T ab le  6. Number o f  days between d e p o s i t i o n  of eggs  and r u p tu r in g  of 

th e  c h o r io n .

10°C 1 5 . 5°C 21 °C

mean days +  S. D. 29 .5  +  2 .1 1 2 .3  + 0 .7 •CO + 0 .7

range 26 -  33 11 -  13 7 -  9

n (b a tc h e s  o b se rv e d ) 15 12 20

T ab le  7. 1-lean t o t a l  d u r a t i o n  o f  em bryonic d ev e lo p m en t ,  from egg 

d e p o s i t i o n  to  th e  tim e when th e  m a jo r i t y  o f  eac h  b a tc h  have h a tc h e d .

10°C 15.5°C 21 °C

mean days  + S.D. 8 2 .6  + 3 .4 1 8 .6  + 0 .9 1 2 .8  + 0 .8

ran g e  7 6 - 8 7 18 -  21 11 -  14

n ( b a tc h e s  o b se rv e d )  18 19 17

In n e s t s  which had been opened f o r  o b s e r v a t io n  of embryonic



39

d eve lopm en t ,  h a tc h e d  l a rv a e  began l e a v in g  th e  n e s t  e n c l o s u r e  soon 

a f t e r  f r e e  movement had been  a t t a i n e d .  This may n o t  be th e  normal 

sequence  o f  e v e n t s .  In  cham bers b u i l t  a g a i n s t  th e  t r a n s p a r e n t  

c o n t a i n e r  w a l l ,  h a tc h in g  co u ld  be o b se rv ed  w h ile  th e  n e s t s  were 

i n t a c t :  a  maximum of 6 days ( a t  10°C) o f  slow  m l l l i n g - a b o u t  of th e

l a r v a e  i n s i d e  th e  chamber c o u ld  fo l lo w  th e  o n s e t  o f  h a t c h in g .

Larvae emerged from i n t a c t  n e s t s  by chewing t h e i r  way o u t .

F ig u re  6 i l l u s t r a t e s  t h a t  s e v e r a l  such  e scap e  h o le s  may be made, i n  

v a r io u s  l o c a t i o n s  -  a l th o u g h  a o s t  f r e q u e n t l y  a l l  l a r v a e  e scaped  

th ro u g h  a s i n g l e  h o le  made n e a r  th e  bottom  o f  th e  chamber dome. The 

l a r v a e  began fe e d in g  w i th in  a  day o f  h a t c h in g ;  th e  d a rk  g u t  c o n te n ts  

were th e n  v i s i b l e  th ro u g h  t h e i r  w h ite  dorsum (F ig u r e  5 ) .

C) P o s t-em b ry o n ic  developm ent

S in ce  i n t e r v a l s  betw een o b s e r v a t i o n s  o f t e n  encompassed more th a n  

24 h o u r s ,  th e  d a ta  on s t a g e  d u r a t i o n  were summarized a t  f i v e  -  day 

i n t e r v a l s .  The m edian days o f  th e s e  t im e  spans  were th e n  used to  

c a l c u l a t e  mean d u r a t i o n s :  e . g . ,  i f  f i v e  an im a ls  m o lted  to  th e  n e x t

i n s t a r  between days 41 and 43 , day 43 was used as  th e  emergence day 

f o r  a l l  o f  them.

T able  8 d e t a i l s  th e  r e s u l t s .  I t  sh o u ld  be n o te d  t h a t  mean 

d u r a t i o n  o f  eac h  s tad iu m  r e p r e s e n t s  th e  amount of tim e s p e n t  in  a 

s t a g e  p lu s  th e  amount of t im e needed  t o  undergo e c d y s i s  (f rom  day 1 of 

a  s ta d iu m  to  day 1 of th e  n e x t  s ta d iu m ) .

Animals r e a r e d  a t  1 0°C d e v e lo p e d  ex tre m e ly  s lo w ly .  With th e  

e x c e p t io n  o f  s ta d iu m  1, d u r a t i o n s  v a r i e d  g r e a t l y  between i n d i v i d u a l s .  

At 15 .5°  and  21°C d e v i a t i o n s  from th e  means were q u i t e  s m a l l ,  i n  a l l
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Figure 6. Escape holes made in chamber walls by first 
instars of P. inconstans.



F i g u r e  6 .
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s t a d i a  e x c e p t  V II .  I l l u s t r a t e d  g r a p h i c a l l y ,  ( F ig u r e  7 ) ,  th e  d a ta  

c l e a r l y  show t h a t  t h e r e  was l i t t l e  d i f f e r e n c e  betw een th e  d e v e lo p m e n ta l  

r a t e s  a t  th e s e  two t e m p e r a tu r e s .  At 2 6 . 6°C m o r t a l i t y  was so h ig h  t h a t  

o n ly  a few r e c o r d s  o f  s ta d iu m  d u r a t i o n  cou ld  be o b ta in e d  (T ab le  8 ) .

The te n  a n im a ls  t h a t  s u rv iv e d  s t a g e  IV i n t o  s t a g e  V showed an 

I n t e r e s t i n g  l e n g th e n in g  o f  s tad iu m  d u r a t i o n  by com parison  to  low er 

t e m p e r a t u r e s .  But f o r  v a l i d  c o n c lu s io n s ,  th e  o b s e r v a t io n s  would have 

to  be  r e p e a te d  under d i f f e r e n t  c o n d i t i o n s :  a l t e r a t i o n  o f  ty p e s  and

l a y e r i n g  o f  s u b s t r a t e s ,  o r  p r i o r  a c c l im a t i o n  o f  t e s t  a n im a ls ,  sh o u ld  be 

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

S in ce  t h e r e  a r e  i n d i c a t i o n s  t h a t  m ale po lydesm ids  m a tu re  f a s t e r  

th a n  f e m a le s ,  p a r t  o f  th e  r e s u l t s  were t e s t e d  f o r  s e x - s p e c i f i c  

d i f f e r e n c e s  i n  s tad ium  d u r a t i o n .  Given th e  v a r i a b i l i t y  e n co u n te red  

(T ab le  8 ) ,  m ajor d i f f e r e n c e s  seemed t o 'o c c u r  o n ly  i n  th e  p e n u l t im a te  

s tad iu m  and only  a t  1 5 .5 °  and 21°C.

V a r ia n c e s  and c o e f f i c i e n t s  o f  v a r i a t i o n  were b o th  u n e q u a l ,  and 

W elch 's  (1938) a p p ro x im a te  d e g re e s  o f  freedom  and Behrens (1929) t - l i k e  

t e s t  s t a t i s t i c  were a p p l i e d  to  th e  d a t a .  At b o th  t e m p e r a tu r e s ,  the  

d u r a t i o n  o f  s ta d iu m  V II proved  to  be s i g n i f i c a n t l y  g r e a t e r  in  fem a le s  

t h a t  i n  males (p < 0 . 0 0 0 5 ) .

Two o t h e r  o b s e r v a t io n s  p ro v id e d  s u p p o r t  f o r  th e s e  t e s t  r e s u l t s :

a )  A number o f  J?. in c o n s t a n s  were r e a r e d  i n  i s o l a t i o n  from th e  

day o f  h a tc h in g  to  the  day o f  a d u l th o o d .  R e p l i c a t i o n  was low, and no 

s t a t i s t i c a l  t e s t s  were perfo rm ed . But a g a i n ,  mean d u r a t i o n  o f  th e  

e n t i r e  l i f e  c y c le  was s h o r t e r  i n  males th an  in  fe m a le s ,  a t  bo th  15.5® 

and 21°C (T ab le  9 ) .

b) Some o f  the  c lo n e s  which were r o u t i n e l y  r e a r e d  to  ad u l th o o d  as
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Table 8* Mean d u r a t io n ,  i n  d a y s ,  o f  th e  s t a d i a  a t  fo u r  tem pera tu res*

DAYS

STADIUM I 11 ?  I l l d* Q  IV 3 $ v 3 2  VI 3 2  VII d >

n 44 81 50 49 42 52 50 49 49 47 23 24

10°C mean 48 .6 121.3 138.5 135.1 93.4 142.4 64 .6 79.1 88.4 82.9 101.5 96.1

+  SD 5.6 62.5 27.2 21.0 63.8 57 .0 26.3 42.5 37.5 28.4 29 .9 26 .9

n 95 95 46 53 50 48 50 49 48 50 20 23

15.5°C mean 18.9 21 .5 25 .6 26.3 22.5 19.7 28.1 23.4 32.8 30.2 73.7 48.2

+ SD 3.0 3 .2 5.7 4 .3 2.9 2 .4 7.7 8 .0 6 .9 5.4 23.7 20.4

n 99 97 52 46 49 50 49 40 49 47 38 48

21°C mean 13.3 16 .5 23.7 23 .0 19 .0 16 .6 28.0 26.3 35 .8 36.1 64.5 43 .3

+ SD 1.4 3 .8 4 .2 6.3 2 .9 2.3 7.1 10 .4 7.8 7.1 18 .3 15.6

n

26.6°C mean 

= SD

3

10.7

0 .9

1

(33)

2

40. 5

10

43.1

6 .1
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p a r t  o f  s to c k  c u l t u r i n g  were a l s o  checked  f o r  th e  f i r s t  ap p ea ran ce  o f  

a d u l t s *  At 21°C (n=5 c l o n e s )  m ales a p p e a re d  f i r s t  i n  a l l  o f  them, 

m a tu r in g  e a r l i e r  th a n  fem ales  by a  mean o f  44 days  ( ra n g e  15-80 days)*  

At 15*5°C (n  « 17 c l o n e s )  m ales m a tu red  e a r l i e r  i n  15 o f  th e  c u l t u r e s ,  

p re c e d in g  fem a les  by a  mean o f  27 days ( r a n g e  5 -5 8  days)*

Males th u s  tend  to  m ature  e a r l i e r  th a n  fe m a le s ,  m a in ly  due to  a 

r e l a t i v e l y  s h o r t  d u r a t i o n  o f  s tad iu m  VII* In  th e  f i e l d  ( S e c t io n  I I .  

2 * 4 .)  a s i m i l a r  t r e n d  was a p p a re n t  in  f a l l  s am p le s :  among i n d i v i d u a l s

m a tu r in g  i n  S ep tem b er-O c to b er ,  t h e r e  was a  p rep o n d e ran c e  o f  m ales which 

l a s t e d ,  how ever, no lo n g e r  th a n  5 to  6 w eeks.

T ab le  9. Mean t o t a l  d u r a t i o n ,  i n  d a y s ,  o f  the  p o s t-em b ry o n ic  

developm ent o f  j?. in c o n s t a n s  r e a r e d  i n  i s o l a t i o n  from h a tc h in g  to  

a d u l th o o d .

mean ±  S. D. n«*

15.5°C fem ale 241.9  +  41 .7 12

male 213 .6  + 31 .6 16

21°C fem ale 190 .0  + 38 .2 10

male 1 6 8 .2  + 26 .2 15

D) Sex r a t i o s  i n  c u l t u r e :

Seven egg b a t c h e s ,  produced  by p a i r e d ,  l a b o r a t o r y - r e a r e d  fe m a le s ,  

were r e a r e d  u n t i l  a l l  p rogeny had rea c h e d  i n s t a r  IV* M o r t a l i t y  d u r in g  

t h a t  tim e was n o t  a s s e s s e d .  Thus, on ly  th e  f i n a l  number o f  i n d i v i d u a l s  

i n  eac h  c lo n e  was known (T ab le  1 0 ) .  They were k i l l e d  and sexed
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( i n c l u d in g  th o se  e x t r a c t e d  from m o l t in g  chambers)*

P e rc e n t  fem a les  p e r  c lo n e  ranged  from  3 9 .0  to  5 9 .5 ,  w ith  a  mean o f  

48.5%. Sex r a t i o  o f  progeny p roduced  in  c u l t u r e  was th u s  c l o s e  to  

u n i t y .

During the  time when s to c k  an im a ls  were used f o r  o b s e r v a t i o n s  on 

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

c o n f i rm e d .  More th a n  2500 l a b o r a t o r y - r e a r e d  i n d i v i d u a l s  were needed 

f o r  t h e s e  o b s e r v a t i o n s ; t h e r e  was n e v e r  a  d e a r t h  o f  an im a ls  o f  e i t h e r  

s e x ,  from i n s t a r  IV to  V l l  ( a l t h o u g h  t h e r e  w as, e v e n t u a l l y ,  a  l a c k  o f  

an im a ls  o f  s p e c i f i c  i n s t a r s ) .  A ll  s to c k s  ap p e a re d  to  c o n t a in  ro u g h ly  

e q u a l  numbers o f  each  sex .

T ab le  10. P e rc e n t  fem ales  in  l a b o r a t o r y - r e a r e d  c lo n e s .

Clone no._______ 1________ 2________ 3________ 4________ 5________ 6________ 7

n o . / c l o n e  37 71 47 56 39 25 . 39

% fe m a le s  5 9 .5  59 .2  4 4 .7  4 8 .2  4 8 .7  40 .0  3 9 .0

3 .3 .  S u rv iv a l

A) Methods^

The r e c o r d s  o b ta in e d  f o r  th e  d u r a t i o n s  o f  Immature s t a d i a  o f  j?. 

i n c o n s t a n s  were a l s o  used  to  e s t i m a t e  t e m p e r a t u r e - s p e c i f i c  

s u r v i v o r s h i p .  M o r t a l i t y  i n  th e s e  c u l t u r e s  was n o t  a s s e s s e d  on a  d a i l y  

b a s i s .  Dead P. i n c o n s t a n s  were d i f f i c u l t  to  l o c a t e  w i th o u t  s e v e re  

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

had o c c u r r e d  i n s i d e  a  m o l t in g  chamber. T h e re fo re ,  2 t o  4 weeks a f t e r  

th e  ecdyses  of th e  presumed l a s t  l i v e  i n d i v i d u a l s  o f  a  g iv e n  s t a g e ,  th e
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c u l t u r e s  were th o ro u g h ly  examined f o r  dead  a n im a ls .  V i r t u a l l y  a l l  o f  

them c o u ld  be l o c a t e d .

B) S u r v iv a l  o f  im matures

The d a t a  f o r  immatures were e x p re s s e d  as  t o t a l  p e r c e n t  s u r v i v a l  

p e r  s t a g e  and te m p e ra tu r e .  R a th e r  th a n  t i m e - r e l a t e d  m o r t a l i t y  r a t e s , 

th e y  th u s  r e f l e c t  th e  s u r v iv o r s h ip  p o t e n t i a l  o f  i n d i v i d u a l s  from the  

tim e th e y  e n t e r e d  a  s t a g e  to  t h e i r  emergence a s  th e  n e x t  h ig h e r  i n s t a r .  

A pprox im ate ly  100 i n d i v i d u a l s  o f  each  s t a g e  were o b s e rv e d ,  the  

e x c e p t io n  b e in g  s t a g e  V II o f  which n o t  enough were a v a i l a b l e .

S u rv iv a l  a t  26.6°C was so poor t h a t  i n s t a r  V II was n o t  s u b je c te d  

to  t h a t  te m p e ra tu r e .  S tage IV had th e  h ig h e s t  s u r v i v a l  p e r c e n ta g e  

(10%), w h i le  no V and V I, and o n ly  v e ry  few I ,  I I  and I I I ,  s u rv iv e d  

(T ab le  1 1 ) .

At 15 .5°  and 21°C s u r v i v a l  f r e q u e n t l y  reac h ed  100%, w ith  l i t t l e  

e v id e n c e  o f  d i f f e r e n c e s  between th e  two te m p e ra tu re s  o r  between 

i n s t a r s .  O v e r a l l ,  b o th  m ales and fem a le s  ap p e a re d  to  s u r v iv e  e q u a l ly  

w e l l  (T ab le  1 1 ) .

Only 44% o f  the  i n s t a r  I  r e a r e d  a t  10°C s u c c e s s f u l l y  m olted  to  

i n s t a r  11. P e r c e n t  s u r v i v a l  th e n  ro s e  t o  79% f o r  I I ,  and f i n a l l y  

reach ed  l e v e l s  o f  90 to  98% s i m i l a r  to  th o s e  re c o rd e d  a t  1 5 .5 °  and 

21°C.

High m o r t a l i t y  o f  sm a l l  s t a g e s  a t  10°C may be a t  l e a s t  p a r t i a l l y  

an a r t i f a c t .  Toward th e  v e ry  end o f  t h e s e  o b s e r v a t io n s  th e  s u b s t r a t e  

used f o r  i n s t a r s  I  and  I I  c u l t u r e s  was found to  d i f f e r  s l i g h t l y  from 

t h a t  used  f o r  o th e r  i n s t a r s :  th e  d u f f  was c o a r s e r ,  c o n ta in e d  l e s s  l e a f  

mold and o r g a n ic  d e b r i s  and seemed to  have a l e s s e r  c a p a c i t y  f o r  w a te r
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r e t e n t io n *  I f  f i r s t  and second  i n s t a r s  were in d e ed  f o r c e d  to  m olt 

un d er  in a d e q u a te  c o n d i t i o n s ,  th e n  m o r t a l i t y  o f  sm a l l  s t a g e s  would have 

been  o v e r e s t im a te d .

S u r v iv a l  d a t a  a r e  g r a p h i c a l l y  summarized i n  F ig u re  8 ,  w i th o u t  

d i f f e r e n t i a t i o n  betw een sexes* I f  one d i s r e g a r d e d  th e  d a ta  f o r  I  and 

I I  a t  10°C, s u r v i v o r s h i p  was h ig h  -  v i r t u a l l y  e q u a l ly  so -  a t  

te m p e ra tu r e s  ra n g in g  from 10° to  21°C. High m o r t a l i t y  a t  26.6°C  may 

be i n t e r p r e t e d  a s  a  r e s u l t  o f  th e  long  p e r io d s  o f  exposu re  o f  a n im a ls  

to  t h a t  t e m p e ra tu r e :  t h e r e  i s  e v id e n c e  from bo ard  c a p t u r e s  in  th e

f i e l d  (see  S e c t io n  I I . 3 . 3 . )  t h a t  b r i e f  p e r io d s  o f  h ig h  te m p e ra tu re  can 

be endured  by P. i n c o n s t a n s .

C) S u r v iv a l  o f  a d u l t s

'B* i n c o n s t a n s  used i n  s t u d i e s  o f  te m p e ra tu re -d e p e n d e n t  

r e p r o d u c t io n  ( S e c t i o n  1 . 3 . 4 . )  stemmed from l a b o r a t o r y  s t o c k s .  They 

were c o l l e c t e d  and p a i r e d  upon c o m p le t io n  o f  t h e i r  f i n a l  m olt (day  1 

o f  a d u l t  l i f e ) .  S ince  t h e i r  day o f  d e a th  was known, th e  r e c o rd s  were 

used  to  a s s e s s  th e  e f f e c t s  o f  t e m p e ra tu r e  on a d u l t  l o n g e v i t y .

At 21°C, o b s e r v a t io n s  were c a r r i e d  th ro u g h  to  th e  d e a th  o f  a l l  

i n d i v i d u a l s .  At 10° and 1 5 .5°C , th e  s tu d y  was d i s c o n t in u e d  on day 330. 

At t h a t  t im e ,  4 fe m a le s  and 6 m ales were s t i l l  a l i v e  a t  10°C; 2 

fem a les  and 1 male were a l i v e  a t  15 .5°C . L o n g ev ity  was c a l c u l a t e d  

w ith o u t  r e g a r d  to  th e s e  s u r v i v o r s ,  and lo n g e v i ty  means a r e  t h e r e f o r e  

ap p ro x im a te  r a t h e r  th an  e x a c t  v a lu e s .

F ig u re  9 shows t h a t  between 10° and 21°C th e  r e l a t i o n  between 

lo n g e v i ty  and te m p e ra tu re  a p p e a r s  to  be l i n e a r ,  f o r  bo th  males and 

f e m a le s ;  and t h a t  26. fc°C p ro b a b ly  comes c l o s e  to  th e  upper  l e t h a l
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Figure 8. Percent survival of immatures at four temperatures.



Table 11* S u rv iv a l  of immatures a t  fo u r  te m p e ra tu re s ,  c a l c u la te d  from the number of 

an im als  o f  a  g iven  s ta g e  t h a t  s u c c e s s f u l ly  m olted  to  the  subsequent s tage*

INSTAR

1 I I  I I I  IV V VI VII
C? £  d*

n 100 100 100 46 54 51 51 50 50 24 25

10°C % s u rv iv . 44 .0 79.0 99 .0 91.3 96.3 98.0 96.1 98 .0 94 .0 95.8 96 .0

n 100 100 100 51 49 50 50 49 51 29 26

1 5 .5°C % surv iv* 95.0 95 .0 9 9 .0 98 .0 98.0 100 98.0 98.0 98 .0 100 92 .0

n 100 99 100 50 50 50 40 50 50 40 50

21°C % s u r v iv . 99.0 98 .0 98 .0 98.0 100 98 .0 100 98.0 94.0 95 .0 9 5 .0

n 100 100 100 100 100 100

26.6°C Vo s u r v iv . 3 .0 1 .0 2 .0 10. 0 0. 0 0 .0
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te m p e ra tu re  f o r  I n c o n s t a n s * A p o s s i b l e  dichotomy i n  lo n g e v i ty  

be tw een  m ales  and fem a les  a t  10° and 1 5 . 5°C was t e s t e d  w ith  B eh ren s ' 

(1929) t - s t a t i s t i c .  At 10°C m a les  l i v e d  s i g n i f i c a n t l y  lo n g e r  th an  

fe m a le s  (p < 0 . 0 5 ) ,  bu t  n o t  so a t  15*5°C (p < 0 * 1 ) .

The p r o g r e s s iv e  m o r t a l i t y  o f  fem a les  over  tim e i s  i l l u s t r a t e d  in  

F ig u re  10. At th e  two low er  t e m p e ra tu r e s  th e  l i n e s  a r e  open-ended 

b e c a u se  o b s e r v a t i o n s  had to  be d i s c o n t in u e d  a f t e r  330 d a y s ,  b u t  

s u r v i v a l  p e r c e n ta g e s  were c a l c u l a t e d  from th e  t o t a l  o r i g i n a l  number o f  

r e p l i c a t e s .  The l i f e  span o f  a d u l t  fem a les  in  c u l t u r e  a p p a r e n t ly  can 

e x ce ed  330 days a t  10° and 15 .5°C .

F u r th e r  a s p e c t s  o f  a d u l t  l o u g e v i t y  w i l l  be d i s c u s s e d  in  l a t e r  

s e c t i o n s ,  p a r t i c u l a r l y  th o s e  p e r t a i n i n g  to  th e  r e p r o d u c t iv e  p o t e n t i a l  

o f  J?. i n c o n s t a n s .

3 .4 .  O v ip o s i t i o n  and f e c u n d i ty

A) Methods

F re s h ly -m o l te d  a d u l t s  were c o l l e c t e d  from 15.5°C s to c k  c u l t u r e s  

and  d i s t r i b u t e d ,  i n  p a i r s ,  o ver  t h r e e  te m p e ra tu re  reg im es .  At 10°C,

13 p a i r s  were e s t a b l i s h e d ;  15 p a i r s  were in c u b a te d  a t  15 .5°C , and  45 

p a i r s  a t  21°C. From th o se  45 p a i r s ,  22 w ere  randomly s e l e c t e d  fo r  

a s s e s sm e n t  o f  sperm s to r a g e  c a p a b i l i t y :  a f t e r  th e  fem a les  had

o v ip o s i t e d  tw ic e ,  th e  males were removed from t h e i r  c u l t u r e s .  A s im p le  

c h a r t  (F ig u re  11) summarizes th e  e x p e r im e n ta l  d e s ig n .  At 21°C a l l  

a n im a ls  were ob se rv ed  u n t i l  d e a t h ,  b u t  a t  10° and 15.5°C th e  l a s t  

s u r v iv o r s  were d i s c o n t in u e d  a f t e r  330 days .

A second  e x p e r im e n ta l  s e r i e s  was e s t a b l i s h e d  w ith  an im als  

c o l l e c t e d  i n  Baker woodlot betw een mid-March and m id -A p r i l  1979. Most 

o f  th e  c o l l e c t e d  fem ales  were p a i r e d  e i t h e r  w i th  f i e l d - c o l l e c t e d  o r
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w ith  l a b o r a t o r y - r e a r e d  m a le s ,  w h i le  some were i s o l a t e d  im m edia te ly  

a f t e r  c o l l e c t i o n *  R e p l i c a t i o n  and e x p e r im e n ta l  h i s t o r y  o f  a l l  

c o l l e c t e d  a n im a ls  a r e  summarized i n  F ig u re  12.

R earing  methods fo llo w ed  th e  g e n e r a l  r u l e s  o u t l i n e d  p re v io u s ly *

The c u l t u r e s  were observed  a t  i n t e r v a l s  of 2 t o  4 d a y s .  Those t h a t  

became i n f e s t e d  w i th  m i te s  were d i s c a r d e d  and  th e  d a t a  p e r t a i n i n g  to  

them were n o t  u sed .  The r e p l i c a t i o n s  g iv e n  i n  F ig u re s  11 and 12 

in c lu d e  o n ly  th o s e  fem a le s  and p a i r s  t h a t  d id  n o t  become p a r a s i t i z e d .

In bo th  s e r i e s  ( l a b o r a t o r y - r e a r e d  and f i e l d - c o l l e c t e d )  r e c o rd s  

were k e p t  o f  th e  d a t e s  o f  o v i p o s i t i o n ,  th e  c h o ic e  o f  n e s t i n g  s i t e s ,  t h e  

number of eggs l a i d ,  and o f  egg v i a b i l i L y .

In  g e n e r a l ,  th e  p a r e n t s  were t r a n s f e r r e d  to  a  new c o n t a i n e r  e v e ry  

t im e  an egg chamber was d i s c o v e r e d .  Simple i n v e r s i o n  of th e  o ld  j a r  

o v e r  a new one proved  to  be th e  f a s t e s t  means o f  t r a n s f e r ,  and d id  n o t  

a p p e a r  to  cause  even s l i g h t  d i s tu r b a n c e  to  the  p a r e n t s .  Whenever an 

egg n e s t  had been b u i l t  on lo o s e  d e b r i s ,  th e  i n t a c t  chamber (on i t s  

s u b s t r a t e )  Was t r a n s f e r r e d  to  a  d i f f e r e n t  j a r .

Egg cham bers l e f t  i n  a  j a r  a f t e r  rem oval o f  th e  p a r e n t s  were k e p t  

m o is t  by o c c a s i o n a l l y  ad d in g  a  drop  o f  w a te r  to  the  s u b s t r a t e  on which 

th e y  had been b u i l t .  The eggs were a l lo w ed  to  h a t c h ;  th e  l a r v a e  were 

th e n  coun ted  and th e  chamber was opened and checked f o r  any undeveloped  

e g g s .  Egg chambers Invaded  by fungus were te a s e d  a p a r t ,  so t h a t  th e  

eggs c o u ld  be en u m era ted .  I f  t h e r e  were i n d i c a t i o n s  t h a t  m a n ip u la t io n  

o r  u n u su a l  c u l t u r e  c o n d i t i o n s  had p la y ed  a  r o l e  i n  egg d eve lopm en t ,  th e  

eggs  were coun ted  bu t  the  d a ta  on v i a b i l i t y  were n o t  In c lu d e d  in  the  

summary o f  r e s u l t s .
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15 PAIRS 

a t  10°C
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118 FEMALES 

118MALES 

( r e a r e d  to  m a tu r i t y  a t  15 .5°C )
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a t  1 5 . 5°C

2 SURVIVORS

73 PAIRS PAIRS

rti O «a t

AFTER

2 OVIPOSITIONS

d is c o n t in u e d  a f t e r

330 days

22 ISOLATED 23 PAIRS 18 PAIRS10 PAIRS

a t  10°C a t  21°C a t  21°C a t  2 6 . 6°C

F ig u re  11. Flow c h a r t  o f  the  e x p e r im e n ta l  use o f  males and fem ales  

r e a r e d  to  m a t u r i t y  i n  l a b o r a t o r y  s to c k s  a t  15 .5°C .
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( o v i p o s i t i o n  s t a r t e d )  

ALL TRANSFERRED TO 

21°C
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a t  21°C

22 ISOLATES 

(m ales removed) 

a t  21°C

F ig u re  12. Flow c h a r t  o f  th e  use  made of f i e l d - c o l l e c t e d  fem a les  

(B aker  W oodlot, M arch -A prll  1979).
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B) F e c u n d i ty  and egg v i a b i l i t y

T ab le  12 shows the  mean number o f  o v i p o s i t i o n s  o b se rv ed  in  p a i r e d  

fem a le s  a t  t h r e e  te m p e r a tu r e s ,  as  w e l l  a s  th e  mean t o t a l  number o f  eggs 

l a i d .  At t h e  tim e t h a t  o b s e r v a t i o n s  on s u r v iv in g  i n d i v i d u a l s  a t  10° 

and 1 5 . 5°C were d i s c o n t in u e d  ( s e e  F ig u re  1 1 ) ,  e g g - l a y in g  had become 

s p o r a d ic  and few eggs were l a i d  a t  any one o v ip o s iL iu u .

Table 12. T o ta l  number o f  o v i p o s i t i o n s  and t o t a l  number o f  eggs l a i d  

p e r  fem ale  ( p a i r e d ,  l a b o r a t o r y - r e a r e d ) .

10°C 1 5 . 3°C 21°C

n fem a le s  ob se rv ed 12 15 22

o v i p o s i t • / f e m a le

mean + S.D. 4 .4  + 2. 4 9 .8  +  3 .5 1 1 .0  + 3 .7

( r a n g e ) (1 -9 ) (4 -1 6 ) (3 -1 8 )

e g g s /f e m a le

mean + S.D. 223 .9  + 1 2 3 .2 4 6 8 .7  + 1 4 8 .4 521 .9  +  221 .0

( ra n g e ) (51-442) (187 -  687) (5 4 -839 )

The h ig h e s t  f e c u n d i ty  was re c o rd e d  a t  21°C, b e ing  s l i g h t l y  h ig h e r  

th a n  th e  mean t o t a l s  o b se rv ed  f o r  fem a les  a t  1 5 . 5°C. At 10°C m ating  

and o v ip o s i to n  d id  occu r  in  th e  c u l t u r e s ,  b u t  th e  fem a les  were 

s l u g g i s h ;  some d id  n o t  b e g in  e g g - la y in g  u n t i l  th e y  had been in  c u l t u r e  

f o r  o ver  two months.

Low te m p e ra tu r e s  n o t  on ly  d e p re s s e d  f e c u n d i ty  r a t e s ,  bu t  a l s o
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d e c re a se d  th e  f re q u e n c y  of o v i p o s i t i o n s .  I n t e r v a l s  between them 

encom passed ro u g h ly  one week a t  21°C, 11 days to  two weeks a t  1 5 .5 °C ,  

and a month o r  more a t  10°C (T a b le  1 3 ) ,  and in c r e a s e d  w ith  s u c c e s s iv e  

o v i p o s i t i o n s .

The r e p r o d u c t iv e  p a t t e r n  o f  p a i r e d  fem a les  i s  i l l u s t r a t e d  in  

F ig u re  13. The mean number o f  eggs l a i d  p e r  o v i p o s i t i o n  in c r e a s e d  soon 

a f t e r  r e p r o d u c t io n  began , th e n  d e c re a s e d  s t e a d i l y  over  a  r e l a t i v e l y  

lo n g  p e r io d  o f  t im e .  F ecu n d i ty  peaked e a r l y  a t  15 .5°C , a t  th e  t h i r d  

o v i p o s i t i o n .  At 21aC th e  h ig h e s t  mean number o f  eggs was re c o rd e d  in  

th e  6 th  o v i p o s i t i o n ,  and means rem ained  r e l a t i v e l y  h ig h  th ro u g h o u t  th e  

g r a d u a l  d e c l i n e .

The few e g g - la y in g s  rec o rd e d  f o r  fem a les  i n i t i a l l y  in c u b a te d  a t  

10°C may m is le a d :  had t h e r e  been more r e p l i c a t e s ,  a  p a t t e r n  of

i n c r e a s e  and d e c l in e  may have emerged more c l e a r l y .  However, egg 

la y in g  d id  a p p e a r  to  be c u r t a i l e d  by low te m p e r a tu r e s :  th e  te n  fem a les

t r a n s f e r r e d  to  I0°C a f t e r  th e y  had begun re p ro d u c in g  a t  21°C ( s e e  

F ig u re  11) showed an  e q u a l ly  low f re q u e n c y  o f  o v i p o s i t i o n ,  and most o f  

them s to p p e d  e g g - la y in g  a f t e r  a  t o t a l  o f  8 o r  9 o v i p o s i t i o n s  (2  

o v i p o s i t i o n s  a t  21°C, 6 o r  7 a t  10°C).

A few c o p u la s  were o b se rv ed  in  p a i r s  o r i g i n a l l y  in c u b a te d  a t  

2 6 .6 °C , bu t  no eggs were e v e r  l a i d .  F ive  o f  th e  18 fem a les  t h a t  were 

t r a n f e r r e d  to  2 6 . 6°C from 21°C ( s e e  F ig u re  1 1 ) ,  produced  one egg b a tc h  

e a c h ,  b u t  none o f  th e s e  d e v e lo p e d .  The fem a les  d ie d  soon t h e r e a f t e r .

How te m p e ra tu re  a f f e c t s  the  r e a l i z a t i o n  o f  r e p r o d u c t iv e  p o t e n t i a l  

i n  _P. in c o n s t a n s  I s  f u r t h e r  i l l u s t r a t e d  i n  F ig u re  14, by cu m u la tin g  

mean numbers o f  eggs l a i d  p e r  b a t c h .  W ith in  any g iv e n  p e r io d  of time 

( e . g .  100 d ay s )  2 l°C  a l lo w ed  f o r  th e  p ro d u c t io n  o f  a  h ig h e r  number o f
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Figure 14. Mean number of eggs per female, cumulated 
through successive ovipositions, and plotted against time 
elapsed since the beginning of egg-laying.
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T ab le  13. I n t e r v a l s ,  In  d a y s ,  betw een s u c c e s s iv e  o v i p o s i t i o n s  ( p a i r e d ,  

l a b o r a t o r y - r e a r e d  f e m a le s ) .

10 °C 15 .5°C 21 °C

O vipos. n mean (± S .D .) n mean (+ S .D .) n mean (±S.D. )

1-2 10 28 .2 (1 3 .3 ) i eJ. V 12 .4 ( 3 .9 ) 22 7 .1 ( 2 .1 )

2 -3 9 2 8 .4 ( 1 6 .9 ) 15 1 1 .3 ( 2 .4 ) 22 7 .3 ( 2 .3 )

3-4 7 25 .6 ( 9 .1 ) 15 12 .5 ( 4 .0 ) 21 7 .1 ( 2 .0 )

4-5 7 46 .6 (2 1 .3 ) 15 1 1 .8 ( 3 .4 ) 20 7.1 ( 1 .2 )

5-6 4 3 1 .0 ( 7 .0 ) 13 1 2 .6 (3 .2 ) 19 6.7 ( 1 .8 )

6-7 2 29 .5 13 1 3 .2 ( 4 .0 ) 19 7 .7 ( 2 .9 )

7-8 10 13 .3 (5 .6 ) 19 7 .8 ( 1 .9 )

S-9 8 1 9 .5 ( 1 2 .5 ) 16 7.9 ( 2 .1 )

9-10 7 15 .6 (3 .7 ) 16 8 .0 ( 1 .5 )

10-11 7 1 9 .0 ( 8 .0 ) 13 8 .2 ( 2 .2 )

11-12 6 1 6 .3 ( 3 .4 ) i ^ C.S ( 4 .3 )

12-13 4 1 8 .8 ( 2 .5 ) 8 1 0 .6 ( 5 .3 )

13-14 5 1 0 .8 ( 4 .5 )

14-15 3 1 2 .3 ( 2 .9 )
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progeny  b o th  th ro u g h  more f r e q u e n t  e g g - l a y in g  and th ro u g h  a  s l i g h t l y  

h ig h e r  f e c u n d i t y  (F ig u re  13 ) .  Of th e  te m p e ra tu re s  used in  t h i s  

i n v e s t i g a t i o n ,  21°C a p p ea red  to  be o p t im a l  f o r  th e  s p e c i e s ,  a t  l e a s t  

w i th  r e g a r d  to  r e p r o d u c t iv e  r a t e .

C) Egg v i a b i l i t y :

D ata on egg v i a b i l i t y  proved to  be d i f f i c u l t  to  summarize. 

R e c o g n i t io n  o f  n o n -v ia b le  e g g s ,  a f t e r  th e  re m a in d e r  o f  a  b a tc h  had 

h a tc h e d ,  p r e s e n te d  no p ro b lem s . But when fu n g i  in v a d ed  a  chamber and 

sm othered  i t s  c o n t e n t s ,  one c o u ld  n o t  t e l l  w he ther  n o n - v i a b i l i t y  

a l lo w e d  fu n g a l  grow th o r  w he ther  c u l t u r e  c o n d i t i o n s  enhanced fu n g a l  

i n v a s i o n  o f  o th e rw is e  v i a b l e  eggs .

F i n a l l y ,  i n  view o f  th e  f a c t  t h a t  fu n g a l  a t t a c k  was o b se rv e d  in  

th e  f i e l d  and may in d e e d  be a common o c c u r re n c e  ( S e i f e r t ,  1 9 3 2 ) ,  any 

eggs t h a t  f a i l e d  to  h a tc h  were in c lu d e d  in  v i a b i l i t y  c a l c u l a t i o n s .  The 

o n ly  e x c e p t io n s  were eggs t h a t  had been m a n ip u la te d ,  and th o s e  in  

d e b r i s - b a s e d  cham bers: th e s e  n e s t s  were d i f f i c u l t  to  keep m o is t  once

th e y  had been removed from th e  p a r e n t  c u l t u r e s .

T ab le  14 shows th e  v i a b i l i t y  c o u n ts  f o r  eggs l a i d  by p a i r e d  

f e m a le s .  The h ig h e s t  v i a b i l i t y  p e rc e n ta g e  was r e c o rd e d  a t  15 .5°C , 

b u t  the  v a lu e  d id  n o t  d i f f e r  s i g n i f i c a n t l y  from t h a t  o b ta in e d  a t  21°C 

(p  > 0 . 2 5 ) .  V i a b i l i t y  amounted to  85% a t  10°C; a c c o rd in g  to  th e  

s p a r s e  e v id e n c e  a v a i l a b l e  f o r  2 6 .6°C, eggs were t o t a l l y  u n a b le  to  

dev e lo p  a t  t h a t  t e m p e ra tu r e .  Fungal c o n ta m in a t io n ,  under th e  c o n d i t i o n s  

o f  th e s e  e x p e r im e n t s ,  a cc o u n ted  f o r  67% ( a t  10°C ),  7 3/o ( a t  1 5 . 5°C) 

and  53% ( a t  21°C) of a l l  n o n - v ia b le  e g g s .
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T ab le  14. Average p e r c e n t  v i a b i l i t y  o f  eggs l a i d  by p a i r e d ,  

l a b o r a t o r y - r e a r e d  fe m a le s .

 __________________________ I n c u b a t io n  T em pera tu re s_______________

10°C 1 5 . 5°C 21°C

mean V, v i a b . 85 .2 93 .7 91.7

S.D. +20 .4 + 6 .6 + 7 .4

n o f  fem a les 11 15 21

n o f  eggs 2687 7030 11484

L) R ep ro d u c t iv e  p e r io d  and lo n g e v i ty

The d u r a t i o n  o f  th e  r e p r o d u c t iv e  p e r io d  was measured a s  th e  number 

o f  days e l a p s i n g  between th e  f i r s t  and l a s t  o v i p o s i t i o n  o f  each  fe m a le .  

As m en tioned  e a r l i e r ,  o b s e r v a t io n s  a t  10° and 15.5°C  were d i s c o n t in u e d  

a f t e r  330 d a y s .  But by t h a t  t im e ,  few egg b a tc h e s  were be ing  l a i d ,  and 

th e  long  i n t e r v a l s  betw een them, a s  w e l l  as  th e  low number o f  eggs in  

them, i n d i c a t e d  t h a t  l i t t l e  b ia s  was i n t r o d u c e d  by d i s c o n t i n u a t i o n :  

r e p r o d u c t io n  was in d eed  n a t u r a l l y  coming to  a c l o s e .

In T ab le  15, l o n g e v i ty  o f  p a i r e d  fem a le s  i s  opposed to  the  

d u r a t i o n  o f  r e p r o d u c t iv e  a c t i v i t y  a t  t h r e e  t e m p e r a tu r e s .  L ong ev ity  

v a lu e s  in c lu d e  a p r e -  and p o s t - r e p r o d u c t i v e  p e r io d .  At 1 5 .5 °  and 

21°C p r e - r e p r o d u c t iv e  t im e  (from th e  day o f  i n c u b a t io n )  was o f  th e  

o r d e r  of a few days o n ly ;  b u t  a t  10°C i t  l a s t e d  a s  long  a s  40-90  d ay s .

Assuming t h a t  c u l t u r e  c o n d i t i o n s  were a d e q u a te  f o r  i n c o n s t a n s , 

a  g r a d u a l  d e c l i n e  i n  f e c u n d i ty  (F ig u r e  13) was n a t u r a l l y  fo l lo w e d  by a 

v a r i a b l e  p e r io d  o f  s e n i l i t y  ( p o s t - r e p r o d u c t i v e  p e r i o d ) ,  and e v e n tu a l  

d e a th .  At none o f  th e  te m p e ra tu re s  were t h e r e  any i n d i c a t i o n s  t h a t  

e g g - la y in g  cou ld  be resumed a f t e r  a  p e r io d  o f  r e s t  (w hich would have 

s u g g e s te d  i t e r o p a r i t y ) .
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T ab le  15. Mean number o f  days from f i r s t  to  l a s t  o v i p o s i t i o n ,  and 

a v e ra g e  l o n g e v i ty  o f  fe m a le s  ( p a i r e d ,  l a b o r a t o r y - r e a r e d ) .

10°C 15.5°C 21 °C

r e p ro d .  p e r io d

mean +  S.D. 110.1 + 77 .3 127 .1  + 60 .6 80 .5  +  35 .5

(ran g  u) (1 -250) (58-251) (14 -180 )

n»12 n=l 5 n=22

L ongev ity

mean + S.D. 212 .2  + 89 .7 176 .4  + 77 .7 140 .3  + 51.1

( ra n g e ) (2 9 -290 )* (13 -3 0 8 )* (48-227)

n=9 n-13 n»23

* on day 330, 4 fem ales  were s t i l l  a l i v e  a t  10°C, and 2 a t  1 5 . 5°C; th e y  

ware n o t  in c lu d e d  in  lo n g e v i ty  c a l c u l a t i o n s .

E) Comparison between f i e l d - c o l l e c t e d  and l a b o r a t o r y - r e a r e d  

f e m a le s :

The r e s u l t s  n a r r a t e d  below conce rn  a  com parison  between l a b - r e a r e d  

and f i e l d - c o l l e c t e d  fem a le s  (M arch -A pril  c o l l e c t e d  i n  Baker v o o d lc t ) .

By com paring th e  r e p r o d u c t iv e  b i o l o g i e s  o f  th e  two g ro u p s ,  answ ers to  

th e  fo l lo w in g  q u e s t io n s  were so u g h t :

a) Under th e  r e a r i n g  c o n d i t i o n s  s p e c i f i e d  i n  t h i s  s tu d y ,  do 

i n d i v i d u a l s  r e a r e d  in  th e  l a b o r a t o r y  from eggs y i e l d  v a l i d  d a ta  w hich 

r e f l e c t  th e  t r u e  p o t e n t i a l  o f  th e  s p a c ie s ?

b) Does th e  s p r i n g - p o p u l a t i o n  o f  fem a le s  i n  th e  f i e l d  c o n s i s t  of 

two g e n e r a t i o n s  o f  a d u l t s  ( o n e -y e a r  o ld s  and tw o-year  o ld s ) ?  I f  so ,
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would they be recognizable by their differential reproductive biology?
c) Is  t h e r e  e v id e n c e  o f  i t e r o p a r i t y  i n  fem a les  which have n o t  

been  s u b je c t e d  to  c o n s ta n t  l a b o r a t o r y  te m p e ra tu r e s  th ro u g h o u t  t h e i r  

developm ent?

d) What I s  th e  sperm s to r a g e  c a p a b i l i t y  o f  f e m a le s ,  and how does 

i t  a f f e c t  egg v i a b i l i t y ?

e )  Does th e  c o n t in u e d  p re s e n c e  o f  m ales  a f f e c t  th e  l i f e  span  o r  

r e p r o d u c t iv e  c a p a c i t y  o f  fem a le s?

The d a ta  used in  t h i s  com parison  stem from p a i r s  and  i s o l a t e s  

c o l l e c t e d  from the f i e l d  in  e a r l y  s p r in g  and in c u b a te d  a t  21°C (F 

fe m a le s )a n d  from p a i r s  and i s o l a t e s  o b ta in e d  from l a b o r a t o r y  s to c k s  and 

r e a r e d  a t  21°C (L f e m a le s ) ( s e e  F ig u re s  11 and 1 2 ) .

Three o f  th e  main p a ra m e te rs  o f  r e p r o d u c t iv e  a c t i v i t y  a r e  

summarized in  T ab le  16. Both g roups  o f  i s o l a t e d  fem a le s  produced a 

l a r g e r  mean number o f  n e s t s ,  l a i d  more e g g s ,  and had a  lo n g e r  

e g g - i a > iu 6 ^ r i o u  th a n  e i t h e r  of the  g roups  o f  p a i r e d  fe m a le s .

V a r ia n c e s  o f  each  s e t  o f  d a ta  were t e s t e d  w ith  B a r t l e t t ' s  (1937) 

s t a t i s t i c  and were found to  be e q u a l .  The means o f  each  s e t  of 

r e s u l t s  were th e n  t e s t e d  by th e  B o n fe r ro n i  t - t e s t  ( n o n -o r th o g o n a l  

c o n t r a s t s ) ;  t h e  r e s u l t s  a r e  summarized in  T ab le  17.

Concerning th e  number o f  o v i p o s i t i o n s  ( n e s t s ) ,  th e  m ost 

s i g n i f i c a n t  d i f f e r e n c e s  l a y  betw een p a i r e d  and i s o l a t e d  f e m a le s ,  w i th i n  

th e  L a s  w e l l  a s  w i th in  th e  F g ro u p ,  b u t  F - p a i r s  l a i d  s l i g h t l y  few er 

egg b a tc h e s  th a n  L - p a i r s  (P 0 .0 1 ) .  The two g roups  o f  i s o l a t e s  d id  

n o t  d i f f e r  s i g n i f i c a n t l y .

I s o l a t e d  fe m a le s ,  b o th  L and  F, a l s o  l a i d  s i g n i f i c a n t l y  more eggs
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t h a n  t h e i r  p a i r e d  c o u n t e r p a r t s ,  " i t h i n  p a i r e d  (L and  F) and w i th in  

i s o l a t e d  (L and F) f e m a le s ,  d i f f e r e n c e s  i n  egg p r o d u c t io n  were u u i  

s i g n i f i c a n t .

S im i la r  r e l a t i o n s h i p s  between th e  fo u r  g roups became a p p a re n t  in  

th e  d u r a t i o n  o f  t h e i r  mean r e p r o d u c t iv e  p e r io d s*  L p a i r s  behaved much 

l i k e  F p a i r s ,  b u t  b o th  d i f f e r e d  s i g n i f i c a n t l y  from t h e i r  r e s p e c t i v e  

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

L o n g ev ity  i n  c u l t u r e  fo l lo w e d  Much the  same t r e n d  a s  r e p r o d u c t iv e  

a c t i v i t y :  i s o l a t e d  fem a les  l i v e d  lo n g e r  t h a t  p a i r e d  fe m a le s ,  w hether  

l a b o r a t o r y - r e a r e d  o r  f i e l d - c o l l e c t e d  (T ab le  18 ) .  C a l c u l a t i o n  o f  95% 

c o n f id e n c e  i n t e r v a l s  showed, how ever, t h a t  th e  means d i f f e r e d  

s i g n i f i c a n t l y  b o th  w i th in  and between g ro u p s  ( S c h c f f c 'o  i n t e r v a l ,  

v a r i a n c e s  b e in g  u n e q u a l ; .  C onfidence  i n t e r v a l s  f o r  e a c h  c o n t r a s t  a r e  

g iv e n  i n  T ab le  19. Knowing the  p a s t  h i s t o r y  o f  e a c h  g ro u p ,  a  s im p le  

e x p l a n a t i o n  f o r  th e s e  d i f f e r e n t i a l  l i f e  sp an s  p r e s e n t s  i t s e l f :  p a i r s  

d i f f e r e d  from i s o l a t e s  ( w i th i n  L and w i th in  F) a p p a r e n t ly  due to  the  

p re s e n c e  o f  m a le s .  L p a i r s  l i v e d  lo n g e r  th a n  F p a i r s ,  and L i s o l a t e s  

lo n g e r  th a n  F i s o l a t e s ,  becau se  a n im a ls  from th e  f i e l d  had a l r e a d y  

s p e n t  p a r t  o f  t h e i r  l i f e  span  a t  th e  tim e th e y  were c o l l e c t e d .

The p a ra m e te r  t h a t  rem ained  to  be t e s t e d  was egg v i a b i l i t y .  In 

o r d e r  to  a v o id  b i a s ,  th e  few fem ales  which n e v e r  l a i d  v i a b l e  eggs over 

t h e i r  e n t i r e  r e p r o d u c t iv e  p e r io d  were In c lu d e d ;  a s  a  r e s u l t ,  v i a b i l i t y  

o f t e n  ran g ed  from 0 to  100 p e r c e n t .  On th e  a v e r a g e ,  v i a b i l i t y  was 

s l i g h t l y  h ig h e r  i n  p a i r e d  fem a les  th a n  i n  i s o l a t e s  (T a b le  2 0 ) ;  b u t  when 

th e y  were s t a t i s t i c a l l y  c o n t r a s t e d  ( S c h e f f e ' s  95% C .1 . ) ,  none o f  th e  

d i f f e r e n c e s  proved  to  be s i g n i f i c a n t  ( a l l  c o n f id e n c e  i n t e r v a l s  in c lu d e d  

z e r o ) .
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T able  16. R e p ro d u c t iv e  a c t i v i t y  o f  fem a les  a t  21°C ( r a n g e s  In  

p a r e n t h e s e s ;  L = l a b o r a t o r y  s t o c k ,  F *» f i e l d - c o l l e c t e d ) .

d u r a t i o n

t o t a l  n e s t s  t o t a l  eggs e g g - la y in g

Groups n» mean ±  S.D. mean + S.D. mean + S.D.

L p a i r e d 22 1 1 .0  +  3 .7 521 .9  + 221 .0 8 0 .5  +  3 5 .5

(3 -18 ) (54 -839 )

L i s o l a t e d 22 1 4 .1  + 3 .8 694 .7  + 193.0 1 1 6 .1  + 4 0 .6

(4 -22 ) (217-1036)

F p a i r e d 48 8 .6  + 3 .6 490 .5  + 193.6 6 6 .0  +  3 1 .9

(1 -21) (48-1106)

b' i s o l a t e d 55 1 2 .4  + 3 .6 617 .4  + 159 .0 107 .3  + 3 2 .5

(3 -2 2 ) (155-920)

Table  17. B o n fe r ro n l  t - t e s t  o f  th e  mean t o t a l  number o f  o v i p o s i t i o n s ,  

number o f  e g g s ,  and d u r a t i o n  o f  r e p r o d u c t iv e  p e r io d  a t  21°C (L * 

l a b - r e a r e d ,  F * f i e l d - c o l l e c t e d ) .

S i g n i f i c a n c e L eve l

C o n t r a s t s no . o f  o v ip . no . eggs r e p r o .  p e r .

L p a i r e d  v s .  L i s o l a t e d P <  0 .02 P < 0 .02 P40.01

F p a i r e d  v s .  F i s o l a t e d P < 0 . 1 P<0.01 B40.01

L p a i r e d  v s .  F p a i r e d P < 0 . 0 1 P>0.1 P>0.1

L i s o l a t e d  v s . F i s o l a t e d P >  0 .1 P>0.1 P>0.1
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T ab le  18. Average l o n g e v i ty  o f  fem a les  a t  21°C: (L ■ l a b - r e a r e d ;  

F ■ f i e l d - c o l l e c t e d ) .

Groups

L o n g e v i ty ,  days 

mean ±  S.D._________ range

L p a i r e d  

L i s o l a t e d  

F p a i r e d  

F i s o l a t e d

14 0 .3  + 51 .1

206 .8  + 5 1 .4  

9 7 .3  + 37 .2

142 .9  ±  36 .0

48 -  227 

10 7 -  270 

51 -  190 

70 -  209

T ab le  19. L o n g ev ity  o f  fem a les  a t  21°C: S c h e f f e ' s  c o n f id e n c e  i n t e r v a l s  

on th e  d i f f e r e n c e s  betw een s e l e c t e d  mean. (L ■ l a b - r e a r e d ;  F ■ f i e l d -  

c o l l e c t e d ) .

________ C o n t r a s t s _______________________________  95% C . I .

L p a i r e d  v s . L i s o l a t e d  - 6 6 .5  + 3 9 .0

F p a i r e d  v s . F i s o l a t e d  - 4 5 .6  + 1 8 .7

L p a i r e d  v s .  F p a i r e d  43. 0 +  30. 5

L i s o l a t e d  v s  F i s o l a t e d  6 3 .9  +  30.7

E f f e c t s  o f  i s o l a t i o n  on egg v i a b i l i t y  c o u ld ,  how ever, be shown by 

sum m arizing egg developm ent d a t a  f o r  s u c c e s s iv e  o v i p o s i t i o n s  (F ig u re  

1 5 ) .  In F fem a les  e s p e c i a l l y ,  i s o l a t i o n  d id  n o t  s i g n i f i c a n t l y  d e c re a s e  

v i a b i l i t y  d u r in g  th e  f i r s t  9 to  11 o v i p o s i t i o n s .  At t h a t  p o i n t ,  p a i r e d  

fem a le s  e x p e r ie n c e d  r a p id  m o r t a l i t y ,  bu t  i s o l a t e s  c o n t in u e d  to  l a y  

e g g s ,  o f  which few er and few er h a tc h e d  (F ig u re  15A).

In L f e m a le s ,  the  d is c r e p a n c y  betw een p a i r s  and i s o l a t e s  was
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somewhat g r e a t e r  d u r in g  e a r l y  o v i p o s i t i o n s  ( F ig u r e  15B), b u t  th e  d e c l in e  in  

v i a b i l i t y  o f  eggs l a i d  by i s o l a t e s  was e q u a l ly  pronounced*

In  g e n e r a l ,  r e p e a te d  m ating  a p p ea red  to  be u n n e c e ssa ry  f o r  th e  p ro d u c t io n  

o f  v i a b l e  eggs -  a t  l e a s t  d u r in g  th e  p e r io d  o f  h ig h e s t  f e c u n d i t y  ( g r e a t e s t  

number o f  eggs p e r  o v i p o s i t i o n ) .  I n c re a s e d  lo n g e v i ty  o f  i s o l a t e s  a l low ed  them 

to  o v i p o s i t  f o r  a  lo n g e r  p e r io d  o f  t im e ;  th e y  p roduced  more n e s t s ,  bu t  w i th  

few er eggs i n  e a c h ,  and p r o g r e s s iv e ly  few er  o f  th e s e  eggs h a tc h e d .

T ab le  20. V i a b i l i t y  o f  eggs l a i d  by la b  and f i e l d  fem a les  a t  21°C.

P e rc e n t  v i a b i l i t y  i s  th e  mean v i a b i l i t y  p e r  fem a le .  (L « l a b - r e a r e d ;  F = 

f i e l d - c o l l e c t e d ) .

n n % v i a b i l i t y

Female group ( f e m a le s ) (e g g s ) mean + S.D. ran g e  %

L -  p a i r e d 22 11 ,481 8 7 .5  +  20.4 0 -  100

L -  i s o l a t e d 22 15 ,284 83 .4  +  1 2 .6 54 -  100

F -  p a i r e d 48 23,545 90 .7  + 17 .0 0 -  100

F -  i s o l a t e d 55 33,957 8 3 .9  +  21 .9 0 ~ 100

4. DISCUSSION

Comprehensive d ip lo p o d  r e a r i n g  programs have  r a r e l y  been co ad u c ted  

in  th e  p a s t .  B lo w er 's  (1974) work i s  an  o u t s t a n d in g  e x c e p t io n :  he

r e a r e d  O phyiu lus  p i l o s u s  from  egg to  a d u l t .  The d a ta  were l a t e r  used 

to  c l a r i f y  d e t a i l s  o f  th e  s p e c i e s '  l i f e  c y c l e  i n  th e  f i e l d  (Blower and 

M i l l e r ,  19 7 4 ) .  R a n ta la  (1970, 1974) fo l lo w e d  the  developm ent of
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i n d i v i d u a l s  of P r o t e r o i u l u s  fu s c u s  f o r  a p e r io d  o f  s e v e r a l  y e a r s ,  

p ro v id in g  an u n u s u a l  d e m o n s t r a t io n  o f  r e a r i n g  su ccess*  A number o f  

o t h e r  s p e c ie s  have been r e a r e d  th ro u g h  p a r t s  o f  t h e i r  l i f e  cycle*  

A lthough  even p a r t i a l  r e a r i n g  i n d i c a t e s  a d e q u a te  c u l t u r e  c o n d i t i o n s ,  

i n d i s c r i m i n a t e  use  o f  th e  te rm  " s u c c e s s f u l  r e a r i n g "  does n o t  always 

a p p e a r  j u s t i f i e d .

Three m ajor c r i t e r i a  may be u sed  f o r  " s u c c e s s ” : a )  p r o d u c t io n  of

v i a b l e  o f f s p r i n g  i n  lo n g - te rm  c u l t u r e ,  th ro u g h  more th a n  one 

g e n e r a t i o n ;  b) low m o r t a l i t y  o f  a l l  s t a g e s  a t  th e  most f a v o r a b le  

te m p e r a tu r e s ;  and c) c o m p a t i b i l i t y  of l a b o r a t o r y  d a t a  w ith  

c o r re s p o n d in g  f i e l d  o b s e r v a t i o n s .  Not a l l  o f  th e s e  c r i t e r i a  a r e  met 

a l l  th e  t im e .  Blower (1974) c o n s id e r s  th e  r e a r i n g  o f  0 *  p i l o s u s  to  

a d u l th o o d ,  on sycamore le a v e s  a l o n e ,  a r e s u l t  o f  n o te .  But th e  s p e c ie s  

would n o t  rep ro d u ce  i n  c u l t u r e ,  and th e  a u th o r  s u g g e s t s  t h a t  r e a r i n g  

c o n d i t io n s  were n o t  a d e q u a te .  In  g e n e r a l ,  t h e  c r i t e r i o n  o f  s u c c e s s f u l  

r e p r o d u c t io n  a p p e a rs  to  be th e  most d i f f i c u l t  to  meet i n  th e  

l a b o r a t o r y .

At l e a s t  i n  p o ly d e sm id s , s i n g l e  o v i p o s i t i o n s  fo l lo w ed  by d e a th  o f  

th e  fem a les  p ro b a b ly  do n o t  r e f l e c t  t h e i r  t r u e  p o t e n t i a l .  In the  

p r e s e n t  s tu d y ,  r e c o r d s  o f  up to  22 o v i p o s i t i o n s  p e r  fem a le  g iv e  the  

im p re s s io n  o f  a f u l l y  r e a l i z e d  r e p r o d u c t iv e  p o t e n t i a l .  C u l tu re  methods 

were a d e q u a te ,  s i n c e  P. in c o n s t a n s  cou ld  be r e a r e d  th ro u g h  two 

g e n e r a t io n s  w i th o u t  s ig n s  o f  d e t e r i o r a t i o n .  In f a c t ,  a l l  c r i t e r i a  f o r  

s u c c e s s  were w e l l  m et: M o r t a l i t y  o f  a l l  s t a g e s  was low. C ontinuous

p r o d u c t io n  o f  v i a b l e  eggs was m a in ta in e d  th ro u g h  more th a n  one 

g e n e r a t io n .  And r e p r o d u c t iv e  b e h av io r  and lo n g e v i ty  were s i m i l a r  in  

l a b o r a t o r y  s to c k  and 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 .
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L i f e  c y c le  d a ta  o b ta in e d  in  th e  l a b o r a t o r y  c a r r y  th e  s t ig m a  o f  

p a r t i a l  i n v a l i d i t y  due to  th e  c o n s ta n c y  and a r t i f i c i a l i t y  o f  

c o n d i t io n s *  U su a l ly  t h i s  ca n n o t  be p reven ted*  But i t  was shown h e re  

t h a t  p a s t  developm ent h i s t o r y  o f  _P. in c o n s t a n s  d id  n o t  a f f e c t  the  

v a l i d i t y  o f  r e s u l t s  c o n c e rn in g  r e p r o d u c t io n .  Females r e a r e d  from eggs 

under  c o n s t a n t  c o n d i t i o n s  behaved in  a  manner v e ry  s i m i l a r  to  th o s e  

t h a t  reac h ed  m a tu r i t y  under  f l u c t u a t i n g  f i e l d  c o n d i t io n s *

S tu d ie s  on th e  e f f e c t  o f  food ty p e  on m i l l i p e d e  developm ent 

s u g g e s t  t h a t  c h o ic e  o f  food  m a t e r i a l s  can p la y  an im p o r ta n t  r o l e  in  

r e a r i n g  s u c c e s s  (G ere ,  1955; McBrayer, 1973; K e i r a l l a h ,  1973;

K e i r a l l a h ,  1 9 7 8 ) .  In  th e  l a b o r a t o r y ,  d ec id u o u s  l i t t e r  i s  p ro b a b ly  th e  

most commonly u sed  food source*  O thers  in c lu d e  s o i l  and p o ta to  s l i c e s  

(B ak e r ,  1 9 7 8 a ) ,  s o i l ,  moss and p o ta to  ( P e r t t u n e n ,  1955) and f i l a m e n to u s  - 

a l g a e  ( K e i r a l l a h ,  1973).  Blower (1974) s u g g e s t  t h a t  p r e - d r i e d  food  

la c k s  m i c r o f l o r a ,  a  n e c e s s a r y  food i te m  f o r  m i l l i p e d e s .  McBrayer

(1973) shows t h a t  r e - i n g e s t i o n  o f  f e c e s  a l lo w s  th e  a n im a ls  a c c e s s  to  

m icrobes  and t h e i r  c e l l u l a s e s ,  and enhances  w e igh t g a in  o v er  t im e .

In th e  p r e s e n t  s tu d y ,  decayed l i t t e r  and wood were always used  

f r e s h ,  and th e  added y e a s t  may have p ro v id ed  a  s e m i - n a t u r a l ,  r e a d i l y  

a v a i l a b l e  s o u rc e  o f  en e rg y  f o r  P. i n c o n s t a n s * In c u l t u r e s  t h a t  had 

been n e g le c te d  f o r  some t im e ,  a d d i t i o n s  o f  y e a s t  produced an  im m ediate 

r e s p o n s e :  th e  an im a ls  l i n e d  up around  th e  y e a s t  and fe d  much l i k e

c a t t l e  around  a  t ro u g h .

Under th e  c o n d i t i o n s  o f  t h i s  s t u d y ,  P. in c o n s ta n s  developed  

f a s t e s t  a t  21°C, w hich induced  th e  s h o r t e s t  d u r a t i o n s  o f  egg and 

im mature s t a g e s  as  w e l l  as  th e  h i g h e s t  f e c u n d i ty  and o v i p o s i t i o n  

f r e q u e n c y .  M o r t a l i t y  was low a t  b o th  15*5° and 21°C, and a l s o  a t
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10°C -  w i th  th e  p o s s i b l e  e x c e p t io n  o f  v e ry  young i n s t a r s ,  a s  d i s c u s s e d  

e a r l i e r .  The h ig h e s t  t e m p e ra tu re  u s e d ,  26 .6°C , app rox im ated  th e  upper  

l e t h a l  l i m i t  f o r  th e  s p e c i e s .  N e i th e r  eggs nor immatures c o u ld  s u rv iv e  

p ro lo n g ed  ex p o su re  to  i t .

S u r v iv a l  o f  a d u l t  fem a le s  was i n f lu e n c e d  no t  on ly  by te m p e ra tu r e ,  

b u t  a l s o  by th e  p re s e n c e  o f  m a le s .  P a ire d  fem a les  d ie d  so o n er  th an  

th o se  k e p t  i n  i s o l a t i o n .  P a i r i n g  in  sm a l l  c o n t a in e r s  i s  a  f o rc e d  

s i t u a t i o n ,  i n  which th e  " se x u a l  d r iv e "  ( S a h l i ,  1969) o f  males r e s u l t s  

i n  f r e q u e n t  c o p u l a t i o n ,  even  i n t e r r u p t i n g  e g g - la y in g  a c t i v i t y .  S a h l i  

(1969) a l s o  o b se rv e d ,  i n  P. a n g u s t u s , t h a t  many m a tings  d im in is h e d  th e  

l i f e  span o f  fe m a le s .

I t  i s  p ro b a b le  t h a t  r e p e a te d  m a tings  ta k e  p la c e  in  th e  f i e l d  as  

w e l l ,  c o n t r i b u t i n g  to  th e  n a t u r a l  m o r t a l i t y  r a t e s  o f  fe m a le s .  This i s  

n o t  n e c e s s a r i l y  a  n e g a t iv e  e f f e c t .  P a i r e d  fem a les  in  c u l t u r e  g e n e r a l l y  

showed r a p id  d i e - o f f  o n ly  a f t e r  t h e i r  m ajor c o n t r i b u t i o n  to  

r e c r u i tm e n t  had been made, e . g .  a t  a  tim e when th e  number o f  eggs p e r  

o v i p o s i t i o n  c l e a r l y  began to  d e c r e a s e .  In  th e  f i e l d ,  food a v a i l a b i l i t y  

can be a l i m i t i n g  f a c t o r  d u r in g  th e  summer months ( M i l l e r ,  1974; 

S t a c h u r s k i ,  1968, 1972). Removal o f  a d u l t  fem ales  from the  p o p u la t io n  

would reduce  i n t r a s p e c i f i c  c o m p e t i t io n  f o r  food a t  a  tim e when th e  new 

r e c r u i t s  o f  th e  sea so n  a r e  p r e s e n t  i n  l a r g e  numbers.

Of a l l  s t a d i a ,  th e  p e n u l t im a te  was o f  th e  lo n g e s t  d u r a t i o n  in  both 

males and fe m a le s ;  t h i s  seems to  be g e n e r a l l y  t r u e  f o r  po lydesm ids 

(M ile y ,  1927; C ausey, 1943; K e i r a l l a h ,  1978).  Males were a b le  to  

m atu re  e a r l i e r  th a n  fem a les  by s h o r te n in g  th e  d u r a t i o n  o f  t h e i r  

p e n u l t im a te  s tad iu m . In £ .  p i l o s u s , a l th o u g h  most males m atu re  

s l i g h t l y  e a r l i e r  th a n  f e m a le s ,  m ales tend  to  d e f e r  m a t u r i t y .  Blower
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(1974) re c o rd e d  i n a c t i v i t y  p e r io d s  o f  raore th an  two months f o r  s u b a d u l t  

m a le s ,  and i n t e r p r e t s  them as  a d a p t iv e  i n a c t i v i t y  d e s ig n e d  to  

s y n c h ro n iz e  m a tu r a t io n  o f  m ales and fe m a le s .  Ji. s u p e ru s  a d o p ts  a 

d i f f e r e n t  s t r a t e g y  o f  d e f e r r a l .  S tephenson  (1961) found t h a t  th e  

m a jo r i t y  o f  _B. s u p e ru s  fe m a le s  m atu re  in  th e  s p r i n g ,  and t h a t  males 

o v e rw in te r  i n  an  i n t e r c a l a r y  s t a g e :  gonopods a r e  d ev e lo p ed  d u r in g  a

supernum erary  s p r in g  m olt i n  th e s e  o th e rw is e  m atu re  m a les .

E a r ly  m a tu r a t io n  o f  m ales i s  a d a p t iv e  I n s o f a r  as  i t  a s s u r e s  

in s e m in a t io n  o f  fem a les  as  soon as  th e  l a t t e r  a r e  m a tu re .  In  

i n c o n s t a n s , sperm s t o r a g e  a l lo w s  mated b u t  i s o l a t e d  fem a les  to  p roduce  

a p p ro x im a te ly  te n  b a tc h e s  o f  eggs w i th  n e a r -n o rm a l  v i a b i l i t y ,  w hich 

d e c r e a s e s  r a p i d l y  i n  su b se q u e n t  egg b a t c h e s .  Blower (1969b) s u g g e s t s  

t h a t  th e  f r e q u e n t  d e p o s i t i o n  o f  eggs by sem elparous  Polydesmus sp p .  i s  

a means o f  " se e d in g "  n o t  y e t  c o lo n iz e d  a r e a s  w i th  new i n d i v i d u a l s .

Even s i n g l e  f e m a le s ,  once m ated , can s u c c e s s f u l l y  in v a d e  new h a b i t a t  

a r e a s  because  o f  t h e i r  sperm s to r a g e  c a p a b i l i t y .  P'• i n c o n s t a n s  a p p e a r s  

to  be w e l l  s u i t e d  f o r  the  ty p e  o f  p o p u la t io n  ex p a n s io n  d e s c r ib e d  by 

Blower (1969b).  I t  has the  p o t e n t i a l  o f  d e p o s i t i n g  l a r g e  numbers o f  

sm a l l  broods i n  many d i f f e r e n t  p l a c e s .

A d i f f e r e n t  s t r a t e g y  i s  h y p o th e s iz e d  by Lewis (1971a) f o r  

po lydesm oids  i n  which a d u l t s  a r e  d i s t i n c t l y  s u r f a c e - a c t i v e .  In c re a s e d  

p r e d a t io n  on th e s e  s p e c ie s  i s  a p p a r e n t ly  o f f s e t  by th e  p ro d u c t io n  o f  

l a r g e  numbers o f  eggs (a b o u t  1000) p e r  b ro o d ,  w hich would tend  to  

reduce  th e  e f f e c t  o f  p r e d a t io n  a s  a l i m i t i n g  f a c t o r .

Even in  s p e c ie s  w hich a re  no t  c l e a r l y  s u r f a c e - a c t i v e ,  p r e d a t io n  

c o n c e iv a b ly  r e p r e s e n t s  a  m ajo r l i m i t i n g  f a c t o r .  S e i f e r t  (1932) 

m en tions  t h a t  eggs and ju v e n i l e s  o f  S trongylosom a p a l l i p e s  f r e q u e n t l y
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f a l l  p rey  to  th e  c e n t ip e d e  L i th o b iu s  s p .  and to  c a r a b id  b e e t l e s ,  

and t h a t  egg cham bers may be p lu n d e re d  by o t h e r  m i l l i p e d e s . Cole 

(1946) s u g g e s t s ,  b a sed  on c i r c u m s t a n t i a l  e v id e n c e ,  t h a t  some s p i d e r s  

may fe e d  on S c y to n o tu s  g r a n u l a t u s .  Baker (1974) comments on th e  

p o s s i b i l i t y  t h a t  s o i l  m i te s  may p re y  on f i r s t  i n s t a r s  o f  B. s u p e r u s , a  

m i l l i p e d e  im p l i c a te d  a s  p e s t  o f  s u g a r  b e e t s  (B a k e r ,  1974j P i e r r a r d  and 

B ie rn au x ,  1 9 7 4 ) .  And M iley (19 2 7 )  o b se rv ed  a b e e t l e  l a r v a  e a t in g  th r e e  

m o l t in g  i n d i v i d u a l s  o f  E u ryu rus  e ry th ro p y g u s . A p p a re n t ly  t h e  d e f e n s iv e  

s e c r e t i o n s  o f  m i l l i p e d e s  (Bano and K rishnam oorthy ,  1978; D uffey and 

Towers, 1978; Roper, 1978) a r e  i n e f f e c t i v e  a g a i n s t  c e r t a i n  p r e d a t o r s .

Sm all po lydesm ids  su ch  a s  P. in c o n s t a n s  may be prime c a n d id a te s  

f o r  p o p u la t io n  c o n t r o l  by p r e d a t i o n .  The sm ooth, ro u n d , s t r o n g l y  

s c l e r o t i z e d  i u l i d s  a r e  more d i f f i c u l t  to  g r a s p .  Medium and l a r g e - s i z e d

0 . p i l o s u s  f o r  i n s t a n c e  ca n n o t  be h e ld  and c ru s h e d  by c a r a b id  

m a n d ib le s .  Using th e  t y p i c a l  w inding  m otion  so a p t l y  d e s c r ib e d  by 

H aacker (1 9 7 4 ) ,  £ .  p i l o s u s  s im ply  winds i t s  way o u t  o f  th e  m o u th p a r ts  

o f  th e  b e e t l e .

However, t h e r e  i s  no good f i e l d  ev id e n c e  r e g a rd in g  th e  e x t e n t  to  

w hich m i l l i p e d e  p o p u la t io n s  a r e  l i m i t e d  by p r e d a t o r s .  Judg ing  by th e  

d a t a  p r e s e n te d  h e r e ,  t h e r e  a re  i n d i c a t i o n s  t h a t  c a r a b id s  may be a b l e  to  

consume l a r g e  numbers o f  m i l l i p e d e s ,  and a l s o  t h a t  th e  a r r a y  o f  

I n v e r t e b r a t e  p r e d a t o r s  immune to  d e f e n s iv e  s e c r e t i o n s  may be l a r g e .  I f  

t h a t  were t r u e  i n  th e  f i e l d ,  th e  h ig h  r e p r o d u c t iv e  c a p a c i t y  o f  JP. 

i n c o n s t a n s  c o u ld  e f f e c t i v e l y  be c o u n te r a c te d  by p r e d a t o r  a c t i v i t y .



PART II
THE LIFE HISTORY OF POLYDESMUS INCONSTANS IN THE FIELD

1. INTRODUCTION

The h u m i f i c a t i v e  f u n c t i o n  o f  D ip lopoda , w hich a r e  among th e  m ajor 

sap ro p h ag es  in  f o r e s t s  and g r a s s l a n d ,  has  been  re c o g n iz e d  f o r  many 

y e a r s .  Q u a l i t a t i v e l y ,  t h e i r  im p o r tan ce  i s  e n v i s io n e d  a s  ly in g  i n  th e  

m e ch an ic a l  breakdown o f  o rg a n ic  m a t t e r  and in  th e  m ixing  o f  d e t r i t u s  

w i th  th e  s o i l  i t s e l f ;  by th e  p ro c e s s  of com m inution, m i c r o b ia l  a c t i v i t y  

i s  enhanced  a n d ,  w i th  i t ,  th e  ch em ica l p ro c e s s  o f  humus fo rm a t io n .

Even though l i t t e r  breakdown i s  a x io m a t i c ,  th e  s p e c i f i c  im p o r tan ce  

o f  d ip lo p o d  f e e d in g  can  be shown c o n c l u s i v e l y  o n ly  where th e y  a r e  th e  

dom inant l a r g e  d e t r i t i v o r e ,  e . g .  i n  th e  a b sen ce  o f  earthworm s 

( G h i la ro v ,  1947).  Q u a n t i f i c a t i o n  of t h e i r  e f f e c t s  i n  te rm s o f  l i t t e r  

d is a p p e a ra n c e  has  been a t te m p te d  a s  e a r l y  a s  th e  1 9 2 0 's  and 3 0 ' s 

(Soudek, 1928; B ornebusch , 193C; U l r i c h ,  1933; Fourman, 1938). S ince  

th e n ,  m a jo r  s t u d i e s  have shown t h a t  th e  m agnitude o f  th e  d ip lo p o d  

c o n t r i b u t i o n  to  d eco m p o s i t io n  v a r i e s  w i th  th e  c l i m a t i c  and v e g e t a t i o n a l  

c h a r a c t e r i s t i c s  o f  s p e c i f i c  l o c a l i t i e s  ( D r i f t ,  1951 ; D unger, 1956,

1958, 1960; G ere , 1956, 1962; K urceva, 1960; V olz ,  1954).

Much l a b o r a t o r y  work has a t te m p te d  to  e l u c i d a t e  th e  p r e c i s e  n a tu re  

and e f f e c t  o f  d ip lo p o d  f e e d in g  a c t i v i t y .  Sakwa (1974) found t h a t  the  

a t t r a c t i v e  p r o p e r t i e s  o f  r o t t i n g  s u b s ta n c e s  seem to  in v o lv e  a  

co m b in a tio n  o f  s u g a r - p r e s e n c e  and p o ly p h e n o l- a b s e n c e ; on th e  o t h e r  

hand , N euhauser and H a r t e n s t e i n  (1978) w ere u n ab le  to  r e l a t e  food 

p r e f e r e n c e s  to  th e  p h e n o l ic  c o n te n t  o f  l e a v e s .  D e sp i te  such
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d i s c r e p a n c i e s ,  many a u th o r s  (S ch m id t,  1952; N ie l s e n ,  1962; K e i r a l l a h ,  

1966; Sakwa, 1974; and o t h e r s )  have s u g g e s te d  t h a t  m i l l i p e d e s  can 

g e n e r a l l y  a s s e s s  th e  n u t r i t i v e  v a lu e  o f  t h e i r  food and t h a t  

e n v iro n m e n ta l  c o n d i t i o n s ,  th ro u g h  t h e i r  e f f e c t s  on m ic r o b ia l  a c t i v i t y ,  

sh o u ld  c o r r e l a t e  w ith  p a l a t a b i l i t y .

Many o f  th e  f i e l d  s t u d i e s  co n ce rn ed  w ith  tu rn o v e r  r a t e s  o f  o rg a n ic  

m a t t e r  in c lu d e  a n a ly s e s  o f  th e  e c o s y s te m 's  f a u n a l  com ponents . These 

p u b l i c a t i o n s  a r e  too  numerous to  m en tion  h e r e ;  one may r e f e r  to  s o i l  

z o o lo g ic a l  compendia such  a s  th o s e  o f  Doeksen and D r i f t  (1 9 6 3 ) ,  Burges 

and Raw (1967) o r  Wallwork (1 9 7 6 ) .  With few e x c e p t io n s ,  th e  o rg a n ic  

m a t t e r  c y c le  has n o t  been c o r r e l a t e d  w ith  p o p u la t io n  d e n s i t i e s  and age 

s t r u c t u r e s  o f  s p e c i f i c  m i l l i p e d e  p o p u la t io n s .  P u re ly  p h e n o lo g ic a l  

d a t a ,  on th e  o th e r  h an d ,  a r e  q u i t e  num erous.

The m a jo r i t y  o f  th e s e  p h e n o lo g ic a l  i n v e s t i g a t i o n s  c o n c e rn s  i u l o i d  

s p e c i e s  i n  England and o t h e r  p a r t s  o f  Europe (H alkka, 1958; Blower and 

G a b b u tt ,  1964; Blower and F a i r h u r s t ,  1968; Blower 1969 a , b ,  1970; 

B rookes, 1974; F a i r h u r s t ,  1974; C otton  and M i l l e r ,  1 9 7 4 ) ;  i n  A u s t r a l i a  

(B ak er ,  1978 a , b ) ,  and th e  W estern In d ia n  Ocean ( S p a u l l ,  1976 ) .  

G lom erids ,  e s p e c i a l l y  G lom eris  m a rg in a ta  ( V i l l e r s )  have been o f  

i n t e r e s t  to  z o o l o g i s t s  f o r  o v e r  100 y e a r s ;  Bocock and H ea th  (1 9 6 7 ) ,  

Bocock e t  a l  (1967) and Heath e t  a l  (1974) have d e a l t  most e x t e n s i v e l y  

w i th  th e  l i f e  h i s t o r y  and eco logy  o f  the  s p e c ie s  in  England .

The po lydesm oids  whose l i f e  h i s t o r y  has been s tu d i e d  i n  th e  f i e l d  

s h a re  some common c h a r a c t e r i s t i c s .  T h e i r  l i f e  c y c le  i s  r e l a t i v e l y  

s h o r t  when compared to  most l u l o i d s :  i t  i s  f r e q u e n t ly  com ple ted  in  

ab o u t one y e a r  ( S e i f e r t ,  1 9 3 2 ;3 te p h e n so n ,  1961; Murakami, 1962, 1966a; 

Lewis, 1971 a , b ) .  Polydesmus com plana tus  (L in n e )  p ro b ab ly  ta k e s  two
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y e a r s  i n  England (B low er, 1970),  and Murakami (1965 b) r e p o r t s  t h a t  

Ampelodesmus i y o n i s  Murakami i n  Japan  may have a  t h r e e - y e a r  l i f e  

c y c l e .

In  te m p e ra te  c l i m a t e s ,  peak s e a s o n a l  a c t i v i t y  c o in c id e s  w ith  

r e p r o d u c t iv e  a c t i v i t y ,  and i s  u s u a l l y  measured by th e  r e l a t i v e  number 

o f  i n d i v i d u a l s  ca u g h t  in  p i t f a l l  t r a p s .  A spring-sum m er peak i s  

u s u a l l y  th e  o n ly  one o c c u r r i n g ,  o r  i s  th e  more pronounced one 

i n  p o p u la t io n s  where a  second  peak  i s  a p p a r e n t  i n  th e  f a l l  (S tep h en so n ,  

1961; Blow er, 1970; H aacker,  1968; Barlow, 1957).

E g g - la y in g  ta k e s  p la c e  o ver  a  p e r io d  o f  two to  s e v e r a l  m o n th s , and 

most s p e c ie s  c o n s t r u c t  p r o t e c t i v e  chambers around  t h e i r  eggs  (E vans , 

1910; S e i f e r t ,  1932; Voges, 1916; Murakami, 1965 a , b ;  S tep h e n so n ,

1961). I to l t in g  a l s o  ta k e s  p la c e  in  cham bers. In  N ig e r ia n  

pa rad o x o so m a tid s  and gomphodesmids, th e s e  chambers e n a b le  d ia p a u s in g  

l a r v a e  to  s u r v iv e  th e  d ry  s e a s o n  (L ew is ,  1971 a , b ) .  In te m p e ra te  

z o n e s ,  po lydesm ids  u s u a l l y  o v e rw in te r  a s  a d u l t s  and l a r v a e  (S te p h e n so n ,  

1961; V e rh o e f f ,  1929; Blower, 1955; B a n e r je e ,  1967).  Of s e v e r a l  

po lydesm ids  i n v e s t i g a t e d  by V erhoeff  (1 9 2 9 ) ,  one o v e rw in te re d  a s  l a r v a e  

o n ly  -  a s  does Oxidus g r a c i l u s  (Koch) i n  Jap an  (Murakami, 1962, 1966).

The e a r l i e s t  b i o l o g i c a l  and e c o l o g i c a l  s t u d i e s  on N orth  

American polydesm oids  were th o s e  by M iley (1927) on E uryurus  

e ry th ro p y g u s  ( B r a n d t ) .  Causey (1943) s t u d i e d  the  b io lo g y  o f  the  

h o th o u se  m i l l i p e d e ,  which can n o t  s u r v iv e  w in te r s  o u td o o rs  i n  ou r  

c l i m a t e s .  Eaton (1943) i n v e s t i g a t e d  A p h e lo r la  c o r i a c e a  (K och),  bu t  h i s  

f i e l d  d a ta  were based on o n ly  two c o l l e c t i o n s .  As p a r t  o f  a 

l a r g e - s c a l e  s tu d y  on c r y p to z o a ,  Cole (1946) n o te d  some a s p e c t s  o f  th e  

b io lo g y  o f  S c y to n o tu s  g r a n u la tu s  (S a y ) ,  s p e c i f i c a l l y  th o s e  d e a l in g  w i th
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a g g r e g a t io n  In  th e  f i e l d .  Johnson  (1 9 5 2 ) ,  In  h i s  su rv e y  o f  M ichigan 

p o ly d e sm o id s ,  In c lu d e d  b r i e f  a u t e c o l o g i c a l  n o te s  on most of them, _P. 

c o r l a c e u s  (now J?. I n c o n s t a n s ) among them.

In many s t u d i e s ,  d e n s i t y  e s t i m a t e s  a r e  p re c lu d e d  by th e  methods 

u sed  to  sample a  p o p u la t io n .  P i t f a l l  t r a p p in g  g iv e s  a m easure o f  

a c t i v i t y  o n ly ,  s in c e  c a t c h e s  depend on a c t i v e  movement o f  a n im a ls .

H a n d -s o r t in g  o f  a r e a  u n i t s  o f  s u b s t r a t e  and h a n d - c o l l e c t i n g  a lo n g  

t r a n s e c t  l i n e s  a r e  a l s o  commonly u se d ,  bu t y i e l d  d e n s i t y  e s t i m a t e s  o n ly  

i f  a l l  c o lo n lz e a b le  s u b s t r a t e  l a y e r s  a r e  in c lu d e d .

F u n n e l- ty p e  e x t r a c t i o n  i s  one o f  th e  l e s s  t im e-consum ing  methods 

o f  sam p lin g ,  and y i e l d s  b o th  q u a l i t a t i v e  and q u a n t i t a t i v e  d a t a .

E x t r a c t i o n  e f f i c i e n c i e s  may vary  w ith  th e  ty p e  of f u n n e l ,  th e  s p e c i e s

i n  q u e s t i o n ,  and p o s s ib ly  th e  d ev e lo p m en ta l  s t a g e  (B low er,  1970).  In

most c a s e s  e x t r a c t i o n  e f f i c i e n c i e s  a r e  n o t  a s s e s s e d ;  i t  i s  d e b a t a b le

w hether th ey  would in d e ed  by u s e f u l .  M o lting  i n d i v i d u a l s  a r e  immobile

f o r  long  p e r io d s  o f  t im e ,  and th e  p r o p o r t i o n  o f  th e  p o p u la t io n  in  t h a t  \

s t a t e  v a r i e s  w i th  th e  s e a s o n .  S h o r t  o f  l a b o r i o u s l y  c h ec k in g  e x t r a c t i o n

e f f i c i e n c e s  a t  e v e ry  sam p ling  d a t e ,  i t  m ight be p r e f e r r a b l e  to

d i s r e g a r d  them -  knowing, how ever, t h a t  th e  d e n s i t y  e s t i m a t e s  o b ta in e d

a r e  l i k e l y  to  be s l i g h t l y  u n d e re s t im a te d .

D e te rm in a t io n  o f  age  s t r u c t u r e  r e q u i r e s  r e p e a te d  sam p lin g .  A gain , 

a l l  h a b i t a t  s u b d iv i s io n s  must be i n c lu d e d ,  s in c e  some s p e c ie s  show 

s t a g e - s p e c i f i c  s u b s t r a t e  p r e f e r e n d a  (Causey and Tiemann, 1969; Blower,

1970; Lewis, 1971 a ) .  F u r th e rm o re ,  i t  r e q u i r e s  th e  a b i l i t y  to

re c o g n iz e  a  g iv e n  s t a g e .  In i u l o i d s ,  segment numbers v a ry  w i th in  one 

i n s t a r :  r a t h e r  th a n  seg m en ta l  c o u n t s ,  Vachon (1947) and Saudray  (1952) 

have used o c e l l a r  p a t t e r n s  f o r  s t a g e  a s s ig n m e n t ,  Halkka (1958) n o ted
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th e  s i z e  and c o lo r  o f  d e fe n s e  g l a n d s ,  and Blower and G abbutt (1964) 

used  a r i t h m e t i c  p r o b a b i l i t y  p aper  a n a l y s i s .  In  po lydesm ids a s  w e l l  a s  

nem atophorans  a  f ix e d  number o f  segm ents c h a r a c t e r i z e s  each  i n s t a r ,  so 

t h a t  s im p le  seg m en ta l  c o u n ts  s u f f i c e .  In p o ly d e sm id s ,  how ever, the  

im m atures o f  d i f f e r e n t  s p e c ie s  c l o s e l y  resem ble  each  o t h e r ;  i f  th e s e  

s p e c ie s  c o h a b i t ,  s t a g e  d i s t r i b u t i o n  d a ta  sometimes have to  be t e n t a t i v e  

(B low er, 1970 ) .

In  th e  p r e s e n t  i n v e s t i g a t i o n ,  f i e l d  work was conducted  i n  1976, 

1978 and 1979. Two s i t e s  were s t u d i e d :  a backyard  g a rd en  and a

dec iduous  w o o d lo t ,  b o th  in  th e  v i c i n i t y  o f  M ichigan S t a t e  U n iv e r s i t y  

campus. Polydesmus in c o n s t a n s  was th e  on ly  polydesm id e v e r  en c o u n te re d  

i n  e i t h e r  s i t e .

The g o a l s  o f  th e  f i e l d  s tu d y  in c lu d e d  a s se ssm en t  o f :

a )  th e  b io lo g y  of th e  s p e c i e s  i n  th e  f i e l d ,  in c lu d in g  s e x u a l  

a c t i v i t y ,  m o l t in g ,  and p a r a s i t i s m ;

b) th e  l i f e  c y c le  o f  th e  s p e c i e s ,  i . e .  s e a s o n a l  s t a g e  

d i s t r i b u t i o n ;

c )  th e  s p a t i a l  d i s t r i b u t i o n  o f  th e  p o p u la t io n :  i n  v e r t i c a l  

s u b d iv i s io n s  o f  th e  h a b i t a t  ( l i t t e r ,  s o i l )  and in  two h o r i z o n t a l l y  

opposed a r e a s  ( u p h i l l ,  low d e p r e s s io n s ) ;

d) th e  sex  r a t i o s  i n  f i e l d  p o p u la t io n s .

2. MATERIALS AND METHODS 

2.1  The g a rd en  s i t e

A) S i t e  d e s c r i p t i o n :

In  1976 and 1978, an e f f o r t  was made to  m on ito r  a  p o p u la t io n  of
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Pm i n c o n s t a n s  i n  th e  im m ediate  s u r ro u n d in g s  o f  a  home l o c a t e d  n e a r  

M ichigan S t a t e  U n iv e r s i t y  campus. The s i t e  in c lu d e d  a  v a r i e t y  o f  

s m a l l ,  more o r  l e s s  w e l l  d e f in e d  h a b i t a t s :  g r a s s y  a r e a s  a lo n g  th e

n o r th e r n  f o u n d a t io n  w a l l  o f  th e  home; bare  s o i l ,  d e n s e ly  shaded  by 

s h ru b b e ry ,  on i t s  e a s t  and w est s i d e s ;  and  a number o f  l o c a t i o n s  

d i s p e r s e d  th ro u g h o u t  a  backyard  g a rd en  p la n te d  w ith  v a r io u s  p e r e n n i a l s  

and an n u a l  v e g e t a b l e s .

The g a rd en  was r a r e l y  i r r i g a t e d ,  and no p e s t i c i d e s  were a p p l i e d .  

The s o i l s ,  g e n e r a l l y  s a n d y ,  v a r i e d  i n  o r g a n ic  m a t t e r  c o n t e n t  from  3.3% 

i n  th e  g a rd en  to  b.6% un d er  s h ru b b e ry  on th e  w es t  s i d e .  Garden s o i l  

had a  pH o f  7 .7  t o  7 .9  (mean 7 . 8 ) ,  and s o i l  u n d e r  s h ru b b e ry  was o n ly  

s l i g h t l y  more a c i d  ( 7 .2  t o  7 . 6 ,  mean 7 . 3 ) .

B) Sampling m e thods:

In 1976, s q u a re  s o i l  sam ples (10 x 10 cm) were ta k e n  to  a  d e p th  o f  

8 cm w ith  a  narrow  s p a d e .  These sam ples  in c lu d e d  th e  v a r i a b l e ,  b u t  

s m a l l ,  amount o f  o rg a n ic  d e b r i s  on to p  o f  th e  s o i l .  The a n im a ls  were 

r e c o v e re d  by h e a t  e x t r a c t i o n  (m o d if ie d  T u l lg re n  f u n n e l s ) .  E ig h t  

sam ples were ta k en  on e a c h  d a t e .

I n  1978, two d i f f e r e n t  t e c h n iq u e s  were employed to  a s s e s s  the  P. 

i n c o n s ta n s  p o p u la t io n .  One was th e  " c ry p to z o a n  board"  te c h n iq u e ,  

s i m i l a r  to  t h a t  used  bv Cole (1 9 4 6 ) :  b o a rd s  o f  w ea th e red  wood, 25 x  12 

cm and 2 cm t h i c k ,  were s e t  down on th e  s o i l  i n  perm anent l o c a t i o n s .  A 

t o t a l  o f  20 b o a rd s  were th u s  p o s i t i o n e d ,  7 i n  shady  a r e a s  around  th e  

fo u n d a t io n  o f  th e  home, and 13 i n  sunny a r e a s  i n  th e  g a rd e n .  D is ta n c e s  

betw een any two b o a rd s  m easured n o t  l e s s  th an  1 m. P e r i o d i c a l l y ,  th e  

boards  were l i f t e d  and P. in c o n s t a n s  were c o l l e c t e d  from t h e i r
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u n d e r s id e  as  w e l l  as  from th e  s o i l  and c ru m b - la y e r  b e n e a th  them* The 

an im a ls  were s ta g e d  and sexed  in  th e  l a b o r a t o r y ,  and r e tu r n e d  to  th e  

b o a rd s  th e y  came from.

S im u l ta n e o u s ly ,  a  m a rk - r e c a p tu r e  program was conduc ted  w i th  the  

b o a r d - c o l l e c t e d  a n im a ls .  S u b ad u lts  and a d u l t s  w ere marked w ith  a c r y l i c  

p a i n t ,  in  a p a t t e r n  t h a t  a l low ed  d i s t i n c t i o n  betw een s e x e s ,  s t a g e s ,  and 

p rovenance  from s p e c i f i c  b o a rd s .  Every 20 to  30 days th e  c o l o r  scheme 

was changed to  a l lo w  d i s t i n c t i o n  betw een c o l l e c t i o n  d a t e s ,  a t  l e a s t  on 

a  monthly b a s i s .

Beg inn ing  on A p r i l  16 , 1978 and en d in g  on A p r i l  18 , 1979, a  t o t a l  

o f  30 c o l l e c t i o n s  were made. C o n d it io n s  under th e  bo a rd s  (amount o f  

l e a f y  d e b r i s ,  m o i s t u r e ,  s o i l  t e x t u r e )  v a r i e d  g r e a t l y  between b o a rd s  and 

were n o t  m o n i to re d .  But s o i l  te m p e ra tu re  was m o n i to red  from bJay to  

November 1978, a t  th e  t im e  o f  c o l l e c t i o n .  These te m p e ra tu re  

m easurem en ts ,  made w ith  a  YS1 p o r t a b l e  t e le th e rm o m e te r ,  were meant t o  

oppose th e  shady and sunny a r e a s ,  and to  a s s e s s  th e  m e d ia t in g  e f f e c t  o f  

t h e  bo a rd s  when compared to  n e a rb y ,  n o n -co v e red  l o c a t i o n s .  Thus 

te m p e ra tu re  m easurem ents  were made:

a)  on th e  s o i l  s u r f a c e  and a t  d e p th s  o f  1 , 3 and 5 cm;

b) u n d e r  bo a rd s  as  w e l l  as i n  c l o s e  v i c i n i t y  to  them, on and  in  

u n p r o te c te d  s o i l ;

c) i n  shaded  a r e a s  ( t h r e e  b o a rd s  a lo n g  th e  n o r t h e r n  fo u n d a t io n )  

and in  sunny l o c a t i o n s  ( t h r e e  bo ard s  i n  th e  g a r d e n ) .

2 .2 .  The w oodlo t s i t e

A) S i t e  d e s c r i p t i o n :

In th e  f a l l  o f  1978, a  dense p o p u la t io n  o f  P. in c o n s t a n s  was
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d is c o v e re d  in  th e  NW c o r n e r  o f  Baker woodlot (M ichigan S t a t e  U n iv e r s i t y  

campus)* The w oodlo t i s  a 73 -  a c r e  beech-m aple  woods dom inated  by 

m aples (T a b le  2 1 ) .  I t  i s  c r i s s - c r o s s e d  by p a th s  and f r e q u e n te d  by 

s tu d e n t s  t o  th e  e x t e n t  t h a t  th e  h e rb ac eo u s  v e g e t a t i o n  i s  p a r t i a l l y  

d ec im a ted  in  c e r t a i n  a r e a s .

The h e rb  l a y e r  i s  v a r i e d  and c o n s i s t s  o f  f e r n s ,  may a p p l e ,  common 

b a r b e r r y ,  and o th e r  s p e c i e s  c h a r a c t e r i s t i c  o f  mixed w oodlo ts  i n  t h i s  

a r e a .  W e l l - t r a v e l l e d  l o c a t i o n s ,  where s o i l  com paction  and d e s t r u c t i o n  

o f  l i t t e r  and v e g e t a t i o n  were o b v io u s ,  were av o id ed  d u r in g  t h i s  s t u d y .

In  th e  p a r t  o f  th e  w oodlot chosen  f o r  s am p lin g ,  s o i l  ty p e s  v a ry  

c o n s id e r a b ly .  H i l l s d a l e  sandy loam ( c o a r s e ,  w e l l - d r a i n e d )  and Colwood 

loams ( f i n e ,  somewhat p o o r ly  d r a in e d )  p re d o m in a te .  In  th e  two ty p e s  o f  

sam pling  l o c a t i o n s  d e s c r ib e d  below ( u p h i l l ,  d e p r e s s io n s )  a  number of 

s o i l  sam ples were ta k en  in  March o f  1980 and a n a ly z e d  f o r  pH and 

o rg a n ic  m a t t e r  c o n t e n t .  The s o i l  ty p e s  were a s s e s s e d  m anua lly  (D r. 

Mokma, Crop and S o i l  S c ie n c e ,  M ichigan S t a t e  U n i v e r s i t y ) .  T ab le  22 

g iv e s  th e  r e s u l t s .

F o llow ing  s e v e r a l  h a n d - c o l l e c t i o n s  i n  l a t e  1978, a  sam pling  

program was conduc ted  th ro u g h  1979, i n  two ty p e s  o f  l o c a t i o n :

a )  d e p r e s s io n s  a t  th e  bottom  o f  s lo p e s  ( te rm ed  LOW): t h e i r  s i z e  

v a r i e d  from ab o u t 1 m^ t o  over 3 m^. The s m a l l e r  d e p r e s s io n s  were 

sam pled q u a n t i t a t i v e l y  o n ly  o n ce ,  b u t  were sometimes r e v i s i t e d  l a t e r  to  

be h a n d - c o l l e c t e d .  The l a r g e r  ones  were sampled up to  th r e e  t im es  

q u a n t i t a t i v e l y ,  on d i f f e r e n t  d a t e s .

b) Upper s lo p e  a r e a s  (HIGH), s l i g h t l y  below th e  c r e s t  of 

e l e v a t i o n s .  These a r e a s  l a y  above th e  LOW d e p r e s s io n s ,  th e  s lo p e s  

b e in g  i n c l i n e d  tow ard th e  l a t t e r .  D is ta n c e s  between HIGH and LOW



86

T able  21. The s p e c i e s  c o m p o s i t io n  (Im p o rtan ce  v a l u e s )  o f  th e  t r e e s  

i n  Baker w o o d lo t .* )

Im port . Z  Eel. % Rel. % He 1.

v a lu e f  re q . domin. d en s .

A cer saccharum 104.9 30 .4 32 .0 4 2 .5

A cer rubrum 41.1 1 6 .5 9 .2 1 5 .3

Fagus g r a n d i f o l i a 2 8 .4 1 1 .2 7.1 1 0 .0

Quercus ru b e r 25 .2 6 .0 14 .9 4 .3

F ra x in u s  am ericana 24 .9 7 .7 1 1 .5 5 .8

T i l i a  am ericana 22 .2 1 0 .0 1 0 .0 6 .0

Prunus s e r o t i n a 1 6 .6 1 4 .9 7 .5 4 .3

*) From an u n p u b l ish e d  m a n u sc r ip t  by Y. R. Beach and W. D. S te v e n s ,

Dept, o f  Botany, M ichigan S t a t e  U n v i e r s i t y :  " A s tu d y  o f Baker

w oodlo t.  I I .  V e g e ta t io n  and e c o lo g y ”.

Table 22. S o i l  c h a r a c t e r i s t i c s  o f  th e Baker w oodlot sam pling  s i t e s .

LOW AREAS HIGH AREAS

SOIL Colwood-Brookston k id d le s Loam and

TYPE *) lo a n s H i l l s d a l e  sandy loatn

MEAN pH + SD 6.1 +  0 .4 6 .4 + 0 .2

MEAN % O.il. ±  SD 8 .6  ±  1 .2 5 .9 +  1 .1

*) According t o :  S o i l  Survey o f  Ingham County, M ich igan ; U.S.

D epartm ent o f  A g r i c u l t u r e ,  S o i l  C o n s e rv a t io n  S e rv ic e  (1979 ) .
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l o c a l i t i e s  were on th e  o rd e r  o f  a t  l e a s t  10 u ,  and u s u a l l y  much more*

In  b o th  l o c a l i t i e s ,  one c r i t e r i o n  f o r  ch o o s in g  a c t u a l  sam pling  

s p o t s  was s t r i c l y  ad h ere d  t o ;  no sam ples were ta k en  c l o s e  to  l o g s  o r  

l a r g e  branches*  That i s ,  s t r u c t u r e s  t h a t  m igh t s e rv e  as  r e f u g i a  f o r  J?. 

i n c o n s t a n s  were a v o id e d .  The d i f f e r e n t i a t i o n  o f  n ic h e s  on th e  f o r e s t

f l o o r  i s  so complex t h a t ,  had such  p o t e n t i a l  r e t r e a t s  been  in c lu d e d ,  

th e  sam pling  program would have s u rp a s s e d  a v a i l a b l e  t im e and space  

r e s o u r c e s .

B) Sampling m e th o d s ;

L i t t e r  s a m p le s : a  s q u a re  m e ta l  f ram e ,  25 x 25 cm, was s e t  down

on th e  l i t t e r .  A sh a rp  k n i f e  was th e n  ru n  a lo n g  i t s  i n s i d e  p e r ip h e r y ,  

c u t t i n g  th ro u g h  th e  l i t t e r  and th e  s m a l l e r  tw ig s .  While l e a v in g  the  

frame i n  p l a c e ,  l i t t e r  and d e b r i s  from th e  i n s i d e  o f  th e  s q u a re  were 

t r a n s f e r r e d  to  p l a s t i c  b a g s .  L a rg e r  tw ig s ,  i f  s h o r t  and l y i n g  w i th in  

th e  f ram e , were i n c l u d e d ; i f  lo n g ,  th e y  were examined on th e  s p o t  f o r  £ .  

in c o n s t a n s  and moved a s i d e .

In  LOW a re a s  e s p e c i a l l y ,  th e  l e a f  l i t t e r  was c h a r a c t e r i s t i c a l l y  

m ing led  w ith  s o i l .  The d i s t i n c t i o n  between l i t t e r  and s o i l  ( t h e  s o i l -  

l i t t e r  i n t e r f a c e )  was t h e r e f o r e  made a r b i t r a r i l y :  th o s e  o rg a n ic  

a g g re g a te s  t h a t  were e a s i l y  g a th e r e d  by a  g e n t l e  b ru s h in g  m otion  of th e  

f i n g e r s  were in c lu d e d  w i th  th e  l i t t e r  s am p les .  The s o i l  s u r f a c e  was 

th e n  examined f o r  £ .  in c o n s t a n s  and any an im a ls  moving over  i t  were 

a l s o  In c lu d e d .

S o i l  s a m p le s : on s e l e c t e d  d a t e s ,  a f t e r  th e  l i t t e r  sam ples had

been  removed, two s o i l  c o re s  were ta k en  from e a c h  25 x 25 cm s q u a r e .

The c o re s  reach ed  a  t o t a l  d e p th  o f  15 cm, and each  was su b d iv id e d  in t o
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a  0 -8  cm and a  8-15 cm subsam ple . The I n s id e  w id th  o f  th e  c o re  sam pler  

was 5 .5  cm.

E x t r a c t i o n  of an im a ls  from th e  s o i l  and l i t t e r  s a m p le s : u n t i l

l a t e  June 1979, bo th  ty p e s  o f  sam ples were h a n d s o r te d  In  th e  

l a b o r a t o r y ,  I n  hopes o f  f i n d i n g  egg n e s t s  and m o l t in g  i n d i v i d u a l s .

S ince  n e i t h e r  was e v e r  d e t e c t e d ,  th e  l a b o r i o u s  h a n d s o r t in g  was th e n  

r e p la c e d  by T u l lg r e n  fu n n e l  e x t r a c t i o n  from 5 to  7 days  (depend ing  

on th e  m o is tu re  c o n te n t  o f  th e  s a m p le s ) .

H a n d - c o l l e c t in g  t i n t e r s p e r s e d  between a r e a - s p e c i f i c  l i t t e r  and 

s o i l  s am p lin g ,  _P. in c o n s t a n s  were c o l l e c t e d  by hand from th e  same 

g e n e r a l  a r e a  o f  Baker w ood lo t.  W hile h a n d - c o l l e c t i n g  can  be used as a 

q u a n t i t a t i v e  t o o l ,  i n  th e  p r e s e n t  s tu d y  th e  te c h n iq u e  was s im p ly  meant 

to  p ro v id e  su p p lem en ta ry  m a t e r i a l  f o r  e v a l u a t i n g  th e  s t a g e  d i s t r i b u t i o n  

w i th i n  th e  P. in c o n s t a n s  p o p u la t io n .  N e i th e r  s p e c i f i c  a r e a  u n i t s  no r  

c o l l e c t i o n - t i m e  l i m i t s  were ad h ere d  t o ;  r a t h e r ,  an a t t e m p t  was made 

to  th o ro u g h ly  i n s p e c t  a l l  h a b i t a t s  a v a i l a b l e  to  th e  s p e c i e s :  l i t t e r ,

d u f f ,  s o i l  a g g r e g a t e s ;  a l l  b ranch  s i z e s ;  lo o s e  b a rk  around th e  e n t i r e  

p e r ip h e r y  o f  a  g iv e n  l o g ;  th e  o u t s id e  s u r f a c e  o f  lo g s  as  w e l l  a s  any 

a c c e s s i b l e  c h a n n e ls  w i th i n  them.

C) P h y s ic a l  p a ra m e te rs  o f  th e  s i t e :

L i t t e r  t h i c k n e s s : u s u a l l y ,  l i t t e r  i s  c h a r a c t e r i z e d  as  d ry  w eight 

o f  l i t t e r  p e r  u n i t  a r e a  ( M i l l e r ,  1974).  Lebrun (1971) fo l lo w e d  th e  

te m p o ra l  p r o g r e s s io n  o f  l e a f  f a l l  and d e te rm in e d  the  t o t a l  number of 

l e a v e s  pe r  m^ o f  f o r e s t  f l o o r ,  a s  w e l l  as  th e  gram p e rc e n t  o f  each  

s p e c ie s  o f  t r e e  in  f r e s h  w e ig h ts .  Dunger (1958) summarily  d e s c r ib e d  

th e  l i t t e r  cover  i n  a  f lo o d  p l a i n  as  c o n s i s t i n g  o f  two to  fo u r  la y e r e d
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l e a v e s  i n  l a t e  f a l l ,  w hich d i s a p p e a re d  r a p i d l y  d u r in g  s p r in g  so t h a t  

v i r t u a l l y  no l i t t e r  was l e f t  by l a t e  summer*

In t h i s  s t u d y ,  n e i t h e r  q u e s t i o n s  o f  o rg a n ic  m a t te r  breakdown nor  

o f  food  a v a i l a b i l i t y  were ad d ressed *  Thus, o c c a s io n a l  m easurem ents  o f  

l i t t e r  th i c k n e s s  were made on ly  a s  a  g ro s s  check  on g e n e r a l  c o n d i t i o n s  

on th e  woodland f l o o r .  F i r s t ,  a  sh a rp  k n i f e  was u sed  to  make a 

v e r t i c a l  c u t  th ro u g h  th e  l i t t e r  f o r  a d i s t a n c e  o f  ab o u t  15 cm. Any d ry  

to p  le a v e s  were compacted u n t i l  th e y  touched  th e  m o is t  l a y e r  u n d e rn e a th  

by s l i g h t  downward p r e s s u r e  w i th  th e  palm o f  a hand. T o ta l  l i t t e r  

t h i c k n e s s  was th e n  m easured w ith  a  r u l e r  h e ld  a g a i n s t  th e  c u t  s u r f a c e .  

In a d d i t i o n ,  th e  number o f  d ry  and m o is t  le a v e s  were co u n ted  a lo n g  a 

randomly chosen  v e r t i c a l  l i n e  on th e  t r a n s e c t .  "Crumbs and d e b r i s "  

th i c k n e s s  (decomposed s k e l e t a l  l e a v e s  mixed w ith  s o i l )  was m easured 

s e p a r a t e l y .

In b o th  HIGH and LOW l o c a t i o n s , from f i v e  to  seven  r e p l i c a t e  

m easurem ents  o f  t h i s  k in d  were made p e r  d a t e ,  on f i v e  d a t e s  from l a t e  

A p r i l  to  l a t e  A ugust.

S o i l  te m p e ra tu re  and m o i s t u r e ;

On most sam pling  d a t e s ,  te m p e ra tu re  was m easured w ith  a  YSI 

te le th e rm o m e te r  on th e  l i t t e r  s u r f a c e ,  th e  s o i l - l i t t e r  i n t e r f a c e ,  and 

a t  d ep th s  o f  1 , 3, 5 and 10 cm i n  th e  s o i l .

Water c o n te n t  o f  th e  s o i l  was a s s e s s e d  by w e ig h in g ,  d ry in g  and 

r e -w e ig h in g  a  number o f  s o i l  sam p les .  At th e  tim e o f  w eighing  th e y  

were b r i e f l y  checked f o r  s to n e s  and r o o t s ,  which were removed. They 

were th e n  d r i e d  in  a 60°C oven u n t i l  no f u r t h e r  w eigh t l o s s  o c c u r r e d ,  

and weighed a g a i n .  In b o th  LOW and HIGH a r e a s  fo u r  c o re s  were ta k en  

p e r  d a t e ,  eac h  o f  them s u b d iv id e d  i n t o  a  0 -8  cm and a 8-15  cm
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inc rem ent*

J .  RESULTS

3.1* H a b i t a t  c h a r a c t e r i s t i c s

A) T e m p e ra tu re ;

The g a rd e n  s i t e ; T em pera tu re  r e c o rd s  from  under  bo a rd s  when 

compared to  th o s e  o f  open a r e a s  n e a r  bo a rd s  showed c l e a r l y  th e  

m e d ia t in g  e f f e c t  o f  board  c o v e r .

F ig u re  16 i l l u s t r a t e s  th e  d i f f e r e n c e s  betw een mean te m p e ra tu re s  i n  

th e  two c o n t r a s t e d  l c o a t i o n s .  In sunny l o c a t i o n s ,  th e  exposed  s o i l  

s u r f a c e  was a lm o s t  i n v a r i a b l y  warmer th an  t h a t  under b o a r d s , even in  

O ctober and November. D is c r e p a n c ie s  between s u r f a c e  and d e p th  

measurem ents (5 cm) were o f t e n  l a r g e .  Not so in  shady l o c a t i o n s ,  where 

s u r f a c e  and d e p th  d a ta  were c l o s e l y  r e l a t e d ,  and where open a r e a  

te m p e ra tu r e s  f r e q u e n t l y  exceeded  board  te m p e ra tu re s  by on ly  1°C o r  

l e s s .

As an example o f  te m p e ra tu re  p r o f i l e s  under th e  b o a rd s ,  F ig u re  17 

shows th e  d a t a  o b ta in e d  on s i x  s e l e c t e d  d a t e s ,  and c o n t r a s t s  sunny and 

shady b o a rd s .  On c l o u d le s s  days (hay  7 , May 19, J u ly  6) th e  

d i f f e r e n c e s  i n  te m p e ra tu re  p e r s i s t e d  to  a  dep th  o f  5 cm a t  l e a s t .  At 

t im es  w i th  no s u n s h in e ,  b u t  a f t e r  s e v e r a l  days w i th  h ig h  maximum a i r  

te m p e ra tu re  (June 17 , J u ly  18) te m p e ra tu re s  were h ig h  i n  b o th  l o c a t i o n s  

and a t  a l l  d e p th  l e v e l s .  M ild  d a y s ,  w i th  t e m p e ra tu re s  p r o p i t i o u s  f o r  

m i l l i p e d e  a c t i v i t y ,  s t i l l  o c c u r re d  l a t e  i n  th e  f a l l  (November 1 1 ) .

In  g e n e r a l ,  s o i l  s u r f a c e  te m p e ra tu r e s  under th e  bo ard s  s ta y e d  

w i th in  a  ran g e  o f  16° to  24°C, bu t o c c a s i o n a l l y  ro s e  t o  2 6 °C and
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beyond.

O f f i c i a l  s o i l  and a i r  te m p e ra tu re  r e c o rd s  f o r  E a s t  L ansing  

( re c o rd e d  by M ichigan  S t a t e  U n iv e r s i t y  M e te o ro lo g ic a l  S t a t i o n )  i n  1978 

showed t h a t  th e  d a ta  o b ta in e d  in  th e  g a rd en  p ro b a b ly  r e p r e s e n t  maximum 

d a i l y  s o i l  t e m p e r a tu r e s .  As i l l u s t r a t e d  in  F ig u re  18, r e c o rd s  ta k e n  i n  

E a s t  L ans ing  a t  8:am were c o n s i s t e n t l y  much low er th an  th e  g a rd en  

r e c o rd s  ta k e n  betw een l:pm  and 4 : pm on th e  same days and a t  th e  same 

d e p th .  F ig u re  18 shows a g a in  t h a t  th e  b o a rd s  had a  m e d ia t in g  e f f e c t  on 

s o i l  te m p e ra tu r e ,  and i l u s t r a t e s  th e  r e l a t i o n s i p  between maximum a i r  

te m p e ra tu re  and s o i l  te m p e ra tu re .

The w ood lo t s i t e : S in c e  no c o n t in u o u s  r e c o r d  c o u ld  be made, th e

p o in t  m easurem ents  made on e i g h t  d a t e s  had to  s u f f i c e  f o r  

a c h a r a c t e r i z a t i o n  o f  th e  t e m p e ra tu re  p r o f i l e  i n  HIGH and LOW a r e a s  o f  

th e  w ood lo t.

F ig u re  19 g iv e s  mean te m p e ra tu re s  i n  eac h  o f  the  h a b i t a t  

s u b d iv i s io n s  and a t  each  o f  th e  d e p th  l e v e l s  m o n i to re d .  Large 

d i f f e r e n c e s  betw een HIGH and LOW w ere a p p a re n t  on ly  on J u l y  14 , bu t  

d e p r e s s io n s  g e n e r a l l y  a l lo w ed  te m p e ra tu re s  to  rem ain  c o o l e r  d u r in g  

s p r in g  and summer.

The d a t a  f o r  O ctober  9 p ro v id e  an  example o f  th e  i n v e r s i o n  o f  t h i s  

r e l a t i o n s h i p :  i n  s p i t e  o f  l e a f  f a l l  be ing  w e l l  un d er  way, HIGH a re a s

a p p a r e n t ly  co o le d  down more r a p i d l y ,  o r  responded  more r a p i d l y  to 

f a l l i n g  a i r  t e m p e r a tu r e s ,  th a n  th e  w e l l - p r o t e c t e d  LOW a r e a s .  At th e  

same t im e ,  th e  u s u a l  te m p e ra tu re  g r a d i e n t  ( low er  te m p e ra tu re  w ith  

i n c r e a s in g  d e p th )  was a l s o  r e v e r s e d .

From May to  S ep tem ber,  te m p e ra tu re s  a t  th e  s o i l - l i t t e r  i n t e r f a c e  

and a t  1 cm d e p th  n ev e r  r o s e  above a  f a v o r a b l e  l e v e l  f o r
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2L* in c o n s ta n s . As shown in  th e  l a b o r a to r y  (S e c t io n  1 . 3 .3 ) ,  15° to  21°C 

seem to  be o p tim a l te m p e ra tu re  reg im es f o r  th e  s p e c ie s .  At l e a s t  in  

LOW a re a s  (F ig u re  19) t h i s  ran g e  was p ro b ab ly  m a in ta in e d  th ro u g h o u t th e  

summer, under th e  p r o t e c t iv e  l i t t e r  c o v e r ,  a llo w in g  u n in te r r u p te d  

fe e d in g  and r e p r o d u c t iv e  a c t i v i t y  o f  I*, in c o n s ta n s .

D uring A p r i l ,  O ctober and  November, j?. in c o n s ta n s  was co n sp icu o u s  

on th e  s id e s  o f l o g s ,  on m o is t b ra n c h e s , and in  th e  upperm ost l i t t e r  

l a y e r s  (F ig u re  2 0 ) . Ju d g in g  by th e  te m p e ra tu re  d a ta  f o r  A p r il  29 and 

November 17, te m p e ra tu re s  above th e  s o i l  w ere h ig h e r  a t  th o se  tim es  

th e n  w ith in  th e  s o i l  a n d , more p e r t i n e n t ,  th e  l i t t e r  and l i t t e r - s u r f a c e  

te m p e ra tu re  l e v e l s  ap p ro ach ed  th o s e  l e v e l s  a t  w hich j?. in c o n s ta n s  was 

d e f i n i t i v e l y  a c t i v e  i n  th e  l a b o r a to r y  (15°C ).

B) L i t t e r  c o v e r :

T ab le  23 sum m arizes th e  d a ta  on l i t t e r  th ic k n e s s ,  and g iv e s  e x a c t 

sam pling  d a t e s .  On up p er s lo p e s ,  th e  crumb la y e r  was v i r t u a l l y  

n o n - e x is t e n t  a t  a l l  t im e s . In f a c t ,  a  s c o r in g  sy stem  o f " t h i n -  p a tc h y -  

none" would have been e q u a l ly  a c c u r a te .  The la y e r s  o f  m o is t and d ry  

le a v e s  v a r ie d  w ith  p r i o r  w ea th e r c o n d i t io n .  In  LOW a r e a s ,  th e re  was 

alw ays some h a b i t a t  p r o p i t io u s  f o r  m i l l ip e d e s  b ecause  th e  com plex crumb 

la y e r  was r e l a t i v e l y  th i c k  an d , as  th e  sea so n  p ro g re s s e d ,  was k e p t 

r e p le n is h e d  and even in c re a s e d  by in p u t  o f  s k e le to n iz e d  le a v e s  from  

above.

In  a d d i t io n  to  th e  m easurem ents o f  l i t t e r  th i c k n e s s , q u a l i t a t i v e  

o b s e rv a t io n s  w ere made a t  tim es  o f h a n d - c o l le c t in g  and q u a d ra t 

sam p lin g . E xcep t f o r  s m a l l ,  i s o l a t e d  p a tc h e s  ( 4 *  0 .2 5  m )  HIGH a r e a s  

w ere a c t u a l l y  n e v e r  t o t a l l y  denuded o f  l e a v e s .  But i n  m id - and l a t e
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Figure 20. Loose aggregations of P. inconstans on the 
sides of logs in October.



Figure 20
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T ab le  23. T h ic k n e ss , i n  cm, o f  l i t t e r  and crumb l a y e r s ,  and number 

o f  sup erim p o sed  le a v e s  i n  Baker w o o d lo t. Means o f a t  l e a s t  f iv e  

m easurem ents p e r  d a te  and l o c a t i o n s ,  + S . D.

no . o f no . o f
L i t t e r Crumbs le a v e s  dry le a v e s  m o is t

A pr. 29 HIGH 0 .6 0 .3 3 .0 2 .3
+ 0 .3 + 0 .1 + 0 .7 + 0 .8

LOW 4 .0 1 .1 7 .9 1 0 .7
+ 1 .3 + 0 .5 + 2 .5 +  1 .8

May 31 HIGH 0 .7 0 .3 4 ,6 0 .8
+ 0 .2 + 0 .1 + 1 .2 + 0 .7

LOW 3.4 0 .8 9 .4 5 .0
+ 0 .6 + 0 .3 + 1 .0 +1. 7

June 24 HIGH 0 .7 0 .2 5 .8 0 .5
+ 0 .2 + 0 .2 + 1 .3 + 0 .8

LOW 2 .3 0 .5 15 .3 2 .3
+ 0 .5 + 0 .2 + 3 .6 + 1 .5

Aug. 9 HIGH 0 .3 0 .2 3 .6 1 .0
+ 0 .1 + 0 .1 + 1 .4 + 0 .6

LOW 1 .0 1 .8 6 .8 3 .0
+ 0 .3 + 0 .7 +1. 7 +1. 3

Aug. 25 HIGH 0 .2 0 .1 2 .9 0 .6
+ 0 .1 + 0 .1 + 1 .0 + 1 .0

LOW 1 .3 1 .3 1 2 .0 1 .6
+ 0 .3 + 0 .4 + 3 .! + ! - °

summer, l i t t e r  co v e r c o n s is te d  o f o n ly  one to  th r e e  d ry  le a v e s .  In

c o n t r a s t  to  t h a t ,  th e  c o n tin u e d  r ic h n e s s  o f  l i t t e r  i n  LOW a re a s  was 

v e ry  much e v id e n t .  In  b o th  lo c a t io n s  th e  o n ly  i n t a c t  le a v e s  l e f t  by 

th e  end o f  summer were th o se  o f beech  and oak.
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C) M o is tu re :

S o i l  m o is tu re  l e v e l s  in  HIGH a re a s  were g e n e r a l ly  lo w er th a n  th o se  

i n  d e p re s s io n s  (F ig u re  2 1 ) . F re q u e n tly  th e  u p p er 8 cm o f  th e  p r o f i l e  

c o n ta in e d  more w a te r  th a n  th e  8 -15  cm l e v e l .  R a in f a l l  in  1979, 

com pared to  1978 (F ig u re  22) was uneven ly  d i s t r i b u t e d .  U ith  th e  

e x c e p tio n  o f  th e  Septem ber d ro u g h t, th e  d i s t r i b u t i o n  was n o t r e f l e c t e d  

i n  s o i l  m o is tu re  l e v e l s .  The d ro u g h t was e v id e n t  in  b o th  HIGH and LOU 

a r e a s ,  m o is tu re  l e v e l s  rem a in in g  low w e ll  in to  O c to b e r.

The amount o f  p r e c i p i t a t i o n  a c t u a l l y  r e c e iv e d  by th e  s o i l  depends 

on l i t t e r  th ic k n e s s  as w e ll a s  on th e  s t a t e  o f  canopy d evelom en t. 

N o i r f a l i s e  (1962) c a l c u la te d  a  s e a s o n a l  " in te r c e p t i o n  c o e f f i c i e n t "  

co n c e rn in g  canopy deve lo p m en t. Bare c a n o p ie s  (w in te r )  a llo w ed  85% o f  

th e  r a i n  w a te r  to  re a c h  th e  s o i l ;  d u r in g  l e a f  developm ent and l e a f  

f a l l ,  75% o f  th e  p r e c i p i t a t i o n  re a c h e d  th e  s o i l ;  and d u r in g  summer, 65% 

a c t u a l l y  p e n e t r a te d  to  th e  g round .

These d a ta  a re  i n t r i g u i n g ,  b u t t h e i r  a p p l i c a t io n  to  th e  p re s e n t  

s tu d y  i s  c o m p lic a te d  by o th e r  p a ra m e te rs .  In  LGU a re a s  th e  c o n tin u e d  

p re se n c e  o f  a  th i c k  l i t t e r  c o v e r m ust red u ce  e v a p o ra tio n  from  th e  s o i l .  

That same l i t t e r  c o v e r must have an in t e r c e p t io n  p o t e n t i a l  o f  i t s  own, 

e s p e c i a l l y  when r a in s  a re  o f s h o r t  d u r a t io n  a n d /o r  low i n t e n s i t y .  In 

HIGH a r e a s ,  l i t t e r  c o v e r  i s  g e n e r a l ly  th i n  and o f te n  c o n s i s t s  o f d ry  

le a v e s  n o t a d h e r in g  t i g h t l y  to  th e  s o i l  -  t h e r e f o r e  a llo w in g  a i r  

movement and e v a p o ra t io n .

These r e l a t i o n s h ip s  ap p e a r to  be q u i te  i n t r i c a t e ,  and a re  p ro b ab ly  

a l s o  dependen t on a i r  te m p e ra tu re ,  a s  Lebrun (1971) has shown. In t h i s  

s tu d y ,  th e y  were n o t f u r t h e r  q u a n t i f i e d .  B u t, a s  F ig u re  21 show s, th e  

d i f f e r e n t i a l  m o is tu re  c o n te n t  o f th e  s o i l  in  HIGH an d  LOW a re a s  was
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c l e a r  on a l l  sam p ling  d a t e s ,  and s e rv e d  to  enhance i n t e r p r e t a t i o n  o f 

th e  s p a t i a l  d i s t r i b u t i o n  o f  _P. in c o n s ta n s .

3 .2  G en era l o b s e rv a t io n s  on th e  b io lo g y  o f  _P. in c o n s ta n s

A) R e p ro d u c tio n ;

M ating p o ly d esm ld s w ere e a s i l y  found in  th e  f i e l d  b ecau se  th e  

p a r tn e r s  d id  n o t r e a d i ly  s e p a r a t e .  They o f te n  rem ained  in  c o p u la  

th ro u g h o u t c o l l e c t i o n ,  t r a n s p o r t  to  th e  l a b o r a to r y ,  and t r a n s f e r  to  

c u l tu r e  j a r s .

In  fo u r  s u c c e s s iv e  y e a r s ,  th e  f i r s t  m a tin g s  w ere alw ays o b se rv ed  

in  e a r l y  to  m id -A p r i l .  D uring May, co p u la s  o c c u rre d  w ith  in c r e a s in g  

f re q u e n c y . None w ere seen  in  l a t e  J u ly  and A u gust. A gain in  O c to b e r , 

and a s  l a t e  a s  November 1 7 , m ating  o c c u rre d  b o th  i n  th e  w oodlot and th e  

g a rd e n  p o p u la t io n .

Egg cham bers were lo c a te d  o n ly  i n  Baker w o o d lo t, in  1979 -  th e  

f i r s t  one on June  7. Two o th e r s  were d is c o v e re d  on June 28, sev en  more 

on J u ly  12, and th e  l a s t  one on A ugust 9 . A ll  o f  them had been  b u i l t  

on p ie c e s  o f wood w ith  sm ooth s u r f a c e s .  The p r e f e r e n c e  f o r  smooth 

s u b s t r a t e s  as  n e s t - b u i ld in g  s i t e s ,  re c o rd e d  in  l a b o r a to r y  c u l t u r e s ,  

a p p ea red  to  be t r u e  in  th e  f i e l d  as  w e l l .

Of th e s e  n e s t s ,  f o u r  c o n ta in e d  eg g s :

June  28: 89 e g g s , on w hich th e  c h o r io n  had j u s t  r e c e n t ly

r u p tu r e d ;

J u ly  12: 62 e g g s , f r e s h ly  l a i d ;  and 68 e g g s , c h o r io n  ru p tu re d ;

A ugust 9: 70 eggs w hich had been  in v a d ed  by fungus and were n o t
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v ia b le .

T hree  n e s ts  ( J u ly  12) w ere em pty, b u t th e  s p l i t  and d is c a rd e d  

c h o r io n s  were s t i l l  i n  them : th e  eggs had h a tc h e d . Four n e s ts  w ere

em pty, b u t c o n ta in e d  no c h o r io n s :  p o s s ib ly  th e y  had been  p lu n d e re d ,

s in c e  two o f  th e  cham bers had i r r e g u l a r  h o le s  in  th e  top  and s id e s ,  

l a r g e r  th a n  th o se  u s u a l ly  made by e sc a p in g  young. The re m a in in g  th re e  

each  c o n ta in e d  a  b e e t l e  l a r v a ,  w hich may o r  may n o t have been r e s p o n s ib le  

f o r  th e  ab sen ce  o f  eg g s .

O v e ra l l ,  th e  ev id e n c e  on e g g - la y in g  in  th e  f i e l d  i s  m eagre. But 

th e r e  a r e  in d i c a t io n s  t h a t  d e s t r u c t io n  o f  eggs i s  a f a c t o r  th a t  l i m i t s  

th e  p o t e n t i a l  o f  th e  s p e c ie s .  Fungal m ycelium , t i g h t l y  packed in s id e  

th e  cham ber, has a l s o  been o b se rv ed  by S e i f e r t  (1932) in  th e  f i e l d .  T hat 

a u th o r  fu r th e rm o re  Im p l ic a te s  m i l l i p e d e s ,  c e n t ip e d e s  and c a r a b id s  a s  n e s t  

p lu n d e re r s  and p r e d a to r s  on f i r s t  i n s t a r s  o f  S trongy losom a p a l l i p e s  

01 iv .

B) M oltin g  and a g g r e g a t io n :

S e i f e r t  (1932) n o te d  th a t  th e  f i r s t  th r e e  i n s t a r s  o f  S trongy losom a 

p a l l i p e s  rem ained  c lo s e ly  a g g re g a te d . Having s e p a ra te d  them and 

d i s t r i b u t e d  them o v er a  l a r g e r  a r e a ,  he o b se rv ed  th e  r e - fo rm a t io n  o f  th e  

o r i g i n a l  a g g r e g a t io n s .  H arding (1969 ) u sed  " fe e d in g  f lo c k s "  as a 

d e s c r ip t i v e  term  f o r  f i r s t  i n s t a r  la rv a e  o f £ .  c o r i a c e u s , and Blower 

(1967) m en tioned  th a t  a g g re g a t io n s  o f  Polydesm us sp p . may be fa m ily  

g ro u p s .

The " fe e d in g  f lo c k s "  o f  H ard ing  were o b se rv ed  o n ly  tw ic e  in  th e  

w oodlo t s i t e .  The two g ro u p s  c o n ta in e d  24 and 17 I n s t a r  I  

r e s p e c t iv e l y .  They w ere o b v io u s ly  t i g h t  g ro u p s , though  th e  in d iv id u a l s
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r a r e l y  to u ch ed  eac h  o th e r .  In  c u l t u r e ,  th e  o f f s p r in g  from  one n e s t  

a l s o  t r a v e l  to g e th e r ,  in  lo o se  fo rm a t io n s ,  b u t w ith  a l l  in d iv id u a l s  

moving in  th e  same d i r e c t i o n .  L a te r  s t a d i a  o f te n  a g g re g a te  in  one 

sm a ll a r e a  o f a  c u l tu r e  j a r ;  th a t  c o u ld , how ever, s im p ly  in d i c a te  

l o c a l i z e d  o p tim a l c o n d i t io n s .  A g g reg a tio n s  observ ed  in  th e  f i e l d ,  

p a r t i c u l a r l y  in  th e  f a l l  o f th e  y e a r ,  c o n s is te d  o f a  m ix tu re  o f  s ta g e s  

from  th e  f o u r th  up to  a d u l t s .

M o ltin g  in d iv id u a l s  were e x tre m e ly  d i f f i c u l t  to  lo c a te  in  f i e l d  

s i t u a t i o n s .  A t o t a l  o f  18 m o ltin g  cham bers were found d u rin g  

h a n d - c o l le c t io n  in  A u gust, Septem ber and O c to b er o f  1979. Two g e n e ra l  

ty p e s  o f lo c a t io n  had been chosen  by th e  a n im a ls :

1 ) The u n d e rs id e  o f  lo g s ,  i . e .  t h a t  p a r t  o f  lo g s  t h a t  i s  t i g h t l y  

apposed  to  th e  s o i l  u n d e rn e a th ; th e  cham bers were b u i l t  on th e  lo g  

i t s e l f ,  b u t p ro tru d e d  in to  th e  s o i l  b en ea th  i t .  (n  ■ 5 cham bers)

2) The f r a s s  c h an n e ls  in s id e  lo g s ,  n e a r  th e  l o g 's  s u r f a c e .  E ig h t 

a n im a ls ,  a l l  lo c a te d  c lo s e  to g e th e r ,  had chosen  sm a ll round h o le s  (su c h  

a s  xylophagous b e e t le  la r v a e  would make) in  th e  l i g h t - c o l o r e d  wood o f a 

r e l a t i v e l y  undecayed lo g ;  th e  cham ber w a lls  w ere o f  th e  same l i g h t  c o lo r  

and c o n s is te n c y  a s  th e  f r a s s  around  th e  h o le s .  F ive o th e r  in d iv id u a l s  

w ere lo c a te d  in  a  ch an n e l o f a  d a rk -c o lo r e d ,  w e ll  decayed  lo g . A gain , 

th e  cham ber w a lls  ap p ea red  to  be made of decayed  wood.

S e i f e r t  (1932) m en tions th a t  j) .  p a l l i p e s  i s  one o f th e  l a s t  

l i t t e r - i n h a b i t a n t s  to  d is a p p e a r  f o r  h ib e r n a t io n ,  and one o f th e  f i r s t  to  

r e a p p e a r  in  th e  s p r in g .  Peaks o f a c t i v i t y  in  most te m p e ra te -z o n e  s p e c ie s  

seem to  o c c u r m o s tly  in  s p r in g  and to  a  l e s s e r  d eg ree  i n  th e  f a l l  

(B a n e r je e ,  1967; 1973; B arlow , 1 9 5 7 ). £ .  in c o n s ta n s , i n  ou r r e g io n s ,

shows a  s im i l a r  b e h a v io r  p a t t e r n .  In  e a r ly  M arch, w h ile  snow c o v e rs  th e
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ground  In  p a tc h e s  (and  lo g s  c a n n o t be moved b ecau se  th e y  a r e  f ro z e n  to  

th e  g ro u n d ) , even  s h o r t  p e r io d s  o f  warming w ea th e r t r i g g e r  m i l l ip e d e  

a c t iv i t y *  W herever th e  sun p e n e t r a te s  to  th e  l i t t e r ,  and around  thawed 

dead b ra n c h e s , P. in c o n s ta n s  can  be found betw een wet le a v e s  and on th e  

s id e s  o f exposed woody d e b r is *  No a g g re g a tio n s  a re  o bv ious a t  t h a t  tim e ; 

in  s m a l l - s c a le  f a v o ra b le  a r e a s ,  th e  in d iv id u a l s  a p p e a r  q u i t e  w e ll  

d isp e rs e d *

T hroughout s p r in g  and summer, P* in c o n s ta n s  shows no d i s t i n c t  

a g g r e g a t io n s ,  w ith  th e  p o s s ib le  e x c e p tio n  o f  i n s t a r  I ,  a s  m en tioned  

e a r l i e r .  But in  th e  f a l l ,  e s p e c i a l l y  in  e a r ly  to  m id -O c to b e r, l a r g e  

a g g re g a tio n s  can  be found on th e  s id e s  o f  lo g s  (F ig u re  2 0 ) . Most o f  

th e se  a re  q u i te  lo o s e ,  and c o n ta in  up to  ab o u t 20 in d iv id u a l s  o f a l l  

s ta g e s  p r e s e n t  i n  th e  p o p u la tio n  a t  t h a t  tim e (IV  to  a d u l t ) .  The a n im a ls  

f r e q u e n t ly  c o n g re g a te  r i g h t  a t  th e  w e t-d ry  l i n e  w hich can  be found on th e  

s id e s  o f  lo g s  a t  v a r io u s  h e ig h ts *  In  November, on m ild  d a y s , th e  same 

b e h a v io r  can  be o b se rv e d . Not u n t i l  l a t e  November does th e  s p e c ie s  

f i n a l l y  r e t i r e  f o r  th e  w in te r .

C) P a r a s i t i s m  i n  th e  f i e l d :

G re g a r in e s  have been found  to  be e n d o p a ra s i te s  o f  v a r io u s  m i l l ip e d e  

s p e c ie s  ( S e i f e r t ,  1932; Jo h n so n , 1952). Nem atodes, a l s o  m en tioned  by 

Baker (1978 a ) ,  o ccu r as  e c t o p a r a s i t e s  o f  j?. in c o n s ta n s . They p e n e t r a te  

th e  s o f t  p le u r a l  t i s s u e  betw een seg m en ts , and a r e  m ost e a s i l y  seen  on 

l i v e  sp ec im en s: th e y  a p p e a r  as  t i n y  t r a n s p a r e n t  c u r l s .  But o f th e  many

hundred  in d iv id u a l s  c o l l e c t e d  in  Baker w o o d lo t, o n ly  a  few w ere 

p a r a s i t i z e d  by nem atodes. At l e a s t  in  1978 -79 , th e  d eg ree  o f nem atode 

I n f e s t a t i o n  ap p e a re d  to  be n e g l ig ib l e .
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The e c t o p a r a s i t l c  deutonym phs o f  a  m i te ,  how ever, were found w ith  

g r e a t e r  r e g u l a r i t y .  The s p e c ie s  was n o t d e te rm in e d  w ith  c e r t a i n t y ,  b u t 

behaved much l i k e  H is tlo s to m a  sp « , w hich  has  been im p lic a te d  by Baker 

(1978 a) a s  a  m ajo r cau se  f o r  th e  d e t e r i o r a t i o n  o f  i u l i d  c u l t u r e s .

These p a r a s i t e s  a r e  a g a in  most e a s i l y  co u n ted  on l i v e  a n im a ls .

Once im mersed in  a l c o h o l ,  th e y  te n d  to  r e l e a s e  t h e i r  h o ld  on th e  h o s t s .  

From November 1978 to  O c to b er 1979, tw elv e  c a tc h e s  o f l i v e  a n im a ls  ( ra n g e  

o f  t o t a l  P ,  in c o n s ta n s  p e r  c a tc h :  6 7 -334 ) were exam ined f o r  m ite  

p a r a s i t i s m .  The p e rc e n ta g e  o f  a n im a ls  p a r a s i t i z e d  (T ab le  24) ra n  from a 

low o f  0.36% (A p r i l  29 , 1979) to  a h ig h  o f  7.76% (O cto b er 1 0 , 1 9 7 9 ).

Over th e  e n t i r e  s e a so n , 2.67% o f  a l l  exam ined a n im a ls  c a r r i e d  m ite s .  

T w en ty -th ree  o f  th e s e  m i l l ip e d e s  ( o r  37.1%) were a d u l t s ;  19 ( o r  30.6%) 

w ere s u b a d u l t s ;  13 (21.0% ) w ere i n s t a r  V I; 5 w ere  s tad iu m  V and  o n e , th e  

s m a l le s t  s ta g e  found to  be p a r a s i t i z e d ,  was a  IV. Sm all s ta g e s  ap p ea r to  

be p a r a s i t i z e d  on ly  r a r e l y  by m ite s  -  a l th o u g h  in  c u l tu r e s  c o n ta in in g  

s t a d i a  I  and I I ,  m ite  i n f e s t a t i o n  can  be a s e v e re  d e t r im e n t .

O v e ra l l ,  m ite  i n f e s t a t i o n  o f  th e  w ood lo t p o p u la t io n  c o u ld  n o t be 

c a l l e d  e x te n s iv e .  Most m i l l ip e d e s  c a r r i e d  a  t o t a l  o f  o n ly  1 to  4 m ite s  

(mean number o f  m ite s  p e r a n im a l: 2 .7 7 ) .  N in e ty -se v e n  p e rc e n t o f  th e  

t im e , th e  m ite s  w ere a t t a c h e d  to  ap p e n d a g e s ; o n ly  two s t a d i a  VI had 

p a r a s i t e s  on t h e i r  v e n t r a l  p le u ra e .  None c a r r i e d  m ite s  on t h e i r  heads 

-  a s  o f te n  happens in  h e a v i ly  I n f e s te d  la b o r a to r y  c u l t u r e s .



Table 24. Parasitism of P* inconstans by ectoparasitic mite deutonymphs in the woodlot.

1978 / /  1979

b a te 11/3 11/8 11 /10 3/18 3/23 4/14 4/16 4 /29 5/31 6 /6 9/15 10/10 T o ta ls

No. examined 148 101 334 67 318 186 189 276 247 134 202 116 2318

No. p a r a s i t . 1 4 4 3 5 3 11 1 14 5 2 9 62

% p a r a s i t i z . 0 .7 4 .0 1 .2 4 .5 1 .6 1 .6 5 .8 0 .4 5 .7 3.7 1 .0 7.8 2.67
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3 .3  S e a so n a l s ta g e  d i s t r i b u t i o n

A) G arden p o p u la t io n

The y ie ld  in  t o t a l  numbers o f  P . in c o n s ta n s  from  th e  1976 fu n n e l 

e x t r a c t i o n s  was g e n e r a l ly  p o o r, in  March and A p r il  f o r  in s ta n c e  (T ab le  

25) v i r t u a l l y  no specim ens w ere o b ta in e d ,  a l th o u g h  hand c o l l e c t i n g  a t  

th a t  tim e re c o v e re d  a  number o f  a d u l t s  f o r  l a b o r a to r y  r e a r i n g .  L a te r  

in  th e  s e a s o n , t o t a l  numbers in c re a s e d  su d d e n ly . As i l l u s t r a t e d  in  

F ig u re  23 , a d u l t s  and s u b a d u l ts  rem ained  e l u s i v e ,  w h ile  th e  b u lk  o f th e  

p o p u la t io n  c o n s is te d  o f  th e  new r e c r u i t s  o f  th e  se a so n . F i r s t  and 

second  i n s t a r s  o c c u r re d  i n  l a r g e  num bers i n  Ju n e . By J u ly ,  m ost had 

g ra d u a te d  to  I I ,  I I I  and  IV. P r o g r e s s iv e ly ,  th e  p o p u la tio n  advanced  to  

i n s t a r s  VI and V II in  S ep tem ber. The l a s t  e x t r a c t i o n ,  on O ctober 1 , 

a g a in  b ro u g h t v e ry  poo r r e s u l t s .

D uring 1978, f r e q u e n t  sam p lin g  from  c ry p to z o a n  b o ard s  gave 

somewhat b e t t e r  r e s u l t s  (T a b le  2 6 ) . For re a s o n s  o f  c l a r i t y ,  up to  

th r e e  c o l l e c t i o n  d a te s  w ere com bined in  one g iv e n  d a ta  p o in t .  Any 

combined c o l l e c t i o n s  sp an  no more th a n  10 days t o t a l ,  and th e  d a te s  

g iv e n  in  T a b le  26 a r e  m edian d a te s  betw een  th e  f i r s t  and l a s t  day o f 

com bined c o l l e c t i o n  d a t e s .

In A p r i l  and May th e  m a jo r i ty  o f th e  p o p u la t io n  c o n s is te d  of 

a d u l t s ,  w ith  some V II and an  o c c a s io n a l  VI (F ig u re  2 4 ) . From m id -Ju n e  

to  m id-A ugust, th e  a d u l t  s ta g e  was no lo n g e r  r e p r e s e n te d :  im m atures now 

dom inated  th e  p o p u la t io n .  Not u n t i l  Septem ber and O ctober d id  a d u l t s  

and p e n u ltim a te  s ta g e s  r e a p p e a r .  At t h a t  t im e , s t a d i a  IV to  a d u l t  were 

a l l  p r e s e n t  w ith  a  s l i g h t  p rep o n d e ran c e  o f  VI and  V II (F ig u re  2 4 ) .

W hile p o p u la t io n  r e c ru i tm e n t  was o bv ious in  June o f 1976, no
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l n s t a r s  1 w ere c o l l e c t e d  In  1978. In  f a c t ,  th e  c o l l e c t i o n s  i n  m id -June 

o f  1978 y ie ld e d  a s in g le  spec im en , an a d u l t  fem ale* I t  i s  m ost l i k e l y  

t h a t  th e  ab sen ce  o f  f i r s t  i n s t a r s  can  be a t t r i b u t e d  to  d i f f e r e n t i a l  

b e h a v io r :  f i r s t  i n s t a r s  may p r e f e r  d eep e r s o i l  s t r a t a ,  and would

th e r e f o r e  be o b ta in e d  from s o i l  sam ples to  a  d ep th  o f 8 cm (1976 d a t a ) ,  

b u t n o t from  th e  upper 1 to  2 cm exam ined in  th e  board  c o l l e c t i o n s .  

F u rth e rm o re , f i r s t  and second s ta g e s  have a  s h o r t  d u r a t io n  a t  h ig h e r  

te m p e ra tu re s  and a  l a r g e  p ro p o r t io n  o f them m igh t be u n d erg o in g  e c d y s is  

a t  t h a t  tim e and so be in a c c e s s ib le  to  th e  c o l l e c t o r .

T ab le  25. T o ta l num bers o f  P. in c o n s ta n s  e x t r a c te d  from  g a rd en  s o i l  

sam ples in  1976.

Number e x t r a c te d

D ate 3 /2 6 4 /1 5 5 /6 6 /8  7 /2 8 /13 9/16 1 0 /1

t o t a l  no . 4 21 6 191 169 43 59 5

B) The W oodlot P o p u la t io n :

F o r a  c l e a r  p r e s e n ta t io n  o f s ta g e  d i s t r i b u t i o n  o f  th e  in c o n s ta n s  

p o p u la t io n ,  th e  r e s u l t s  from  a l l  sam pling  te c h n iq u e s  were com bined 

( q u a l i t a t i v e  h a n d - c o l le c t in g ,  and q u a n t i t a t i v e  h a n d - s o r t in g  and fu n n e l 

e x t r a c t i o n ) .  The t o t a l  num bers th u s  o b ta in e d  were r e s p e c ta b ly  h ig h  

(T a b le  2 7 ) . D ates w ere com bined , b u t o n ly  i f  th ey  were n o t  more th an  4 

days a p a r t .

S ta r t in g  w ith  O ctober 1978, F ig u re  25 i l l u s t r a t e s  th e  s t r u c t u r e  o f



T ab le  2b. T o ta l numbers o f P .  In c o n s ta n s  c a p tu re d  from  cry p to zo an  boards in  th e  garden  s i t e ,  1978.

D ate A/19 5 /1  5 /11 5/21 6 /1  6 /17  7/11 8 /4  8 /18  9 /10  9 /3 0  10/20  11/11

t o t a l  no . 30 35 84 58 15 1 37 26 10 51 47 72 52

T able 27. T o ta l numbers o f  P . in c o n s ta n s  o b ta in e d  from Baker w ood lo t, a l l  sam pling  methods com bined.

1978

Date 10/10 10 /24  11/3  11/10

t o t a l  no . 232 142 178 436

1979

D ate 3 /8  3 /18  3 /23  4 /1 6  4 /2 9  5 /1 5  5 /31 6 /6  6 /26  7 /14  8 /9  8 /25  9 /13  10 /1 0  1 1 /5  11/17

t o t a l  no . 41 152 358 587 296 68 272 152 215 224 164 304 350 326 447 418
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th e  w ood lo t p o p u la t io n .  From O cto b er to  November o f  t h a t  y e a r ,  th e r e  was 

l i t t l e  e v id e n c e  o f  advancem ent in  th e  p o p u la tio n *  O c c a s io n a l t h i r d  

i n s t a r s  w ere p r e s e n t ;  IV and  a d u l t s  o c c u rre d  in  low num bers; th e  b u lk  o f 

th e  p o p u la t io n  c o n s i s te d  o f  VI and V II. No in d iv id u a l s  s m a l le r  th a n  I I I  

w ere found .

In  e a r ly  s p r in g  o f 1979, th e  s ta g e  d i s t r i b u t i o n  was r e m in is c e n t  of 

t h a t  re c o rd e d  th e  p re v io u s  f a l l ,  w ith  p o s s ib ly  a h ig h e r  f re q u e n c y  o f  V II 

(75% o f  th e  p o p u la t io n  on March 1 8 ) .  In  l a t e  March to  m id -A p r i l ,  th e  

p r o p o r t io n  o f a d u l t s  ro s e  to  24%, o n ly  to  f a l l  a g a in  to  3% on A p r i l  2 9 : 

th e  sudden ap p ea ran ce  o f an i n s t a r  V p eak  on th a t  d a te  (60%) i s  n o t 

e n t i r e l y  e x p la in a b le ,  b u t th e r e  i s  a  p o s s i b i l i t y  t h a t  f o u r th  i n s t a r s  

com pleted  a s p r in g  m o lt to  i n s t a r  V a t  t h a t  tim e .

At t h i s  p o in t  one m igh t c o n s id e r  th e  problem  o f m o l t in g -  and 

th e r e f o r e  i n a c c e s s ib le  -  in d iv id u a l s  in  th e  p o p u la t io n .  The 

d i s t i n c t i o n  betw een f r e s h ly  m o lted  and o ld e r  in d iv id u a l s  can  n o t be 

c l e a r ly  made in  young i n s t a r s .  The f i r s t  th r e e  a re  w h ite ;  IV i s  on ly  

f a i n t l y  p ig m en ted ; p ig m e n ta t io n , though  v a r i a b l e ,  becomes more and more 

p ronounced  from th e n  on. S u b a d u lts  and a d u l t s  have abou t th e  same 

c o l o r a t i o n ,  b u t  f r e s h ly  m o lted  in d i v id u a l s  do show l i g h t e r  p ig m e n ta tio n  

f o r  a  few days fo llo w in g  e c d y s is ,  p a r t i c u l a r l y  in  th e  p e n u ltim a te  

segm ent o f  a d u l t s .

B ecause d a rk e n in g  o f  th e  in teg u m en t fo llo w in g  a  m olt i s  g ra d u a l 

b u t r e l a t i v e l y  r a p id ,  r e c o g n i t io n  o f  v e ry  r e c e n t  m o lts  i s  s u b je c t  to  

some e r r o r .  However, t h i s  k in d  o f  c i r c u m s ta n t i a l  e v id e n c e  was re c o rd e d  

f o r  h a n d - c o l le c te d  P. in c o n s ta n s  in  th e  s p r in g  o f  1979 (T a b le  28) and 

was found  to  enhance i n t e r p r e t a t i o n  o f th e  d a ta  i l l u s t r a t e d  in  F ig u re  

25:
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On March 23 (F ig u re  23) th e  p ro p o r t io n  o f  a d u l t s  In  th e  p o p u la t io n  

began to  I n c r e a s e ;  a t  t h a t  t im e , 17% o f  th e  m ales and 23% o f  th e  

fem a le s  ap p ea red  to  have m olted  v e ry  r e c e n t ly  (T a b le  2 8 ).

On May 31 (F ig u re  25) th e  p e rc e n ta g e  o f  a d u l t s  had a g a in  d o u b le d , 

and th e  p e rc e n ta g e  o f r e c e n t ly  m o lted  in d iv id u a l s  was even h ig h e r  th a n  

in  March (T ab le  2 8 ) .

On June  6 , th e  a d u l t  p o p u la tio n  re a c h e d  a h ig h  o f 64%, and 

c o n ta in e d  23-28% f r e s h l y  m o lted  a n im a ls .

As m igh t be e x p e c te d , d a ta  f o r  s u b a d u lts  w ere s im i la r  to  th o se  fo r  

a d u l t s .  S p rin g  and e a r ly  summer a r e  a p p a re n t ly  th e  tim es  o f a  m ajo r 

m a tu ra t io n  push  th ro u g h  s u b a d u lts  to  a d u l t s .

To r e tu r n  now to  F ig u re  25 : by e a r l y  Ju n e , f o u r th  i n s t a r s  were

s p a r s e ,  and a d u l t s  c o n s t i t u t e d  64% o f  th e  p o p u la t io n .  By l a t e  J u n e , th e  

new g e n e r a t io n  had a p p e a re d , c l e a r l y  o f f s e t  from  th e  g e n e ra t io n  o f  th e  

p re v io u s  y e a r :  11, 111 and  IV w ere la c k in g ,  V w ere v i r t u a l l y

n o n - e x i s t e n t ,  and a d u l t s  w ere s t i l l  p ro m in en t.

T ab le  28. F requency  o f o c c u rre n c e  o f  r e c e n t  m o l ts ,  in  p e rc e n t  o f  th e  

t o t a l  number exam ined.

T o ta l no . and (% r e c e n t  m o lts )

I n s t a r s  exam. March 23 May 31 Ju n e  6

V I1 fem ales 45 (2 2 .2 ) 46 (3 0 .4 ) 19 (2 1 .1 )

V II m ales 55 (2 5 .5 ) 22 (1 3 .6 )

V III  fem a le s 47 (2 3 .0 ) 53 (3 7 .7 ) 57 (2 8 .1 )

V I I I  m ales 24 (1 6 .7 ) 24 (3 3 .3 ) 39 (2 3 .1 )
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T ab le  29. R e s u lts  o f m a rk -re c a p tu re program  f o r  a d u l t P. in c o n s ta n s

in  th e  g a rd e n  s i t e .

C ate no . no . d a te s days
marked marked r e c a p t . r e c a p t . m a rk -re c a p .

A pr. 16 10 1 A pr. 30 14
19 6 0 A pr. 29 10
23 8 2 May 3 , 10 10-17
29 17 3 May 3 , 10 4-11
30 8 3 May 7 , 10 7-10

May 3 8 2 May 7 , 18 4-15
7 25 5 May 10, 18, 19 3-12

10 19 4 May 14 , 19 4 -9
14 15 1 May 29 15
18 9 0
23 13 1 May 29 6
29 9 1 June 6 0

June 4 - -

17 1 0
J u ly  7 -

18 -
31 -

Aug. 10 - M0 ADULTS FOUND
16 -

20 -

Sep. 3 -

15 3 0
25 1 1 O ct. 16 21

O ct. 8 2 0
16 5 1 O ct. 26 10
26 13 3 Nov. 11 , 20 16-25

Nov. 11 22 0

TOTALS 194 28 (14.4% )

S pring  1979: 0 r e c a p tu re d  (o f  31 c o l l e c t e d )

A d u lt l i f e  ap p ea red  to  be b r i e f ,  how ever. T h e ir  numbers dw indled  

i n  J u ly ,  n o t to  re a p p e a r  u n t i l  S ep tem ber. At t h a t  tim e in s  t a r s  1 and 

I I  had d is a p p e a re d ,  and th e  numbers o f  IV, V and VI w ere r e p le n is h e d  

d u r in g  th e  f a l l  g row th  p e r io d .  In  November, VI an d  V II form ed th e  b u lk  

o f th e  p o p u la t io n .  The p r o p o r t io n  o f a d u l t s  was q u i t e  h ig h  th en  -
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T ab le  30* R e s u l ts  o f  m a rk - re c a p tu re  program  In  th e  g a rd e n  s i t e  f o r  

s u b a d u lt  P* In c o n s ta n s*

D ate
m arked

no .
marked

no.
r e c a p t .

d a te s
r e c a p t .

days 
m a rk - re c a p t .

A pr. 16 mm

19 2 0
23 4 1+1 tw ic e May 7 , 1 0 , 14 14-21
29 - -

30 - -

Hay 3 - -

7 4 3 May 10 , 18 3-11
10 1 0
14 - -

18 2 0
19 - -

23 5 0
29 -

June 4 -

17 -

J u ly  7 -

18 -

31 - NO SUBADULTS FOUND
Aug. 10 -

16 -

20 -

Sep . 5 -

15 17 0
25 4 0

O ct. 8 8 1+1 tw ice O ct. 16, 26 8-18
16 5 1 O ct. 26 10
26 5 0

Nov. 11 16 1 Nov. 20 9

TOTALS 73 11 (15.1% )

Spring  1979: 0 r e c a p tu r e d  (o f  9 c o l l e c t e d )

w h e th e r th e  r e l a t i v e l y  low numbers e n c o u n te re d  In  e a r ly  s p r in g  w ere a 

r e s u l t  o f  o v e rw in te r  m o r t a l i ty  m ust be l e f t  to  s p e c u la tio n *



119

C) M a rk -re c a p tu re  p ro g ram ;

M a rk -re c a p tu re  program s a r e  n o rm ally  u sed  to  o b ta in  p o p u la tio n  

p a ra m e te rs  such  a s  s u r v iv a l ,  r e c ru i tm e n t  and l i f e  s ta g e  d i s t r i b u t i o n .

In  th e  g a rd en  s i t e ,  such  a program  was perform ed  in  o rd e r  to  answ er two 

more s p e c i f i c  q u e s t io n s :

a) does th e  a d u l t  p o p u la t io n  p r e s e n t  in  th e  s p r in g  s u rv iv e  th ro u g h  

th e  summer? O r, a l t e r n a t i v e l y ,  i s  th e r e  an o v e r la p  betw een 

p o s t - r e p r o d u c t iv e  a d u l t s  and th e  new ly -m o lted  au tum nal p o p u la t io n  o f 

a d u l ts ?

b) Can advancem ent o f s u b a d u lts  to  a d u l t s  te  docum ented 

s e a s o n a l ly  by th e  d is a p p e a ra n c e  o f  marked in d iv id u a ls ?

The d e t a i l e d  r e s u l t s  a r e  g iv e n  in  T ab le s  29 and 30. As w itn e sse d  

by s e v e r a l  n i l - r e c a p t u r e s , and by th e  r e l a t i v e l y  low o v e r - a l l  r e c a p tu r e  

r a t e  (14  to  15 %), th e  program  was n o t t o t a l l y  s u c c e s s f u l .

I n te r v a l s  betw een m arking and r e c a p tu r in g  d a te s  a r e  o f  p a r t i c u l a r  

i n t e r e s t .  For a d u l t s  (T a b le  29) th e y  may be i n t e r p r e t e d  in  two ways. 

F i r s t :  in  s p r in g  and e a r ly  summer, m arked in d iv id u a l s  w ere r e c a p tu r e d

a f t e r  a maximum o f  17 d a y s . Indep en d en t o f tim e  o f  m ark in g , a d u l t s  th u s  

would n o t be found a g a in  a f t e r  a p p ro x im a te ly  two weeks had p a s se d .

T h is  makes i t  h ig h ly  u n l ik e ly  t h a t  th e  l a s t  sp rin g -m ark e d  in d iv id u a l s  

( in  May) would be found  a g a in  in  Septem ber -  a b o u t e ig h t  weeks l a t e r .

An a l t e r n a t i v e  i n t e r p r e t a t i o n  (su p p o r te d  by lo n g e v i ty  o b s e rv a t io n s  

in  th e  la b o r a to r y )  would be t h a t  th e s e  s h o r t  tim e i n t e r v a l s  i n d i c a te  a 

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

sim m er; t h a t  th e  summer gap  in  th e  a d u l t  p o p u la tio n  in d e e d  r e p r e s e n t s  

t o t a l  m o r t a l i ty ;  and th a t  in  th e  f a l l  re p le n ish m e n t o f  th e  a d u l t  

c o n t in g e n t ta k e s  p la c e  th ro u g h  m a tu rin g  in d iv id u a ls  b e lo n g in g  to  th e
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y e a r 's  new r e c r u i t s •

T h ere  i s  e v id e n c e  to  s u p p o r t th e  l a t t e r  I n te r p r e ta t i o n *  Of a l l  

r e c a p tu re d  in d i v id u a l s  ( a d u l t s  and s u b a d u l t s )  79% w ere found  under th e  

same b o a rd s  th ey  had o r ig in a te d  from , and o n ly  21% w ere found under 

n e ig h b o rin g  b o a rd s  ( a t  m ost two b o a rd s  aw ay). In  th e  g a rd e n  s i t e ,  th e  

s p e c ie s  seemed to  e x h i b i t  l i t t l e  h o r i z o n t a l  m o b i l i ty ,  and e m ig ra tio n  

th u s  would add l i t t l e  b i a s ;  a d u l t  d isa p p e a ra n c e  co u ld  in d eed  be b e s t  

e x p la in e d  by m o r t a l i t y .  F u r th e r  c o r r o b o r a t io n  i s  fu rn is h e d  by th e  

s im i l a r  s e a s o n a l  o c c u rre n c e  p a t t e r n s  o f s u b a d u lts  and a d u l t s  in  th e  

g a rd en  p o p u la t io n  in  1976 and in  th e  w oodlo t p o p u la tio n  in  1979.

Few s u b a d u lts  were fo u n d , and even few er were r e c a p tu re d  (T ab le  

3 0 ) . I t  i s  l i k e l y  t h a t  n i l - r e c a p t u r e s  in  th e  case  o f  s u b a d u lts  

in d i c a te  e x u v ia t io n ,  b o th  in  s p r in g  and f a l l .  E v idence o f g ra d u a t io n  

a t  th e s e  tim es  was a l s o  found in  th e  w oodlo t p o p u la tio n  ( s e e  S e c t io n

3 .3 . )  a s  w e ll  a s  in  th e  g a rd e n  p o p u la t io n ,  a s  d is c u s s e d  e a r l i e r .

S e v e ra l a u th o rs  have a d d re s s e d  th em se lv es  to  th e  v a l i d i t y  of 

m a rk - re c a p tu re  te c h n iq u e s  (McLeod, 1958; T u rn e r , 1960; G re e n s la d e , 

1964; E r ic s o n , 1 9 7 7 ) , b u t t h e i r  s e a rc h  f o r  b ia s  co n ce rn ed  q u a n t i t a t i v e  

p o p u la t io n  p a ra m e te rs  n o t in c lu d e d  in  th e  g o a ls  o f  th e  p r e s e n t  s tu d y .  

In  g e n e ra l  i t  may be s a id  th a t  th e  m a rk - re c a p tu re  program  w as, in  

i t s e l f ,  n o t  c o n c lu s iv e .  But th e  p h e n o lo g ic a l  d a ta  o b ta in e d  f o r  P. 

in c o n s ta n s  in  th e  f i e l d  s u p p o r t th e  t e n t a t i v e  c o n c lu s io n s  drawn from  

th e  p rogram , j u s t  a s  th e  r e c a p tu r e  r e s u l t s  le n d  c re d e n c e  to  th e  

i n t e r p r e t a t i o n  o f  sam pling  r e s u l t s .
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3 .4 . Sex r a t i o s  in  f i e l d  p o p u la tio n s

F ig u re  26 sum m arizes th e  sex  r a t i o s  o b se rv ed  in  th e  g a rd e n  (1976 

and 1978) and in  th e  w ood lo t p o p u la t io n s  (1 9 7 8 -7 9 ) ;  a l l  s ta g e s  from  IV 

upward w ere In c lu d e d  in  th e  data*  R ecords from  th e  g a rd en  p o p u la tio n  

w ere n o t e n t i r e l y  r e l i a b l e  b eca u se  o f  r e l a t i v e l y  sm a ll sam ple s i z e s :  

s e a s o n a l  v a r i a b i l i t y  in  se x  r a t i o s  ran g ed  from  50 to  85% fe m a le s  in  

1976, and  32 to  80% in  1978.

In  th e  w ood lo t p o p u la t io n ,  th e  p e rc e n t  fem a le s  was r e l a t i v e l y  more 

c o n s ta n t  (ran g e  o v er a l l  d a t e s :  37-66% ), f r e q u e n t ly  a ro u n d  50%. T his 

would s u p p o r t th e  c o n je c tu r e s  d is c u s s e d  in  S e c t io n  1 .3 :  t h a t  th e  young 

p o s se s s  a  sex  r a t i o  o f  a b o u t 1 :1 ,  and th a t  any s e x - s p e c i f i c  d i f f e r e n c e s  

in  m o r t a l i ty  a r e  n o t d r a s t i c ,  i f  in d e e d  th e y  e x i s t .

C o n s id e rin g  o n ly  th e  a d u l t  g a rd e n  p o p u la t io n  (F ig u re  27) in  1978, 

th e r e  was some ev id e n c e  o f  a  s e a s o n a l d i f f e r e n c e  i n  sex  r a t i o s :  fem ales  

a p p ea red  to  p r e v a i l  in  th e  s p r in g ,  m ales in  th e  f a l l .

Using th e  much more am ple a d u l t  m a te r i a l  c o l l e c t e d  in  B aker 

w ood lo t (F ig u re  2 8 ) ,  a  t r e n d  s im i l a r  to  t h a t  i n  F ig u re  27 c o u ld  be 

se e n . The p e rc e n t fem a les  rem ained  h ig h  th ro u g h  s p r in g  and summer (60 

to  75%). In  Septem ber and O ctober th e  p r o p o r t io n  o f fem a le s  d ropped  to  

a b o u t 25% -  p o s s ib ly  b eca u se  m ales te n d  to  m atu re  s l i g h t l y  f a s t e r  th a n  

f e m a le s .

But e a r ly  m a tu ra t io n  o f  m ales became a p p a re n t  o n ly  f o r  a  s h o r t  

t im e ; by mid-November th e  se x  r a t i o  was a g a in  c lo s e  to  u n i ty .  A 

s h o r t e r  d u r a t io n  o f  th e  p e n u l t im a te  s tad iu m  in  m ales would e n su re  

in s e m in a t io n  o f  fem a les  a s  soon a s  th ey  m a tu red . The sperm  s to r a g e  

c a p a c i ty  o f  th e  s p e c ie s  would th e n  e n a b le  th o se  fe m a le s  to  p roduce
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v ia b le  eggs a s  soon  as s p r in g  te m p e ra tu re s  w ere co n d u c iv e  to  i t ,  

w ith o u t need f o r  f u r t h e r  m a tin g .

3 .5 .  A g g re g a tio n , d i s t r i b u t i o n  and d e n s i ty

A) A g g re g a tio n  in  sa m p le s :

Blower (1970) found  th a t  Polydesm us sp p . in  a  B r i t i s h  w ood lo t were 

much more co m p ac tly  a g g re g a te d  th a n  i u l i d s  in  th e  same h a b i t a t  a t  

v a r io u s  tim es  o f  th e  s e a s o n . In  th e  p r e s e n t  s tu d y ,  numbers o f  P. 

In c o n s ta n s  e x t r a c te d  from  l i t t e r  sam ples were h ig h  enough to  m e r i t  

c a l c u l a t i o n  o f v a r ia n c e /m e a n  r a t i o s  as in d ic e s  o f sam ple a g g re g a t io n .

A X2 t e s t  f o r  sm a ll sam ples ( E l l i o t t ,  1973) was used to  e v a lu a te  

p o p u la t io n  d i s p e r s io n  in  com parison  w ith  a  P o isso n  s e r i e s ,  w here

X2 * s 2 ( n - l ) / x .

T ab le 31 d e t a i l s  th e  r e s u l t s .  Compared to  a  c h a r t  o f  5 %  

s ig n i f i c a n c e  l e v e l s  ( E l l i o t t ,  1 9 7 3 ), a l l  v a lu e s  in  T ab le  31 la y  f a r  

beyond 5% c r i t i c a l  v a lu e s .  C o n c lu sio n s drawn f o r  £ .  in c o n s ta n s  

p o p u la t io n s  th u s  a g re e d  w ith  th o se  drawn by Blower (1970) f o r  o th e r  

p o ly d esm id s . D is p e rs io n  was h ig h ly  a g g re g a te d ,  i r r e s p e c t i v e  o f  tim e 

o f  y e a r . And a g g re g a tio n  was in d e p en d en t o f  p o p u la tio n  s ta g e  

s t r u c t u r e ,  i . e .  i t  was no more pronounced a t  th e  tim e o f y e a r ly  

r e c ru i tm e n t  th a n  a t  any o th e r  tim e . Even when th e  m a jo r i ty  o f 

in d iv id u a l s  in  th e  p o p u la t io n  had reac h ed  i n s t a r s  IV to  V II (O c to b e r 9 , 

November 1 7 ) , th e y  w ere d i s t i n c t l y  a g g re g a te d .

B) D is t r ib u t io n  and d e n s i t y :

C o n s id e rin g  o n ly  th e  l i t t e r - i n h a b i t i n g  segm ent o f th e  w oodlo t



T ab le  31* LOW l i t t e r  sam ples from  B aker w oo d lo t: e v a lu a t io n  o f

d i s p e r s io n  ( a g g re g a t io n  in  sam p les) o f  J?. in c o n s ta n s  by X2 t e s t .

D ate

no. o f  

sam ples 3t/sam. S2 X2

Apr 29 10 28 .1 470 .7 1 5 0 .8

May 31 10 9 .4 4 7 .6 45 .6

June 24 10 13 .0 214 .2 1 4 8 .3

J u ly  12 15 9 .3 75 .7 114 .3

Aug 9 15 7 .7 79 .9 1 4 4 .7

Aug 25 15 6 .7 4 0 .9 8 5 .8

Sept 12 15 9 .8 326 .0 465 .2

Oct 9 15 1 1 .9 239.1 282 .0

Nov 17 15 6 .1 4 2 .5 9 7 .1

p o p u la t io n  (T ab le  3 2 ) ,  d i f f e r e n c e s  betw een  LOW and HIGH a re a s  became 

c l e a r .  P. in c o n s ta n s  reach ed  rem ark ab ly  h ig h  d e n s i t i e s  i n  th e  r i c h  

l i t t e r  s t r a t a  o f  d e p re s s io n s :  th e  maximum e s t im a te  was 450/m2 , on

A p r i l  29. HIGH sam ples c o n ta in e d  c o n t r a s t i n g ly  few a n im a ls ;  e s t im a te d  

d e n s i t i e s  ranged  from  4 .8 /m 2 i n  May to  3 8 .4/w2 i n  J u ly .

C le a r ly ,  accu m u la ted  l i t t e r  ( s e e  T ab le  23 f o r  l i t t e r  d e p th s )  w ith  

i t s  p r o p e r t i e s  o f  m o is tu re  r e t e n t i o n  and food  a v a i l a b i l i t y ,  su p p o r te d  

l a r g e r  p o p u la tio n s  o f  _P. in c o n s ta n s .  The s ta n d a rd  e r r o r s  o f e s t im a te d  

d e n s i t i e s  w ere f r e q u e n t ly  l a r g e  ( e .g .  A p r i l  29 , June  24, Septem ber 1 2 ) ,
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Table 32. Estimated densities of P. Inconstans per of litter.

E stim a te d

LOW

n o./ra^  +  S. E.

HIGH

Apr 29 4 4 9 .6  +  1 0 9 .8 (no sam p les)

May 31 1 5 0 .4  +  34 .9 4 .8  +  4 .8

June  24 2 0 8 .0  +  74 .1 8 .0  + 4 .7

J u ly  12 1 4 8 .3  +  3 5 .9 3 8 .4  +  2 1 .2

Aug 9 1 2 3 .7  + 3 6 .9 30. 9 +  1 2 . 9

Aug 25 1 0 6 .7  +  2 6 .4 2 8 .8  + 9 .5

Sep 12 1 5 7 .0  +  7 4 .6 (no sam p les)

Oct 9 1 8 9 .9  + 3 .9 3 4 .1  +  0 .6

Nov 17 9 8 .1  +  1 -7 1 1 .7  + 0 .4

in d i c a t i n g  th a t  th e  s p e c ie s  was n o t  ev e n ly  d i s t r i b u t e d  th ro u g h  th e  

sam ple u n i t s .  However, s ta n d a rd  e r r o r s  w ere sm a ll i n  O ctober and 

November, s u g g e s tin g  th a t  a g g re g a t io n  te n d e n c ie s  may v a ry  s e a s o n a l ly .

S o i l  c o re  d a ta  r e in f o r c e d  th e  h o r iz o n t a l  d i s t r i b u t i o n  p a t t e r n  

n o te d  in  l i t t e r  sam p les . T ab le  33 shows LOW sam ple t o t a l s  and 

m eans/sam p le  u n i t  o f  20 cm^. HIGH a r e a s  (T ab le  34) y ie ld e d  few 

a n im a ls ; o v e r  th e  e n t i r e  s e a s o n , o n ly  sev en  sam ples c o n ta in e d  JP. 

in c o n s ta n s  ( o f  200 sam p les t o t a l ) .

D e n s ity  v a lu e s  f o r  th e  s o i l - i n h a b i t i n g  p o p u la t io n  were p u rp o se ly  

r e s t r i c t e d  to  th e  s u r f a c e  a r e a  o f  one sam ple u n i t .  The l a r g e  number o f
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sam ples c o n ta in in g  z e ro  I n d iv id u a ls  made any e s t im a te s  p e r  m2 h ig h ly  

u n r e l ia b le *  Thus th e  0 -8  cm sub sam p les  on J u ly  12 , w ith  a  mean o f  2 .2 5  

in d iv ld u a l s /2 0  cm2, would y ie ld  an e s t im a te d  d e n s i ty  o f  1125 

i n d i v i d u a l s / m2 -  a  f ig u r e  made t o t a l l y  u n b e l ie v a b le  by th r e e  y e a r s  o f  

h a n d - c o l le c t in g  and s o r t i n g  e x p e r ie n c e .  Here a g a in ,  a g g re g a t io n  p la y e d  

a  r o l e :  o f  th e  45 in d iv id u a l s  i n  th e  J u ly  12 sa m p le s , 19 ( a l l  i n s t a r

1) wer e x t r a c te d  from  one s in g le  s o i l  c o r e .

D i f f e r e n t i a l  d i s t r i b u t i o n  o f  _P. in c o n s ta n s  w ith  d e p th  co u ld  th u s  

n o t  be a s s e s s e d  w ith  a c c u ra c y . The o n ly  m ean in g fu l co m parison  would 

have in v o lv e d  d e n s i t ie s /m ^  in  each  v e r t i c a l  h a b i t a t  s u b d iv is io n  -  an  

e s t im a te  p o s s ib le  f o r  l i t t e r ,  b u t p re c lu d e d  f o r  s o i l  sam ples by th e  

m ethod em ployed.

T ab le  33. Number o f  a n im a ls  e x t r a c te d  from s o i l  c o re  subsam ples in  

LOW a r e a s .

0 -  8 cm 8 - 15 cm

t o t a l

no .

m ean/ 

20 cm^

to  t a l  

no .

mean/ 

20 cm2

Way 31 11 0 .5 5 6 0 .3

June 24 20 1 .0 11 0 .5 5

J u ly  12 45 2.25 9 0 .4 5

A ugust 9 7 0 .35 1 0 .05

November 17 3 0 .1 5 2 0 .1
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T ab le  34. Number o f a n im a ls  e x t r a c te d  

i n  HIGH a r e a s .

from  s o i l  c o re  subsam ples

0 -  8 cm 8 -  15 cm

t o t a l  mean/ t o t a l  m ean/

n o . 20 cm^ no. 20 cm^

May 31 2 0 .1 0 0

Ju n e  24 0 0 1 0 .0 5

J u ly  12 3 0 .0 5 0 0

A ugust 9 2 0 .1 0 0

November 17 0 0 1 0. 05

4. CONCLUSION

The s ta g e  d i s t r i b u t i o n  o f  P. in c o n s ta n s  p o p u la t io n s  was rem ark ab ly  

s im i l a r  i n  d i f f e r e n t  y e a rs  and d i f f e r e n t  s i t e s .  In c o n t r a s t  to  

l o n g e r - l iv e d  p o lydesm ids (B low er and G a b b u tt, 1964; 31ow er, 1969) o r  to  

th o s e  i u l i d s  p o s s e s s in g  a  l i f e  sp an  o f  more th a n  th r e e  y e a rs  (B low er 

and G a b b u tt, 1964; B low er and F a i r h u r s t ,  1 9 6 8 ), th e r e  was l i t t l e  i f  any  

o v e r la p  betw een  s u c c e s s iv e  g e n e r a t io n s .

By d e s ig n a t in g  th e  1978 p o p u la t io n  o f  Baker w oodlot as  g e n e ra t io n  

0 , p o p u la t io n  developm ent co u ld  e a s i l y  be d e s c r ib e d .  G e n e ra tio n  0 

re a c h e d  m a tu r i ty  i n  f a l l  o f  1978 and s p r in g  o f  1979. These a d u l t s
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re p ro d u c e d  from  May to  l a t e  J u l y ,  th e n  died* T h e ir  o f f s p r in g ,  

g e n e r a t io n  I ,  r a p id ly  grew  to  i n s t a r s  VI and  V II, and some re a c h e d  V III  

l a t e  in  1979* In  th e  s p r in g  o f  1980 th e  rem a in d e r of g e n e ra t io n  I  

would re a c h  m a tu r i ty  a n d , come May, would b eg in  to  p roduce  g e n e r a t io n  

I I  e g g s .

O nse t o f e g g - la y in g  was n o t d i r e c t l y  o b se rv e d . The f i r s t  eggs 

w ere p ro b a b ly  l a i d  in  e a r l y  May, when d ay tim e  s o i l  and l i t t e r  

te m p e ra tu re s  f r e q u e n t ly  exceeded  10°C. In  th e  l a b o r a to r y ,  10°C a llo w ed  

m ating  a s  w e ll  a s  th e  p ro d u c tio n  o f  v ia b le  e g g s , and o v ip o s i t io n  

f re q u e n c y  in c re a s e d  r a p id ly  a t  te m p e ra tu re s  above 10°C, in d i c a t in g  th a t  

f i e l d  te m p e ra tu re s  in  May were in d e e d  co n ducive  to  r e p ro d u c t io n .

Given a  r e p r o d u c t iv e  p e r io d  l a s t i n g  from May to  l a t e  J u ly ,  an 

e s t im a te d  6 to  8 b roods c o u ld  be p roduced  p e r fem ale  (b ased  on 

te m p e ra tu re -d e p e n d e n t o v ip o s i t io n  f r e q u e n c ie s  o f  8 to  14 d a y s ) .

Fem ales s u rv iv in g  th ro u g h  th e  b re e d in g  p e r io d  would th e r e f o r e  la y  a 

t o t a l  o f  300 to  500 eggs e a c h , b u t some o f th e s e  eggs w ere a lm o s t 

c e r t a i n l y  d e s tro y e d  by fu n g a l  a t t a c k  and oophagy.

F i r s t  i n s t a r s  a p p e a re d  i n  e a r l y  June  i n  th e  g a rd e n , and In  

m id -June in  th e  w o o d lo t. Given d iu r n a l ly  f l u c t u a t i n g  te m p e ra tu re s ,  an  

em bryonic developm ent tim e  o f  4 to  6 weeks in  th e  f i e l d  com pared w e ll 

w ith  d ev e lo p m en ta l r a t e s  o b se rv ed  in  th e  la b o r a to r y :  4 to  6 weeks

c o rre sp o n d  to  a  tim e span  in te r m e d ia te  betw een th o se  re c o rd e d  a t  10° 

and 1 5 .5 * 0  c o n s ta n t  te m p e ra tu re .

Growth was ra p id  a t  1 5 .5 °  an d  21°C in  th e  l a b o r a to r y ,  s u p p o r tin g  

f i e l d  e v id e n c e  o f  f a s t  m a tu ra t io n  o f  th e  new g e n e r a t io n  from  June to  

O c to b e r. A d u lts  c o l l e c t e d  in  th e  f a l l  c o n c e iv a b ly  may have been 

g e n e r a t io n  0 ( p o s t - r e p r o d u c t iv e )  I n d iv id u a l s .  But th e  i n a b i l i t y  to
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l o c a te  any  a d u l t s  from  l a t e  J u ly  th ro u g h  A ugust In  th r e e  d i f f e r e n t  

y e a rs  f u rn is h e d  e v id e n c e  to  th e  c o n tra ry *  A du lts  do n o t  m olt* A ll th e  

more re a so n  why t h e i r  d is a p p e a ra n c e  may b e s t  be a s c r ib e d  to  m o r t a l i ty  

r a t h e r  th a n  to  deep v e r t i c a l  m ig ra t io n  ( th e  o n ly  o th e r  a l t e r n a t i v e ) .  

S tep h en so n  (1961) a l s o  found no a d u l t s  o f  Brachydesm us s u p e ru s  from  

A ugust to  O c to b e r ; he s u g g e s te d  th a t  m ales d ie d  a f t e r  m a tin g , fem a les  

a f t e r  o v ip o s i t io n .

F a l l -m a tu r in g  a d u l t s  th u s  c o n s is te d  o f  in d iv id u a l s  h a tc h e d  th e  same 

y e a r .  They re p ro d u c e d  th e  fo llo w in g  s p r in g  and com pleted  t h e i r  l i f e  

c y c le  in  a p p ro x im a te ly  12 m onths. T here was no i n d i c a t i o n  o f  

i t e r o p a r i t y  w h ich , i n  i u l i d s ,  i s  ev id en ced  by c o n tin u e d  m o ltin g  and 

s u r v iv a l  o f  a d u l t s  th ro u g h  more th a n  one b re e d in g  se a so n  (B low er, 1969; 

Blower and F a i r h u r s t ,  1968; B aker, 1978b ). S im ila r  in te ro p a ro u s  

b e h a v io r  has been  docum ented f o r  o th e r  l i t t e r  i n v e r t e b r a t e s  as  w e ll .

The iso p o d  T ra c h e o n isc u s  r a th k e i  (B ra n d t)  has a maximum l i f e  span  o f  2 

to  3 y e a r s  in  th e  f i e l d  (McQueen, 1976; S n id e r ,  in  p r e s s ) .  B rought 

in to  th e  l a b o r a to r y ,  a t  te m p e ra tu re s  ra n g in g  from  1 5 .5 °  to  2 6 .6 °C , th e  

s p e c ie s  m a in ta in s  i t e r o p a r i t y :  up to  fo u r  b re e d in g  p e r io d s  a re

d i s t i n c t l y  s e p a r a te d  by n o n -b re e d in g  grow th  p e r io d s ,  and th e  number o f  

young produced in c r e a s e s  w ith  age (S n id e r ,  in  p r e s s ) .  _P. in c o n s ta n s  

d id  n o t behave t h i s  way. F e c u n d ity  d e c re a se d  w ith  a g e ,  and a l l  fem a les  

d ie d  a t  th e  end o f o n e , u n in t e r r u p te d ,  r e p ro d u c t iv e  p e r io d .  Both 

o b s e rv a t io n s  in d i c a te d  s e m e lp a r l ty .

P o p u la t io n  d e n s i t i e s  were r e l a t i v e l y  h ig h  in  th e  w o o d lo t. In  p in e  

f o r e s t s ,  Rubeova (1967) found  more th a n  15.6/m ^ ( a l l  d ip lo p o d s  

in c lu d e d ) .  For G lom eris  m a rg in a ta , 50/m^ r e p r e s e n t s  a h ig h  d e n s i ty  

(Bocock e t  a l ,  1967 ). G is t and C ro s s le y  (1975) gave a  summer d e n s i ty
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o f 14 d ip lo p o d s/m ^  i n  a  L ir io d e n d ro n  f o r e s t .  Only B ornebusch (1 9 3 0 ) , 

w orking in  oak  woods, a r r iv e d  a t  a  h ig h  e s t im a te  o f  433 

d ip lo p o d s/m ^ .

_P. in c o n s ta n s  was d i s t r i b u t e d  uneven ly  in  th e  w o o d lo t. T hat 

p o p u la tio n  s i z e  v a r i e s  g r e a t ly  betw een l o c a l i t i e s  has a l s o  been n o te d  

by S p a u ll  (1 9 7 6 ) , by Dunger (1978) f o r  d ip lo p o d s  in  g r a s s la n d s ,  and by 

B ornebusch (1930) f o r  t o t a l  m i l l ip e d e s  in  th r e e  d i f f e r e n t  f o r e s t  s i t e s .  

In  P. in c o n s ta n s , d i f f e r e n t i a l  h o r iz o n ta l  d i s t r i b u t i o n  co u ld  be 

q u a l i t a t i v e l y  c o r r e l a t e d  to  l i t t e r  th ic k n e s s  and m o is tu re .  L i t t e r  

f u l f i l l e d  th e  d u a l fu n c t io n  o f food and  co v e r. The q u a n t i ty  o f  l i t t e r  

a v a i l a b l e  in  p a l a t a b l e ,  m o is t c o n d i t io n  a l s o  d e te rm in e d  th e  

c h a r a c t e r i s t i c s  o f  th e  a n im a ls ' m ic r o - h a b i t a t .

U p h ill  l o c a t io n s  w ere d r i e r ,  w arm er, and p o o re r  in  food  re s o u rc e s  

( ju d g in g  by th e  q u a n t i ty  and s t a t e  o f th e  l i t t e r  p r e s e n t ) .  A ccording 

to  Manton (1956) p o lydesm ids  a re  I n e f f i c i e n t  b u rro w ers  and depend on 

e x i s t i n g  c r e v ic e s  fo r  movement. In  lo w - ly in g  a r e a s ,  c r e v ic e s  a llo w in g  

v e r t i c a l  movement away from  u n fa v o ra b le  c l im a t i c  c o n d i t io n s  would have 

been p ro v id e d  by th e  th i c k ,  lo o se  l i t t e r  and crumb la y e r .  In  u p h i l l  

a r e a s ,  P. in c o n s ta n s  would have had to  e scap e  u n fa v o ra b le  s u r f a c e  

c o n d i t io n s  by ta k in g  re c o u rs e  to  th e  s o i l  w ith  i t s  r e l a t i v e  la c k  o f 

fo o d , i t  i s  c o n c e iv e a b le  th a t  th e  p e r s i s te n c e  o f  s p a r s e  u p h i l l  

p o p u la t io n s  was a id e d  by th e  p re s e n c e  o f  r e f u g ia  such  a s  h a l f - b u r i e d  

b ra n c h e s , sh eav es  o f  dead  b a rk ,  and lo g s .

5. SUMMARY

1) Polydesm us in c o n s ta n s  L a tz e l  1884 was r e a re d  in  th e  la b o ra to r y
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a t  c o n s ta n t  te m p e ra tu re s  o f  1 0 ° , 1 5 .3 ° ,  21° and 2 6 .6°C. C u ltu re  

cham bers c o n s is te d  o f  c l e a r  p l a s t i c  j a r s  w ith  sn a p -o n  l i d s .  A 

p i a s t e r - c h a r c o a l  s u b s t r a t e ,  o v e r la in  by p e r i o d i c a l l y  r e p le n is h e d  d u f f ,  

r o t t e n  wood and s o i l ,  was used  a s  medium. Y east was added a s  fo o d .

2) M ating and c o n s t r u c t io n  o f  egg and m o ltin g  cham bers w ere 

d e s c r ib e d .

3) Q u a l i t a t i v e  a c c o u n ts  o f  oophagy by o th e r  m i l l ip e d e  s p e c ie s ,  

and o f  p r e d a t io n  by b e e t l e s  and c e n t ip e d e s ,  w ere g iv e n ..  C arab id s  and 

t h e i r  la rv a e  w ere shown to  be o f  p o t e n t i a l  Im p o rtan ce  in  th e  c o n t r o l  o f 

m i l l ip e d e  p o p u la t io n s .  The c e n t ip e d e  T id a b iu s  t i v i u s  consumed f i r s t  

l n s t a r s  o f _P. in c o n s t a n s , b u t p r e f e r r e d  C o llem b o la  a s  fo o d .

4) D u ra tio n  o f  th e  s t a d i a  in c re a s e d  w ith  s u c c e s s iv e  s t a d i a  a s  

w e ll  a s  w ith  d e c re a se d  te m p e ra tu re .  S ta d i a l  d u r a t io n s  a t  15.5°C  were 

v i r t u a l l y  e q u a l to  th o s e  a t  21°C. D if fe re n c e s  betw een th e  se x e s  d id  

n o t  become a p p a re n t u n t i l  s tad iu m  V II , w hich l a s t e d  s i g n i f i c a n t l y  

lo n g e r  in  fe m a le s .

5) Sex r a t i o s  o f p rogeny produced in  c u l tu r e  ap p ro x im ated  1 :1 .

6) Iram atures s u rv iv e d  e q u a l ly  w e ll a t  1 5 .3 °  and  2 1 °C, b o th  m ales 

and  fem a les  showing s u r v iv a l  p e rc e n ta g e s  betw een 90 and 100%. S u rv iv a l  

was low er f o r  th e  f i r s t  two l n s t a r s  a t  10°C. 2 6 .6°C r e s u l t e d  in  c lo s e  

to  100% m o r t a l i ty  o f  a l l  i n s t a r s  t e s t e d  ( I  th ro u g h  V I) .
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7) The r e l a t i o n s h i p  betw een a d u l t  lo n g e v i ty  and te m p e ra tu re  

ap p e a re d  to  be l i n e a r  betw een 10° and 21°C. 2 6 .6°C d e c re a se d  a v e ra g e

lo n g e v i ty  to  a p p ro x im a te ly  60 d a y s . M ales s u rv iv e d  lo n g e r  th a n  fem ales

a t  10°C <285 v s .  212 days mean) and a t  15 .5°C  (218 v s .  176 days m ean).

8) A maximum o f  22 o v ip o s i t io n s  p e r  fem ale  w ere re c o rd e d . 

I n t e r v a l s  betw een o v ip o s i t io n s  in c re a s e d  w ith  s u c c e s s iv e  egg la y in g s .

At 21°C, 7 -10  days e la p se d  betw een o v ip o s i t i o n s ,  compared to  11-16 days 

a t  15 .5°C  and 25-30  days a t  10°C. The number o f eggs l a i d  in c re a s e d  

th ro u g h  th e  f i r s t  few o v ip o s i t io n s  a t  a l l  te m p e ra tu re s ,  th e n  underw ent 

a  s te a d y  d e c l in e .  F ecu n d ity  was lo w e s t a t  10°C and h ig h e s t  a t  21°C, a 

te m p e ra tu re  s u g g e s te d  to  be n e a r -o p t im a l :  h ig h  o v ip o s i to n  freq u en cy  

c o u p led  w ith  a  l a r g e  number o f  eggs p e r  o v ip o s t io n  a llo w ed  f o r  th e

h ig h e s t  o f a l l  r e p ro d u c t iv e  r a t e s  o b se rv e d .

9) The r e p ro d u c t iv e  b io lo g y  o f  f i e l d - c o l l e c t e d  fem a les  was 

com pared to  t h a t  o f fe m a le s  r e a r e d  from  egg to  a d u lth o o d  a t  c o n s ta n t  

te m p e ra tu re .  Both ty p e s  o f  fem a le s  were k e p t under i d e n t i c a l

c o n d i t io n s ,  a t  21°C. The r e s u l t s  showed th a t  la b o ra to r y  s to c k  co u ld  be

u sed  to  o b ta in  v a l id  d a ta  on th e  p o t e n t i a l  o f  th e  s p e c ie s .

A maximum t o t a l  number o f  1106 eggs w ere re c o rd e d  f o r  one fem a le .

On a v e ra g e ,  fem a le s  p roduced  500 to  700 eggs in  a  l i f e  tim e .

L a b o ra to ry - r e a r e d ,  i s o l a t e d  fem a les  showed th e  h ig h e s t  mean number o f  

o v ip o s i t io n s  (1 4 ) ,  th e  l a r g e s t  mean t o t a l  number o f eggs (9695) and th e  

lo n g e s t  d u r a t io n  o f  th e  r e p ro d u c t iv e  p e r io d  (116 d a y s ) .

Provenance and p a s t  h i s to r y  ( la b o r a to r y  v s .  f i e l d )  had few er 

s i g n i f i c a n t  e f f e c t s  on r e p ro d u c t iv e  b io lo g y  th a n  s p e c i f i c  r e a r in g
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c o n d i t io n s  ( fe m a le s  in  i s o l a t i o n  v s .  fem a le s  p a i r e d  w ith  m a le s ) .  As a 

r u l e ,  b o th  ty p e s  o f  i s o l a t e s  l a i d  more eggs and l iv e d  lo n g e r  th a n  t h e i r  

p a i r e d  c o u n te r p a r t s .

10) V i a b i l i t y  o f  eggs d id  n o t d i f f e r  s i g n i f i c a n t l y  betw een 1 5 .5 °  

and  21°C (94% and 92% r e s p e c t i v e l y ) ,  b u t was red u ced  to  85% a t  10°C. 

Fem ales k e p t in  i s o l a t i o n  showed g r e a t l y  d e c re a se d  egg v i a b i l i t y  o n ly  

a f t e r  th e  f i r s t  8 to  10 o v ip o s i t i o n s .  Sperm s to r a g e  c a p a c i ty  was th u s  

e f f e c t i v e  d u r in g  th e  tim e  o f  h ig h e s t  f e c u n d i ty .

11) P o p u la t io n s  o f  in c o n s ta n s  w ere s tu d ie d  in  two f i e l d  s i t e s :  

a  home g a rd en  (1976 and 1978) and a  d ec id u o u s  w ood lo t (1 9 7 8 -7 9 ) , bo th  

in  th e  v i c i n i t y  o f  M ichigan S ta te  U n iv e r s i ty  cam pus. Q u a l i t a t i v e  d a ta  

on s e a s o n a l  s ta g e  s t r u c t u r e  w ere o b ta in e d  in  b o th  s i t e s .  The w oodlot 

p o p u la tio n  was a l s o  sam pled q u a n t i t a t i v e l y  f o r  p o p u la tio n  d e n s i ty

and s p a t i a l  d i s t r i b u t i o n .

12) S tag e  s t r u c t u r e s  o f th e  p o p u la tio n s  were s im i la r  in  th e  th re e  

y e a r s  o f  s tu d y .  Eggs were l a i d  from  May th ro u g h  J u ly  by g e n e r a t io n  0, 

w hich d ie d  o u t a f t e r  r e p ro d u c in g . H atch in g  o f  g e n e ra t io n  1 began in  

June and cea se d  i n  l a t e  A ugust. By O c to b e r, th e  b u lk  o f th e  p o p u la tio n  

had  reac h ed  i n s t a r s  V, VI and  V II , and a  sm a ll p ro p o r t io n  o f t h i s  

g e n e r a t io n  I  had g ra d u a te d  to  a d u l t s  by November. The m a jo r i ty  d id  n o t  

r e a c h  m a tu r i ty  u n t i l  th e  fo llo w in g  s p r in g ,  to  g iv e  r i s e  to  g e n e ra t io n  

I I ,  and th e n  to  d i e .

The l i f e  c y c le  in  th e  f i e l d  encom passed one y e a r .  L a b o ra to ry  

o b s e rv a t io n s  on th e  s p e c i e s '  r e p ro d u c t iv e  p a t t e r n  su p p o r te d  th e
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conclusion that P. inconstans was semelparous.

13) The in c o n s ta n s  p o p u la tio n  in  th e  w oodlot was r e l a t i v e l y  

dense* E s tim a te s  v a r ie d  w ith  th e  s e a so n . For low a r e a s  (d e p re s s io n s  

a t  th e  bo ttom  o f  s lo p e s )  d e n s i t i e s  o f  a b o u t 100 to  200 in d iv id u a ls /m ^  

w ere o b ta in e d .  In  u p h i l l  a r e a s ,  d e n s i t i e s  reac h ed  ab o u t 30/m ^.

These v a lu e s  co n ce rn  o n ly  th e  segm ent o f  th e  p o p u la t io n  in h a b i t i n g  

l i t t e r  and d u f f .  Due to  in a d e q u a te  sam p lin g  p ro c e d u re s ,  e s t im a te s  f o r  

d e n s i t i e s  in  th e  s o i l  co u ld  n o t be o b ta in e d .

D i f f e r e n t i a l  d e n s i t i e s  w ere q u a l i t a t i v e l y  c o r r e l a t e d  w ith  l i t t e r  

t h i c k n e s s , m o is tu re  and te m p e ra tu re  m easurem ents in  th e  two l o c a l i t y  

ty p e s  (low  d e p re s s io n s  and u p h i l l  a r e a s ) .

14) Nematodes and m ite s  were found to  be e c t o p a r a s i t e s  on P . 

in c o n s ta n s  in  th e  w o o d lo t. Nematode i n f e s t a t i o n  a p p ea red  to  be 

n e g l i g i b l e .  M ites  w ere e n c o u n te re d  more f r e q u e n t ly ,  and t h e i r  

o c c u rre n c e  on 2318 l i v e  m i l l ip e d e s  was re c o rd e d . D egree of 

p a r a s i t i z a t i o n  v a r ie d  th ro u g h  th e  s e a s o n . O v e ra l l ,  2.7% o f th e  

p o p u la t io n  were p a r a s i t i z e d  ( ra n g e  0.4% to  7.8% on g iv e n  d a te s  of 

e x a m in a t io n ) .  Most a f f e c t e d  a n im a ls  c a r r i e d  a t o t a l  o f  1 to  4 m i te s ,  

and i n s t a r s  V II and  V I I I  w ere found  to  be th e  m ost f r e q u e n t  h o s t s .
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