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GENERAL INTRODUCTION.

I t  has lo n g  been  r e a l i z e d  th a t  th e  s o i l  i s  no mere mass o f  dead 

m a te r ia l  in  which n u t r i e n t s  a re  p a sse d  t o  p l a n t s  by  p u re ly  chem ical 

and p h y s ic a l  p ro c e s s e s .  R a th e r , i t  i s  known t o  be  a m il ie u  o f  

in te n s e  b io lo g ic a l  a c t i v i t y  where com plex ch em ica l r e a c t io n s  and 

p h y s ic a l  p ro c e s s e s  a re  in t im a te ly  a s s o c ia te d  w ith  a v a s t  community 

o f  o rgan ism s, -  a tu m u ltu o u s  a r r a y  o f  l i f e ,  r a n g in g , in  th e  words o f  

F en ton  (1 9 4 7 ), from b a c t e r i a  t o  b a d g e rs .

The m a jo r i ty  o f  th e  in v e r t e b r a te  m etazoan in h a b i t a n t s  o f  s o i l  

b e lo n g  to  th e  c a te g o ry  w hich Fenton  has c a l l e d  th e  m eso fau n a ;-  

an a r b i t a r y  m iddle s iz e  group o f  a n im a ls , ra n g in g  from s p e c ie s  " ju s t  

v i s i b l e  w ith  a hand le n s "  t o  form s s e v e ra l  c e n t im e tre s  in  le n g th .

The m esofauna i s  maae up o f  r e p r e s e n ta t iv e s  from a number o f  w id e ly  

d i f f e r e n t  g roups, amongst th e  more im p o r ta n t , b o th  by v i r tu e  o f  t h e i r  

ncuûbers and b io lo g ic a l  i n t e r e s t ,  b e in g  th e  A rth ro p o d a . These a re  

u s u a l ly  dom inated by C ollem bola  and A c a r i , ra n g in g  in  le n g th  from  

about 100^ to  a p p ro x im a te ly  1 cm ., and w h ich , w ith  a l l i e d  form s o f  

s irn il: .r  d im ension , a re  c o l l e c t i v e l y  r e f e r r e d  to  a s  m ic ro -a r th ro p o d a . 

L ess numerous a re  th e  l a r g e r  s p e c ie s  o f  G hilopoda and D ip lopoda , and 

c e r t a in  I n s e c t a , a lth o u g h  th e s e  form s a re  g e n e r a l ly  more f a m i l i a r ,  

many b e in g  w e ll  known as p e s t s  o f  c ro p s .

The fo llo w in g  c o n tr ib u t io n  to  s o i l  e co lo g y  i s  co n ce rn ed  m ain ly  

w ith  th e  m ic ro -a r th ro p o d a  o f  o ld  g ra s s la n d  in  a Glasgow p a rk . In  

i t s /



i t s  u l t im a te  form , th e  i n v e s t i g a t io n  was d e s ig n e d  t o  s tu d y  th e  

fo llo w in g

(1) P o p u la tio n  o f  th e  u n c u l t iv a te d  s o i l .

( 2) E f f e c t s  o f  c u l t u r a l  o p e ra t io n s .

( 3 ) R esponses o f th e  p o p u la t io n  t o  a p p l ic a t io n s  

o f  th e  p e r s i s t e n t  s y n th e t ic  i n s e c t i c i d e s -

D.D.T. and B .H .G ., a p p l ie d  s e p a r a te ly

and to g e th e r .

The re a so n s  f o r  th e  in c lu s io n  o f  th e s e  i n s e c t i c i d a l  t r e a tm e n ts  

w ere s e v e r a l .  In  th e  f i r s t  p la c e ,  i t  was c o n s id e re d  t h a t  such 

tr e a tm e n ts  m ight he  used  a s  an e x p e rim e n ta l te c h n iq u e  t o  i n v e s t i g a t e  

th e  i n t e r - r e l a t i o n s h i p s  o f  th e  an im als  in  th e  environm ent under 

ex am in a tio n . Thus, by d i s r u p t in g  what h as  been  c a l l e d  th e  

" q u a s i-e q u ilib r iu m "  o f th e  p o p u la t io n  (L o tka  1 9 2 5 ), i t  was th o u g h t 

t h a t  some in fo rm a tio n  m ight b e  o b ta in e d  ab o u t th e  n a tu re  o f  th e  

f a c to r s  r e s p o n s ib le  f o r  m a in ta in in g  t h i s  a l l e g e d  s t a t e  o f  f l u c tu a t in g  

b a la n c e . F u rth e rm o re , u n d e s ira b le  changes i n  th e  co m p o sitio n  

o f  an im al com m unities have become in c r e a s in g ly  common phencxaena 

fo llo^ving  th e  in c r e a s in g  u se  o f  th e s e  p e r s i s t e n t  c h lo r in a te d  

h y d ro ca rb o n s, and th e  m ic ro -a r th ro p o d a n  fauna  o f  th e  s o i l  ap p ea re d  

t o  p re s e n t  a c o n v en ien t n a tu r a l  p o p u la tio n  in  w hich th e s e  changes 

c o u ld  be  i n v e s t ig a te d  q u a n t i t a t iv e l y .  F i n a l l y ,  i t  seemed t h a t  

a d d i t io n a l  d a ta  on th e  e f f i c ie n c y  and d u ra t io n  o f  th e s e  su b s ta n c e s  

a s  d e s t r u c t iv e  a g e n ts  in  s o i l  would be o f  some v a lu e  in  r e l a t i o n  

t o  s p e c i f i c  problem s o f p e s t  c o n t r o l .

In  i t s  o r ig in a l  c o n c e p tio n  th e  i n v e s t i g a t io n  d id  n o t in c lu d e  

o b se rv â t i o n s /



o b se rv a tio n s  on th e  e f f e c t s  o f  c u l t i v a t i o n .  A f te r  p re l im in a ry  

t r i a l s ,  however, i t  became a p p a ren t t h a t  i n s e c t i c i d e s  a p p lie d  in  

th e  form o f su rfa c e  d re s s in g s  w ould n o t p e n e t r a te  th e  s o i l  in  

s u f f i c i e n t  q u a n t i t ie s  t o  in d u ce  a s t a t i s t i c a l l y  s i g n i f i c a n t  

re sp o n se  in  th e  u n d e rly in g  p o p u la t io n , and. so  i t  was co n clu d ed  

th a t  th e  on ly  p r a c t i c a l  way o f  e n su rin g  an ad eq u a te  re sp o n se  was 

t o  in c o rp o ra te  th e  i n s e c t i c i d e s  w ith  th e  s o i l  by  c u l t iv a t io n .^ *

I t  th e r e f o r e  became n e c e s s a ry  t o  make a s e p a ra te  assessm en t o f  

th e  e f f e c t s  o f  th e  c u l t i v a t io n  r e q u i r e d  f o r  th e  in c o rp o ra t io n  o f  

th e  ch em ica ls ; and, f i n a l l y ,  w ith  a view  o f  th ro w in g  f u r th e r  

l i g h t  on th e  in f lu e n c e  o f  s u r fa c e  v e g e ta t io n  on th e  hypogeal 

fau n a , th e  experim ent was ex ten d ed  to  in c lu d e  a s tu d y  o f  th e  

e f f e c t  o f  fa llo w in g .

The m ajor p a r t  o f t h i s  i n v e s t ig a t io n  was c a r r i e d  out by means 

o f  a s in g le  la rg e  f i e l d  t r i a l ,  in  w hich r e p l i c a t e d  p l o t s  w ere 

s u b je c te d  t o  th e  r e q u ir e d  t r e a tm e n ts .  T hus, th e  o b s e rv a tio n s  on

th e  fauna o f  th e  c o n s t i tu e n t  p l o t s  w ere p la n n e d  in  r e l a t i o n  t o  

th e  experim ent a s  a w hole , and w ere th e r e f o r e  t o  a c e r t a i n  d eg ree  

in te rd e p e n d e n t. However, a s  th e  work p ro g re s s e d , v a r io u s  

d i f f i c u l t i e s  were en co u n te re d , so t h a t  some o th e r  m o d if ic a t io n s  

o f  th e  o r ig in a l  programme became n e c e s s a ry  and th e  i n v e s t i g a t io n  

a l s o /

1 . D uring  th e  co u rse  o f  th e  p r e s e n t  i n v e s t i g a t i o n ,  and on o th e r  
o c c a s io n s , th e  w r i t e r ,  u s in g  em ulsion  and su sp e n s io n  fo rm u la tio n s  
a t  v a r io u s  r a t e s ,  f a i l e d  t o  o b ta in  an a p p re c ia b le  s o i l  p e n e t r a t io n  
w ith  s u r fa c e  a p p l ic a t io n s  o f  i n s e c t i c i d e s  on g ra s s la n d . In  r e c e n t  
t r i a l s ,  D r. G rainger o f  A u c h in c ru iv e , found t h a t  when s o lu t io n s  
o f  r a d io a c t iv e  Io d in e  w ere a p p lie d  to  th e  s u r fa c e  o f  b a re  s o i l ,  
th e  elem ent cou ld  n o t be su b se q u e n tly  d e te c te d  below  a dep th  o f

(U npublished)



a ls o  a c q u ire d  an in c r e a s in g  c o m p le x ity , r e v e a l in g  a s p e c ts  o f  

un f o r seen  i n t e r e s t .  H ence, i n  o rd e r  t o  f a c i l i t a t e  a c l e a r  

p r e s e n ta t io n  o f  th e  r e s u l t s ,  i t  h a s  been  found  d e s i r a b le  to  

d iv id e  th e  p re s e n t  p ap er in to  two main p a r t s : -  P a r t  I ,  

d e a lin g  w ith  th e  p o p u la tio n  o f  th e  u n c u l t iv a te d  s o i l  and 

P a r t  I I ,  w ith  th e  e f f e c t s  o f  c u l t i v a t i o n  and i n s e c t i c i d e  

t r e a tm e n t .  Each p a r t  in c lu d e s  a rev iew  o f  r e le v a n t  

l i t e r a t u r e  and a d is c u s s io n  o f  r e s u l t s .



PART I

THE POPULATION OF THE UNCULTIVATED SOIL



I .  INTRODUCTION

The im portance  o f th e  s o i l  fauna  in  r e l a t i o n  t o  th e  

p ro c e s s e s  o f  o rg an ic  decay, le a d in g  t o  th e  fo rm a tio n  o f  

p la n t  n u t r i e n t s ,  can h a rd ly  be r e f u t e d  a f t e r  a c o n s id e r a t io n  

o f  th e  more e lem en ta ry  p r in c ip le s  o f  eco logy . Y e t, th e  s o i l  

A rth ropoda which c o n s t i t u t e  a s u b s ta n t i a l  p ro p o r t io n  o f  t h i s  

community, have been c o m p a ra tiv e ly  l i t t l e  s tu d ie d ;  f o r ,  

a p a r t  from s p e c ie s  o f  g re a t  economic s ig n i f ic a n c e  a s  p e s t s ,  

d e ta i l e d  e c o lo g ic a l  in v e s t ig a t io n s  o f th e s e  an im a ls  a re  few 

and o f  r e l a t i v e l y  r e c e n t  o r ig in .  N e v e r th e le s s ,  th e  a s p e c ts  

em braced by t h i s  f i e l d  o f s tu d y  a re  so v a r ie d ,  t h a t  i t  i s  n o t 

p a ra d o x ic a l  to  s t a t e  t h a t  th e  r e le v a n t  l i t e r a t u r e  i s  e x te n s iv e .

T h is  i s  p a r t i c u l a r l y  so  when i n v e s t ig a t io n s  o f  f o r e s t  s o i l s  and 

l i t t e r  a re  tak en  in to  acco u n t; f o r ,  n o t o n ly  a re  many s p e c ie s  

common to  o rg an ic  and m in e ra l h a b i t a t s ,  th e  p o in t  o f  t r a n s i t i o n  

from l i t t e r  to  s o i l  i s  o f te n  d i f f i c u l t  t o  d e te rm in e .

Fenton  (1947) and Murphy (1953) have rev iew ed  th e  

l i t e r a t u r e  on s o i l  fauna w ith  r e f e r e n c e  t o  th e  p rob lem s o f  f o r e s t r y ,  

and a more g e n e ra l account i s  g iv en  by K iihnelt (1 9 5 0 ). These 

p a p e rs  c o n ta in  e x te n s iv e  b ib l io g r a p h ie s  and th e  fo llo w in g  rev iew  

o f  l i t e r a t u r e  i s  th e r e f o r e  c o n fin e d  t o  a  c o n s id e r a t io n  o f  th e  more 

im p o rtan t in v e s t ig a t io n s ,  and to  th o s e  o f  o u ts ta n d in g  s ig n i f ic a n c e  

in  r e l a t i o n  to  th e  p re s e n t  s tu d y .



I I .  REVHTJ OF PREVIOUS 7/ORK

A. E x tr a c t io n  M ethods

The p ro g re s s  o f  s o i l  A rth ropod  eco lo g y  h a s  been  c lo s e ly  

a s s o c ia te d  w ith  th e  developm ent o f  m ethods f o r  s e p a ra t in g  

th e  an im als  from t h e i r  env ironm en t; f o r ,  w ith  th e  in t r o d u c t io n  

o f more e f f i c i e n t  te c h n iq u e s , g r e a te r  p o p u la t io n s  w ere 

e n co u n te re d , and p re v io u s ly  unknown f i e l d s  o f  in v e s t ig a t io n  

were re v e a le d . T h is  problem  o f  e x t r a c t io n  i s  by no means 

c o m p le te ly  so lv e d , s in c e  a l l  th e  m ethods u sed  h i t h e r t o  have a 

number o f  s e r io u s  d isa d v a n ta g e s . B efo re  any c o n c lu s io n s  can  be 

drawn from com parisons o f  th e  r e s u l t s  o f d i f f e r e n t  w o rk e rs , th e  

s e p a ra t io n  te c h n iq u e s  u sed  must be  ta k e n  in to  a cc o u n t. The 

methods o f  e x t r a c t io n  h i t h e r t o  in tro d u c e d  can  be  re s o lv e d  in to  

th r e e  main c a te g o r ie s

(1) D ire c t  S o r t in g .

(2) A utom atic H e a t-D e s ic c a tio n  F u n n e ls .

( 3) F lo t a t i o n .

1 .D ire c t S o r t in g .

T h is  method was used  by  th e  e a r l i e r  w o rk e rs , n o ta b ly  ..IcA ttee 

( 1907) ,  Gajneron (1913, 19 1 7 ), and M o rris  (1 9 2 0 ,1 9 2 2 a), and 

m erely  c o n s i s t s  o f  b re a k in g  down th e  s o i l  a g g re g a te s  by  hand and 

p ic k in g  out th e  e n c lo se d  a n im a ls . F o rd  (1935) a ls o  u t i l i z e d  t h i s  

mode o f  s e p a r a t io n ,  b u t b ro k e  th e  s o i l  down w ith  s to u t  n e e d le s  

under w a te r . Some d eg ree  o f  iiaprovem ent was in tro d u c e d  by  

..I o r r i s /



M o rris  (1 9 2 2 b ), in  a s  much a s  a p re l im in a ry  s e p a ra t io n  was 

o b ta in e d  by w ashing th e  s o i l  th ro u g h  a s e r i e s  o f  s ie v e s  o f  

d e c re a s in g  mesh s iz e ;  th e  f r a c t io n s  so o b ta in e d  b e in g  

su b se q u e n tly  exam ined in  d e t a i l .  T h is  l a t t e r  te c h n iq u e  was 

u sed  by M o rris  in  h i s  l a t e r  work (1 9 2 7 ), and a ls o  by Thompson 

(1924) ,  and by Edv^ards (1929).

A lthough hav in g  th e  ad v an tag e  o f  s im p l i c i ty ,  such  m ethods 

a re  t o t a l l y  in ad e q u a te  f o r  a n y th in g  b u t l a r g e  s p e c ie s .  A part 

from c o n s id e ra t io n s  o f  a c c u ra c y , th e  la b o u r  in v o lv e d  i s  

p r o h ib i t iv e  when l a r g e  num bers o f  sam ples have t o  be  examined 

t o  f u l f i l  th e  demands o f s t a t i s t i c a l  t r e a tm e n t .

2 .A utom atic H e a t-D e s ic c a tio n  F u n n e ls .

The o r ig in a l  d e s ic c a t io n  a p p a ra tu s  was d e v is e d  by B e r le s e  

( 1905a), and c o n s i s t s  o f  a fu n n e l equ ipped  w ith  a h o t w a te r  j a c k e t ,  

th e  s o i l  o r l i t t e r  b e in g . su p p o rte d  on a s ie v e  over th e  wide mouth. 

The m a te r ia l  i s  s lo w ly  d r ie d  out by  th e  h e a t from th e  w a te r j a c k e t ,  

and, to  escape  h e a t and d e s ic c a t io n ^ th e  an im als  move down and 

e v e n tu a l ly  drop th ro u g h  th e  s ie v e  and fu n n e l i n to  a c o l l e c t in g  

tu b e  below . In  a  m o d if ic a t io n  o f  t h i s  a p p a ra tu s ,  T u llg re n  (1918) 

d isp e n se d  w ith  th e  w a te r  ja c k e t  and suspended  an e l e c t r i c  b u lb  

over th e  fu n n e l a s  a  sou rce  o f  h e a t ,  and h e re  th e  l i g h t  i s  a l l e g e d  

t o  a c t  a s  an a d d i t io n a l  s tim u lu s  to  downward movement, most o f  th e  

an im als  b e in g  n e g a t iv e ly  p h o to - t r o p ic .  Ford  (1937) m ounted 

s e v e ra l  T u llg re n  fu n n e ls  to g e th e r  in  b a t t e r i e s ,  and in  t h i s  way 

d e a l t  w ith  s e v e ra l  s raa ll herbage  sam p les, and liaarljerv (1947) 
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in tro d u c e d  f u r th e r  m o d if ic a t io n s ,  d e s ig n ed  m ain ly  to  e l im in a te  

c o n d en sa tio n  on th e  s id e s  o f  th e  fu n n e ls , w hich , he m a in ta in e d , 

tra p p e d  th e  sm a lle r  anim als*

T h is p r in c ip le  has a ls o  been  used  in  th e  "h ig h  g ra d ie n t"  

a p p a ra tu s  d e v ised  by i,lac fa  dye n (1953) • Here sam ples a re  ta k e n  

in  th e  f i e l d  w ith  s t a in l e s s  s t e e l  tu b e s ,  th e  up p er ends o f  which 

a re  covered  by a m eta l gauze , and th e  tu b e s  c o n ta in in g  th e  sam ples 

a re  th en  in v e r te d  and p la c e d  in  s te e p - s id e d  fu n n e ls ,  h e a t b e in g  

d e r iv e d  from a r e s i s ta n c e  w ire  suspended  above. The sam ple i s  

u n d is tu rb e d  and hence th e  o r ig in a l  i n t e r s t i c e s  o f  th e  h a b i t a t  a re  

l e s s  l i k e l y  t o  be o b s tru c te d ;  and , as th e  upper l a y e r s  o f  s o i l  

(vdiich n o rm ally  c o n ta in  th e  g r e a te s t  p a r t  o f  th e  p o p u la t io n ) , a re  

p la c e d  downwards in  th e  a p p a ra tu s , th e  an im als  t h e r e in  do no t have 

to  move g re a t  d is ta n c e s  t o  e scap e .

E x tr a c t io n  te c h n iq u e s  u t i l i z i n g  th e s e  p r in c ip le s  have been  l a r g e ly  

u sed  fo r  in v e s t ig a t io n s  o f  su rfa c e  h e rb a g e , l i t t e r ,  and  f o r  s o i l s  

w ith  a h ig h  o rgan ic  m a tte r  c o n te n t;  exam ples b e in g  th e  s tu d ie s  o f  

T ràgârdh  (1929), Ford (1935, 1937, 1 9 3 8 ) , F o rs s lu n d  (1 9 4 4 ) ,  S tre n z k e  

(194-9 and 1952) ,  and Mac fa  dy en (1952), a lth o u g h  such m ethods have a ls o  

been  u t i l i z e d  fo r  m in e ra l s o i l  s tu d ie s ,  ( e .g .  F re n z e l  193^, and W eis 

Fogh 1948) ,  and fo r  s o i l s  which c o u ld  be c o n s id e re d  t o  be  in te rm e d ia te  

in  c h a r a c te r ,  ( e .g .  S tre n z k e , and R iha  1951)-

The fu n n e l methods have th e  obvious m e rit  o f  b e in g  a u to m atic  and , 

by u s in g  a s e r i e s  o f  s ia a ll  u n i t s ,  can be a d a p te d  to  d e a l w ith  a 

la r g e  number o f s e p a ra te  sam ples fo r  s t a t i s t i c a l  s tu d ie s .  F u r th e r 

m ore, th e  an im als a re  c o l l e c te d  in  good c o n d i t io n ,  -  a p o in t  o f  g re a t  
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im portance  when d e a lin g  w ith  g roups o f  c o n s id e ra b le  taxonom ic 

d i f f i c u l t y .  However, a s e r io u s  o b je c tio n  i s  t h a t  th e  te c h n iq u e  

i s  dependent upon th e  re sp o n se s  o f s p e c ie s  u s u a l ly  o f g re a t  

p h y s io lo g ic a l  d i v e r s i t y ,  t o  th e  s t im u l i  o f h e a t  and  d e s ic c a t io n .  

Thus, h ig h ly  s u s c e p t ib le  s p e c ie s  and i n s t a r s  may succumb b e fo re  

making t h e i r  e sca p e , and o th e r s ,  l e s s  s u s c e p t ib le ,  may f a i l  t o  

re sp o n d  a d e q u a te ly . Hence in  q u a n t i t a t iv e  s tu d i e s ,  a b ia s  may 

occu r tow ards form s r e a c t in g  fa v o u ra b ly  t o  th e  s t im u l i .  T h is  

d i f f i c u l t y  i s  a c c e n tu a te d  when th e  "h e a v ie r"  m in e ra l s o i l s  a re  th e  

s u b je c t  o f  in v e s t i g a t io n ,  fo r  such s o i l s  c o n ta in  a h ig h  p ro p o r t io n  

o f  sm a ll p a r t i c l e s  b e lo n g in g  t o  th e  c la y  f r a c t i o n ,  and when d r ie d  

o u t ,  te n d  t o  s e t  in  a h a rd  m ass. J a c o t  (193^) p o in te d  out t h a t  

in  th e s e  s o i l s  many an im als m ight be t r a p p e d , and  t h i s  was a ls o  th e  

e x p e rien c e  o f  th e  w r i t e r  d u r in g  th e  c o u rse  o f  th e  p re s e n t  

i n v e s t i g a t io n ,  when fu n n e l m ethods were u t i l i z e d  t o  o b ta in  l i v i n g  

m a te r ia l  f o r  ex p e rim e n ta l p u rp o se s .

The s tu d ie d  o f T râgârdh  (1 9 3 3 ), H aarlo v  (1947) and Mac fad y en 

(1953) ,  in  which m easurem ents w ere made o f  th e  p h y s ic a l  changes in  

sam ples undergo ing  d e s ic c a t io n ,  w ere l a r g e ly  d i r e c te d  tow ards 

e l im in a t in g  th e s e  d i f f i c u l t i e s ,  b u t much r e s e a rc h  i s  s t i l l  r e q u ir e d  

b e fo re  th e  e f f i c ie n c y  o f  th e s e  m ethods can  be a c c u r a te ly  a s s e s s e d  

f o r  a l l  g roups in  a ran g e  o f  s o i l  ty p e s .

3- F lo ta t io n

In  193^ , L a d e ll  p u b lis h e d  an accoun t o f  an a p p a ra tu s  d e s ig n ed  

to  e x t r a c t  s o i l  an im als by  a p ro c e s s  o f  f l o t a t i o n .  T h is  te c h n iq u e  

c o n s i s t s  o f  s t i r r i n g  th e  s o i l  sample i n  a c y l in d e r  c o n ta in in g ,  a s
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a n o n - to x ic  medium, a s o lu t io n  of magnesium s u lp h a te  o f  s p e c i f i c  

g r a v i ty  1*11; and , a t  th e  same tim e , a s tream  o f  a i r  i s  b u b b led  

th ro u g h  th e  su spension  from belov7. The s t i r r i n g  and  b u b b lin g  

b re a k s  dovm th e  s o i l  p a r t i c l e s ,  and , a f t e r  s e t t l i n g ,  th e  l i b e r a t e d  

an im als  f l o a t  on th e  su r fa c e  o f th e  s o lu t io n ,  to g e th e r  w ith  any 

o rg an ic  d e b r is  p re s e n t  in  th e  sam ple. T h e r e a f te r ,  b y  a p ro c e ss  

o f  d é c a n ta tio n , th e  an im als and d e b r is  a re  c o l l e c t e d  on a f i l t e r  

p a p e r or s ie v e ;  f u r th e r  s e p a ra tio n  b e in g  a c h ie v e d  by  exam ining th e  

" f l o a t "  under a b in o c u la r  m icroscope.

In  i t s  o r ig in a l  form , L a d e l l ’ s a p p a ra tu s  was u sed  by  Bav/eja 

( 1939) ,  by Glasgow (1939), and by  Jo n es  (1939).

To f a c i l i t a t e  t h e i r  re s e a rc h  on "w irew orm s". S a l t  and  H o ll ic k  

( 1944) ,  d e s ig n ed  an e x tr a c t io n  a p p a ra tu s , w iiich , w h ile  dependent 

upon th e  p r in c ip le s  l a i d  down by L a d e ll ,  c o n ta in e d  th e  fo llo w in g  

new f e a tu r e s

(a ) The in c o rp o ra tio n  o f  a p re l im in a ry  w ash ing  and s ie v in g  

p ro c e s s , by means o f  which th e  s o i l  i s  red u c ed  t o  a f in e  

s t a t e  b e fo re  f l o t a t i o n ,  s to n e s  and c o a rse  p l a n t  m a te r ia l  

a re  i s o l a t e d ,  and a p ro p o r tio n  o f  th e  unw anted f i n e r  s o i l  

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

(b ) The in tro d u c tio n  o f  th e  b e n z o l-w a te r  m ethod f o r  th e  p a r t i a l  

e x c e rp tio n  o f  th e  f l o a t .  T h is te c h n iq u e  c o n s i s t s  o f  shak ing  

th e  f l o a t  v ig o ro u s ly  w ith  a m ix tu re  o f  b e n zo l ^ d  w a te r  in

a f l a s k ,  and , s in c e  th e  A rth ro p o d  c u t i c l e  i s  w e tte d  by th e  

b e n z o l, and th e  p la n t  m a te r ia l  i s  n o t ,  th e  a n im a ls  accum ulate

above the v e g e ta b le  m a te r ia l  on th e  b e n z o l-w a te r  i n t e r f a c e .  
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In  o rd e r  to  d r iv e  down a s  much o f th e  p la n t  d e b r is  a s  

p o s s ib le ,  th e  p re s s u re  in  th e  f l a s k  i s  th e n  red u c ed  by 

means o f  a f i l t e r  pump. I n  t h i s  way, th e  a i r  i s  drawn 

out o f th e  p la n t  d e b r is ,  and a f t e r  r e s to r in g  a tm o sp h eric  

p r e s s u re ,  a p ro p o r t io n  o f  t h i s  m a te r ia l  s in k s .  The upper 

s e c t io n  o f th e  l i q u i d  m ix tu re  i s  th e n  t r a n s f e r r e d  to  a w ide 

v e s s e l ,  and th e  i n te r f a c e  i s  exam ined under a b in o c u la r  

m icroscope mounted on a movable arm.

D esigned fo r  th e  e x tr a c t io n  o f  E la t e r i d  l a r v a e ,  th e  s m a lle s t  

component s ie v e  o f  th e  o r ig in a l  a p p a ra tu s  had  a  sq u are  mesh o f  0 .2  mm. 

However, S a l t  e t  a l  (1948) used  t h i s ,  and  a m o d ified  ty p e  w ith  a

0 .1  mm. s ie v e , fo r  a more g e n e ra l s tu d y  o f  a Cambridge p a s tu r e ,  and 

en co u n te red  th e r e in  a t o t a l  A rthropod  p o p u la t io n  f a r  h e a v ie r  th a n  had  

p r e v io u s ly  been  re c o rd e d  f o r  any s o i l .  T h is  ty p e  o f  a p p a ra tu s  was 

u sed  by S tr ic k la n d  (1945) and by S a l t  (1952) ; a  m o d ified  form  b e in g  

a ls o  u sed  in  th e  p re s e n t  in v e s t ig a t io n .

Hot b e in g  dependent upon th e  r e a c t io n  o f th e  an im a ls  t o  a g iv en  

s t im u lu s , f l o t a t i o n  m ethods te n d  t o  g iv e  a  more com plete  and im p a r t ia l  

e x t r a c t io n ,  b u t ,  th e s e  m ethods a re  te d io u s  and tim e-consum ing . Thus 

S a l t  (1952) re c o rd e d  th a t  th e  average  tim e  r e q u i r e d  t o  remove and 

ro u g h ly  c l a s s i f y  th e  A rthropoda from a s in g le  sam ple o f  m in e ra l s o i l  

(151 c u . i n s . )  ivas 3*3 m an-days. In  s o i l s  c o n ta in in g  a h ig h  o rg an ic  

m a tte r  c o n te n t t h i s  la b o u r  becomes p r o h i b i t i v e ,  a s  a l l  th e  o rg an ic  

m a te r ia l  i s  c a r r i e d  over d u rin g  f l o t a t i o n ,  and o n ly  a sm a ll p ro p o r t io n  

i s  d isp o se d  o f  by  th e  b e n z o l-w a te r  p ro c e s s . F o r t h i s  re a so n , fu n n e l

m ethods a re  to  be  p r e f e r r e d  fo r  such s o i l s .
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E. G enera l Surveys o f  S o il  M ic ro -a r th ro p o d a .

I t  i s  d i f f i c u l t  to  s t a t e  p r e c i s e ly  who was r e s p o n s ib le  f o r  

th e  i n i t i a t i o n  o f e c o lo g ic a l  s tu d ie s  o f  s o i l  A rth ro p o d a . Many 

s o i l  d w e llin g  s p e c ie s  were d e sc r ib e d  by  th e  e a r ly  ta x o n o m is ts , 

b u t  e c o lo g ic a l  f i e l d  s tu d ie s  do n o t appear to  have b een  c a r r i e d  

o u t u n t i l  th e  b eg in n in g  o f th e  p re s e n t  c e n tu ry  when Diem (1903) 

p u b lis h e d  re c o rd s  o f  in v e r te b r a te s  ta k e n  in  v a r io u s  a lp in e  and 

s u b -a lp in e  p la n t  a s s o c ia t io n s .  L innan iem i (1907, 1912) d e a l t  

w ith  s o i l  dw elling  C ollem bola in  th e  c o u rse  o f  a g e n e ra l  s tu d y  o f  

t h a t  group in  F in la n d . A w e ll knoivn e a r ly  q u a n t i t a t iv e  s tu d y  i s  

t h a t  o f  McAttee (1907), who c a lc u la te d  an in v e r t e b r a te  p o p u la tio n  

o f  13.6  m il l io n  in d iv id u a ls  p e r  a c r e ,  f o r  th e  s u r fa c e  s o i l  o f  an 

A taerican meadow.

A s e r ie s  o f B r i t i s h  c o n tr ib u t io n s  was i n i t i a t e d  b y  th e  l a t e  

D r. A.E. Cameron (1913, 1917) who, in  fo u r  su rv ey s  o f  s o i l s  in  

L a n c a sh ire  and C h e sh ire , d e a l t  p r i n c i p a l l y  w ith  th e  l a r g e r  s p e c ie s  

(m ain ly  D ip te ra  amd C o le o p te ra ) , a lth o u g h  some re c o rd s  o f C ollem bola  

a re  in c lu d e d . S im ila r  su rveys were made by B uckle (1921 , 1923),  

who concluded th a t  th e  m a jo r i ty  o f  s o i l  i n s e c t s  o c c u rre d  i r r e s p e c t i v e  

o f  s o i l  ty p e  and were n o t c o n fin e d  t o  any p a r t i c u l a r  p la n t  a s s o c ia t io n .  

M o rris  (1920), s tu d ie d  th e  hypogeal fauna o f  a  C h e sh ire  p a s tu re  

where he found th a t  th e  h e a v ie s t  p o p u la tio n s  o c c u rre d  in  th e  upper 

l a y e r s  o f  s o i l ;  and l a t e r ,  (1922a, 1 9 2 7 ), he exam ined th e  

in v e r te b r a te s  o f a ra b le  la n d  a t  R otham sted , showing t h a t ,  w h i l s t  

a p p l ic a t io n s  o f dung induced  an in c re a s e  in  b o th  num bers o f  s p e c ie s

and in d iv id u a ls ,  th e  a d d it io n  o f  a r t i f i c i a l  manures had  no ap p a ren t 
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e f f e c t .

At A berystw yth, th e  s o i l  fauna  o f  a number o f  f i e l d s ,  m ain ly  

p a s to r a l ,  was s tu d ie d  by Thompson (1924) and Edwards ( I 929) ; 

w h i ls t  Ford  (1935) in v e s t ig a te d  th e  su b te r ra n e a n  p o p u la tio n  o f  

a meadow n ea r Oxford. A lthough d i f f e r i n g  i n  many d e t a i l s ,  th e  

cOi.imunities o f  th e s e  a re a s  w ere shown to  have a number o f common 

f e a tu r e s ;  n o ta b ly  th e  c o n c e n tra t io n  o f th e  fauna  in  th e  upper s o i l ,  

th e  dominance o f th e  A rth ropodan  coiiimunity by C ollem bola  and th e  

o ccu rren ce  o f  a sea so n a l f l u c tu a t io n ,  due m ain ly  to  th e  l a t t e r  

group , in  which th e  p o p u la tio n  ro se  t o  a maximum d u rin g  autumn 

o r e a r ly  v /in te r .

Using L a d e ll* s  a p p a ra tu s  a t  R otham sted , Baweja (1939) s tu d ie d  

th e  r e c o lo n iz a t io n  o f p a r t i a l l y  s t e r i l i z e d  s o i l ,  th e re w ith  d e m o n s tra tin g  

a  r a p id  r e tu r n  o f  a n im a ls , accom panied by a su b seq u en t in c re a s e  in  

th e  p o p u la tio n  to  a l e v e l  n e a r ly  tw ice  th a t  o f  th e  u n s t e r i l i z e d  s o i l .  

Jones (1939) a ls o  used  t h i s  te c h n iq u e  f o r  a s h o r t  su rv ey  o f  ga rd en  

s o i l  a t  ■Berystv/yth. S a l t  and h i s  c o lle a g u e s  (1948) exam ined th e  

A rth ropod  p o p u la tio n  o f  a Cambridge p a s tu r e ;  a n d ,in  November, 194^ , 

re c o rd e d  a p o p u la tio n  e q u iv a le n t  t o  IO68.8  m i l l io n  in d iv id u a ls  p e r  

a c re  fo r  th e  upper 12" o f  t h i s  s o i l ,  A c a ri b e in g  th e  most num erous 

s in g le  o rd e r . The most r e c e n t  a c c o u n ts  o f  B r i t i s h  work a re  th o s e  

o f  Mac fa  yen  (1 9 5 2 ), and Murphy (1953) * The form er w orker 

exam ined th e  m ic ro -a r th ro p o d  community o f  th e  C o t h i l l  fe n ,

O x fo rd sh ire , and h e re  a g a in  A c a ri were found to  be  dom inant. He 

co n c lu d ed  th a t  w h ils t  th e  q u a l i ty  o f  th e  s u r fa c e  v e g e ta t io n  c o u ld  

de te rm ine  th e  d e n s i ty  o f  th e  p o p u la t io n , i t  had  l i t t l e  e f f e c t  upon 
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i t s  s p e c ie s  c o m p o sitio n . Murphy in c lu d e d  a number o f  o r ig in a l  

o b s e rv a tio n s  on th e  fauna o f  h e a th la n d  h a b i t a t s ,  in  an i n t e r e s t i n g  

rev iew .

In  c o n t in e n ta l  E urope, and e s p e c ia l ly  in  S c a n d in a v ia , 

i n v e s t ig a to r s  have p a id  p a r t i c u l a r  a t t e n t i o n  t o  th e  fauna o f  

l i b t e r ,  and to  th e  p o p u la t io n s  o f o rg an ic  s o i l s  in  f o r e s t s  and 

h e a th s .  T h is t r a d i t i o n  can  be t r a c e d  t o  th e  c l a s s i c  work o f  .lu lle r  

(1679, 1684) on th e  n a tu re  and fo rm a tio n  o f  f o r e s t  humus, (M ull and 

M or), in  which th e  im portance  o f  earthw orm  a c t i v i t y  was em phasized. 

Aaongst th e  more com prehensive S can d in av ian  su rv e y s  o f  such h a b i t a t s  

a re  th o se  o f  T râgârdh  (1 9 2 9 ), B ornebusch (1 9 3 0 ), and  F o rs s lu n d  

(1 944 ); w h i ls t  in  H o lla n d , th e  fauna o f  a beechvfood f lo o r  was 

examined by Van d e r D r i f t  (1931)• A number o f  th e s e  i n v e s t i g a t o r s  

have a ls o  in c lu d e d  biom ass c a l c u l a t i o n s ,  w hereby th e  w eigh t o r 

volume o f  th e  an im als  in  th e  h a b i t a t  was e s t im a te d , n o tew o rth y  in  

t h i s  r e s p e c t  b e in g  th e  s tu d ie s  o f  Bornebusch and Van d e r D r i f t ,  a lth o u g h  

i t  shou ld  a ls o  be  n o te d  t h a t  s im i la r  e s t im a te s  w ere made by M acfadyen 

in  h i s  C o th i l l  s tu d y .

A lthough l e s s  num erous, a cc o u n ts  o f  p o p u la tio n s  from c o n t in e n ta l  

s o i l s  p red o m in an tly  m in e ra l in  c h a r a c t e r ,  in c lu d e  a number o f  

im p o rtan t c o n tr ib u t io n s .  F re n z e l  (1936) su rveyed  s ix  meadows s e le c te d  

to  r e p re s e n t  u p lan d  and low land  h a b i t a t s  in  S i l e s i a ,  and found t h a t  

th e  p o p u la tio n  in  th e s e  a re a s  had much in  common w ith  th o s e  p r e v io u s ly  

r e p o r te d  from B r i t i s h  h a b i t a t s ,  n o ta b le  s i m i l a r i t i e s  b e in g  th e  

n u i e r i c a l  im portance  o f  A c a ri and C o llem b o la , th e  o ccu rren ce  o f  marked

se a so n a l f lu c tu a t io n s  in  th e  p o p u la t io n s  o f th e  l a t t e r  g roup , and 
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th e  uneven v e r t i c a l  d i s t r i b u t i o n  o f  th e  fauna# He a ls o  n o te d  

t h a t  w h i l s t  inaiçr g e n e ra  and s p e c ie s  w ere r e s t r i c t e d  i n  t h e i r  

d i s t r i b u t i o n ,  o th e r s  o c c u rre d  i n  a l l  th e  h a b i t a t s  s tu d ie d ,  and 

th e s e  e c o lo g ic a l ly  p l a s t i c  form s w ere d e s ig n a te d  " L e itfo rm e n  

des W iesehbodens"# I n  Denmark, Y/eis Fogh (1948) exam ined th e  

p o p u la t io n  o f  th e  l i g h t  s o i l  o f  g r a s s la n d  on a  r a i s e d  beach# 

E s ta b l i s h in g  7 sam pling  s t a t i o n s  a lo n g  a 12 m etre  l i n o ,  he 

d e s c r ib e d  th e  edaph ic  f a c to r s  w hich  o b ta in e d  i n  each  s t a t i o n ,  and 

was a b le  to  d i s t in g u i s h  2 d i s t i n c t  m ic ro a r th ro p o d  com m unities; 

th e  d i f f e r e n c e  i n  c o m p o s itio n  b e in g  a p p a re n t ly  c o r r e l a t e d  w ith  

m o is tu re  c o n d itio n s#  More r e c e n t l y ,  (1 9 5 5 ) , V/eis Fogh c o l la b o r a te d  

w ith  H aarlo v  to  d e v is e  a n  in g e n io u s  method o f  s tu d y in g  th e  s o i l  

an im a ls  m  s i t u # T h is  te c h n iq u e  c o n s i s t s  o f  deep f r e e z in g  a  

s o i l  c o re  im m ed ia te ly  a f t e r  sa m p lin g , an d , by  thaw ing  sub -sam p les  

i n  fo rm a l in  v ap o u r, th e  an im a ls  a re  k i l l e d  and f ix e d  i n  t h e i r  v i t a l  

p o s i t i o n .  The sub -sam p les a r e  th e n  subm erged i n  a g a r ,  an d , a f t e r  

s e t t i n g ,  a re  se c tio n e d #  By means o f  t h i s  te c h n iq u e  th e s e  w ork e rs  

o b ta in e d  a  s e r i e s  o f  rem arkab le  p h o to g ra p h s , in c lu d in g  a c l e a r  

d e m o n s tra tio n  o f  s p e c ie s  -  a g g re g a t io n  i n  th e  s o i l  m ic ro -c a v e m s , 

and  a n  i l l u s t r a t i o n  o f  th e  d e b r is  b u rrow ing  a c t i v i t i e s  o f  a  

P h th i r a c a r id  m ite#

To conclude  t h i s  résum é, i t  i s  a p p ro p r ia te  to  m en tio n  th e  more 

im p o rta n t su rv e y s  u n d e rta k e n  i n  re g io n s  f u r t h e r  a f ie ld #  I n  G re en lan d , 

a  num ber o f  h a b i t a t s  have  b e e n  exam ined b y  H a a rle v  ( 1942) ,  and by  

Hammer (n ée  Jo rg e n se n  1954, 1944)# The l a t t e r  w o rk e r a l s o  s tu d ie d  

th e  O r ib a t id  m ite s  i n  A rc t ic  Canada ( 1952)# T ro p ic a l  s o i l s  have a l s o  

re c e iv e c ^



re c e iv e d  some a t t e n t io n ,  n o ta b ly  in  Panama, by W illiam s (l9 4 d ) ; 

in  T r in id a d , by S t r ic k la n d  (1945, 1 9 4 7 ), and in  E a s t A f r ic a ,  by  

S a l t  ( 1952) .  F in a l ly ,  amongst Am erican p a p e rs ,  th e  b e s t  known 

a re  th o se  o f  J a c o t  ( e .g .  1936, 1940), d e a l in g  m ain ly  w ith  f o r e s t  

s o i l s ,  b u t n e v e r th e le s s ,  o f  g re a t  g e n e ra l  i n t e r e s t .

C. The B io logy  o f  C ollem bola and A cari

With th e  ex ce p tio n  o f  some e a r ly  i n v e s t i g a t io n s  b a se d  on 

d i r e c t  s o r t in g  m ethods, th e  g e n e ra l su rv ey s  m en tioned  above have 

a l l  em phasised th e  n u m erica l im portance  o f  C ollem bola and A c ari 

a s  c o n s t i tu e n t s  o f th e  A rth ropod  community in  o rg an ic  and m in e ra l 

s o i l s .

The p o p u la tio n  e n co u n te red  a t  Glasgow was no e x c e p tio n  in  t h i s  

r e s p e c t ,  and d e ta i l e d  s tu d y  was th e r e f o r e  c o n fin e d  t o  th e s e  two 

g roups. I t  i s  d e s i r a b le  th e r e f o r e  to  c o n s id e r  th e  p re s e n t  s t a t e  

o f  b io lo g ic a l  knowledge o f  th e s e  a n im a ls , and a lth o u g h  d e ta i l e d  

e c o lo g ic a l  in v e s t ig a t io n s  a r e  few, much r e le v a n t  in fo rm a tio n  can  be 

g lea n ed  from a s c a t t e r e d  l i t e r a t u r e .  In  th e  fo llo w in g  sy n o p s is , 

t h i s  in fo rm a tio n  i s  c o l l a t e d  under th r e e  h e a d in g s :-  ( l )  N a tu re

and L ength  o f  L if e  C y c le s . (2 ) Food H a b i ts ,  and ( 3 ) E nv ironm en ta l 

R e la t io n s h ip s .  Owing to  t h e i r  g r e a t  d i v e r s i t y ,  th e  m ajor A carin e  

g roups a re  d e a l t  w ith  s e p a ra te ly .

1. C ollem bola

(a) N a tu re  and Length o f  L i f e  C ycle

The on ly  d e ta i l e d  o b se rv a tio n s  on an A rth ro p leo n  ( t o  w hich 
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su b -o rd e r  th e  m a jo r i ty  o f  s o i l  d w e llin g  s p e c ie s  b e lo n g ) , ap p ear 

t o  be th o se  o f R ipper (1930) on H y p o g astru ra  arm ata  ( N ic . ) ,  -  a 

common mushroom p e s t .  The eggs, l a i d  in  b a tc h e s  o f  up t o  30 , 

h a tc h e d  in  about 3 weeks a t  17^0, and th e  nymphs a t t a i n e d  m a tu r i ty  

in  3 -  7 weeks. M oulting  o c cu rred  a t  a p p ro x im a te ly  w eekly  

i n t e r v a l s  th ro u g h o u t l i f e ,  w hich l a s t e d  from  5 - 1 0  m onths.

B ruschek  (u n p u b lish ed , quo ted  by K iih n e lt, 1930) n o te d  t h a t  th e  

com plete  l i f e  c y c le  o f O nychiurus a rm atus T u l l ,  o ccu p ied  45 days 

a t  "room" te m p e ra tu re .

(b) Food H a b i ts .

D e ta ile d  s p e c i f i c  o b s e rv a tio n s  a re  few , b u t  ju d g in g  from  th e  

g e n e r a l iz a t io n s  in  th e  l i t e r a t u r e  i t  w ould ap p ea r t h a t  th e  d i e t  

o f  s o i l  dw elling  s p e c ie s  i s  n o t r e s t r i c t e d ,  b u t in c lu d e s  p la n t  

r e s id u e s ,  fu n g i, a lg a e ,  and anim al rem ain s ; w h ile  p re d a t io n  i s  no t 

unknown. A s e le c t io n  o f  o b s e rv a tio n s  from  th e  l i t e r a t u r e  i s  

p re s e n te d  in  T able I .

(c) E nvironm ental R e la t io n s .

E c o lo g ic a l s tu d ie s  have shown th a t  th e  most im p o rtan t 

s in g le  p h y s ic a l  f a c to r  govern ing  th e  d i s t r i b u t i o n  o f  th e s e  i n s e c t s  

i s  r e l a t i v e  hum id ity . A lthough d e a l in g  w ith  s u r fa c e  d w e llin g  

s p e c ie s ,  th e  la b o ra to ry  s tu d ie s  o f  D avies (1928) a re  w orthy  o f  n o te ,  

fo r  he re c o rd ed  t h a t ,  a t  25°C, s a tu r a te d  c o n d it io n s  w ere n e c e s s a ry  

f o r  th e  s u rv iv a l  o f  a l l  th e  s p e c ie s  exam ined, and  ev id en ce  o f  a 

s im ila r  n a tu re  was o b ta in e d  by  MacLagan (1932) f o r  Sm in thurus 

v i r i d i s (L ). In  a f i e l d  s tu d y  o f 4  s u b te r ra n e a n  s p e c ie s  a t  S lough , 
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TABLE 1 .

THE FOOD HABITS OF GOLLR.IBOLA

S pec ies 

"Many s p e c ie s "

Iso to m a  s e p u lc r a l i s  Fo l. 

P r i e s ô a  su b lim is  Macn#

Pood A u th o r ity

Fungal m y c e lia  and sp o re s  Macnamara (1924)

C orpses (Human) 

Cannibail

Iso tom a macnamarai P o l .  A cho ru tes s o c i a l i s  U zel 

H y p o g a s tru ra  arm ata  Nic# Fungi (Mushroom)

do#

do#

do#

R ip p e r ( 1 9 3 0 )#

L i t t e r  d w e llin g  s p e c ie s .  P la n t  r e s id u e s ,  (Hornbeam S c h a l le r  (1949b)#
l e a f  f i g u r e d ) #

S o i l  d w e llin g  s p e c ie s . S o i l  m ixed w ith  o rg a n ic  
m a t te r  found  i n  gut#

G is in  ( 1947)#

do
P la n t  r e s id u e s ,  fu n g a l
m y ce lia  and s p o re s ,  p o l le n  H andschin  (1929)# 
a lg a e ,  o th e r  C o llem b o la , K iihnelt (1950) 
i n s e c t  rem a in s .

O nychiurus 
a rm a tu s T u ll .

P re fe re n c e  f o r  fu n g a l 
d i e t .

K uhnelt (1 9 5 0 ) .



Glasgow ( 1939) found t h a t  w h ile  o th e r  f a c t o r s  m igh t a ls o  be 

i n f l u e n t i a l ,  th e  h o r iz o n ta l  and se a s o n a l d i s t r i b u t i o n  o f  th e  

an im als appeared  t o  be l a r g e ly  d e te rm in ed  by  m o is tu re  c o n d i t io n s ,  

and th e  g e n e ra l  im portance  o f  t h i s  f a c to r  i s  a l s o  a p p a ren t in  th e  

r e s u l t s  o f th e  f i e l d  su rv ey s  and la b o r a to r y  p re fe re n d a  ex p erim en ts  

o f  A g re ll  (1941) and S c h a l le r  (1 9 4 9 a ,1931).

The work o f  G is in  (1943) r e q u i r e s  more d e t a i l e d  c o n s id e r a t io n ,  

fo r  i t  p ro v id e s  th e  fo u n d a tio n  o f  an e c o lo g ic a l  system , th e  

p r in c ip le s  o f  w hich have a lr e a d y  been  ex ten d ed  t o  o th e r  s o i l  

dv^elling g roups. He p o in te d  out t h a t  c e r t a i n  s t r u c t u r a l  f e a tu r e s  

o f  Collem bola were c lo s e ly  and  c o n s i s t e n t l y  r e l a t e d  t o  t h e i r  c h o ic e  

o f  h a b i t a t ,  and a d a p tin g  a  te rm in o lo g y  o r i g i n a l l y  u sed  by K rausse  

( 1928) ,  he drew up th e  fo llo w in g  m o rp h o -e c o lo g ic a l c l a s s i f i c a t i o n ; -

1 .A tm obio tic  fo m s

fig m en ted  s p e c ie s ,  w ith  8 + 8 la r g e  o c e l l i ,  an ten n ae  v e ry  lo n g  

and fu rc a  w e ll developed . H a b i t a t : -  S u rfa c e  h e rb ag e  (M acro p h y tes).

2. Hem iedaphic form s

Pigm ented s p e c ie s ,  eyes l e s s  w e ll  d ev e lo p ed  and  a n ten n ae  s h o r t e r .

(a) H ydroph ilous form s

Mucro w ith  b r^ a d  la m e lla e .

H a b ita t  -  S u rfa c e  o f  w a te r .

(b) M esophilous form s

T ib io - t a r s a l  h a i r s  p o in te d  o r c lu b b ed .

H a b ita t  -  s u r fa c e  o f  s o i l  and  i n  l i t t e r

(o)/



(c )  X eroph ilous  forms

l la in ly  v/ith  c lu b b ed  h a i r s -

H a b i ta t  -  under b a rk ,  i n  l i c h e n s ,  and i n  moss i n  d ry  
s i t u a t i o n s .

3 -Huedaphic forms

White s p e c ie s ,  eyes red uced  o r  a b s e n t ,  s h o r t  a n te n n a e ,

fu rc a  reduced  o r  a b s e n t -

H a b i ta t  -  The deep e r  s o i l  l a y e r s .

F o r each o f  th e  m ajor c a t e g o r i e s  n o te d  above, G-isin d e s c r ib e d  

a number o f  d i s t i n c t  com m unities , which he en co u n te re d  i n  th e  

B as le  a r e a ,  and th e s e  com m unities were r e f e r r e d  t o  as s y n u s ia e ,  -  

a terifi o r i g i n a l l y  u sed  by  p l a n t  e c o l o g i s t s  -  , each one b e in g  

named acco rd in g  t o  th e  dominant s p e c ie s .  He d e f in e d  a sy n u s ia  a s  

f o l lo w s : -  A sy n u s ia  i s  a d i s t i n c t  community (un ion) o f  o rgan ism s, 

t h e  c h a r a c t e r  o f which i s  de te rm ined  b y  t h e  s m a l le s t  s e c t io n  o f  t h e  

env ironm ent, th e  l a t t e r  b e in g  r e f e r r e d  to  a s  t h e  h a b i t a t .  In  

e r e c t i n g  th e s e  s y n u s ia e ,  A is in  was n o t  so much governed  by th e  

n a tu r e  o f  th e  h a b i t a t ,  a s  by  th e  c h a r a c t e r s  o f  t h e  com m unities 

th em se lv e s ,  and, a s  Weis Fogh (1943) has  p o in te d  o u t ,  t h e  sy n u s ia e  

were t h u s  e re c te d  on a p u re ly  physiognom ica l b a s i s .  N e v e r th e le s s ,  

he was a b le  t o  dem o n s tra te  c e r t a i n  b ro a d  r e l a t i o n s h i p s  between 

th e  v a r io u s  sy n u s iae  and edaphic  c o n d i t io n s  and p l a n t  a s s o c i a t i o n s .  

Not only  caii i t  be  s a id  t h a t  t h i s  s y n th e s i s  has  r a t i o n a l i z e d  th e  

eco logy  o f  th e s e  i n s e c t s ,  i t s  p o t e n t i a l  v a lu e  i n  r e l a t i o n  t o  

o th e r  groups ap p ea rs  t o  be c o n s id e r a b le .  T h is  d i s c i p l i n e  was 

fo llow ed  by S tren zk e  (194-9) i n  h i s  d e s c r i p t io n  o f  th e  Collem bolan 
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com m unities o f  s o i l  (m ain ly  w et) i n  th e  P I  on a r e a ,  and th e  same 

w orker ex tended  i t s  a p p l ic a t io n  t o  Q r ih a te i  (1 9 5 2 ).

2. A car i  (C r y p to s t ig m a ta ) , Q r i h a t e i .

(a)  N a tu re  and D u ra tio n  o f  L i f e  C y c le .

These a re  u s u a l ly  th e  most abundant s o i l  m ite s ,  and a c c o rd in g  

t o  " iic h ae l (1684, 1888), and V/illman (1 9 5 1 ), t h e i r  l i f e  h i s t o r i e s  

have th e  fo llo w in g  se q u e n c e :-  egg , l a r v a  (6 le g g e d ) , protonym ph, 

deutonymph, tr ito n y m p h , a d u l t . C le a t  (1952) o b se rv ed  t h a t  in

S c h e lo r ib a te s  la e v ig a tu s  Koch, each p o st-em b ry o n ic  s ta g e  had  a 

developm en ta l phase  and a m obile  grow ing p h a se . The d u ra t io n  o f  

th e  l i f e  c y c le  ap p ea rs  t o  be  c o m p a ra tiv e ly  lo n g , fo r  M ichael ( 1884) 

r e p o r te d  th a t  many sp e c ie s  to o k  a y e a r  o r more t o  a t t a i n  m a tu r i ty ,  

and C le a t ,  who r e a r e d  125 in d iv id u a ls  o f  S. l a e v ig a t u s , n o te d  t h a t  

th e  s h o r te s t  d u ra t io n  o f p r e - a d u l t  l i f e  in  t h i s  s p e c ie s  was 45 d a y s , 

and th e  lo n g e s t  115 days; th e  an im a ls  b e in g  k e p t i n  a s a tu r a te d  

a tm osphere a t  25°C.

(b) Food H a b i t s .

In  g e n e ra l  t h e i r  d i e t  a p p e a rs  t o  be  r a t h e r  s im i la r  t o  t h a t  o f  

C ollem bola . A s e le c t io n  o f  o b s e rv a t io n s  i s  p re s e n te d  in  T ab le  2 .

(o)/



Table 2.

THE FOOD HABITS OF ORIB.ITBI

S p e c ie s

O r ib a t e i , sp e c ie s  
u n s p e c if ie d

do

F ty c tim a , sp e c ie s  
u n s p e c i f ie d

5 s p e c ie s  in v e s t ig a te d

17 s p e c ie s  in v e s t ig a te d

O r i b a t e i , s p e c ie s  
u n s p e c i f ie d

12 s p e c ie s  in v e s t ig a te d

S c h e lo r ib a te s  
l a e v ig a ta s  Koch

P h th i r a c a r id a e  spp.

Food

V eg e tab le  m a te r i a l ,  in c lu d in g  
m osses l i c h e n s ,  fu n g i ,  
decay ing  wood and l i t t e r .

;ûLgae, fu n g i ,  and p ro to z o a

H o o ts , fu n g i ,  nymphs burrow  
c o n if e r  l i t t e r .

F ungi and decay ing  wood.

B ro a d le a f  l i t t e r ,  and fu n g i.

M oss, f i l t e r p a p e r ,  and 
p ro b a b ly  an im al rem a in s .

F u n g i, l i t t e r ,  decayed wood, 
and  an im al rem a in s .

Moss and ch ick en  fa e c e s

C o n ife r  l i t t e r

A u th o r i ty  

M ichael (1 8 8 4 ).

S ig  Thor (1931)• 

J a c o t  ( 1936, 1939) .

F o rs s lu n d  (1 9 3 8 ). 

Noordam e t  a l  (1943) 

R aysk i (1 9 4 3 ).

R iha  ( 1931) .

C le a t ( 1952) .

Murphy (1933)*

do Beech l i t t e r E v a n s (u n p u b lish e d ) .



( g ) Environm enta l R e la t io n s

The O r ib a t id  p o p u la tio n s  o f  a brown e a r th  and  a re n d z in a  

s o i l  in  th e  Vienna vmods were i n v e s t ig a te d  by  R iha ( l 9 3 l ) ,  th e  

f i e l d  o b se rv a tio n s  b e in g  su p p o rted  by l a b o r a to r y  s tu d ie s .  She 

ob serv ed  th a t  th e  m ite s  fav o u red  humid c o n d i t io n s ,  a lth o u g h  t h e i r  

r e s i s t a n c e  t o  d e s ic c a t io n  v a r ie d  a c c o rd in g  t o  th e  s p e c ie s .  I t  

was a ls o  n o te d  th a t  th e  p o p u la tio n  o f  th e  im m ature s ta g e s  o f  many 

s p e c ie s  in  s o i l  v/as rem arkab ly  low , and i t  was su g g e s te d  t h a t ,  

in  th e  s p e c ie s  co n cern ed , p r e - a d u l t  l i f e  was sp en t in  o th e r  

h a b i t a t s  -  a s u p p o s it io n  su p p o rte d  by re c o rd s  o f  im m ature s ta g e s  

from dead wood, below  b a rk , and from  l i t t e r .  I t  was f u r th e r  

su b m itte d  t h a t  two o f  th e  se a so n a l minima in  th e  s o i l  a d u lt  

p o p u la tio n  m ight be co n n ec ted  w ith  t h e i r  p ro p a g a tio n  rhythm  and 

o c ca s io n ed  by  a m ig ra tio n  o f  a d u l t s  to  th e  ju v e n i le  h a b i t a t s  f o r  

c o p u la tio n  and egg la y in g .

In  a s tu d y  o f  th e  P ldn  a re a ,  S tre n z k e  (1932) d e sc r ib e d  6 

m ajo r O r ib a t id  S ynusiae  to g e th e r  w ith  t h e i r  v a r i a n t s ,  and co n c lu d ed  

th a t  th e  v a s t  m a jo r i ty  o f  th e s e  m ite s  w ere m esoph ilous hem iedaphons; 

v e iy  fevr s p e c ie s  be in g  t r u l y  s u b te r ra n e a n  i . e .  euedaphons. In  a 

s e c t io n  on E c o lo g ic a l V alency , he u se s  a r a t h e r  com plex te rm in o lo g y  

t o  t o  d e sc r ib e  th e  to le r a n c e  o r  p l a s t i c i t y  o f  th e  s p e c ie s  e n c o u n te re d  

i n  r e l a t i o n  to  f iv e  edaphic f a c t o r s ,  v i z .  m o is tu re ,  o rg an ic  m a tte r  

c o n te n t ,  l i t t e r  c o v e r , pH and s a l t  c o n te n t .  F o r each o f th e s e  he  

e s ta b l is h e d  a h ig h  (p o ly ) ,  medium (m eso), and a low  (o l ig o )  c a te g o ry , 

and , a cc o rd in g  t o  t h e i r  p l a s t i c i t y ,  th e  s p e c ie s  w ere th e n  c l a s s i f i e d  

a s /



a s  f o l lo w s : -  S te n o p la s t ic  s p e c ie s * Forms w ith  a r e s t r i c t e d  

ran g e ; th e  l im i t in g  v a lu e s  o f  t h e i r  optimum re q u ire m e n ts  ly in g  

c lo s e  to g e th e r .

E u ry p la s t ic  s p e c ie s * L ess r e s t r i c t e d ;  th e  l im i t i n g  v a lu e s  o f  

t h e i r  optimum req u ire m e n ts  b e in g  w ide , b u t s u f f i c i e n t l y  c lo s e  t o  

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

E u -e u ry p la s t ic  s p e c ie s . In f re q u e n t form s, th e  l im i t i n g  v a lu e s  

o f t h e i r  re q u ire m e n ts  b e in g  so w ide t h a t  t h e i r  p re fe re n d a  f o r  any 

p a r t i c u l a r  ran g e  co u ld  not be  d e te rm in ed .

Thus, T linun thozè tes se in iru fu s Koch, i s  d e s c r ib e d  a s  b e in g  

po ly eu ry h y g re  -  m esoeury ione, which t r a n s l a t e d ,  im p lie s  t h a t  t h i s  

sp e c ie s  fav o u rs  a h igh  m o is tu re  c o n te n t ,  and medium pH, b u t ,  b e in g  

e u r y p la s t i c ,  i s  no t c o n fin e d  t o  such s o i l s .  7 /h ile  S trenzke* s 

p a p e r undoub ted ly  c o n s t i t u t e s  a m ajor c o n t r ib u t io n ,  th e  u se  o f  

th e s e  complex term s m ight be  c o n s id e re d  u n d e s i r a b le ,  an d , a lth o u g h  

th e  d a ta  were o b ta in e d  by a r b i t a r y  s c o r in g  m ethods, a more p r e c i s e  

assessm en t o f  e c o lo g ic a l  v a le n cy  m ight have been  a ch iev ed  by u s in g  

a system  o f  in d ic e s .

3. A c a r i , (C ry p to s tig m a ta ) , A c a ri^ ae

(a )  N a tu re  and D u ra tio n  o f  L if e  C y c le .

The o ld , and s in c e  re p la c e d , faiiiily  name T y ro g ly p h id a e , i s  

o f te n  used  c o l l e c t i v e ly  f o r  th e  f r e e  l iv i n g  members o f  t h i s  c o h o r t ,  

and , a cc o rd in g  t o  M ichael (19O I, 1903 ), and Hughes (1 9 4 3 ), th e s e  

lïiite s  have th r e e  post-em bryon ic  im m ature i n s t a r s ,  v iz .  a hexapod

l a r v a /



l a r v a ,  and 2 n^nnphal s ta g e s .  Som etim es, and  o n ly  in  some s p e c ie s ,  

an a d d i t io n a l  i n s t a r  may be i n s e r t e d  betw een th e  p r o to ,  and 

deutonymph s ta g e s ;  t h i s  i s  th e  so c a l l e d  hyp opus, and may be i n e r t ,  

o r a c t iv e  a c c o rd in g  t o  th e  s p e c ie s .  The i n e r t  phase  a p p e a rs  t o  

be a r e s i s t a n t  s ta g e ,  v A i ls t  th e  a c t iv e  hypopus i s  p ro v id e d  w ith  

a d h e s iv e  su c k e rs , and so fu n c t io n s  a s  a m ig râ to r i a l  p h a se , a s s i s t i n g  

in  th e  d i s p e r s a l  o f th e  s p e c ie s .  T h e ir  l i f e  h i s t o r i e s  a re  o f  

c o m p a ra tiv e ly  sh o r t  d u ra t io n ,  and, a s  an exam ple. Baker and V/harton 

( 1932) quote  G-aman, y/ho o b se rv ed  t h a t  th e  l i f e  c y c le  o f  R h izog lyphus 

ech in o p u s (F . and R. ) was com pleted  in  9-13 days a t  70°  -  80*^, 

and i n  17-27 days a t  -  65°F.

(b ) Food H a b i ts .

The o b s e rv a tio n s  rep ro d u ced  in  T ab le  3 have been  s e le c te d  a s  

b e in g  r e le v a n t  t o  th e  p re s e n t  s tu d y .



Table 3>
THE FOOD HABITS OP AdARIDIAE

FoodS p e c ie s  

R hizoglyphua
ech in o p u s. (F . and R .) decom position  o f  c e l lu lo s e

P ro d u c ts  o f  th e  b a c t e r i a l

A u th o r i ty  

F ranz  (1943)-

C oelognathus 
c a s t e l l a n i i ( H i r s t . )

S to re d  food  m a te r ia l  w ith  
a h ig h  f a t  and p r o te in  
c o n te n t ,e .g .  l in s e e d  d r ie d  
egg, f i s h  m ea l, ch eese  e tc .  
and a ls o  c e r e a l s .

H u ^ e s  (1 9 4 8 ).

A carus 
s i r o  L.

F a rin a c e o u s  su b s ta n c e s , and 
o th e r  d r ie d  v e g e ta b le  
p ro d u c ts .

Hughes (1 9 4 8 ).

G-lycyphagus 
de s t  ru e  t  o r ( S chrank .)

Commonly found  in  a s s o c ia t io n  
w ith  A. s i r o .

Hughes (1 9 4 8 ).



(c )  E nv ironm ental R e la t io n s h ip s .

A part from R. ech inopus -  th e  f a m i l i a r  b u lb  m ite , th e  

A carid s  a re  n o t u s u a l ly  a s s o c ia te d  w ith  s o i l ,  b u t  a re  more f a m i l i a r  

a s  p e s t s  o f  s to re d  p ro d u c ts . However, W eis Fogh (1948j found  

th e s e  sp e c ie s  in  h i s  sam ples, and th e y  w ere found  in  l i t t e r  by  Van 

d e r D r i f t  ( l 9 5 l ) ;  w h ile  Evans ( p r iv a te  com m unication) has a l s o  

en co u n tered  them in  c o l l e c t io n s  o f  s o i l  A c a r i .

T h e ir  m o is tu re  req u ire m e n ts  v a ry ; in  p a r t i c u l a r ,  N e s b i t t  (194-5) 

observed  th a t  members o f th e  su b -fa m ily  A c a rin a e  N e s b i t t ,  p r e f e r r e d  

to  l i v e  in  su b s tan ces  w ith  a low m o is tu re  c o n te n t (20 -  30/Q , and  

were commonly found in  fa r in a c e o u s  and o th e r  d r ie d  v e g e ta b le  p ro d u c ts ,  

w h i ls t  members o f th e  su b -fa m ily  R h iz o g ly p h in a e , Z a c h v a tin , c o u ld  

on ly  e x i s t  under v e ry  humid c o n d i t io n s ,  many seem ing t o  l i v e  i n  a 

f i lm  o f  w a te r .

4-. A c a r i ,  Me so s tig m a ta

(a) N a tu re  and D u ra tio n  o f  L if e  C y c le s .

Two M esostigm atic  c o h o r ts ,  v i z .  Gam asina, and  U ropodina , were 

en co u n te red  in  th e  Glasgow s o i l ,  and  a c c o rd in g  t o  V itzthum  (1941) 

th e  hexapod l a r v a l  s ta g e  o f  th e se  m ite s  i s  fo llo w ed  by two nymphal 

i n s t a r s .  In  some Gamasina th e  deutonymph fu n c t io n s  a s  a m ig ra to ry  

s ta g e ,  and  u se s  i t s  l e g s  t o  c l in g  t o  th e  b o d ie s  o f  o th e r  a n im a ls ; 

th e s e  a re  th e  nympha c o le o p tr a ta  so c a l l e d  b ecau se  o f  t h e i r  freq u en cy  

on b e e t l e s .  M ig ra to ry  nymphs (nympha p e d u n c u la ta ) may a ls o  be 

e n co u n te red  in  th e  U ropodina, b u t h e re  a tta c h m en t i s  e f f e c te d  by 

means o f  a p e d ic e l  form ed by th e  h a rd en ed  s e c r e t io n  o f  a n a l  g la n d s . 

M ic h a e l/



l l ic h a e l  ( l 88l )  observed  t h a t  developm ent o f  P a r a s i t a s  c o le o p tra tu m (L) 

and Pergam asus c r a s s ip e s (L) ( G am asina, P a r a s i t i d a e ) , from new ly 

l a i d  eggs to  th e  a d u lt  s ta g e ,  o ccu p ied  about 21 and 24 days 

r e s p e c t iv e ly ,  v ^ i l e  th e  o b s e rv a tio n s  o f  Cummings (1898) on 

Pseudouropoda obscu ra  (Koch) su g g e s t t h a t  th e  l i f e  c y c le  o f  t h i s  

s p e c ie s  i s  o f s im ila r  d u ra t io n .

(b) Pood H a b i ts .

In  th e  c a se  o f G am asina, th e  o b s e rv a tio n s  re p ro d u c ed  in  

T ab le  4  dea l m ain ly  w ith  th e  l a r g e r  s p e c ie s ,  and v i r t u a l l y  no 

in fo rm a tio n  a p p ea rs  to  be a v a i la b le  on th e  s m a lle r  s p e c ie s .  H ost 

o f  th e  known p re d a c io u s  Me so s tig m a ta  a re  c o m p a ra tiv e ly  l a r g e ,  a c t i v e ,  

and h e a v ily  c h i t i n i z e d ,  and  a re  lo c a te d  amongst th e  Gam asina, and 

p a r t i c u l a r l y  in  th e  fam ily  P a r a s i t i d a e . The U ropodina in c lu d e  th e  

more se d e n ta ry  form s, and th e s e  ap p ea r t o  be  m ain ly  saprophagous o r 

m ycetophagous.

(c) E nv ironm enta l R e la t io n s .

So very  l i t t l e  i s  known o f  th e  eco logy  o f  th e  s o i l  d w e llin g  

i>Iesostigm ata, t h a t  l i t t l e  r e le v a n t  in fo rm a tio n  can be added t o  t h a t  

a lre a d y  g iven  above. The l a r g e r  Gamasina have been observed  t o  

occur m ostly  in  th e  upper s o i l  l a y e r s  (v /eis Pogh,1948) w h i ls t  

Killman* s o b se rv a tio n s  on th e  R hodacaridae  (1935 , 1936) su g g es t t h a t  

some o f  th e s e  d e l i c a t e  form s p r e f e r  th e  d eep e r s o i l .  Wtjis Fogh 

ob se rv ed  th a t  v e ry  l i t t l e  se a so n a l f l u c tu a t io n  o c c u rre d  in  th e  

M esostigm atic  p o p u la tio n  o f  h i s  e c o lo g ic a l  s tu d y .

5 . /



v v
Table 4 .

THE FOOD HABITS OF LIBSOSTIQ.IilTA

S p e c ie s Food A u th o r i ty

GAMASINA

Pergam asus
c ra s s ip e s ( l j )

and
P a ra s  i t  us 

c o l  e o p t r a  tum(L )

"Cheese m ite s" M ichae l (1881)#

Many s p e c ie s  
( d e t a i l s  g iv en )

Myrmecophil ous B e r le s e  ( 1903b)#

L a rg e r  Gamasina 
sp e c ie s#

P re d a c io u s ; fe e d in g  on Hematoda. Vfeis Fogh (1 9 4 8 ) . 
H n c h y tra e id a e , and sm a ll A rth ro p o d a .

"Itany s p e c ie s " P re d a c io u s , b u t  a ls o  f a c u l t a t i v e  
c a r i io n  fe e d e rs  consum ing b o d ie s  
o f  l a r g e r  in s e c t s  and sm a ll 
v e r te b ra te s #

K uhnelt (1 9 5 0 ).

M acrocheles
sp e c ie s#

P a r t ly  coprophagous, and  
necrophagous#

K uhnelt ( 1930)#

UROPODIHA

Many s p e c ie s  
( d e t a i l s  g iv e n )

Myrme c o p h ilo u s B e r le s e  (l9 0 3 b )#

Pseudouropoda 
o b sc u ra  CKoch)

B a c te r ia  and fu n g i grow ing 
on decayed p o ta to  tuber#

Cummings ( I 898)#

Fuscuropoda 
m a rg in a ta  (Koch)

Fungi# K uhnelt (1950)#

Some s p e c ie s Coprophagous K uhne lt (1 9 5 0 ).

P ro d in y ch u s  sp . P re d a c io u s , p re y in g  on slow  
moving Collem bola# (O nych iu iu s 
s p e c ie s  in c lu d ed )#

S c h in d le r  
( u n p u b lis h e d , 

q u o ted  b y  
K ijh n e it .1950) .



5# A c a r i ,  P ro s tig ra a ta  and H e te ro s tig m a ta #

M ites  b e lo n g in g  to  th e s e  two groups -  u s u a l ly  c o l l e c t i v e l y  

known a s  th e  T rorab id if orraes -  w ere o n ly  ta k e n  i n  sm a ll numbers 

from  th e  Glasgow s o i l ,  and o f th e s e  Pygm ephorus Kramer s p e c ie s  

(P y em o tid ae ) , and G h ey le tu s e r u d i tu s , S ch ran k , (C h e y le tid a e ) , 

w ere th e  most abundan t.

The Pyem otidae have red u c ed  s u c t o r i a l  m o u th p a r ts , and t h i s  

f a m ily  in c lu d e s  p a r a s i t i c  form s v d th  com plex l i f e  c y c le s .  Banks 

( 1915) s t a t e d  t h a t  Pygmephorus s p e c ie s  had  m ig ra to ry  i n s t a r s ;  

specim ens b e in g  found on a  m ole, a  f l y ,  and  on  a  t h r i p s ,  w h ile  

a c c o rd in g  to  V itzthum  (194"*) members o f  t h i s  genus a r e  p re d a c io u s .

A ccording  to  Hughes (1 9 4 8 ) , C h e y le tu s  e ru d i tu s  i s  a  common 

p r e d a to r  o f  A carid  m ite s  i n  s to r e d  p ro d u c ts ,  and she a l s o  n o te d  

t h a t  th e  fem ales were p a r t l ie n o g e n e tic ;  m ales b e in g  r a r e .  B aker 

and W harton (1952) quo te  Ewing (19^5) who in v e s t ig a te d  th e  l i f e  

c y c le  o f  a  C h ey le tu s  s p e c ie s ,  and found  t h a t  a  l a r v a  and two 

nymphal i n s t a r s  were p roduced ; th e  developm ent from  new ly l a i d  

eggs to  th e  a d u l t  s ta g e  occupying  ab o u t 22 days a t  l a b o r a to r y  

te m p e ra tu re .



I I I .  DESCRIPTION OF THE ARM EXAiilTTED

The fauna  d e sc r ib e d  below  was e x t r a c te d  from th e  s o i l  o f  

th e  fo u r  u n c u l t iv a te d  p l o t s  in  th e  random ised  b lo c k  experim ent 

d e s c r ib e d  i n  d e t a i l  i n  P a r t  I I .  o f  t h i s  p a p e r . These p l o t s  

r e p r e s e n t  th e  o r ig in a l  c o n d it io n  o f th e  a re a  b e fo re  th e  

experim en t was l a i d  dov/n, and t h e i r  p o s i t io n  i s  shown in  F i g . l ,  

w h ile  in  th e  fo llo w in g  accoun t th e y  a re  r e f e r r e d  t o  a s  P lo t s  

1 - 4  a c c o rd in g  t o  th e  number o f  th e  b lo c k  i n  which th e y  w ere 

lo c a te d .

The a re a  s tu d ie d  was an o ld  g ra s s  f i e l d ,  -  about a c re  in  

e x te n t ,  a t  B e lla h o u s to n  P a rk , Glasgow* t h i s  p a r t  was n o t u sed  by  

th e  p u b l ic ,  and had been u n c u l t iv a te d  f o r  a p e r io d  o f  12 y e a r s .  

P re v io u s  to  t h i s  i t  form ed p a r t  o f  a n u rs e ry  i n  which v a r io u s  

o rnam en ta l p la n t s  were r a i s e d .  The experim en t was l a i d  down in  

th e  S o u th e rn  p a r t  o f  t h i s  f i e l d ,  and on t h i s  s id e  th e  boundary 

c o n s i s te d  o f  an i ro n  fence  beyond w hich, a t  a  d is ta n c e  o f  about 

5 y a rd s ,  was a l i n e  o f  lim e  t r e e s .  These may have in f lu e n c e d  th e  

f a u n i s t i c  co m p o sitio n  o f  P lo t  I ,  as  B lock I  was l a i d  down p a r a l l e l  

t o  t h i s  l i n e  o f t r e e s  a t  a d is ta n c e  o f  ab o u t 9 y a rd s .

The s o i l  was a heavy loam  d e riv e d  from  a c o n s id e ra b le  dep th  o f  

g l a c i a l  t i l l  o v e r ly in g  a r e g io n  shown on a g e o lo g ic a l  map as  

c o n s i s t in g  o f  c a rb o n ife ro u s  lim e s to n e . A b o ta n ic a l  a n a ly s i s  o f  

th e  4  p lo t s  i s  g iv en  i n  T ab le  5 , and th e  r e s u l t s  o f  a chem ical 

a n a ly s i s  a re  in c lu d e d  in  T ab le  F. (Appendix I I ) .
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X I n d ic a te s  r e l a t i v e  abundance.

In  a d d it io n  sm a ll amounts o f  moss was p re s e n t  in  a l l  p l o t s ,  and  
t h i s  was most abundant in  P lo t  1 , where th e  m acrophy tic  v e g e ta t io n  
was th in n e r .



IV. iÆEiODS 0? STUDY

A. Sam pling

1# S iz e  o f  Sam ple.

The ch o ic e  o f  sam ple s iz e  must depend upon th e  s iz e  o f  th e  

an im als  s tu d ie d ;  fo r  a sam ple must be  (a) s u f f i c i e n t l y  l a r g e  t o  

p re c lu d e  th e  o ccu rren ce  o f  a l a r g e  number o f  z e ro  c o u n ts ,  and

(b) sm a ll enough to  en ab le  th e  assessm en t o f  an ad eq u a te  number 

of in d iv id u a l  sam ples. D uring  e x te n s iv e  work on E la t e r i d

la r v a e .  S a l t  and I lo l l ic k  (1944, 1 9 4 6 ), and o th e r s ,  found t h a t  a 

sam ple c o n s i s t in g  o f  a c y l in d e r  o f  s o i l  4" in  d ia m e te r , ta k e n  t o  

v a r io u s  d e p th s , was ad eq u a te  fo r  a s tu d y  o f  th e s e  form s. I t  was 

th e  w r i t e r s  o r ig in a l  i n te n t io n  to  u se  sam ples o f  t h i s  s i z e  fo r  

th e  p re s e n t  work, so t h a t  o b s e rv a t io n s  upon th e  l a r g e r  A rth ro p o d a  

c o u ld  be in c lu d e d . A f te r  some p re l im in a ry  w ork, how ever, i t  soon 

became a p p aren t t h a t  i f  a sam ple o f  t h i s  s iz e  was t o  be  u se d , th e  

scope o f  th e  in v e s t ig a t io n  would have t o  be  g r e a t ly  c u r t a i l e d  owing 

to  th e  tiiiie r e q u ir e d  f o r  e x t r a c t io n  and subsequen t s o r t in g .  

C on seq u en tly , a sm a lle r  sam ple was u sed , and most o f th e  work was 

c a r r i e d  ou t w ith  sam ples c o n s i s t in g  o f  c y l in d e r s  o f  s o i l  2 " in  

d iam ete r w hich , w ith  th e  e x c e p tio n  o f  th e  sam ples o f  Ju n e , 1951, 

w ere ta k e n  to  a dep th  o f  6" . T hese sam ples (1 8 .8 5  c u . i n s . ,3 0 8 .9 3  c e s )  

c o n ta in e d  s u f f i c i e n t  numbers o f  th e  sm a lle r  s p e c ie s  b u t  w ere 

in a d e q u a te  fo r  th e  l a r g e r  form s.

2 .Number3 o f  Sam ples.

To d e te rm in e  th e  id e a l  number o f  sam ples r e q u ir e d  to  a s s e s s  th e  

p o p u la t io n /



p o p u la tio n  o f  a g iv en  a re a  i t  would b e  n e c e s s a ry  t o  conduct 

a p re l im in a ry  experim ent in  o rd e r  t o  compare th e  s ta n d a rd  

e r r o r s  o f  t a e  means o f  an in c r e a s in g  number o f  sam ples. In  

t h i s  way, by ta k in g  in to  accoun t in c r e a s in g  a c c u ra c y  and 

in c r e a s in g  la b o u r , th e  r e q u i s i t e  number o f  sam ples c o u ld  be 

d e te rm ined  (v id e  Glasgow 1939)*

In  th e  p re s e n t  in s ta n c e  th e r e  seemed l i t t l e  p o in t  in  such an 

ex p erim en t, a s  owing to  th e  tim e ta k e n  f o r  subsequen t tre a tm e n t 

o n ly  two saiap les p e r  p lo t  c o u ld  be d e a l t  w ith . O r ig in a l ly  i t  was 

e s t im a te d  t h a t  two sam ples p e r  p l o t ,  each  s u b -d iv id e d  to  r e p re s e n t  

th e  v e r t i c a l  s t r a t a  0 -  3 " , and 3 -  9" , c o u ld  be d e a l t  w ith  

a d e q u a te ly  on each o c ca s io n . In  t h i s  way fo u r  s e p a ra te  

e x t r a c t io n s  p e r  p lo t  were in v o lv e d , and n in e ty - s ix  s e p a ra te  

e x t r a c t io n s  on each o ccasio n  f o r  th e  experim en t a s  a w hole. A f te r  

p ro c e s s in g  t h i s  number o f  sam ples d u rin g  th e  sunmer o f  1951, i t  

became a b u n d an tly  c le a r  t h a t  t h i s  was to o  many t o  f a c i l i t a t e  a 

c a r e f u l  assessm en t o f  each sam ple ; c o n se q u e n tly , a lth o u g h  tv/o sam ples 

w ere ta k e n  from each p l o t ,  on subsequen t o c c a s io n s  th e y  w ere ta k e n  

to  one l e v e l  on ly  v iz .  0 -  6",

3 . Sam pling p ro c e d u re .

The sam pling implement c o n s is te d  o f  a s t e e l  tu b e  w ith  an 

i n t e r n a l  d iam e te r o f  2". A hand le  was f i t t e d  i n  th e  upper p a r t  

o f  t h i s  tu b e , and i t s  low er end was sh a rp en ed , and  th e  sam ple was 

e je c te d  by p re s s u re  from a b r a s s  d is c  a t ta c h e d  to  a ro d  o p e ra te d  

from th e  h an d le .

Each sample was tak e n  a t  random , b u t b e fo re  ta k in g  th e  sam ple
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th e  su r fa c e  herbage was c u t away. The im plem ent was th e n  

p lunged  in to  th e  s o i l  t o  th e  r e q u ir e d  dep th  and th e  sam ple e je c te d  

in to  a m eta l c o n ta in e r .  The dep th  o f  th e  sam ple was judged  by 

th e  dep th  o f th e  c a v i ty  l e f t  a f t e r  i t s  rem oval, and  no t by th e  

le n g th  o f  th e  c o re ; t h i s  "was c o n s id e re d  to  be more s a t i s f a c t o r y ,  

a s  th e  implement had a com pressing  e f f e c t ,  so  t h a t  th e  le n g th  o f  

th e  co re  was in v a r ia b ly  l e s s  th a n  th e  dep th  o f  th e  h o le . Sam ples 

so o b ta in ed  w ere s to re d  in  a r e f r i g e r a t o r  a t  5°G u n t i l  th e y  w ere 

p u t th rough  th e  e x tr a c t io n  p ro c e s s .

A ll  th e  p lo t s  were sam pled on th e  fo llo w in g  d a te s : -  

(1) 9 th  Ju n e , 1931 (Sam pled a t  two l e v e l s ) .  (2 ) l 6 th  O c to b er, 1931* 

( 3 ; 14t h  December, 1951* (4) 20 th  F e b ru a ry , 1952. (5 ) 1 8 th  A p r i l ,  1952.

( 6) 17t h  O c to b er, 1952.

B. E x tra c t io n

The A rthropoda were e x tr a c te d  by  means o f  a m o d ified  form  o f  

th e  a p p a ra tu s  d e sc r ib e d  by S a l t  and H o ll ic k  (1 9 4 4 ), and in  g r e a te r  

d e t a i l  by S a l t  (1952 ), and th e  main components o f  th e  a p p a ra tu s  u sed  

a re  i l l u s t r a t e d  in  F ig . 2.

The s o i l  sam ples were f i r s t  to r n  a p a r t  under w a te r  in  a sh a llo w  

b a s in ,  and th e  r e s u l t in g  s o i l - v /a te r  m ix tu re  was poured  on t o  a 

3 mm. mesh s ie v e  f i t t e d  w ith  a s p la sh  g u a rd  A. The mass was th e n  

washed w ith  j e t s  o f  w a te r th ro u g h  th e  s ie v e  i n to  c o n ta in e r  B.

The s to n e s  and c o a rse  p la n t  m a te r ia l  r e t a in e d  in  s ie v e  A. were 

r e p e a te d ly  washed w ith  j e t s  o f  w a te r , and b e fo re  t h i s  m a te r ia l  was 

d isc a rd e d , i t  was c a r e f u l ly  examined fo r  l a r g e  s p e c ie s .  M eanw hile, 

th e  overflow  from B was p a sse d  over th e  l i p  on t o  s ie v e  £  which 

h a d /
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had a r e g u la r  square  mesh o f  0 .152  rmn., (100 mesh s ie v e ,  B r i t i s h  

S ta n d a rd  S p e c i f ic a t io n ) ,  and , a f t e r  t h i s  i n i t i a l  w ashing p ro c e s s ,  

th e  whole o f th e  c o n te n ts  o f  B were poured  on t o  C; th e  s o i l  

a d h e rin g  to  th e  s id e s  and base  o f  th e  c o n ta in e r  b e in g  washed over 

w ith  j e t s  o f w a te r . The m a te r ia l  in  s ie v e  2  was th e n  a llo w ed  

t o  d r a in ,  a f t e r  which i t s  c o n te n ts  were v/ashed w ith  a s o lu t io n  o f  

magnesium su lp h a te  in to  f l o t a t i o n  v e s s e l  D, th e  upper end o f  w hich 

had a l i p ,  and i t s  low er opening a ru b b e r  s to p p e r  c a r ry in g  a b ra s s  

tu b e . The opening o f  t h i s  tube  i n to  th e  v e s s e l  was co v ered  by  a 

p ie c e  o f b o l t in g  s i l k .

The s o i l  in  v e s s e l  D was th e n  f lo o d e d  w ith  magnesium s u lp h a te  

s o lu t io n  o f s p e c i f ic  g r a v i ty  1 .2 ,  and a s tream  o f  a i r ,  d e r iv e d  from 

an e l e c t r i c  b low er, was p assed  in  th ro u g h  th e  b r a s s  tu b e ,  and 

b u b b led  th rough  th e  s o lu t io n .  To b r in g  th e  w hole m ix tu re  in to  

c o n ta c t  w ith  th e  a i r ,  i t  was c o n tin u o u s ly  s t i r r e d ,  and , in  t h i s  way, 

th e  s o i l  p a r t i c l e s  were k ep t i n  su sp en s io n  and th e  a d h e rin g  o rg an ic  

m a tte r  f re e d . A f te r  f iv e  m in u tes  th e  s t i r r i n g  and b u b b lin g  was 

s to p p ed , and more s o lu t io n  was added t o  b r in g  th e  l e v e l  o f  th e  l i q u i d  

up to  th e  l i p .  The su spension  was th e n  a llo w e d  to  s e t t l e ,  a n d , by  

s lo w ly  s iphon ing  more s o lu t io n  in to  th e  v e s s e l ,  th e  f l o a t in g  m a te r ia l  

was made to  p a ss  over th e  l i p  on to  s ie v e  2* The m ix tu re  was 

s t i r r e d  ag a in  t o  ensu re  th a t  no f u r th e r  .m a te r ia l  was t ra p p e d  by  th e  

s o i l ,  and th e  d é c a n ta tio n  was re p e a te d . The c o n te n ts  o f  v e s s e l  D 

were th e n  run  o f f  th ro u g h  th e  b ase  i n to  a b in ,  an d , a f t e r  s e t t l i n g ,  

th e  s o lu t io n  was sa lv ag ed  f o r  l a t e r  sam ples.

The ’f lo a t*  so o b ta in ed  was v/ashed g e n t ly  w ith  w a te r  and 

t r a n s f e r r e d /



t r a n s f e r r e d  to  a f l a s k  c o n ta in in g  abou t 50 m l. o f  b en zo l and  

a sm all q u a n ti ty  o f  w a te r . Com plete t r a n s f e r e n c e  was o b ta in e d  

by u s in g  a wash b o t t l e .  The f l a s k  was v i o l e n t ly  shaken f o r  

about 2 m in u te s , a f t e r  w hich th e  c o n te n ts  w ere washed in to  a 

Buchner f l a s k  and th e  p re s s u re  th e r e in  red u ced  fo r  about 5 m inu tes 

by means o f  a f i l t e r  pump. The n e x t s ta g e  o f  th e  p ro c e ss  was 

accom plished  by means o f  a la r g e  g la s s  fu n n e l ,  th e  stem o f wiiich 

was ex tended  by a s h o r t  ru b b e r tu b e  f i t t e d  w ith  a  p in ch  cock .

The stem  and  low er p a r t  o f  th e  cone w ere f i r s t  f i l l e d  w ith  w a te r , 

and th e  m a te r ia l  from th e  Buchner f l a s k  was p o u red  i n ;  th e  l e v e l  

o f  th e  l i q u i d  b e in g  b r o u ^ t  up t o  w ith in  about an in ch  o f  th e  rim  

by add ing  w a te r. The m a te r ia l  in  th e  fu n n e l was a llo w ed  t o  s e t t l e ,  

and  a p ro p o r tio n  o f  th e  d e b r is  d ropped  in to  th e  stem  from w here 

i t  was run  o f f .  The l e v e l  o f  th e  l i q u i d  was a g a in  made up and 

th e  p ro c e ss  re p e a te d  u n t i l  a l l  th e  h e a v ie r  m a te r ia l  had  been  

s e p a ra te d . The d e b r is  th u s  ta k e n  from th e  fu n n e l  was exam ined w ith  

a hand le n s  b e fo re  b e in g  f i n a l l y  d is c a rd e d , w h ile  th e  rem ain in g  

c o n te n ts  o f  th e  fu n n e l were r e tu rn e d  t o  s ie v e  2* The b e n z o l was 

washed o f f  w ith  a lc o h o l ,  and th e  m a te r ia l  w ashed w ith  a j e t  o f  

7 0 /  a lc o h o l in to  a b e ak e r and  su b se q u e n tly  s to r e d  in  a specim en 

tu b e . On each o c c a s io n , a l l  th e  sam ples w ere f i r s t  p ro c e ss e d  t o  

t h i s  s ta g e ;  th e  p re s e rv e d  m a te r i a l ,  c o n s i s t in g  o f  a m ix tu re  o f  

A tth ropoda  and v a ry in g  amounts o f  o rg an ic  d e b r i s ,  b e in g  s o r te d  a t  

a l a t e r  d a te .

The p ro c e ss  d e s c r ih e d  above, w b i l s t  s im i la r  t o  th e  m ethod

d e v ise d  by  S a l t  and H o l l ic k ,  n e v e r th e le s s  d i f f e r e d  in  c e r t a i n  d e t a i l s .
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In  th e  o r ig in a l  a p p a ra tu s  th e  com ponents were so a rra n g e d  t h a t  

th e  t r a n s fe re n c e  o f  th e  m a te r ia l  from c o n ta in e r  B to  th e  f l o t a t i o n  

v e s s e l  D, was accom plished  by t i l t i n g  th e  fo rm er, and th e  f l o t a t i o n  

v e s s e l  was equipped w ith  a 0 .2  mm. s ie v e  a t  th e  ju n c t io n  o f i t s  

c o n ic a l  and c y l in d r ic a l  p o r t io n s ;  th e  sm a ll A rth ropoda  b e in g  

c o l l e c te d  by f i l t e r i n g  th e  m a te r ia l  p a s s in g  th ro u g h  t h i s  s ie v e  

w ith  b o l t in g  s i l k .

I n i t i a l  t r i a l s  were made w ith  an a rrangem ent o f  s ie v e s  s im i la r  

to  t h a t  o f th e  o r ig in a l  a p p a ra tu s , b u t  fo r  a number o f  re a so n s  t h i s  

was found to  be im p ra c tic a b le . In  th e  f i r s t  p la c e ,  th e  p h y s ic a l  

c h a r a c te r s  o f  th e  s o i l  s tu d ie d  were such t h a t  p e r s i s t e n t  ch ok ing  

o f  th e  b o l t in g  s i l k  f i l t e r  o ccu rred ; t h i s  made th e  p ro c e ss  ex tre m e ly  

slow , and an adequate  number o f  sam ples c o u ld  n o t have been d e a l t  

w ith  had t h i s  f i l t e r  been r e ta in e d .  F u rth e rm o re , a s o i l  la b o r a to r y  

w ith  a f lo o r  d ra in  was no t a v a i la b le ,  and th e  amount o f f lo o d in g  

which co u ld  be t o l e r a t e d  was l im i te d .  Hence th e  i n i t i a l  w ashing  

p ro c e s s  in to  B, and th e  c o l le c t io n  o f  s o i l  on th e  100 mesh s ie v e  

were c a r r i e d  out in  a s in k ; a llo w in g  th e  s u rp lu s  wrater to  p a ss  i n to  

th e  d ra in .  The s ie v e  and i t s  c o n ta in e d  s o i l  was th e n  c a r r i e d  over 

to  th e  f l o t a t i o n  v e s s e l ,  and , t o  a v o id  chok ing  th e  100 mesh s ie v e ,  

t h i s  tr a n s fe re n c e  was done in  two o r more s ta g e s .  F in a l ly ,  th e  

fu n n e l s e p a ra tio n  method was d e v ise d  so t h a t  th e  m a te r ia l  c o u ld  b e  

p re se rv e d ; th u s  th e  p ro c e ss in g  o f  a s e r i e s  o f  sam ples d id  n o t have 

t o  be in te r r u p te d  by p e r io d s  o f  m ic ro sco p ic  ex am in a tio n  and c o u n tin g .

The main d if f e r e n c e ,  and p ro b ab ly  th e  o n ly  one in f lu e n c in g  th e  

th o ro u g h n ess  o f  th e  e x t r a c t io n ,  was th e  s u b s t i t u t i o n  o f th e  0 .1 5 2  mm. 
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s ie v e  fo r  th e  b o l t in g  s i l k  f i l t e r  o f th e  o r ig in a l  a p p a ra tu s .

The m o d ified  a p p a ra tu s  th e r e f o r e  c o u ld  no t be e x p ec te d  to  g iv e  

a s  h igh  a r a t e  o f  e x t r a c t io n  as th e  o r ig in a l ,  b ecau se  a p ro p o r tio n  

o f  th e  v e ry  sm all sp e c ie s  c o u ld  p a ss  th ro u g h  th e  s ie v e .

N e v e r th e le s s , th e  e x t r a c t io n  r a t e  was c o n s id e re d  ad eq u a te  fo r  a 

com para tive  s tu d y  o f t h i s  k in d ; and i t  w i l l  be seen  from th e  d a ta  

t h a t  th e  p o p u la tio n s  d isc o v e re d  were g r e a te r  th a n  th o s e  r e p o r te d  

by many o th e r  w o rk e rs .

C. S o r t in g  and  I d e n t i f i c a t i o n

The s o r t in g  and i d e n t i f i c a t i o n  o f  s p e c ie s  in  th e  p re s e rv e d  

m ix tu re  o f  A rth ropoda and o rg an ic  d e b r is  was accom plished  in  

s e v e ra l  s ta g e s .  F i r s t l y ,  sm all p o r t io n s  o f  th e  m ix tu re  w ere 

p la c e d  i n  a 2** d iam ete r P e t r i  d is h ,  th e  bottom  o f  w hich was m arked 

i n to  segm ents, and a sy s te m a tic  sea rch  o f  each segment was made 

under a b in o c u la r  m ic ro scope, u s in g  f i r s t  a b la c k  background , and  

th e n  a w h ite ;  th e  an im als b e in g  removed w ith  a f i n e  p i p e t t e .

At th e  same tim e  a p re lim in a ry  c l a s s i f i c a t i o n  in to  su b -o rd e rs  was 

made, and  a  com plete rem oval was c o n s id e re d  to  have been  accom plished  

when th e  exam ination  o f a com plete  c i r c u i t  o f  th e  d is h  y ie ld e d  no 

f u r th e r  specim ens. T h is  p ro c e ss  was re p e a te d  u n t i l  th e  e n t i r e  

sample had been s c r u t in iz e d .

At t h i s  s ta g e  a n o th e r  d i f f i c u l t y  became a p p a re n t . A number 

o f  empty ’’s h e l l s "  o f O r ib a t id  m ite s  w ere en co u n te re d , and th e s e  

specim ens c l e a r l y  r e p re s e n te d  an im als w hich had been  dead f o r  a 

c o n s id e ra b le  p e r io d , fo r  th e  s o f t  p a r t s  w ere a b s e n t;  and , in  th e  

c a s e /



c a se  o f  some o f  th e  l a r g e r  specim ens, s o i l  p a r t i c l e s  were found 

w ith in  th e  e x o -s k e le to n . I t  was d e c id ed  n o t to  in c lu d e  o b v io u s ly

lo n g  dead aniruals in  th e  c o u n ts .

The dominant s p e c ie s ,  and  o th e r s  o f  o u ts ta n d in g  i n t e r e s t  , 

were th e n  i d e n t i f i e d .  Some o f  th e  l a r g e r  s p e c ie s  c o u ld  be named 

w ith o u t much d i f f i c u l t y ,  and th e s e  w ere p ic k e d  ou t f i r s t .  The 

n e x t group t o  be d e a l t  w ith  w ere th o s e  w hich c o u ld  be named in  

tem porary  m ic ro scop ic  p r e p a r a t io n s ,  n o ta b ly  th e  T u llb e rg in a e  and 

th e  sm a lle r  u r i b a t e i . F in a l ly ,  th e  more d i f f i c u l t  sp e c ie s  and  

specim ens were mounted in  p o ly v in y l a lc o h o l a f t e r  p re - tr e a tm e n t  

( i f  n e c e ssa ry )  w ith  l a c t i c  a c id .

D. L ab o ra to ry  O b se rv a tio n s

p e r i o d i c a l ly ,  l iv in g  m a te r ia l  was e x t r a c te d  by d e s ic c a t io n  

m ethods, th e  an im als b e in g  su b se q u e n tly  kep t on m o is t f i l t e r  p ap er 

in  P e t r i  d is h e s ,  and examined w ith  a view  o f  o b ta in in g  in fo rm a tio n  

on t h e i r  fee d in g  h a b i t s .  A lthough th e  im p o rtan ce  o f  d a ta  o f  t h i s  

k in d  i s  n o t m inim ized , t h i s  work was n o t a p rim ary  c o n s id e ra t io n  

o f  th e  p re s e n t  s tu d y . Hence a lth o u g h  some i n t e r e s t i n g  in fo rm a tio n  

was o b ta in e d , t h i s  a sp e c t v/as n o t p u rsu ed  in  g r e a t  d e t a i l ,  -fo r 

th e  d i f f i c u l t i e s  o f  c u l tu r in g  th e  an im als  a re  such t h a t  s tu d ie s  o f  

t h i s  k in d  r e q u ir e  th e  u n d iv id e d  a t t e n t i o n  o f th e  i n v e s t i g a to r .



V. QUiiLITATIVE RESULTS

A. A S yste j:ia tic  L is t  o f Groups and S p e c ie s  E n co u n te red

INSE3TA

PROTLTA sp .

C0LLEi,-I30LA
N ee lid ae  sp.
S iiiin thuridae spp.
Hypogast ru r id a e  

H y p o g astru rin ae
H ypogastrura  o f  d e n t ic u la te  B a g n a il, 1941, sensu  G -isin, 1949• 

N eanurinae
B rachystom ella  p a rv u la  (S c h a f fe r ,  1896)
F r ie s e a  n i r a b l i s  (T u llb e rg , 1871)

Q nychiurinae
O nychiurus u l ig in a tu s  G-isin, 1932 
Onychiurus s p in u la r iu s  G -isin ,1932 

T u llb e rg in a e
T u llb e rg ia  Icrausbaueri (B o e rn e r, 1901) 
T u llb e rg ia  q u a d risp in a  (B o e rn e r, 1901) 
T u llb e rg ia  c r a s s ic u s p i s  G is in , 1944

Iso tom idae  
Iso tom inae

Isotom a v i r i d i s  B o u r le t , 1839 
.Inurophorinae

Isotoraodes p ro d u c tu s  (A xelson, 1906) 
P ro iso to m in a  e

Folsom ia Candida W illem , 1902 
Polsom ia c . f .  g a r r e t t i  B a g n a il, 1939 
Folsom ia q u a d rio c u la ta  (T u llb e rg , 1871)

ilydon iidae
Ivlydoniinae

L ep id o cy rtu s  cyaneus (T u llb e rg , 1871)

C ollem bola spp. unde t.

PSOCOPTERA sp.

TIilSAITOPTERil
T h rip id a e

A p tin o th r ip s  ru fu s  (G m elin, 1789)
T h rip id a e  spp. undet.
P h a le o th r ip id a e  sp.

HBAIPTERA
A phididae spp.

H em iptera spp. undet.
COLEOPTEHA/



COLEOFTERA
C arab idae

C liv in a  fo s s o r  (L in n aeu s, 1738) 
S ta p h y lin id a e

Hom alota sp .
T achyporinae  sp.

S ta p h y lin id a e  spp . u n d e t.
L a th r i id a e

C o r t ic a r i a  fu lv a  C om olli, 1837 
G hrysom elidae

L o n g ita r s u s  sp .
G u rc u lio n id ae  

S ito n a  sp .

DIPTLRA

ORTHORRHilHIA

T ip u lid a e  sp. 
p e t a u r i s t i d a e  spp.
T end iped idae  spp.
F u n g iv o rid ae  spp.

CYCLORREIAim spp.

PAUHOPOm sp . 
DIPLQPQDA sp . 
SYI^HYLA sp .

GHILOPOm sp.

PROGCilEATA

OPISTHOGONKATA

ARACHNIDA

ARAIŒIDA spp. 
Ti-LR13IGRAJA sp . 
ACARI.

GRYPTOSTIGivIATA
ORIBATEI

E ulohiaanniidae
Eulohm annia r ib a g a i  B e r le s e ,  1910 

E y p o ch th o n iid ae
H ypochthonius r u f u lu s  (L lich ae l, 1884) 

J o ta s p id a e  y



K otasp idae
G e ra to z e te s  g r a c i l i s  (M ich ae l, 1884)
A c h ip te r ia  c o le o p t r a ta  (L in n a eu s , 1758)
L u ze tes  g lo b u lu s  ( iT ic o le t, 1855)
P u n c to r ib a te s  punctum (Koch, 1840)
P u n c to r ib a te s  (M in u n th o ze te s) se m iru fu s  (Koch, 1840) 

Erem aeidae
Oppia c la v ip e c t in a ta  (M ich ae l, 1885)
O r ib e l la  la n c e o la ta  (M ich ae l, 1885) 
O r ib e l la  p a o l i i  Oudemans 1915 

C arabodidae
S c u to v e rte x  s c u lp tu s  M ich ae l, 1879 

F h th ir a c a r id a e
P h th ir a c a ru s  anonymam G ran d jean , 1934* 

O r ib a te i  spp. u n d e t.

ACÂRIDIAE
A caridae

A carus s i r o  L in n a eu s , 1758.
O oelognathus c a s t e l l a n i i  ( H i r s t ,  1912) 
R hizoglyphus ech inopus (Pumouze and R obin , 1868) 

S lycyphag idae
G lycyphagus d e s t r u c to r  (S ch ran k , 1781)

:»IESOSTiaiATA
GAI.IASIHA

R hodacaridae
Rhodacarus ro se u s  Oudemans, 1902 
R h o d a ca re llu s  e p y g in ia l i s  s p .n . 

V eigaidae
V eiga ia  n em o ren sis  (Koch, 1839) 

P a r a s i t i d a e
pergam asus ru n c ig e r  B e r le s e ,  1904 
Pergam asus m is e l lu s  B e r le s e ,  1904 

M acrochelidae
M acrocheles sp .

P a c h y la e la p tid a e  
P a c h y la e la p s  sp .

A sca idae
D igam asellus r e t i c u l a t u s  s p .n . 

L a e la p t id a e
A rc to s e iu s  c e t r a t u s  ( S e l ln ic k ,  1940) 
A rc to s e io p s is  m inu tu s (H a lb e r t ,  1915) 
A l i ip h i s  h a l l e r i  ( C a n e s t r in i ,  1881) 
G osm olaelaps c la v ig e r  (B e r le s e , 1883) 
L a s io s e iu s  p e n i c i l l i g e r  (B e r le s e ,  1917) 
P la ty s e iu s  n p .n . E vans, (u n p u b lish ed ) 
H ypoaspis a c u l e i f e r  ( C a n e s t r in i ,  1884) 
E v ip h is  o s t r in u s  (Koch, I 936)

‘Gamasina spp. u n d e t.

UROPODIKA/



UROFQDEm
D inychidae

D inychus t e t r a p h y l lu s  B e r le s e  1903 
T rachyuropodidae

O lod iscus minima (Kram er, 1882) 
Uropodina spp. u n d e t.

HETEROSTI(lvLA.TA
pyem otidae

,-ygmephorus sp .

PROSTIGMATA
O h ey le tid ae

G heyletus e ru d i tu s  ( S ch rank , 1781) 
A c a ri spp. undet.



N otes on Some o f th e  C ollem bola and A c a ri E n co u n te red

l . C olIeinbola

(a ) Euedaphic S p e c ie s

T u llb e rg ia  k ra u s b a u e r i  (B oerner)

T h is  s p e c ie s ,  which was th e  dominant C o llem bo lan , h a s  an 

e x te n s iv e  g e o g ra p h ica l d i s t r i b u t i o n ,  hav in g  been  re c o rd e d  from New 

Z ea land  (V/omersley, 193^) and G reenland (Hammer, 1 9 44 ). In  

E urope, G is in  (1943) r e p o r te d  i t  t o  be common i n  meadow and w oodland 

s o i l s  in  th e  B asle  a r e a ,  under b o th  b a s ic  and a c id ic  c o n d i t io n s .

I t  was one Ox E re n z e l^ s  L e itfo rm e n , and i t  has a l s o  been w id e ly  

re c o rd e d  from B r i t i s h  s o i l s ,  th e  r e p o r t s  in c lu d in g  th o s e  from Slough 

(Glasgow, 1939), Cambridge ( S a l t ,  e t . a l . 1 9 4 8 ), C o th i l l  (M acfadyen ,1932) 

and from  SnoiYdonia (D av ie s , 1934) * The w r i t e r  h a s  a ls o  found t h i s  

s p e c ie s  t o  be w ide ly  d i s t r i b u t e d  in  b o th  u p lan d  and low land  s o i l s  in  

th e  West o f  S c o tla n d .

T. k ra u sb a u e r i  was found  d i f f i c u l t  t o  keep a l iv e  in  th e  la b o r a to r y ,  

f o r  th e  an im als were ex tre m e ly  s u s c e p t ib le  t o  d e s ic c a t io n ,  and  when 

kep t on m oist f i l t e r  pap er in  p e t r i  d is h e s ,  sm a ll f a l l s  in  te m p e ra tu re  

r e s u l t e d  in  a co n d en sa tio n  le a d in g  t o  th e  fo rm a tio n  o f  sm a ll d r o p le t s  

o f  w a te r  on th e  b o d ie s  o f  th e  a n im a ls . V/hen t h i s  o c c u rre d , th e  

an im als  became m oribund w ith in  a s h o r t  t im e . They ap p ea red  t o  fe e d  

on f i l t e r  p a p e r, and , when in d iv id u a ls  w ith  c o lo u r le s s  g u t c o n te n ts  

Yrere p la c e d  on b la c k  f i l t e r  p a p e r, w i th in  about two days i t  was 

n o ted  t h a t  t h e i r  g u t c o n te n ts  were d i s t i n c t l y  b la c k , bben c o n fin e d  

v/ith  fragm ents o f  mushroom, th ey  ap p ea red  t o  fe e d , b u t  i t  was n o t 

p o s s ib le /



p o s s ib le  to  b e  c e r t a i n  o f t h i s .  They were, a t t r a c t e d  by  p ie c e s  

o f  decay ing  p o ta to  tu b e r ,  and  seemed to  fe e d  a c t iv e l y  on t h i s  m a te r i a l .  

Ydien th e  tu b e r  frag m en ts  w ere s ta in e d  •with N e u tra l  R ed, th e  s t a i n  

was ta k e n  up b y  th e  a n im a ls , an d , w i th in  abou t 24 h o u r s ,  th e y  w ere 

deep  re d  i n  c o lo u r ,  th e  s t a i n  hav ing  p e n e tr a te d  th e  w hole body.

S im ila r  r e s u l t s  w ere o b ta in e d  w ith  b o i le d  p o ta to ,  b u t  w ith  mushroom, 

and s l i c e s  o f f r e s h  p o ta to  tu b e r ,  a lth o u g h  some dye "was ta k e n  u p , th e  

an im a ls  were n o t so  in te n s e ly  s ta in e d .  I t  sh o u ld  b e  p o in te d  o u t ,  

how ever, t h a t  th e  ev idence  th u s  o b ta in e d  i s  by  no means c o n c lu s iv e , 

f o r  th e  s t a i n ,  b e in g  -water s o lu b le ,  c o u ld  have b e en  ta k e n  up from  

th e  m o is tu re  on th e  s u r fa c e  o f th e  su sp e c te d  fo o d .

T u llb e rg ia  q u a d ris p in a  (B oerner)

G is in  ( 1943) n o te d  th a t  t h i s  s p e c ie s ,  a lth o u g h  common i n  w oodland 

and meadow s o i l  i n  E urope, was r i g i d l y  bound to  a  v e ry  narrow  range  

o f  h u m id ity  c o n d it io n s .  Glasgow (1 9 3 9 ) , how ever, found  "Üiis t o  bo  

th e  o n ly  s p e c ie s  he s tu d ie d  w hich showed no c o r r e l a t i o n  w ith  s o i l  

m o is tu re , a lth o u g h  th e  v e ry  narrow ness o f i t s  h u m id ity  re q u ire m e n ts  may 

w e ll  have b e en  r e s p o n s ib le  f o r  th e  absence  o f  a  s i g n i f i c a n t  r e l a t i o n s h i p  

w ith  th e  m o is tu re  g ra d ie n ts  used  i n  ■this s tu d y ; i n  f a c t ,  he p o in t s  o u t 

t h a t  one can n o t a f f i r m  th a t  i t s  p o p u la tio n s  a r e  i n d i f f e r e n t  to  m o is tu re , 

b u t  one can  say  t h a t  i t s  m o is tu re  r e l a t io n s h ip s  a r e  d i f f e r e n t  to  

th o se  o f Q nychiurus a rm a tu s.  G is in  d e s c r ib e d  a T. g u a d r is p in a  

sy n u s ia  w hich he found  to  o ccu r i n  f r e s h  g ra s s la n d  (* E risch ina tten*  ) 

i n  th e  B asle  d i s t r i c t ;  and , i n  c o n n e c tio n  w ith  t h i s  i t  i s  

i n t e r e s t i n g  to  n o te  th a t  th e  w r i t e r  found  q u a d ris p in a  to  be  th e  

dom inant C o llem bo lan  i n  th e  s o i l  ( l i g h t  loam ) o f  a  new ly sown law n 

a t /



a t  K ilc re g g a n , D u n b arto n sh ire . In  th e  Glasgow s o i l  i t  o c c u rre d  

o n ly  in  sm all numbers; bu t i t  a p p e a rs  t o  be w id e ly  d i s t r ib u t e d  

in  B r i t a in ;  re c o rd s  in c lu d e  th o se  from  R otham sted (M o rris , 1 9 2 2 a ), 

A berystw yth  (Thompson, 1924) and O xford (F o rd ,' 1933)*

T u llb e rg ia  c r a s s ic u s p is  G is in

The o n ly  p u b lis h e d  re c o rd  o f  t h i s  form a p p e a rs  to  be t h a t  o f  

G is in  ( 1943) who rec o rd ed  i t  from th e  B asle  a r e a ;  th e  sp e c ie s  b e in g  

su b se q u e n tly  d e sc r ib e d  from t h i s  m a te r ia l  (G is in ,  1944). I t  i s  

i n t e r e s t i n g  t o  n o te  th a t  G is in  found i t  to  be  common in  a d ry  p a s tu r e ,  

and  a ls o  in  a meadow in  c la y  s o i l  a t  an a l t i t u d e  o f  1000 m. in  th e  

B a s le  d i s t r i c t ,  f o r  i t  has been p r e v io u s ly  n o te d  t h a t  th e  Glasgow 

s o i l  was o f  a somewhat heavy n a tu r e .  A lthough n o t numerous i n  th e  

u n c u l t iv a te d  p l o t s ,  i t  o ccu rred  in  c o n s id e ra b le  num bers in  some o f  

th e  c u l t i v a t e d  p lo t s  o f  th e  same experim ent (v id e  P a r t  I I .  o f  t h i s  

p a p e r ) ,b u t  a f a i r l y  e x te n s iv e  se a rc h  (by  f l o t a t i o n )  o f  o th e r  s o i l s  

in  tn e  West o f S c o tla n d  f a i l e d  to  r e v e a l  any f u r t h e r  specim ens.

I t  seems w orthy  o f  re c o rd , how ever, t h a t  t h i s  s p e c ie s  was found 

p a r t i c u l a r l y  d i f f i c u l t  to  e x t r a c t  by d e s ic c a t io n  m ethods, and t h i s  

c irc u m sta n ce  m ight vfell be p a r t l y  r e s p o n s ib le  f o r  i t s  ap p a ren t 

r e s t r i c t e d  o ccu rren ce  in  B r i t a in .  S y n th e s iz in g  from  th e  p o in ts  

n o te d  above i t  seems p o s s ib le  t h a t  t h i s  sp e c ie s  r e p la c e s  T .q u a d r is p in a  

in  h e a v ie r  s o i l s ,  and i t s  a p p a ren t p re fe re n c e  f o r  d r i e r  c o n d it io n s  

w ould in d ic a te  t h a t  i t  shou ld  occu r in  new ly sown g ra s s la n d  on 

heavy s o i l ,

Q nychiurus u l ig in a tu s  G is in

T h is s p e c ie s  i s  one o f  th e  p ro d u c ts  o f  th e  r e c e n t  s u b -d iv is io n

o f /



o f  Q nychiurus a n ra tu s  o f  a u th o r s ,  by G is in  (1932)# He n o te d  

i t s  o ccu rren ce  i n  danp s o i l  i n  a number o f  s i t u a t i o n s  (A ld e r  

w oods, swamps, and c av e s) i n  S w itze rlan d #

Q nychiurus s n in u la r iu s  G is in

G is in  ( 1932) c o l l e c t e d  t h i s  s p e c ie s  from  danp s o i l  i n  woodland 

i n  th e  Geneva d i s t r i c t #

Q nychiurus s p e c ie s  w ere k e p t i n  th e  l a b o r a to r y ,  and t h e i r  fo o d  

h a b i t s  were observed  t o  b e  s i m i l a r  to  th o se  n o te d  f o r  T. k ra u s b a u e r i .

They became in te n s e ly  s ta in e d  when c o n fin e d  w ith  dyed d ecay in g  

p o ta to  tu b e r ,  and  dyed b o i le d  p o ta to ,  b u t  o n ly  l i g h t l y  s ta in e d  

v/hen k e p t w ith  dyed mushroom and dyed s l i c e s  o f  f r e s h  tu b e r s .  I n  

one c u l tu r e  i t  was e s t im a te d  t h a t  20 a d u l t s ,  o r  n e a r  a d u l t s ,  consumed 

ab o u t 2 gms. o f  m o is t d ecay in g  tu b e r  i n  4 w eeks. Eggs w ere found  

i n  t h i s  c u l tu r e  ; th e se  w ere l a i d  s i n g l y ,  o r  i n  g roups o f up t o  f o u r ,  

and  h a tc h e d  i n  24-28 days a t  17-19°G. The r e s u l t a n t  nynç)hs d id  

n o t s u rv iv e  t o  become a d u l t s .

F o lsom ia  C a n d id a .  W illem

Synonyms -  F . d i s t i n c t a . B ag n a ll (1 939 , and F . K i m i i  B a g n a ll (1939)« 

Once c o n s id e re d  to  b e  synonymous w ith  F . f im e te r i a  (L ) th e  

v a l i d i t y  o f  t h i s  s p e c ie s  was r e - e s t a b l i s h e d  b y  S ta c h  ( I 947)#

B a g n a ll (1939) fe c o rd s  f o r  i t  a  w ide B r i t i s h  d i s t r i b u t i o n  in c lu d in g  

th e  Y/e s t  o f  S c o tla n d  from  whence th e  ty p e  m a te r ia l  o f  F . K in g ii  

o r ig in a te d .  G is in  (1943) r e p o r te d  i t  to  b e  common i n  low land  meadow 

s o i l  i n  th e  B asle  a r e a ,  ( a s  F . d i s t i n c t a ) . and S ta c h  r e p o r te d  a  w ide 

P o l i s h  d i s t r i b u t i o n .
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Folsom ia c . f .  g a r e t t i . B a g n a ll

Owing to  th e  inadequacy  o f th e  o r ig in a l  d e s c r ip t io n .  D r.

G is in  has a d v ise d  th e  use o f an "open" n o m enc la tu re  fo r  t h i s  

s p e c ie s . B ag n a ll (1939) r e p o r te d  i t  from l i t t o r a l  h a b i t a t s  

in  E ast S co tlan d  and IT.B. England.

Isotom odes p ro d u c tu s  A xelson

H andschin (1929) n o te s  t h i s  s p e c ie s  a s  b e in g  co sm o p o litan  

(N. A f r ic a ,  E urope, A u s tr a l ia )  and G is in  (1943) confirm ed  i t s  

p re v io u s ly  n o ted  p re fe re n c e  fo r  d r i e r  s o i l s ;  in  th e  B asle  a re a  

i t  was prom inent in  th e  T u llb e rg ia  a f f i n i s  sy n u s ia  o f  d ry  meadows. 

The only  B r i t i s h  re c o rd  ap p ea rs  to  be  t h a t  o f  Vfomersley (1930) 

who r e p o r te d  i t s  hav ing  been found in  S ta f f o r d  and S om erset.

(b) Hemiedaphic sp e c ie s

B rachystom ella  p a rv u la  (S c h a e ffe r )

G is in  (1943) n o te d  t h i s  s p e c ie s  a s  b e in g  th e  dom inant 

m esophilous hemiedaphon in  meadow and m oorland i n  th e  B as le  a r e a ,  

and m entioned t h a t  i t  ?ms r a r e  o r ab sen t in  " th in "  g ra s s la n d .

In  B r i t a in ,  D avies (1934) reco rd ed  i t  from Snowdonia, and B a g n a ll 

( 1939) n o ted  i t s  o ccu rren ce  in  V/icken F en , and  a ls o  re c o rd e d  i t  

from Ben V o rlich  aiid from th e  sh o re s  o f  Loch Long, S c o tla n d .

H ypogastru ra  c . f .  d e n t ic u la ta  B a g n a ll ,  sen su . G is in  (1 9 4 9 ).

xiccording to  B a g n a ll (1939) t h i s  s p e c ie s  h a s  a w ide B r i t i s h  

d i s t r ib u t i o n  (S c o tla n d , I r e la n d  and a number o f  E n g lis h  c o u n tie s  

a re  l i s t e d )  and G is in  (1949) re p o r te d  i t  to  be  common in  manure and 

compost in  S w itz e r la n d . Enormous numbers were found  t o  occu r in  

a compost heap a t  IC ilcreggan , D u n b a rto n sh ire ,

I'Viesc;:-./



F r ie s e a  m ira b lis  (T u llb e rg )

G is in  ( 1943) ag reed  v d th  A g re ll* s  (1941) o b s e rv a tio n  t h a t  t h i s  

s p e c ie s  p r e f e r r e d  a c id ic  c o n d it io n s .  B r i t i s h  r e c o rd s  in c lu d e  th o s e  

from Cambridge ( S a l t  e t .  a l .  1948) and C o t h i l l  (M acfadyen, 1932).

Folsom ia q u a d rio c u la ta  (T u llb e rg )

In  th e  B asle  a re a  t l i i s  was n o ted  t o  b e  common in  l i t t e r  and  i n  

th e  s u r fa c e  s o i l  o f  meadows and w oodland, in  b o th  u p land  and low land  

env ironm en ts, and under b a s ic  and a c id ic  c o n d i t io n s  (G is in , 1943) • 

T h is  s p e c ie s  has been e x te n s iv e ly  re c o rd e d  in  B r i t a i n  (M o rr is , 1922a, 

F o rd , 1933, Ivlacfadyen, 1932, and many o th e r s ) .

2 .A c a ri (C ryp tca tig iria ta) O r ib a te i

Eulohm annia r ib a g a i  B e r le se

T h is  sp e c ie s  was n o t ta k e n  in  th e  u n c u l t iv a te d  s o i l ,  and  on ly  

th r e e  in d iv id u a ls  were c o l l e c te d  from th e  c u l t i v a t e d  p l o t s .  However 

i t s  o ccu rren ce  i s  o f some i n t e r e s t  a s  th e  m o n o sp ec ific  fa m ily  

E ulohm anniidae has no t been p re v io u s ly  re c o rd e d  f o r  B r i t a i n .  

S u b seq u en tly  t h i s  sp e c ie s  was d isc o v e re d  i n  c o n s id e ra b le  numbers in  

th e  s o i l  o f  an A g ro s tis  -Fescue p a s tu re  a t  L ephinm ore, A rg y l l .

I t  was more abundant in  s o i l  below  1^" in  d ep th  th a n  i n  th e  s u r fa c e  

l a y e r s .  B e rle se  (19IC) o b ta in e d  th e  ty p e  m a te r ia l  from  Moss.

The specim ens c o l le c te d  showed th e  r e t i c u l a t i o n s  w hich Hammer (1952) 

n o te d  f o r  Canadian specim ens.

K ypochthonius r u fu lu s  (M ichael)

M ichael (1884) r e p o r te d  t h i s  s p e c ie s  from  moss b u t  m entioned  

no l o c a l i t y ,  and H u ll (1916) re p o r te d  a  w ide B r i t i s h  d i s t r i b u t i o n .  

S tren zk e  (1932) d e sc r ib e d  t h i s  s p e c ie s  a s  b e in g  e u r y p la s t ic  w ith  a  
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p re fe re n c e  f o r  s o i l s  w ith  a medium m o is tu re  and h ig h  o rg a n ic  m a tte r  

c o n te n t ,  and a  low pH.

G e ra to z e te s  g r a c i l i s  M ichael

M ichael (1884) n ev er found  th e  a d u l t s  o f  t h i s  s p e c ie s ,  h u t b re d  

i t  from  two nymphs ta k e n  from  moss in  E pping F o re s t  and L ynton.

H u ll  (1916) however n o te d  i t  a s  o c c u rr in g  "everyw here i n  E ng land , 

S c o tla n d , and I r e la n d " .  S tre n zk e  r e p o r te d  a w ide h o l a r c t i c  

d i s t r i b u t i o n ,  and n o te d  t h a t  a lth o u g h  i t  was e u r y p la s t ic  i n  r e l a t i o n  

t o  pH, w ith  a p re fe re n c e  f o r  a c id ic  s o i l s ,  i t  was s te n o p la s t i c  w ith  

r e g a rd  t o  m o is tu re  c o n d it io n s ,  b e in g  a lm ost r e s t r i c t e d  t o  s o i l s  o f 

medium m o is tu re  c o n te n t .  H ayski (1945) showed t h a t  t h i s  s p e c ie s  

c o u ld  a c t  a s  an in te rm e d ia te  h o s t fo r  M oniezia  expanse  (R udolph!) 

and i t  o c cu rred  in  a l l  th e  p a s tu r e s  he s tu d ie d  (E . S c o tla n d ) .

A c h ip te r ia  c o le o p tr a ta  (l )

T h is  sp e c ie s  h as  an e x te n s iv e  h o l a r c t i c  d i s t r i b u t i o n  (S tre n z k e , 

Hammer 1944, 1952) and S tre n zk e  c o n s id e re d  i t  t o  b e  e u ry p la s t ic  

w ith  a  p re fe re n c e  fo r  medium m o is tu re  c o n d it io n s  b u t  a p p a re n tly  

i n d i f f e r e n t  t o  pH. In  B r i t a i n  i t  was found  by  Mac f a  dy en (1952) a t  

C o t h i l l ,  and R ayski (1945) n o te d  i t s  b e in g  abundant in  p a s tu r e s  in

E. S c o tla n d ; and ,by  ex p e rim e n ta l i n f e c t io n ,  found i t  c ap a b le  o f 

c a r r y in g  th e  c y s t ic  e re  o id s  o f  M. exp a n sa .

E u ze te s  g lo b u lu s  (H ic o le t)

T h is  s p e c ie s  h a s  been named in  acco rd an ce  w ith  th e  taxonom ic 

o b s e rv a tio n s  o f  Van d er Hamraen (1952). Synonyms in c lu d e  th e  

fo l lo w in g :-  E. seminulum (M u lle r ) ,  sensu  Willman (1 9 3 1 ), and S tre n zk e

( 1952) and E. a te r r im u s  (K och), sensu  R aysk i (1 9 4 5 )«

M ic h a e l/



M ichael (1884) c o n s id e re d  th a t  t h i s  s p e c ie s  f e d  on fu n g i 

and l ic h e n s ,  and H u ll (1916) n o te d  i t s  abundance i n  B r i t a i n .

In  S tre n zk e * s  s tu d y  i t  was p r a c t i c a l l y  c o n fin e d  t o  l6  sam ples 

from  woodland h a b i t a t s ,  and i t  appeared  t o  be  i n d i f f e r e n t  to  pH.

P u n c to r ib a te s  punctum (Koch)

T h is was an o th e r o f  F r e n z e l 's  *Leitform en* and i t  h a s  been  

w id e ly  re p o r te d  from Europe. S tren zk e  c o n s id e re d  i t  t o  be 

e u r y p la s t i c ,  w ith  a p re fe re n c e  fo r  medium m o is tu re  c o n d i t io n s ,  and 

n o te d  i t s  in d if f e r e n c e  to  pH. There a p p ea rs  t o  b e  no p u b lis h e d  

r e c o rd  o f  th e  occu rrence  o f  t h i s  s p e c ie s  (o r  any o f  i t s  known 

synonyms) in  B r i ta in ,  and i t  i s  no t in c lu d e d  i n  Turk* s b a to lo g u e

( 1953)j, b u t in  view  o f  i t s  e x te n s iv e  European d i s t r i b u t i o n ,  and i t s  

abundance in  Glasgow, i t s  ap p a ren t absence from  th e  B r i t i s h  l i s t  

may w e ll  be due t o  some u n tra c e d  synonomy.

T h is  sp e c ie s  vfas k ep t i n  p e t r i  d is h  c u l t u r e s  i n  th e  la b o r a to r y ,  

and  a lth o u g h  i t  d id  n o t b re e d , i t  was found t h a t  th e  an im als  c o u ld  be  

k e p t a l iv e  on a m oist f i l t e r  s u b s t r a te  f o r  p e r io d s  o f  up t o  12 w eeks. 

They ap p ea red  to  fee d  on decay ing  p o ta to  tu b e r  and  on fu n g a l and 

b a c t e r i a l  c o lo n ie s  grovdng on a v a r i e ty  o f  m o is t p la n t  d e b r is .

M inun thozetes sem iru fu s (Koch)

S tren zk e  re p o r te d  an e x te n s iv e  European d i s t r i b u t i o n  f o r  t h i s  

s p e c ie s ,  and n o ted  i t s  eu ry p la  s t  i c  i t  y  w ith  a p re fe re n c e  f o r  wet s o i l s  

o f  a medium pH. I t  v/as th e  dominant O r ib a t id  i n  th e  u n c u l t iv a te d  

p l o t s ,  and i t  ap p ea rs  t o  be common and w id e ly  d i s t r i b u t e d  in  B r i t a i n  

(H u ll ,  1916; Macfadyen 1932). M ichael (1884) n o te d  t h a t  th e  nymphs 

o f  t h i s  s p e c ie s  burrow ed in to  th e  stem s o f g r a s s e s .  T h is  sp e c ie s -w a s  
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- p o  —

a ls o  kep t in  th e  la b o ra to ry  and i t s  food  h a b i t s  ap p ea red  t o  be 

s im ila r  to  th o se  o f p . pimctum, b u t th e  a n i- ia ls  w ere p a r t i c u l a r l y  

a t t r a c t e d  by th e  decomposing body o f a nematode worm.

Oppia c la v ip e c t in a ta  (M ichael)

A lthough e x te n s iv e ly  re p o r te d  in  E urope, S tre n z k e  o n ly  found  

t h i s  sp e c ie s  in  8 o f  h i s  sam ples. M ichael (1888) c o l l e c t e d  th e s e  

an im als  from a th a tc h e d  ro o f  in  W arw icksh ire .

O r ib e l la  la n c e o la ta  (M ichael)

S trenzke  re p o r te d  a g e n e ra l h o la r c t i c  d i s t r i b u t i o n  fo r  t h i s  

s p e c ie s ,  and d e sc r ib e d  i t  a s  b e in g  e u ry p la s t ic  w ith  a  p re fe re n c e  f o r  

s o i l s  o f a medium m o is tu re  c o n te n t .  I t  was i n d i f f e r e n t  t o  pH. 

M ichael (1888) found i t  in  moss and r e p o r te d  a w ide B r i t i s h  

d i s t r i b u t i o n .

O r ib e l la  p a o l i i  (Oudemans)

Yet an o th e r o f  ? re n z e l* s  L e itfo rm e n , and S tre n z k e  n o te d  t h a t  

i t s  p re fe re n d a  were s im ila r  t o  th o se  o f  0 . l a n c e o l a t a , w ith  w hich 

i t  coiflmonly o ccu rred . I t  i s  n o t l i s t e d  in  T u rk ’ s c a ta lo g u e  (1933)

b u t Macfadyen (1932) found i t  a t  C o th i l l .

S c u to v e rtex  s c u lp tu s  M ichael

T h is sp e c ie s  does no t appear t o  have been  w id e ly  r e p o r te d  from  

E urope, and S tren zk e  on ly  se cu re d  a s in g le  specim en. Van d er 

Hamn.en (1932) n o te d  i t s  p resen c e  in  Oudeman* s c o l l e c t i o n ,  and most 

o f  t h i s  m a te r ia l  had been ta k e n  from decay ing  le a v e s  in  H o lla n d .

I n  B r i ta in ,  b o th  M ichael (1884) and H u ll (1916) c o n s id e re d  i t  t o  be

common, and th e y  r e p o r te a  i t s  occu rren ce  in  m oss.

P h th ira c a ru s  anonymum G randjean

T his sp e c ie s  was on ly  c o l l e c te d  in  v e ry  sm a ll num bers and 
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a lth o u g h  n o t in c lu d e d  in  T u rk ’ s B r i t i s h  C a ta lo g u e , i t  i s  known 

to  have been c o l l e c te d  from l i t t e r  in  Y o rk sh ire  by  Murphy ( p r iv a te  

c om m unication).

3 .A c a ri (C ry p to stig m a ta ) A c a r id ia e

R hizoglyphus ech inopus F . and R.

M ichael (1903) re c o rd e d  a w o rld  v/ide d i s t r i b u t i o n  f o r  t h i s  

s p e c ie s ,  and he c o n s id e re d  i t  to  be a p rim ary  cau se  o f  damage t o  

b u lb s ,  a lth o u g h  re c e n t  a u t h o r i t i e s  do n o t s u b s c r ib e  t o  t h i s  v iew  

(F ra n z , 1943, Hodson, 1948). I t s  d i s t r i b u t i o n  in  B r i t a i n  i s  n o t 

e asy  to  a s s e s s  a s  fev; s o i l  e c o lo g is t s  have d e te rm in ed  t h e i r  A carin e  

s p e c ie s ;  M o rris  (1922a) found i t  a t  Rotham sted and  Hodson (1948) 

rem arked t h a t  i t  was in v a r ia b ly  found  upon n a r c i s s u s  b u lb s .

In  th e  p re s e n t  s tu d y  i t  was e a s i l y  c u l tu r e d  on decay ing  

c a r r o t s ;  hyp op i  were produced  in  l a r g e  numbers and in  a s o i l  c u l t u r e  

th e s e  were observed  a d h erin g  t o  gam asid m ite s , D ip lopoda and  a ls o  

t o  o th e r  i n s t a r s  o f t h e i r  own s p e c ie s .  I t  was f u r t h e r  n o te d  t h a t  

th e  a d u lt  specim ens c u l tu r e d  on c a r r o t s  were much l a r g e r  th a n  th o se  

o c c u rr in g  in  th e  f i e l d .

A carus s i r o  L innaeus

T h is sp e c ie s  i s  coramonly a s s o c ia te d  w ith  s to r e d  f lo u r  and o th e r  

d r ie d  v e g e ta b le  p ro d u c ts , and M ichae l (1903) r e p o r te d  a w orld  w ide 

d i s t r i b u t i o n .  i b i s  Fogh (1948) found i t  in  h i s  c o l l e c t io n s  .of s o i l  

A rth ropoda , bu t he c o n s id e re d  i t  t o  have w andered in to  h i s  B e r le se  

a p p a ra tu s  from p a c n e ts  o f oatm eal i n  h i s  la b o ra to r y .

O oelognathus c a s t e l l a n i i  (H ir s t )

T h is  i s  a ls o  knovvn a s  a p e s t  o f  s to re d  p ro d u c ts  and i s  one o f
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th e  s p e c ie s  s a id  to  induce  th e  d e r m a t i t i s  known a s  ’ g ro c e rs  i t c h * .

No p u b lish e d  re c o rd s  have been  found o f  th e  o c cu rren c e  o f  t h i s  

s p e c ie s  in  s o i l ,  b u t Dr. Evauis o f  th e  B r i t i s h  Museum h a s  in fo rm ed  

th e  w r i t e r  t h a t  he had a ls o  found t h i s  s p e c ie s  i n  s o i l  A rth ro p o d  

c o l l e c t io n s .

Glycyphagus d e s t ru c to r  ( Schrank)

U su a lly  a s s o c ia te d  w ith  A. s i r o , (H ughes, 1 9 4 8 ), t h i s  does 

n o t appear to  have been p re v io u s ly  re c o rd e d  from  s o i l .  Hov/ever, 

th e  r e l a t e d  G. dom esticus (de Geer) a s p e c ie s  th o u g h t t o  fe e d  on 

f u n g i ,  and b a c te r i a ,  (Hughes, 1948 ), was found in  beech  l i t t e r  by 

Van d e r D r i f t  (1931). Weis Fogh (1948) a l s o  e n co u n te re d  th e  l a t t e r  

s p e c ie s ,  a lth o u g h  he c o n s id e re d  i t  t o  have o r ig in a te d  in  th e  

la b o ra to r y .

The occu rren ce  o f  A c a rid  m ite s  o th e r  th a n  R. ech inopus was a t  

f i r s t  view ed w ith  some s u s p ic io n , f o r  i t  was th o u g h t t h a t  th e y  m ight 

have o r ig in a te d  in  th e  la b o ra to ry .  A f te r  c o n s id e r a t io n  however 

t h i s  i s  though t to  have been  u n l ik e ly .  In  th e  f i r s t  p la c e  th e  sam ples 

w ere s to re d  in  a r e f r i g e r a t o r ,  and th e  re g io n  o f  th e  la b o ra to r y  n e a r  

th e  e x tr a c t io n  a p p a ra tu s  was p e r io d i c a l ly  washed w ith  j e t s  o f w a te r ;  

and  heavy m ite  p o p u la tio n s  c o u ld  h a rd ly  have e x i s te d  under such 

c o n d it io n s .  Secondly , th e y  o c c u rre d  f a i r l y  c o n s i s t e n t l y  th ro u g h o u t 

th e  p e r io d  o f s tudy . F in a l ly ,  a s e r i e s  o f  sam ples from  an u p lan d  

p a s tu r e  in  A rg y ll were a ls o  found t o  c o n ta in  l a r g e  num bers o f  th e s e  

m ite s ,  only  in  t h i s  c ase  th e  dom inant s p e c ie s  was T y ro lic h u s  c a s e i  (Ouds) -  

a  sp e c ie s  which d id  n o t occur i n  th e  c o l l e c t io n s  from  th e  Glasgow 

s o i l .  Furtherm ore , th e s e  h i l l - l a n d  sam ples w ere p ro c e s s e d  w ith in  a  few 
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days o f th o se  from Glasgow.

In  r e f l e c t i o n ,  th e re  i s  no re a so n  to  suppose t h a t  th e s e  a n im a ls  

shou ld  no t occur in  s o i l  or l i t t e r ;  fo r  i t  i s  a p p a re n t t h a t  t h e i r  

main so u rces  o f food a re  p la n t  r e s id u e s ,  or organ ism s and m a te r ia l s

a s s o c ia te d  w ith  i t s  decom position . A gain , th e  range  o f  h u m id ity

c o n d it io n s  in  s o i l  i s  such t h a t  th e  m o is tu re  re q u ire m e n ts  o f  even th e  

most e x a c tin g  sp e c ie s  can be met and , f i n a l l y ,  i t  m ight even be a rg u e d  

th a t  th e s e  m ite s  o r ig in a te d  in  t h i s  o r some o th e r  s im i la r  environm ent

b e fo re  th e  advent o f  bu lk  food s to ra g e .

4 .A c a r i ,  M esostigm ata

R hodacarus ro se u s  Oudemans 

- T h is  s p e c ie s ,  which was p a r t i c u l a r l y  prom inent in  th e  Glasgow s o i l ,  

h as  n o t been w ide ly  re p o r te d . I t  o c c u rre d  in  Y/eis Fogb ’ s  p l a in  (1948) 

and th e  on ly  re c o rd s  o f i t s  o ccu rren ce  in  B r i t a in  a r e  th o s e  .of H a lb e r t  

( 1915, 1920) and H u ll (1918). The fo rm er w orker r e p o r te d  i t  from  

decay ing  le a v e s  and from l i t t o r a l  h a b i t a t s  i n  I r e la n d ,  w h ile  th e  l a t t e r  

c o l l e c te d  i t  from moss in  N .S. England.

T h is  s p e c ie s  was a ls o  found  in  a ra b le  s o i l  a t  A u c h in c ru iv e , Ayr s h i r e ,  

and in  th e  s o i l  o f  an A g ro s tis -F e sc u e  p a s tu r e  a t  L ephinm ore, A rg y ll .

In  b o th  th e s e  l o c a l i t i e s ,  i t  was p rom inent in  s o i l  below  3 ” i n  d ep th .

R h o d aca re llu s  e p y g in ia l i s  n .s p .

T h is  was th e  dominant M esostigm atic  m ite  i n  th e  c o l l e c t io n .  The 

genus has n o t been p re v io u s ly  re c o rd e d  from B r i t a i n ,  a lth o u g h  th e r e  

a re  a  number o f c o n t in e n ta l  r e c o rd s . Y/illman (1935) found R h o d a c a re llu s  

su b te r ra n e u s  in  s o i l  a t  a dep th  o f 10 -  20 cm. n e a r  L e ip z ig , and 

F re n z e l (193&) found R. s i l e s i a c u s  t o  be  amongst th e  few s p e c ie s  

p ro m in e n t/



prom inen t i n  th e  low er s o i l .

In  v iew  o f t h e i r  n u m erica l im portance  a t te m p ts  w ere made t o  

e lu c id a te  th e  food h a b i t s  o f th e  R hodacaridae  b u t th e y  were n o t 

e m in en tly  s u c c e s s fu l .  They were found p a r t i c u l a r l y  d i f f i c u l t  to  

c o l l e c t  by  d e s ic c a t io n  m ethods, and, o f th e  few w hich w ere o b ta in e d  

in  t h i s  way, th e  m a jo r i ty  w ere v e ry  i n a c t iv e ,  and many d ie d  b e fo re  

th e y  c o u ld  be observed. From tim e  t o  tim e  a few in d iv id u a ls  w ere 

w atched  in  p e t r i  d is h e s , and , a lth o u g h  t h e i r  s t r u c tu r e  would i n d ic a te  

a p jedatory  mode o f  l i f e ,  th e y  showed no i n t e r e s t  in  sm all C o llem b o la , 

Nematoda, and  A carid  m ite s  c o n fin e d  w ith  them , and th e y  p a id  no 

a t t e n t i o n  to  b a tc h e s  o f  th e  eggs o f  H y p o g astru ra  d e n t i c u l a t a .S im i la r ly  

t h e i r  a c t i v i t i e s  on fu n g i and  decay ing  p la n t  m a te r ia l  were such 

t h a t  no p o s i t iv e  ev idence  c o u ld  be o b ta in e d .

V e ig a ia  nem orensis (Koch)

T h is  s p e c ie s  ap p ea rs  t o  be ex trem ely  common in  c o n t in e n ta l  E urope 

and B r i t a i n .  I t  was one o f  F re n z e l* s  L e itfo rm e n , and th e r e  a r e  

s e v e ra l  B r i t i s h  re c o rd s , in c lu d in g  th a t  o f H u ll  (1918) who r e p o r te d  

i t  t o  be common amongst g ra s s e s  and moss in  many E n g lish  c o u n tie s  and 

i n  I r e la n d .

In  th e  la b o ra to r y  i t  was observed  to  be  a c t iv e ly  p re d a c io u s , 

fe e d in g  m ain ly  on C ollem bola .

Pergam asus ru n c ig e r  B e r le s e .

T h is  s p e c ie s  a ls o  a p p e a rs  t o  be common. The o r ig in a l  m a te r ia l  was 

c o l l e c t e d  in  Norway, and H a lb e r t  (1915) r e p o r te d  i t s  b e in g  common 

i n  I r e la n d .  The m ite  r e p o r te d  a s  P . rum iger B e r le s e  by M o rris  (1922a) 

and Thompson (1924) i s  presum ably t h i s  s p e c ie s .

P e rg am asu s/



Pergam asus m is e llu s  B e r le se  /
y

B e r le s e  (l^O Ja)found  th e  type  m a te r ia l  o f t h i s  s p e c ie s  i n  a 

f i e l d  n e a r  Padua, and no f u r th e r  re c o rd  has been  found.

Both Pergam asus s p e c ie s  were observed  in  th e  la b o r a to r y .

They were ex trem ely  a c t iv e  and p rey ed  m ain ly  on C o llem bo la , 

a lth o u g h  A c a rid  m ite s  and Nematode worms w ere a ls o  consumed. They 

p ie r c e d  th e  body o f th e  p rey  and sucked  out th e  c o n te n ts ,  and  on 

one o c ca s io n  a P . ru n c ig e r  was seen to  have an O r ib a t id  m ite  

(M. se m iru fu s) im paled  upon i t s  mouth p a r t s .

D ig am ase llu s  r e t i c u l a t u s  n .s p .

A lthough  i t s  sp e c ie s  have been w ide ly  r e p o r te d  from  c o n t in e n ta l  

s o i l s ,  (v id e  L e i tn e r  1949)  ̂ th e  only  p re v io u s  B r i t i s h  r e c o rd  o f  t h i s  

genus i s  t h a t  o f Evans (1954) who r e p o r te d  th e  o c cu rren ce  o f  

D* h a lo p h i lu s  M ill, in  a Welsh s a l t  m arsh. D. r e t i c u l a t u s  was 

su b se q u e n tly  found in  th e  A g ro s tis -P e sc u e  p a s tu re  a t  Lephinm ore.

H ere i t  was common in  s o i l  a t  a dep th  o f  1^-3'* b u t i t  a l s o  o c c u rre d  

below  th e  3" p o in t .

L a b o ra to ry  o b se rv a tio n s  showed t h i s  sm all s p e c ie s  t o  be p re d a c io u s , 

p re y in g  m ain ly  on T u llb e rg ia  k ra u s b a u e r i , a lth o u g h  i t  a ls o  a t ta c k e d  

and consumed A rc to s e io p is  m inutus and i t  was observed  su ck in g  out th e  

c o n te n ts  o f  th e  eggs o f H ypogastru ra  d e n t i c u l a ta . On one o c ca s io n  i t  

was seen  t o  a t ta c k  and k i l l  a R* e p y g in i a l i s .

A rc to s e iu s  c e t r a tu s  S e l ln ic k

M eis Pogh’ s A. b i s p in a tu s  ap p ea rs  to  be synonymous w ith  t h i s  

s p e c ie s  and he found i t  common in  th e  upper l a y e r s  o f s o i l .  The o n ly  

o th e r  B r i t i s h  re c o rd  f o r  t h i s  s p e c ie s  i s  t h a t  o f  Evans (1954) who 
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r e p o r te d  i t  from  a s a l t  m arsh i n  W ales. L a b o ra to ry  o b s e rv a t io n s  

d id  n o t p roduce  any c o n c lu s iv e  ev id en ce  on th e  n a tu r e  o f  i t s  fo o d  

h a b i t s .  i t  d id  n o t a p p e a r  to  be  p re d a c io u s .

A rc to s e io p s is  m inutus (H a lb e r t)

The ty p e  m a te r ia l  was c o l l e c t e d  from  Sphagnum a t  C la re  I s l a n d  

( H a lb e r t ,  I 9I 5 ) and t h i s  a l s o  o c c u rre d  i n  th e  W elsh s a l t  m arsh 

(E vans, 1954)* T h is s p e c ie s  was o b se rv ed  p e r i o d i c a l ly  i n  th e  

l a b o r a to r y ,  b u t ,  l i k e  th e  p re c e d in g  s p e c ie s ,  no c o n c lu s iv e  ev id en ce  

on i t s  food  h a b i t s  was o b ta in e d .

L a s io s e iu s  p e n i c i l l i g e r  B e r le se

The ty p e  m a te r ia l  was ta k e n  from  a g r i c u l t u r a l  s o i l  i n  I t a l y  

( B e r le s e ,  1917) and i t  h a s  n o t b e en  p r e v io u s ly  re c o rd e d  from  

B r i t a i n .  F re n z e l in c lu d e d  th e  genus i n  h i s  l i s t  o f  L e itfo rm e n .

P la ty s e iu s  n . sp .

M a te r ia l  o f t h i s  s p e c ie s  i s  i n  th e  p o s s e s s io n  o f  D r. Owen 

E vans who w i l l  in c lu d e  i t s  d e s c r ip t io n  i n  a  p a p e r  on  th e  L a e la p t id a e .

H ypoaspis a c u l e i f e r  (C a n e s t r in i )

H a lb e r t  ( l9 2 3 ) found  t h i s  s p e c ie s  num erous i n  dead  wood n e a r  D u b lin  

and th e  genus i s  in c lu d e d  amongst F r e n z e l ’ s  L e itfo rm e n . I n  th e  

l a b o r a to r y  i t  f e d  on C o llem bo la .

E v ip h is  o s t r in u s  (Koch)

H a lb e r t  (1915) r e p o r te d  t h i s  from  moss and decay in g  f i r  cones 

i n  A c h i l l  I s l a n d ,  and he n o te d  i t  a s  b e in g  common i n  E u rope .

I t  was a ls o  found by th e  w r i t e r  i n  b i r c h  l i t t e r  (D u n b a r to n s h ire ) , 

and  on s e v e ra l  o c ca s io n s  i t  was found i n  a s s o c i a t i o n  w ith  

R. ech inopus on n a rc is s u s  b u lb s .  I n  th e  l a b o r a to r y  i t  was 

a t t r a c t e d  by  decay ing  p o ta to  tu b e r ,  and d id  n o t a p p e a r  to  b e  

p re d a c io u s .



VI. QUANTITATIVE RESULTS.

F o r ty -e ig h t  2" sam ples w ere ta k e n  from  th e  u n c u l t iv a te d  a r e a .  

Of th e s e ,  th e  s ig h t  tak e n  in  June  1951 w ere 9" deep and su h -d iv id e d  

t o  r e p re s e n t  two s t r a t a  v iz .  0 -  5 " , and 3 -  9 " , w h ile  th e  l a t e r  

sam ples were u n d iv id e d  and ta k e n  to  a d ep th  o f 6 " . Thus, th e  June  

sam ples b e in g  d i f f e r e n t  in  s iz e  have t o  be c o n s id e re d  s e p a r a te ly  

and th e y  p ro v id e  some d a ta  on v e r t i c a l  d i s t r i b u t i o n .  The rem a in in g  

f o r t y ,  tak en  on f iv e  o c ca s io n s  d u rin g  th e  p e r io d  O ctober 1951 -  

O ctober 1952, a re  com parable and p ro v id e  d a ta  on h o r iz o n ta l  and 

se a so n a l d i s t r i b u t i o n .

C ensus o f  J'orthropoda

The d e ta i l e d  r e s u l t s  o f th e  exam ina tion  o f  th e  sam ples a re  

p re s e n te d  in  Census T ab les  I  -  VI (A ppendix I I I ) .

l . The D e n sity  o f th e  p o p u la tio n

I t  was n o t th e  o b je c t o f  th e  i n v e s t ig a t io n  t o  e s t a b l i s h  th e  

a b s o lu te  d e n s i ty  o f th e  p o p u la t io n , b u t  th e  d e n s i t i e s  re c o rd e d  a re  

o f  some i n t e r e s t  in  r e l a t i o n  t o  th e  r e s u l t s  o f  o th e r  w o rk e rs .

Over th e  f iv e  o c ca s io n s  on w hich th e  2" sam ples w ere ta k e n  t o  a 

dep th  o f  6 " , th e  h ig h e s t  p o p u la t io n  o c c u rre d  in  O ctober 1952 when 

an average  o f 170 A rthropods p e r  sam ple were re c o rd e d . The lo w est 

p o p u la tio n  o c cu rred  in  A p ril  1952 when on ly  67 in d iv id u a ls  p e r  

sample were e n co u n te re d , w h i ls t  th e  .aean p o p u la tio n  over th e  f iv e  

o ccasio n s  r e p re s e n te d  by th e s e  s a n p le s  was 118 in d iv id u a ls  p e r 

sam ple. In  Ju n e , 1951, th e  mean p o p u la tio n  p e r  sam ple was 9^ , 

o f  which 69 and 27 o ccu rred  in  th e  0 -  3" and 6 -  9" s t r a t a ,  

r e s p e c t iv e ly /



r e s p e c t iv e ly .

In  B r i t a i n  i t  h as  become a lm ost custom ary  to  e x p re ss  p o p u la t io n s  

in  te rm s o f  m il l io n s  p e r a c re .  There i s  l i t t l e  t o  commend t h i s  

ex cep t t h a t  i t  p ro v id e s  a comimon u n i t  f o r  com parison . The 2" sam ples 

a re  each ap p ro x im ate ly  e q u iv a le n t to  one tw o -m il l io n th  o f  an a c re  

i n  a re a ,  so t h a t  th e  p o p u la tio n s  becom e:-  O ctober 1952 -  348 m il l io n s  

p e r  a c re ;  A p r i l  1952 -  134- m i l l io n s  p e r  a c re ;  mean p o p u la tio n  o f  6" 

deep sam ples -  236 m il l io n s  p e r a c re ;  June 1951, upper la y e r  -  I 38 

m il l io n s  p e r  a c re ;  and June  1951 low er la y e r  -  54- m i l l io n s  p e r a c r e .

2 .The Q u a n t i ta t iv e  C om position o f th e  Community

The p e rc e n ta g e  com position  o f  th e  p o p u la tio n  i n  th e  upper 6" o f  

s o i l  i s  n o ted  in  T ab les  6 -  10. These t a b le s  summarize th e  

in fo rm a tio n  g iv en  in  th e  Census T ab les  and r e p re s e n t  th e  av erag e  

c o m p o sitio n  o f  th e  community over th e  f iv e  sam pling  o c c a s io n s  and  

over th e  fo u r p lo t s .  The June sam ples have n o t been in c lu d e d  in  

t h i s  a sse ssm e n t, f o r ,  b e in g  d e e p e r, th e s e  sam ples a re  n o t s t r i c t l y  

com parab le. The n a tu re  o f  th e  h o r iz o n ta l  and s e a s o n a l d i s t r i b u t i o n  

e n co u n te re d  i s  n o ted  in  su cceed in g  s e c t io n s . I t  w i l l  be  seen  t h a t  

i n  O r ib a te i  and L lesostigm ata s p e c ie s  c o u n ts  r e f e r  t o  a d u l t s  o n ly ; 

th e  immature form s b e in g  d e a l t  w ith  c o l l e c t i v e ly .  T h is  was due to  

th e  taxonom ic d i f f i c u l t y  en co u n te red  in  th e s e  two g ro u p s; and , a lth o u g h  

i n  some s p e c ie s  immature form s c o u ld  have been p a i r e d  w ith  th e  a d u l t s ,  

had  t h i s  been  done, a b ia s  tow ards "easy" s p e c ie s  would have o c c u rre d .

TABLE 6 /



TABLE 6

TPIB AVERASE COLIPOSITIOB OP THE ARTHROPOD K>HJLATION 
DJ THE UPPER 6" OP SOIL

i-roup

In s e c ta
A c a ri
O ther A rthroooda

P ro p o r tio n  o f A rth ro p o d  P o p u la tio n  
______ R e p rese n ted  (p e r  c e n t)_______

4 1 .9  
5 7 .7  
0 .4

Group

P ro tu ra
C ollem bola
T hysanop tera
H em iptera
C o leo p te ra
D ip te ra

P ro p o r tio n  o f  I n s e c t  P o p u la tio n  
______ R e p rese n ted  (p e r  c e n t)

0 .5  
9 3 .9
0 .3
0 . 2  
0.6
4 .5

Group

O r ib a te i
A c a r id ia e
M esostigm ata
H e te ro s tig m a ta
P ro s tig m a ta

P ro p o r tio n  o f A carin e  P o p u la tio n  
 R ep resen ted  (p e r  c e n t)______

5 7 .1  
1 5 .7
26.0
0 .9
0 .2



TABLE 7
i AVERji-SE COj.gOSITION Og 'THE C0LLE.I30LAN POPULATION DT THE ÜEPBR

6" OE SOIL

S p e c ie s P ro p o r t io n  o f  C ollem bolan p o p u la t io n  
________R e p re se n te d  (p e r  c e n t)_______

Suedaphic forms
Q nychiurus u l ig in a tu s 1 2 .8
Q nychiurus s p in u la r iu s 4 .8
Q nychiurus sp .u n d e t. 1 .8
T u llb e rg ia  k ra u sb a u e ri 2 5 .4
T u llb e rg ia  c r a s s ic u s p is 3 .1
T u llb e rg ia  q u a d risp in a 2 .1
Folsom ia c a n d ida 1 3 .7
Folsom ia g a r r e t t i 0 .6
Isotom odes p ro d u c tu s 1 3 .5

H em iedaphic forms : -
B rachystom ella  p a rv u la 5 .6
H ypogastru ra  d e n t ic u la ta 5 .4
F r ie s e a  m ira b lis 7 .1
Folsom ia q u a d rio c u la ta 1 .8

O ther and u n d e t. C ollem bola 2 .1

TABLE 8

TI-Iü: ArERAG-E COMPOSITION OF THE ORIBATID POPULATION IN THE UPPER
6" OF SOIL

S p e c ie s P ro p o r t io n  o f  O r ib a t id  P o p u la tio n  
 R e p re se n te d  (p e r  c e n t)_______

C e ra to z e te s  g r a c i l i s 1 .7
A c h ip te r ia  c o le o p tr a ta 4 .2
E u z e te s  g lo b u lu s 1 .0
P u n c to r ib a te s  punctum 24 .0
M inun thoze tes sem iru fu s 4 2 .6
Oppia c la v ip e c t in a ta 5 .6
O r ib e l la  la n c e o la ta 4 .7
O r ib e l la  p a o l i i 5 .7
S c u to v e rte x  s c u lp tu s 1 .3

O ther and u n d e t. O r ib a te i 0 .4
Immature O r ib a te i 8 .7



TABLE 9
THE AVSILVGE caiPOSIÏION OE THE ACARID POPULATION IN THE UPPER

6" OP SOIL

S p e c ie s  P ro p o r t io n  o f  A c a r id  P o p u la tio n
 R e p rese n ted  (p e r  c e n t)_____

A carus s i r o  14 -7
C oelognathus c a s t e l l a n i i  9 -3
R hizog lyphus ech inopus 4 2 .3
G lycyphagus d e s t ru c to r  33*6

TABLE 10

THE AVERAGE COITOSITION OF THE IfflSOSTIGvIATIG POPULATION IN THE UPPER

S p e c ie s  P ro p o r tio n  o f  M esostigm atic  P o p u la tio n
R e p re se n te d  (p e r  c e n t)_____________

R hodacarus ro se u s  22 .3
R h o d a c a re llu s  e p y g in ia l i s  26.6
V e ig a ia  nem orensis 3*7
pergam asus ru n c ig e r  1 0 .2
Pergam asus m is e l lu s  3*1
D ig am ase llu s  r e t i c u l a t u s  3*2
A rc to s e iu s  c e t r a tu s  1 .0
A rc to s e io p s is  m inutus 1 .3
G osm olaelaps c la v ig e r  0 .4
L a s io s e iu s  p e n i c i l l i g e r  0 .8
P la ty s e iu s  n .s p .  1 .0
H ypoasp is a c u l e i f e r  0 .7
E v ip h is  o s t r in u s  2 ,1
O lo d isc u s  minima 4 .2

O ther and undet. : ie so s tig ra a ta  2 .5
Im m ature MesocMigmata l 6 .6



B. The Data o f  June 1951 and V e r t ic a l  D is t r ib u t io n

The in fo rm a tio n  on v e r t i c a l  d i s t r i b u t i o n  w h i l s t  l im i te d  t o

one o ccasio n  and to  two r a th e r  b road  s t r a t a  i s  n e v e r th e le s s  o f  some

v a lu e  fo r  th e  d a ta  have been t r e a t e d  s t a t i s t i c a l l y *  The p o p u la t io n s

o f  th e  two s t r a t a  have been  compared on a volume b a s i s ,  t h u s ,  a s

th e  p o p u la tio n  o f  th e  low er s tra tu m  (3 -  9”) r e p re s e n te d  doub le  th e

volume o f  s o i l  occup ied  by  th e  upper p o p u la t io n  (O -  3 ”) ,  th e

p o p u la tio n  f ig u re s  fo r  th e  low er s o i l  w ere h a lv e d . In  t h i s  way

both th e  Upper and lower sample pop u lation s rep resen ted  th e  number

of an im als p e r  1 5 4 .4  c c . s .  o f  so il*  In  th e  s t a t i s t i c a l  a n a ly s e s ,

degrees o f freedom were apportioned as fo llo w s

P lo t s  3
Depth 1
I n te r a c t io n  p lo t s  x  dep th  3

T o ta l 7

The p lo t  t o t a l s  fo r  t h i s  a n a ly s is  were o b ta in e d  by summing th e

square  ro o ts ^  o f  th e  sam ple p o p u la tio n s  ( a f t e r  c o r r e c t io n  f o r  volume)

and th e  v a lu e s  o f  f o r  th e  com parison o f  th e  two s t r a t a  w ere o b ta in e d

by u s in g  th e  i n te r a c t io n  p lo t s  x  dep th  mean sq u a re  a s  th e  denom inator*

T h e /

^ In  e x p la n a tio n  o f  th e  use  o f  sq u are  r o o ts  i n  t h i s  and in  subsequen t 
a n a ly s e s ,  i t  shou ld  be n o te d  th a t  th e  a n a ly s i s  o f  v a r ia n c e  te c h n iq u e  
i s  on ly  v a l id  fo r  Cue com parison  o f means (o r  t o t a l s ) ,  drawn from  
b inom inal d i s t r ib u t io n s .  B io lo g ic a l  d a ta  o f  th e  k in d  d e a l t  v /ith  in  
th e  p re s e n t  s tu d y  te n d  t o  be  d i s t r ib u t e d  in  a manner ap p ro ach in g  
th e  asjmuTietrical ’Poisson* fash ion*  Such d a ta  can  be made t o  approach  
th e  b inom inal ty p e  by u s in g  a p p ro p r ia te  t r a n s fo rm a tio n s .  In  extrem e 
c a se s  Logqo tra n s fo rm a tio n s  c o u ld  be u se d , h e re  th e  l e s s  d r a s t i c  
square  ro o t t r a n s fo rm a tio n  h as been c o n s id e re d  adequate*



The r e s u l t s  o f  a n a ly sé s  o f t h i s  ty p e  a re  sum m arised in  T ab le  I I .

I t  w i l l  b e  n o ted  th a t  th e  fauna  was n o t u n ifo rm ly  d i s t r i b u t e d  in  

th e  p r o f i l e ,  and t h a t ,  w ith  some e x c e p tio n s , th e  p o p u la tio n  o f  th e  

upper s tra tu m  vfas much more dense th a n  t h a t  o f  th e  lo w er. I n  a 

number o f  c a se s  t h i s  d i f f e r e n c e  in  d e n s i ty  was s i g n i f i c a n t I n  

no c a se  was th e  p o p u la tio n  o f  th e  low er s tra tu m  s i g n i f i c a n t l y  more 

dense th a n  th a t  o f th e  upper s tra tu m , a l t h o u ^  i n  th e  c a se  o f 

R h o d a c a re llu s  e p y g in ia l i s  th e  "observed" d e n s i ty  o f  th e  low er 

s tra tu m  was g r e a te r .

C. H o r iz o n ta l  D is t r ib u t io n

D uring th e  y e a r  O ctober 1951 -  52 , 40 com parab le  sam ples w ere

tak e n  from th e  u n c u lt iv a te d  p l o t s ,  and th e  d a ta  r e s u l t i n g  from  an

exam ination  o f  t h i s  m a te r ia l  were s u b je c te d  to  a n a ly s i s  in  w hich

th e  39 d eg rees o f freedom  a v a i la b le  f o r  th e  t o t a l  sum o f  sq u a re s

w ere a p p o rtio n e d  a s  fo l lo w s :-

P lo tâ  3
Seasons 4
I n te r a c t io n  p lo t s  x  se a so n s  12 
Samples 20

In  t h i s  a n a ly s is  th e  t o t a l  v a r i a t i o n  betw een sam ples ( i . e .

vn .th in  p lo ts )  i s  m easured by  th e  sam ples mean sq u a re . The com parable

f ig u re  fo r  th e  t o t a l  betw een p lo t  v a r i a t i o n  h as t o  be  o b ta in e d

by p o o lin g  th e  p lo t  mean squares (each  w ith  3 d e g re e s  o f  freedom )

f o r /

^ In  t h i s  in v e s t ig a t io n  th e  p r o b a b i l i ty  l e v e l  o f  0.05  h a s  been ta k e n  
a s  th e  minimum s ta n d a rd  o f s ig n i f ic a n c e .  T h is  im p lie s  t h a t  th e  
chances o f th e  r e s u l t s  b e in g  f o r tu i t o u s  a re  a t  th e  most 1 in  20. 
D is t r ib u t io n s  o f and 't*  a re  g iv en  by  F is h e r  and  Y a tes  (1 9 3 8 ).



TABLE 11

THE VERTICAL DISTRIBUTION OF ARTHROPODA, JUNE 1951.

Numbers o f anim als p er u n i t  volume of s o i l  (154.4 c e s .)  and t h e i r  r e l a t i v e  

d e n s i t ie s  in  2 s t r a t a ,  to g e th e r w ith  values o f *F* o b ta in ed  in  an a ly ses of 

square ro o t  transform ed d a ta .

Group o r Species

Upper 
Stratum  

0 -  5"

Lower
Stratum

5 -  9"

R e la tiv e  
D ensity  in  
Lower Stratum , 
Upper Stratum.. 
D ensity*100.0

T o ta l Collembola 18.2 7 .1 59.0 14.05
T o ta l T u llberg lnae 5 .7 2.5 45.9 45.85

T u llb e rg ia  k rausbaueri 4 .9 1 .2 24.5 15-52

T u llb e rg ia  c ra s s ic u s p is 0 .9 1 .1 122.2 <1

T o ta l Qnychiurus spp. 2.2 2 .7 122.7 <1
T ota l Hemiedaphic Collembola 4 .1 0 .2 4 .9 57.10

T o ta l A cari 48.1 6 .1 12.7 10.68

T o ta l O rib a te i 56.1 2 .6 7 .2 20.54

M inunthozetes sem irufus 12.9 1 .2 9.5 15-91

P u n c to r ib a te s  punctum 15.4 0 .6 5 .9 25.16

T o ta l Immature O rib a te i 2.1 0 - -

Rhizoglyphus echinopus 2 .9 0 .5 10.5 1.82

T o ta l M esostigmata 8 .6 5 .2 57.2 5.95

T o ta l Rhodacaridae 2 .4 2.4 100.0 <1

R hodacarellus e p y g in ia l is 1 .4 2.2 157.1 1.41

T o ta l Immature Mesostigmata 2 .9 0 .2 6 .9 22.00

‘Degrees o f freedom n, -  1, n^- 5. S ig n ifican ce  le v e ls  in d ic a te d  th u s : -  

p — 0.05** P — O.Ol .



fo r  a l l  f iv e  o c ca s io n s , so t h a t  th e  t o t a l  betw een  p l o t s  mean 

sq u a re  has 15 degrees o f freedom . In  th e  a n a ly s i s  t h i s  item  can  

be d e r iv e d  from th e  sum o f squares o b ta in e d  by summing th e  p l o t s  

sum o f sq u a res  (3 D .P .) and th e  i n t e r a c t io n  sura o f  sq u a re s  (12 D .P ), 

Thus th e  sam ples mean square  (20 D .F .)  and th e  p l o t s  p lu s  i n t e r a c t io n  

mean sq u a re  (15 D .ih ) p ro v id e , r e s p e c t iv e ly ,  a com parable m easure 

o f  th e  v a r ia t io n  encoun tered  w ith in  p l o t s  and th e  v a r i a t i o n  found  

t o  occu r between p lo ts .  In  a d d it io n  by u s in g  th e  i n t e r a c t i o n  p l o t s  

X seaso n s  mean square  a s  th e  denom inato r, v a lu e s  o f  * can be 

o b ta in e d  fo r  a s s e s s in g  th e  s ig n if ic a n c e  o f p lo t  d i f f e r e n c e s .  In  

t n i s  c ase  however i t  shou ld  be n o te d  t h a t  th e  r e p l i c a t i o n  c o n s i s t s  

o f  r e p e t i t i v e  o b se rv a tio n s  on th e  same p l o t s  so t h a t  th e  v a lu e s  *F* 

a re  l a r g e ly  a m easure o f  th e  c o n s is te n c y  o f  th e  d i f f e r e n c e s  over a 

p e r io d  o f tim e .

An a n a ly s is  o f t h i s  ty p e  was c a r r i e d  out on th e  sq u a re  r o o t s  o f 

th e  sam ple p o p u la tio n s  o f  a number o f  g roups and t h e i r  c o n s t i tu e n t  

s p e c ie s .  The r e s u l t s  o f  th e s e  a n a ly se s  in  so f a r  a s  th e y  co n ce rn  

h o r iz o n ta l  d i s t r ib u t io n  a re  p re s e n te d  in  T ab le  12. H ere th e  t o t a l  

p lo t  p o p u la tio n s  a re  accom panied by th e  a p p ro p r ia te  tra n s fo rm e d  

t o t a l s ,  o b ta in ed  by summing th e  square  ro o ts  o f  th e  in d iv id u a l  

sam ple p o p u la tio n s , and, in  th e  l a s t  two colum ns o f  t h i s  t a b l e  th e  

mean sq u a res  f a c i l i t a t i n g  th e  com parison  o f  w ith in  p lo t  w ith  betw een 

p lo t  v a r i a t io n  a re  re c o rd e d . The p lo t  d i f f e r e n c e s  w ere f i r s t  

t r e a t e d  by using  th e  v a ria n c e  r a t i o  ( * ? ' )  t e s t ,  and , in  c a se s  

w here s ig n i f ic a n t  'F ’ v a lu e s  w ere o b ta in e d , s ta n d a rd  e r r o r s  o f  th e  

t ra n s fo rm é !  t o t a l s  a re  g iv en . The minimum s ig n i f i c a n t  d i f f e r e n c e  

b e tw een /
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betv/een th e  tra n s fo rm e d  t o t a l s  i s  g iv en  by th e  p ro d u c t t

3 .F . (P = 0 .0 3 ) .

A lthough a c o n s id e r a b le  amount o f  w ith in  p lo t  v a r ia t io n  was 

en cou n tered , in  most c a s e s  th e  v a r ia t io n  betw een p lo t s  g r e a t ly  

exceed ed  th a t  o c cu r r in g  betw een sam p les, and aiaongst th e  groups  

and s p e c ie s  a n a ly sed  th e r e  were o n ly  two e x c e p t io n s  t o  t h i s  v i z .  

T o ta l A c a r id ia e , and T o ta l Hem iedaphic C o llem b o la . The m agnitude 

o f  t h i s  in t e r p lo t  v a r ia t io n  i s  em phasized when th e  r e s u l t s  o f  th e  

*1'” t e s t s  are c o n s id e r e d , fo r  in  many c a s e s  s ig n i f i c a n t  v a lu e s  

w ere ob ta in ed .

The more o u ts ta n d in g  d i f f e r e n c e s  w ere a p p aren t when P lo ts  1 

and 3 w ere compared w ith  each o th e r  and w ith  th e  o th e r  two p l o t s .  

Thus th e  t o t a l  G ollem bolan p o p u la tio n  o f  P lo t  3 was s i g n i f i c a n t l y  

h ig h e r  th a n  th a t  o f  P l o t s  2 and 4» T h is  was due m ain ly  t o  th e  

h ig h  p o p u la tio n s  o f  Fo lsom ia  Candida and Iso tom odes p ro d u c tu s  i n  

P lo t  3 ; f o r ,  in  t h i s  p lo t  th e  p o p u la t io n s  o f  th e s e  two s p e c ie s  

w ere s i g n i f i c a n t l y  h ig h e r  th a n  in  any o f  th e  o th e r  3 p l o t s .  I n  

P lo t  1 , on th e  o th e r  hand, th e  p o p u la tio n  o f  O nychiurus s p e c ie s  

was s i g n i f i c a n t l y  h ig h e r  th an  in  any o f  th e  o th e r  t h r e e ,  and t h i s  

p lo t  was f u r th e r  c h a r a c te r iz e d  by  a low A c a rin e  p o p u la t io n , and 

p a r t i c u l a r l y  so in  r e l a t i o n  to  Q r i b a t e i . T hus, in  t h i s  p lo t  th e  

p o p u la tio n s  o f th e  fo llo w in g  were s i g n i f i c a n t l y  low er th a n  in  any 

o f  th e  o th e r  p l o t s : -  T o ta l  A c a r i , T o ta l  Q r i b a t e i , I l in u n th o z e te s  

se m iru fu s  and T o ta l  Q r ib e l la  s p e c ie s .  The p o p u la t io n s  o f  

P u n c to r ib a te s  punctum  and im na tu re  Q r ib a te i  w ere a ls o  low  in  t h i s  

p l o t /



p l o t ,  b u t th e y  d i f f e r e d  s i g n i f i c a n t l y  on ly  from  th o se  in  P l o t s  

2 and 3 . Y,‘i t h  re g a rd  t o  th e  H e so s tig m a ta , a lth o u g h  th e s e  m ite s  

were g e n e ra l ly  l e s s  abundant in  P lo t  1 , s i g n i f i c a n t  com parisons 

w ere l e s s  f re q u e n t.

P. S ea so n a l and Annual F lu c tu a tio n

The fo u r s e r ie s  o f  sa .ap les tak en  a t  two m onthly i n t e r v a l s  

from  C ctober 1951 to  A p r i l  1952 p ro v id e  some in fo rm a tio n  on th e  

se a so n a l f lu c tu a t io n s  o f th e  p o p u la tio n . F o r th e  p u rp o ses  o f 

th e  work d e sc r ib e d  in  p a r t  I I  o f  t h i s  paper i t  was n e c e s sa ry  t o  

a rra n g e  th e  sam pling so t h a t  th e  community c o u ld  be observed  a t  a 

tim e o f  p robab le  h igh  p o p u la tio n , and fo r  t h i s  re a so n  no ssuiiples 

w ere tak en  betw een A p r il  and O ctober 1952. Thus th e  se a so n a l 

v a r i a t io n  study  i s  no t co m p le te , b u t th e  sam ples o f  O c to b e r ,1952 

p ro v id e  m a te r ia l  fo r  an annual com parison w ith  O c to b er, 1951- 

The method of a n a ly s is  d e sc r ib e d  in  th e  p re c e d in g  s e c t io n  

p ro v id e s  a means o f a s s e s s in g  th e  s ig n i f ic a n c e  o f  se a so n a l and 

annual d i f f e r e n c e s .  Here however th e  'F* t e s t  canno t be  u se d , f o r  

p u re ly  se a so n a l d i f f e r e n c e s  a re  in c o rp o ra te d  w ith  th e  annual 

com parions O ctober 1951 -  O ctober 1952. T hus, i f  th e  annual 

d if f e r e n c e s  were sm a ll, th e  v a lu e s  o f *F* m ight w e ll  be i n s i g n i f i c a n t  

d e s p i te  th e  occu rrence  o f  se a so n a l d i f f e r e n c e s  o f  some m agnitude.

For t h i s  reaso n  th e  s ig n i f ic a n c e  o f se a so n a l and  annual d i f f e r e n c e s  

have been t e s t e d  by u s in g  th e  s ta n d a rd  e r r o r s  d e r iv e d  from th e  

in t e r a c t io n  mean sq u are . The r e s u l t s  a re  p re s e n te d  in  T ab le  I 3 .

The observed  sea so n a l v a r ia t io n  was c o n s id e r a b le  but th e  standard  

e r r o r s  were so la r g e  th a t  in  many c a se s  th e s e  d if f e r e n c e s  were not 

s ig n i f i c a n t /



TABLE 13

THE SEASOML FLUCTUATION OF ARTHROPODA IN THE UNCULTIVATED SOIL

Seasonal T ota ls o f  O rig in al Data (O.D.) and T o ta ls  o f Square Root Transformed 
Data (T .D .) w ith Standard Errors.

Group or Species O ct.51 Dec.51 Feb . 52 Apr. 52 O ct. 52 S.E .'‘

T o ta l
Collembola

O.D.
T.D.

407
54.820

449
58.700

340
50.225

150
33.734

508
61.042 4.989

T o ta l
T u llberg inae

O.D.
T.D.

147
53.071

79
23.795

92
23.976

48
17.057

201
57.775 6.684

T u llb e rg ia
k rau sb au e ri

O.D.
T.D.

132
31.407

64
20.734

69
20.166

35
13.164

171
33.085 5.668

T u llb e rg ia
c ra s s ic u s p is

O.D.
T.D.

6
4.146

15
7.417

15
7.882

12
4.317

9
5.732 2.581

T o ta l
Onychiurus spp.

O.D.
T.D.

83
21.925

94
22.945

58
17.715

30
9.210

94
22.107 4.953

Folsom ia
Candida

O.D.
T.D.

69
18.737

98
21.405

40
11.538

23
6.742

25
11.417 3.593

Isotom odes
productus

O.D.
T.D.

42
13,741

61
20.815

65
21.300

12
6.700

71
17.420 3.270

T ot. Hemiedaphic 
Collembola

O.D.
T.D.

63
21.616

106
28.795

82
23.985

34
12.968

108
27.929 2.994

T o ta l
A cari

O.D.
T.D.

567
65.781

375
51.633

588
60.390

362
50.076

827
74.452 6.495

T o ta l
Q rib a te i

O.D.
T.D.

331
47.451

178
31.279

405
46.669

274
40.941

364
49.708 5.692

P u n c to rib a te s
punctum

O.D.
T.D.

122
27.827

21
10.145

120
22.522

64
19.119

45
16.652 3.747

K inunthozetes
sem irufus

O.D.
T.D.

100
25.745

85
20.012

161
28.172

131
28.225

185 . 
35.388 4.093

T o ta l
Q r ib e lla  spp.

O.D.
T.D.

37
15.178

15
6.708

27
9.587

21
9.921

61
19.028 2.068

T o ta l Immature 
Q rib a te i

O.D.
T.D.

42
15.429

28
10.529

31
11.018

12
5.560

22
10.242 2.453

T o ta l
A carid iae

O.D.
T.D.

60
19.126

54
17.385

38
10.515

9
6.414

267
34.685 6.246

Rhizoglyphus
echinopus

O.D.
T.D.

40
12.257

42
13.540

37
9.513

8
6.000

54
17.629 4.096

T o ta l * Other* 2. 
A carid iae

O.D.
T.D.

20
11.478

12
7.277

1
1.000

1
1.000

213
19.146 6.884

T o ta l
M esostigmata

O.D.
T.D.

. 159 
35.105

137
32.368

142
31.721

76
24.093

193
35.413 3.695

T o ta l
Rhodacaridae

O.D.
T.D.

87
26.003

68
19.933

69
22.090

37
15.336

85
21.015 4.118

R hodacarellus
e p y g in ia l is

O.D.
T.D.

34
14.534

38
14.532

60
20.126

31
14.092

25
9.463 3.250

T o ta l
Pergamasus spp.

O.D.
T.D.

15
8.464

26
12.578

23
10.888

11
7.828

21
11.114 5.250

T ot. Immature 
Mesostigmata

O.D.
T.D.

30
14.291

13
9.388

21
12.028

14
9.024

39
15.216 2.473

7̂2. ciê rees of jrteclon. 
Totals of 3  Sp€c/«a

Va/u€.s o f J Z C : -  pO 0 5 , 3  o 8 / i  pO Ol  ̂ 4  p O  OO / j  6 - / o 6 .

flca.Cu.5 Sil'Oj Coe/o^aatliaS Ca5^^/|aai,g arxl l^ .s tru cto f’.
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s ig n i f i c a n t .

On th e  whole th e  f lu c tu a t io n  was most m arked in  r e l a t i o n  t o  

C o llem b o la , and h e re  th e  t r e n d  was to w ard s low A p r i l  and h ig h  

O ctober and December p o p u la tio n s . Thus, in  th e  a n a ly s i s  o f  T o ta l  

C ollem bola th e  A p r i l  p o p u la tio n  was s i g n i f i c a n t l y  low er th an  t h a t  

o f  any o th e r  o cca s io n . The A p r il  p o p u la tio n  o f T u llb e rg ia  

k ra u s b a u e r i  was s i g n i f i c a n t l y  low er th a n  b o th  O ctober p o p u la t io n s , 

b u t no s ig n i f ic a n t  com parison was e v id e n t i n  th e  a n a ly s i s  o f  

T. c r a s s ic u s p i s . In  th e  p o p u la tio n  o f  O nychiurus s p e c ie s ,  a lth o u g h  

th e  observed  f lu c tu a t io n  was g r e a t ,  in  no com parison  w ere th e r e  

any s ig n i f ic a n t  d i f f e r e n c e s .  W ith re g a rd  t o  th e  o th e r  euedaph ic  

C ollem bola a n a ly se d , th e  r e s u l t s  can be summarized by n o tin g  t h a t  

th e  A p r i l  p o p u la tio n  was s i g n i f i c a n t l y  low er th a n  th e  December 

p o p u la tio n  and a ls o  s i g n i f i c a n t l y  low er th a n  one o f  th e  O ctober 

p o p u la t io n s ,  w h ile  on ly  in  th e  c a se  o f  Iso tom odes p ro d u c tu s  was 

t h e r e  a s ig n i f ic a n t  d i f f e r e n c e  betw een th e  p o p u la t io n s  o f  F eb ru ary  

and  A p r i l .  In  th e  c a se  o f  hem iedaphic C ollem bola  th e  A p r i l  

p o p u la tio n  was s i g n i f i c a n t l y  low er th an  th o s e  o f  th e  o th e r  o c c a s io n s , 

w ith  th e  ex ce p tio n  o f t h a t  w hich o b ta in e d  in  O c to b e r, 1951*

The se a so n a l f lu c tu a t io n  o f  Q rib a t e i  was l e s s  m arked, and in  

th e  c a se  o f th e  a d u l t s  a n a ly se d , th e  low est p o p u la t io n s  w ere seen  

t o  occur in  December, and th e  h ig h e s t  p o p u la tio n s  o f  th e s e  m ite s  

o c c u rre d  in  F eb ruary  and O ctober. In  th e  c a se  o f  P u n c to r ib a te s  

punctum  th e  December p o p u la tio n  was s i g n i f i c a n t l y  low er th a n  b o th  

th o s e  o f O ctober, 1951 and F eb ru a ry , 1952.

W



In  th e  A c a rid iae  and M esostigm ata  th e  s e a s o n a l f l u c t u a t i o n
f,

c o u ld  n o t he reg a rd ed  a s  s i g n i f i c a n t ,  an d , f i n a l l y ,  w ith  r e g a rd  

to  annual d i f f e r e n c e s ,  a lth o u g h  th e  t o t a l  G ollem bolan and 

t o t a l  A carine  p o p u la tio n s  o f  O ctober 1952 w ere seen  to  be 

c o n s id e ra b ly  h ig h e r  th a n  th o se  o f  th e  p re v io u s  y e a r ,  i n  no 

c a se  was th e  annual com parison  s i g n i f i c a n t .

I .
The w r i t e r  i s  a d v ised  by Mr. ’̂ . J .  L e s s e l l s  o f  th e  n e c e s s i ty  f o r  

c a u t io n  i n  th e  use o f  th e  *t* t e s t .  T h is  t e s t  i s  u se d  f o r  a s s e s s in g  
th e  s ig n if ic a n c e  o f  d i f f e r e n c e s  betw een two * trea tm e n ts*  o f  p a r t i c u l a r  
i n t e r e s t ,  and i t  i s  n o t  a  v a l id  p ro ce d u re  t o  u se  th e  t e s t  i n  an  
a tte m p t to  g rade  a l l  d i f f e r e n c e s  in to  th o se  w hich a re  r e a l  and  th o se  
w hich a re  n o t .  Thus, i n  a  s e r i e s  o f  5 t o t a l s ,  th e r e  a r e  10 p o s s ib le  
com parisons, so th a t  th e  chances a re  even t h a t  1 com parison  w i l l  y i e l d  
a  v a lu e  o f  *t* s ig n i f i c a n t  a t  th e  5;j l e v e l ,  and  by d e l i b e r a t e l y  ta k in g  
th e  h ig h e s t  and th e  lo w e s t ,  a  s e l e c t io n  tow ards th e  chance e f f e c t  i s  
a u to m a tic a lly  made. In  R h o d a ca re llu s  e p y g i n i a l i s , a  s i g n i f i c a n t  
v a lu e  o f  * t* i s  e v id e n t i n  th e  extrem e com parison  A p ril-O c to b e r  1952, 
b u t th e re  i s  no re a so n  to  re g a rd  th e s e  m onths a s  b e in g  o f  * p a r t i c u l a r  
i n t e r e s t * . I n  C ollem bola and Q r ib a t e i , s ig n i f ic a n c e  was n o t c o n fin e d  
to  s in g le  com parisons and th e  s e l e c t i o n  o f  m onths o f  * p a r t i c u l a r  
in te r e s t*  was su p p o rted  by th e  tr e n d s  i n  r e l a t e d  s p e c ie s ,  and by th e  
ev idence  o f  p rev io u s  s tu d ie s .



VII. DISCUSSION

A. The D e n s ity  and C om position o f  th e  P o p u la tio n

In  th e  p re s e n t  s tu d y , th e  av erag e  A rtliropodan p o p u la tio n  o f  

th e  upper 6" o f  s o i l ,  a s  shovm by th e  a n a ly s i s  o f  ZfO sarnples, was 

117.7  in d iv id u a ls  p e r 2” c o re ; o f th e s e  46.5  were C o llem bo la , 

and 67.9  were A c a r i . In  o rd e r  t h a t  th e  r e s u l t s  may be com pared 

w itti th o se  o f o th e r  vrarkers i t  i s  n e c e s s a ry  t o  e x p re s s  them in  

r e l a t i o n  t o  some coiuiion u n i t .  A acfadyen (1952) h a s  d is c u s s e d  th e  

r e l a t i v e  m e r i ts  o f square  and cu b ic  s ta n d a rd s ,  b u t no m a tte r  w hich 

s ta n d a rd  i s  adop ted , th e  uneven v e r t i c a l  d i s t r i b u t i o n  o f th e  an im als  

s e t s  a se v e re  l im i t  upon th e  v a lu e  o f  com parisons betw een 

in v e s t ig a t io n s  based  on sam ples o f d i f f e r e n t  d e p th s . H ost w orkers 

have e x p re ssed  t h e i r  p o p u la t io n s  p e r  u n i t  a r e a ,  an d , a t  th e  same 

tim e  have n o ted  th e  dep th  to  w hich t h e i r  sam ples w ere ta k e n . A 

number o f B r i t i s h  in v e s t i g a to r s  have u sed  a s c a le  o f  m i l l io n s  p e r  

a c r e ,  w li ils t  many C o n tin e n ta l  w orkers have adop ted  a square  m etre  

a s  t h e i r  u n i t .  Both th e s e  a re a s  how ever,and  p a r t i c u l a r l y  th e  

lo riiie r, a re  so la rg e  t h a t  i t  i s  d i f f i c u l t  t o  v i s u a l i z e  th e  a c tu a l  

d e n s i t i e s  o f th e  p o p u la tio n . A c co rd in g ly , in  T ab le  14 , th e  

p o p u la tio n s  re c o rd ed  a t  Glasgow, and th o se  re c o rd e d  in  a number o f  

th e  more r e c e n t  s tu d ie s  o f  u n c u l t iv a te d  la n d , have been  r e c a lc u la t e d  

in  r e l a t i o n  to  a u n i t  o f  1 sq . c e n t im e tre ,  v rith  one e x c e p tio n , 

th e  e a r l i e r  in v e s t ig a t io n s  b ased  on d i r e c t  s o r t in g  m ethods have n o t 

been in c lu d e d  in  t h i s  t a b l e ;  fo r  th e  p o p u la t io n  e s t im a te s  o b ta in e d  

were so low th a t  th e re  seemed l i t t l e  p u rp o se  in  u s in g  them even fo r  

a n /
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an approxim ate  com parison . xlS an exam ple, i t  can  be n o te d  t h a t  

th e  t o t a l  I n v e r te b r a te  p o p u la tio n  ( in c lu s iv e  o f  Ilematoda e t c . )  

o f  an A berystw yth  p a s tu re  r e p o r te d  by  Thompson (1924) was on ly  

about o n e - tv /e lf th  o f  th e  A rth ropodan  p o p u la tio n  r e p o r te d  in  th e  

p re s e n t  s tu d y .

The ex cep tio n  i s  th e  s tu d y  o f  an O x fo rd sh ire  meadow d e sc r ib e d  

by Ford (1935)• Ford  re c o rd e d  a rem arkab ly  h ig h  p o p u la tio n  o f  

Colleiiibola f o r  t h i s  h a b i t a t ;  and , d e s p i te  h i s  u se  o f  d i r e c t  s o r t in g  

m ethods, h i s  November p o p u la tio n  o f  th e s e  i n s e c t s  in  th e  upper 9"
p

o f  s o i l  was a p p ro x im a te ly  7 .1  p e r  cm . T h is  f ig u r e  exceeds even 

th a t  o b ta in e d  by S a l t  e t  a l .  ( I 9I+8) ; th e s e  w ork e rs  h av in g  re c o rd e d  

a p o p u la tio n  o f 6 .1  C ollem bola p e r  cm^ in  th e  upper 1 2 ” o f s o i l  o f  a 

Cambridge p a s tu re .  T h is  d i f f e r e n c e  i s  rem arkab le  in  view o f  th e  

f a c t  th a t  S a l t  e t a l  u sed  th e  f l o t a t i o n  te c h n iq u e , and a number o f  

t h e i r  sai.iples were e x tr a c te d  w ith  an a p p a ra tu s  in  which th e  u l t i iu a te  

s ie v e  was one o f b o l t i n g  s i l k  w ith  a sq u a re  mesh o f  0 .1  mm.

bhen compared w ith  th e  p o p u la tio n  o f  th e  upper 6 ” o f  s o i l  

re c o rd ed  by S a l t  e t  a l ,  th e  mean p o p u la tio n  o f  th e  Glasgow s o i l  

appears  to  be  low. I t  sh o u ld , how ever, be n o te d  t h a t  th e  Cambridge 

p o p u la tio n s  were b a se d  on sam ples ta k e n  in  November; and , i n  th e  

c a se  o f C o llem bo la , i f  th e  h ig h e s t  se a so n a l p o p u la t io n  o f  th e  

Glasgow s o i l  (n o te d  in  O ctober, 1952, and e q u iv a le n t  to  3*1 C ollem bola
p

p e r  cm ) i s  u sed  fo r  com parison , th e  d i f f e r e n c e  i s  l e s s  m arked, and 

i s  p ro b ab ly  m ain ly  due t o  th e  use  o f  a f i n e r  s ie v e  in  th e  Cambridge 

s tu d y .

In  th e  c a se  o f  A c a r i , how ever, th e  d isc re p a n c y  i s  much g r e a t e r .

I t /



I t  has a lre a d y  been n o te d  th a t  in  th e  p re s e n t  s tu d y  th e  number 

o f  im m ature Q r ib a te i  and M esostigm ata  was s u r p r i s in g ly  low , and 

t h i s  may have been due in  p a r t  (b u t p ro b ab ly  n o t e n t i r e ly )  to  

th e  l o s s  o f  th e  sm all immature i n s t a r s  th ro u g h  th e  0 .1 5  mm. s ie v e . 

Even S a l t  a t  a l  rem arked th a t  some o f  th e  Q rib a t e i  e n co u n te red  

were so m inute t h a t  th e  la rv a e  p ro b ab ly  p a sse d  th ro u g h  t h e i r  0 .1  mm. 

s ie v e . M o th e r  f a c to r  which has t o  be c o n s id e re d  i s  th e  

c o l l e c t io n  by th e  f l o t a t i o n  method o f  th e  rem ains o f dead m ite s .

S a l t  e t  a l  d id  n o t d e te rm in e  t h e i r  A cari i n  d e t a i l ,  and do n o t 

m ention t h i s  co n tin g en cy , so t h a t  i t  i s  n o t p o s s ib le  to  de te rm ine  

T/hether t h e i r  p o p u la tio n  was in c lu s iv e  o f  such form s. Had th e s e  

rem ains been  in c lu d e d  in  th e  assessm en t o f  th e  Glasgow p o p u la t io n , 

th e  numbers o f  a d u lt  Q r ib a te i  w -uld have been  v e ry  much g r e a te r .

I t  w i l l  be seen th a t  th e  rem ain ing  in v e s t ig a t io n s  in  T ab le  14 

a re  ones in  w hich th e  B Q rlese e x tr a c t io n  a p p a ra tu s , o r some 

m o d if ic a tio n  th e r e o f  was u sed . Com parisons o f  th e  Glasgow 

p o p u la tio n s  w ith  th o se  re c o rd e d  in  th e s e  s tu d ie s  can  on ly  be 

app rox im ate ; f o r ,  n o t on ly  a re  th e r e  d i f f e r e n c e s  in  dep th  and tim e  

of sam pling , i t  i s  d i f f i c u l t  t o  d ec id e  w hether th e  observed  

d i f f e r e n c e s  were due t o  en v iro n m en ta l f a c t o r s  or m ere ly  to  th e  

use  o f  d i f f e r e n t  e x tr a c t io n  m ethods. N e v e r th e le s s , i t  seems 

p r o f i t a b le  to  make a fev; com parisons. A lthough  d e f i n i t e  

c o n c lu s io n s  canno t alw ays be a t t a in e d ,  th e  r e s u l t s  in d ic a te  th e  

n e c e s s i ty  f o r  f u r th e r  r e s e a r c h ,  p a r t i c u l a r l y  in  r e l a t i o n  t o  th e  

r e l a t i v e  e f f i c ie n c y  o f  e x tr a c t io n  m ethods in  r e l a t i o n  to  s o i l s  o f  

d i f f e r e n t  ty p e s .
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In  ivlacfadyen*s fe n la n d  s tu d y , th e  C ollem bola and A cari w ere 

. found to  be l e s s  numerous in  th e  Juncus a re a s  th a n  in  th e  o th e r  

p la n t  a s s o c ia t io n s  he exam ined, b u t th e  p o p u la t io n s  o f  C ollem bola 

in  h i s  H o lin ia  and Descham psia a re a s  d id  no t d i f f e r  w id e ly  from t h a t  

o f  th e  p re s e n t  in v e s t ig a t io n .  I t  i s  a ls o  o f i n t e r e s t  to  n o te  

t h a t  Gollem bolan p o p u la tio n s  o f  a somewhat s im ila r  m agnitude were 

re c o rd e d  fo r  a brown e a r th  s o i l  n e a r  V ienna ( S c h a l le r  19492l)., fo r  

damp s o i l s  in  th e  P I  on a re a  (S tre n sk e  1 9 49 ), and f o r  n a tu r a l  h e a th -  

la n d  in  Y orksh ire  (Murphy 1953)* I t  sh o u ld , how ever, be  in d ic a te d  

th a t  th e  p o p u la tio n s  re c o rd e d  by th e s e  w orkers  were b ased  on sam ples 

o f d i f f e r e n t  d ep th s , b u t t h i s  does n o t g r e a t ly  a f f e c t  th e  approxim ate  

s i m i l a r i t y  n o ted , fo r  th e y  a ls o  o bserved  t h a t  th e  b u lk  o f t h e i r  

p o p u la tio n s  u s u a lly  o c cu rred  in  th e  upper s t r a t a  o f t h e i r  sam ples.

In  th e  case  o f  A c a r i , i t  would be m is le a d in g  to  make com parisons 

vn.thout re fe re n c e  to  th e  com position  o f  th e  p o p u la tio n s . A cco rd in g ly  

the' p o p u la tio n s  o f th e  m ajor A carine g roups re c o rd e d  by M acfadyen 

and h 'eis Fogh, to g e th e r  w ith  th o se  o b ta in e d  a t  Glasgov/, a re  g iven  

in  T able  15.

The most n o ta b le  f e a tu r e  h e re  i s  th e  h ig h  p o p u la tio n  o f Q r ib a te i  

in  M acfadyen*8 L lo lin ia  and Deschampsia a re a s .  H ere th e  d i f f e r e n c e  

i s  p ro b ab ly  m ain ly  due to  en v iro n m en ta l f a c t o r s ,  th e  O r ib a t id  m ite s  

b e in g  more abundant in  th e  o rg an ic  fe n  s o i l ,  and t h i s  c o n c lu s io n  can 

be su p p o rted  by n o tin g  th a t  i n v e s t ig a t io n s  o f  th e  fauna o f o rg an ic  

d e b r is  on f o r e s t  f lo o r s  (Van der D r i f t  1951, Evans 1951, and many 

o th e rs )  have shovm th a t  Q r ib a te i  a re  u s u a l ly  th e  most numerous 

M th ropodan  in h a b i ta n ts  o f  c e r t a in  l i t t e r  l a y e r s .

T he/
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T able  l 5

A GOTEPMISON OF AGiiRIKE POPULATIONS 

No. o f  m ite s  p e r cm^

(D e ta i ls  o f sam ples and, environm ent a s  in  T ab le  14 )

itntfstigation ;-
Macfadyen
M d in ia

Macfadyen
Descham psia

Mac fadyen  
Juncus

Weis Fogh 
'P l a i n '

P re s e n t
Study

GROUP. a re a s a re a s a re a s

Q r ib a te i 12 .07 7 .12 l . E l 1 .1 2 1 .9 1

A c a r id ia e 0 .05 0 .0 8 0 .0 4 0 .1 0 0 .5 2

M esostigm ata 0 .7 4 0 .6 6 0 .3 1 0 .2 0 0 .8 7

*Trom bidiformes 1* 0 .35 0 .1 4 0 .1 1 0 .5 8 0 .0 3



The re a so n  f o r  th e  lov/ p o p u la tio n  o f th e  "T ro m b id iformes ”

( i . e .  P ro s tig ia a ta  and H e te ro s tig m a ta ) in  th e  Glasgow s o i l  i s  

d i f f i c u l t  t o  a s s e s s .  E nvironm ental d i f f e r e n c e s  may be p a r t l y  

r e s p o n s ib le .  These m ite s  a re  Icnown to  be p rom inent in  p u re ly  

o rg an ic  h a b i t a t s ,  b u t ,  on th e  o th e r  hand, i t  i s  su sp e c te d  t h a t  

th e  f l o t a t i o n  met nod o f  e x tr a c t io n  g iv e s  an undu ly  low e s t im a te  

o f th e  p o p u la tio n  o f th e s e  an im als . T h is  h as been n o ted  by 

Evans ( l9 5 l)  who observed  th a t  a l a r g e  p ro p o r t io n  o f th e s e  

p redo .iiinan tly  d e l i c a t e  an im als were d e s tro y e d  d u rin g  th e  w ashing 

p ro c e ss . In  t h i s  co n n ec tio n  i t  i s  n o tew o rth y  th a t  ”T ro m b id iformes ** 

were th e  only  group re c o rd e d  in  g r e a te r  num bers in  Weis E o g h 's  

s tu d y  o f th e  D anish m in e ra l s o i l .

With th e  e x c e p tio n  o f h i s  a ssessm en t o f th e  "T rom bid ifo rm es” , 

Weis P o g h 's  in v e s t ig a t io n  i s  c h a r a c te r iz e d  by  ex trem ely  low 

p o p u la tio n s . „Iacfadyen (1952) has p o in te d  ou t th a t  w h ile  t h i s  

may have been due to  th e  h a b i ta t  s tu d ie d ,  he a ls o  though t i t  p o s s ib le  

th a t  th e  B e rle se  a p p a ra tu s  used  by W eis Fogh had  g iven  a poor 

e x tr a c t io n .  T h is l a t t e r  c o n s id e ra t io n  m ight c e r t a i n l y  have been  

a c o n tr ib u to ry  f a c t o r ,  e s p e c ia l ly  in  r e l a t i o n  t o  Weis F o g h 's  low 

Gollem bolan p o p u la t io n , and i t  i s  te m p tin g  to  use  t h i s  f a c to r  t o  

e x p la in  h i s  low M eso stig m atic  p o p u la tio n . I t  must be n o te d  however 

t h a t  th e  sâii.oles tak e n  in  t h i s  i n v e s t i g a t io n  were only  5 cm. deep , 

and i t  i s  im p o rtan t t o  r e c a l l  t h a t  th e  h ig h  i.Ieso stig m atic  

p o p u la tio n  o f th e  p re s e n t  s tu d y  was due m ain ly  t o  th e  R h o d a ca rid a e , 

a group which i s  a t  l e a s t  e q u a lly  abundant i n  th e  low er s t r a t a .

Thus, a lthough  th e s e  m ite s  have been n o te d  by th e  ■writer a s  b e in g  
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d if f ic u lt  to  extract with a Berlese apparatus, W'eis Fogh was 

working with a much lig h ter  s o il;  and, had he taken deeper 

saaiples, h is populations of Rhodacarus roseus, might have been  

much greater.

A c ircu m stan ce  which r e q u i r e s  f u r th e r  c o n s id e ra t io n  i s  th e  

low p o p u la tio n  o f iizm ature Q r ib a te i  and M esostigm ata  in  th e  

Glasgow s o i l .  V diilst t h i s  may have been due in  p a r t  to  a lo s s  

o f immature forms d u rin g  th e  e x t r a c t io n  p ro c e s s ,  t h i s  e x p la n a tio n  

i s  n o t e n t i r e l y  a d eq u a te , f o r  a s im i la r  lo s s  was n o t ap p aren t in  

G olle.ebola and A c a r id ia e . a lth o u g h  d e ta i l e d  c o u n ts  were n o t 

made, i t  was q u ite  obvious t h a t  in  th e  c o l l e c t io n s  o f  th e  l a t t e r  

two g ro u p s, th e  im natu re  in d iv id u a ls  were f a r  more abundant th an  

th e  a d u l t s .  A s im ila r  d e f ic ie n c y  o f  imiiiature Q rib a t e i  v/as 

n o te d  by Aiha ( i f f l ) .  In  a p h o n o lo g ic a l s tu d y  o f  10 s p e c ie s  

in  a r e n l s in a  and a brov/n e a r th  s o i l  in  V ienna, she n o ted  th a t  th e  

immature form s on ly  c o n s t i t u t e d  %o and 2p o f th e  t o t a l  p o p u la t io n s  

in  each h a b i t a t ,  r e s p e c t iv e ly .  F u r th e r  o b s e rv a tio n  su g g e s te d  th a t  

most o f th e  immature fonas o f th e  s p e c ie s  co n ce rn ed  l iv e d  in  

o th e r  h a b i t a t s ,  and th e y  were found i n  d ecay in g  t r e e  t r u n k s ,  under 

b a rk , and in  l i t t e r .  M a r t  from H. r u f u l u s , th e  sp e c ie s  s tu d ie d  

by R iha v/ore no t th e  sane a s  th o se  found in  Glasgow. N e v e r th e le s s ,  

most o f th e  s p e c ie s  o c c u rr in g  in  t h i s  s o i l  have a ls o  been 

c o l l e c te d  from o th e r  h a b i t a t s ,  e .g .  from m oss, l i t t e r  and from  

l ic h e n s  and moss on t r e e s  (M ichael 1884 ,1888 , and Van der Haimmen 

1952) and i t  i s  of p a r t i c u l a r  i n t e r e s t  t h a t  M ichael found t h a t  th e  

nymphs o f  M. sem iru fu s  burrov;ed in to  th e  stem s of g ra s s e s .  T hus, 
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i t  i s  n o t u n reaso n ab le  to  suppose t h a t  th e  d e f ic ie n c y  o f  in raa tu re  

Q r ib a te i  in  th e  Glasgow s o i l  m ight a ls o  have been due in  p a r t  

to  a s im i la r  change of h a b i t a t .

The d e f ic ie n c y  o f  im m ature M esostigm ata -  w h i ls t  n o t so 

marked -  i s  s u f f i c i e n t  t o  i n d ic a te  th e  p o s s i b i l i t y  o f  a s im i la r  

phenomenon.

B. The V e r t i c a l  D is t r ib u t io n  o f th e  Fauna.

In  th e  e a r l i e r  i n v e s t i g a t io n s ,  i t  was n o ted  t h a t ,  in  

u n c u l t iv a te d  la n d , th e  b u lk  o f  th e  fauna  was lo c a te d  in  th e  s u r fa c e  

l a s e r s  o f  th e  s o i l .  T h is  uneven v e r t i c a l  d i s t r i b u t i o n  has 

been found to  o b ta in  in  a number o f  d i f f e r e n t  u n c u l t iv a te d  h a b i t a t s .

In  th e  p re s e n t  s tu d y , com parisons were c o n fin e d  to  th e  

d e n s i t i e s  o f th e  p o p u la tio n s  in  two s t r a t a ,  v i z .  0 .5 "  &nd 5-9"* 

d u rin g  June 1951, and most o f  th e  r e s u l t s  m ere ly  p ro v id e  a 

s t a t i s t i c a l  c o n firm a tio n  o f  phenomena p re v io u s ly  o b se rv ed  by  o th e r  

v /o rkers. On th e  w hole, th e  g r e a t e s t  d i f f e r e n c e s  o c c u rre d  in  th e  

p o p u la tio n s  o f Q r ib a t e i , and in  th e  c a se  o f  P . punctum , th e  d e n s i ty  

o f th e  p o p u la tio n  o f th e  upper s o i l  was 25 tim e s  g r e a te r  th a n  th a t  

o f  th e  low er l a y e r s .  These o b s e rv a tio n s  a re  i n  acco rd an ce  w ith  

th o se  o f  M acfadyen (1952) and S tre n z k e  (1952) and th e  l a t t e r  w orker 

re g a rd e d  th e  m a jo r i ty  o f Q r ib a te i  a s  hem iedaphic form s.

'w ith th e  e x ce p tio n  o f th e  hem iedaphic fo rm s, th e  o b se rv ed  

d i f f e r e n c e s  betw een th e  G ollem bolan d e n s i t i e s  o f  th e  two l a y e r s  

were much l e s s  marked th a n  in  th e  Q r ib a t e i , and , in  th e  c a se  o f  

O nychiurus s p e c ie s ,  a g r e a te r  d e n s i ty  was o b se rv ed  in  th e  low er 
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l a y e r ,  b u t th e  d i f f e r e n c e  was n o t  s i g n i f i c a n t .  % lth  th e  

e x c e p tio n  o f  th o se  f o r  T . k r a u s b a u e r i , th e  r e s u l t s  f o r  C ollem bola 

a g re e  w ith  th e  f in d in g s  o f  o th e r  w orkers* The m arked and h ig h ly  

s i g n i f i c a n t  d i f f e r e n c e  betw een th e  d e n s i t i e s  o f  th o se  s p e c ie s  

n o te d  by G is in  (1943) a s  b e in g  hem iedaphic  p ro v id e s  f u r t h e r  su p p o rt 

f o r  t h i s  m orp h o -eco lo g ica l c l a s s i f i c a t i o n *  .Tith re g a rd  to  

O nychiurus s p e c ie s ,  Glasgow (1939) o b ta in e d  some ev idence  to  su g g e s t 

t h a t  0* ambulans moved to  th e  d e e p e r  s o i l  i n  re sp o n se  t o  a d v e rse  

c l im a t ic  c o n d it io n s ,  and S tre n zk e  (1949) n o te d  0* arm atus a s  a  deep 

l i v i n g  sp ec ie s*  In  th e  c a se  o f  T. k r a u s b a u e r i , th e  d e n s i ty  o f  

w hich was s i g n i f i c a n t ly  g r e a t e r  i n  th e  up p er l a y e r ,  th e  Glasgow 

r e s u l t s  a re  n o t  i n  com plete  acco rd an ce  w ith  th o s e  o f  o th e r  w o rk e rs . 

T h is  sp e c ie s  h as been  n o te d  a s  a  d en izen  o f  th e  low er s o i l  ( e . g .  

F re n z e l 1936, S c h a lle r  1949a, S tren zk e  1 9 4 9 ), and  in  Macfadyen* s 

s tu d y , ( 1952) ,  i t  aas more abundan t i n  th e  5 -10  cm* th a n  i n  th e  

0-5  cm* l a y e r .  I t  i s  n o t  p o s s ib le  to  acco u n t p r e c i s e ly  f o r  t h i s  

a p p a re n tly  c o n f l i c t in g  r e s u l t .  The d a ta  o b ta in e d  a t  G lasgow  m ere ly  

deny a  p re fe re n c e  f o r  th e  lo w e r s o i l ,  and  such  f a c to r s  a s  s o i l  

t e x tu r e  may have been  o p e r a t iv e .  M oreover, th e  c o m p a ra tiv e ly  

b ro ad  s t r a t a  examined may have obscu red  th e  t r u e  v e r t i c a l  d i s t r i b u t i o n  

o f  t h i s  s p e c ie s .

I n  th e  a n a ly se s  o f  th e  M eso stig m atic  p o p u la t io n s ,  no d i f f e r e n c e  

was observed  in  th e  d e n s i t i e s  o f  th e  p o p u la tio n s  o f  R hodacaridae  i n  

th e  two l a y e r s .  I n  r e s p e c t  o f  R. e p y g in ia l i s  th e  d e n s i ty  i n  th e  

lo w e r s o i l  was observed  to  be  g r e a t e r ,  a lth o u g h  th e  d i f f e r e n c e  was 

f a r  s h o r t  o f  th e  s i g n i f i c a n t  s ta n d a rd .
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F re n z e l  (1 9 5 6 ), a n d ’wil3jnan (1 9 5 6 ), observed  t h a t  th e  members o f 

th e  genus R h o d a ca re llu s  were amongst th e  few in h a b i t a n t s  o f  th e  

deeper s o i l ,  and th u s  R. e p y g in ia l i s  i s  no e x c e p tio n .

On th e  b a s is  o f  h i s  o b se rv a tio n s  in  a C h e sh ire  p a s tu r e ,  M o rris  

( 1920) c o n s id e re d  th a t  th e  main f a c to r s  d e te rm in in g  th e  v e r t i c a l  

d i s t r i b u t i o n  o f  th e  an im als were th e  lo c a t io n  o f  t h e i r  food  m a te r i a l ,  

and c o n d it io n s  o f a e r a t io n  and o f m o is tu re . In  p u re ly  m in e ra l 

s o i l s  i t  seems p ro b ab le  t h a t  th e  f a c to r  o f  g r e a t e s t  g e n e ra l 

im portance  i s  th e  lo c a t io n  o f  th e  food supp ly  o f  th e  an im a ls .

Thus, in  a l l  u n c u lt iv a te d  m in e ra l s o i l s ,  th e  o rg a n ic  m a tte r  c o n te n t 

i s  much g r e a te r  in  th e  su r fa c e  l a y e r s  o f th e  s o i l ,  a lth o u g h  th e  

p r e c is e  n a tu re  o f i t s  d im in u tio n  w ith  dep th  v a r i e s  a c c o rd in g  t o  th e  

s o i l  ty p e  ( s e e  R u s s e l l ,  1950. C hapter 50)« I t  i s  a ls o  known t h a t  

th e  d e n s i ty  o f  fUngi and m icro -o rgan ism s i s  g r e a t e r  in  t h i s  s tra tu m  

(R u s s e l l ,  1950. C hapter 1 2 ) . I t  i s  h a rd ly  s u r p r i s in g  th e r e f o r e  t o  

f in d  in  t h i s  upper zone, an abundance o f  saprophagous and 

m ycetophagous s p e c ie s , to g e th e r  w ith  p o p u la t io n s  o f  t h e i r  p r e d a to r s .  

In  a ra b le  la n d , where v e r t i c a l  d i s t r i b u t i o n  o f  th e  o rg an ic  m a te r ia l  

i s  more even , th e  su r fa c e  c o n c e n tra t io n  o f  th e  fau n a  i s  e i t h e r  n o t 

a p p a ren t or much l e s s  m arked ( e .g .  M o rris  1922a, and Jo n e s  1959 ).

In  t h i s  c o n n e c tio n , an  i n t e r e s t i n g  o b se rv a tio n  was made by  Murphy 

( 1955) ,  who n o te d  th a t  in  c u l t i v a t e d  h e a th la n d  a  h igh  p o p u la t io n  o f 

A cari o c cu rred  8 ” below th e  su rfa c e  in  th e  re g io n  o f th e  o rg a n ic  

m a tte r  form ing th e  o r ig in a l  s u r fa c e . F u r th e r  ev id en ce  o f  th e  

im portance  o f  t h i s  f a c to r  was a ls o  o b ta in e d  d u rin g  th e  c o u rse  o f  th e  

p re s e n t  s tu d y . Thus, v/hen tu b e s  c o n ta in in g  d ecay in g  p la n t  m a te r ia l  
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were b u r ie d  to  a dep th  o f  6” in  p o ts  o f s o i l ,  i t  was su b se q u e n tly  

n o ted  t h a t  C ollem bola were a t t r a c t e d  t o  th e  tu b e s ,  a lth o u g h  i t  

was somewhat s u r p r i s in g  to  f in d  t h a t  th e  m a jo r i ty  o f th e  

in d iv id u a ls  in  th e  tu b e s  b e lo n g ed  to  hem iedaphic s p e c ie s .  

S im i la r ly ,  in  a b in  u sed  fo r  th e  r e c e p t io n  o f  s u rp lu s  s o i l  and 

o rg an ic  m a tte r  i n  th e  la b o r a to r y ,  in  a d d i t io n  t o  form s l i v i n g  

n e a r th e  s u r f a c e ,  p rom inen t a g g re g a tio n s  o f A rth ro p o d a  were found  

t o  occur around  clum ps o f  p la n t  d e b r is  a t  d e p th s  o f  18- 24”*

The second d e te rm in a tiv e  f a c to r  su g g e s te d  by  M o rr is , v iz .  

a e r a t io n ,  a lth o u g h  l i k e l y  t o  be o f  some s ig n i f ic a n c e  in  m in e ra l 

s o i l s ,  i s  p ro b a b ly  most i n f l u e n t i a l  i n  c e r t a i n  o rg a n ic  s o i l s .

The r e s t r i c t e d  v e r t i c a l  d i s t r i b u t i o n  observed  by  M acfadyen (1952) 

in  th e  C o th i l l  fen  s o i l  was p ro b a b ly  due m ain ly  t o  t h i s  f a c t o r ,  

f o r ,  a lth o u g h  o rg an ic  m a te r ia l  i s  abundant th ro u g h o u t th e  p r o f i l e  

o f such s o i l s ,  w a te r lo g g in g  u s u a l ly  r e s u l t s  in  a n a e ro b ic  

c o n d it io n s  in  th e  lov/er s t r a t a  (R u s s e l l ,  1950. C hap te r 2 2 ) . A 

re c e n t o b se rv a tio n  o f  R e is  Fogh (1948) i s  a ls o  o f  i n t e r e s t  f o r  he 

n o ted  th a t  th e  s iz e  o f  th e  sp a ce s  betw een th e  s o i l  a g g re g a te s  

( a p t ly  c a l l e d  'm ic ro c a v e rn s* ) became sm a lle r  in  th e  deeper l a y e r s ,  

and, a lth o u g h  t h i s  f a c to r  p ro b a b ly  e x e r t s  a d i r e c t  in f lu e n c e  on 

v e r t i c a l  d i s t r i b u t i o n ,  e s p e c ia l ly  t h a t  o f  l a r g e r  s p e c ie s ,  i t  may 

a ls o  de te rm ine  th e  deg ree  o f a e r a t io n  in  th e  low er la y e r s .

iin o u ts ta n d in g  f e a tu r e  o f  th e  a n a ly s e s  o f  v e r t i c a l  

d i f f e r e n c e s  was th e  m agnitude o f  th e  ran d an  v a r i a t i o n  e n c o u n te re d . 

As a r e s u l t ,  th e  g r e a t  d i f f e r e n c e s  o b se rv ed  betw een th e  d e n s i t i e s
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o f th e  p o p u la tio n s  o f  th e  two l a y e r s ,  and p a r t i c u l a r l y  th o se  

no te ., to  occur in  ü r i b a t i d  p o p u la t io n s , w ere o n ly  s i g n i f i c a n t  

a t  th e  3/^ l e v e l  o f p r o b a b i l i ty .  The o n ly  e x c e p tio n s  t o  t h i s  

were T o ta l  T u llb e rg in a e  and T o ta l  Hem iedaphic C o llem bo la , 

where th e  Ig, p r o b a b i l i t y  l e v e l  was a t t a in e d .  The d a ta  

p re s e n te d  in  o th e r  in v e s t ig a t io n s  i s  such t h a t  th e r e  i s  no re a so n  

t o  suppose th a t  t h i s  v a r i a t io n  i s  p e c u l ia r  t o  th e  Glasgow 

env ironm en t, and i t  w ould th e r e f o r e  appear t o  be u n d e s ira b le  to  

draw f a r  re a c n in g  c o n c lu s io n s  on th e  b a s i s  o f sm all observed  

mean d i f f e r e n c e s  in  th e  p o p u la t io n s  o f  v a r io u s  s t r a t a .  C o n seq u en tly , 

a lth o u g h  much o f  th e  su p p o rtin g  ev id en ce  i s  c o n v in c in g , such 

phenomena as p e r io d ic  v e r t i c a l  m ig ra tio n s  r e q u i r e  to  be in v e s t ig a te d  

in  much g r e a te r  d e t a i l  b e fo re  t h e i r  o c cu rren c e  can  be t r u l y  

e s ta b l is h e d .

C. H o r ia to n a l  D is t r ib u t io n

The non-random  d i s t r i b u t i o n  o f n a tu r a l  p o p u la t io n s  i s  w e ll  

Imown. I t  h as been  found to  o b ta in  in  p la n t  com m unities, 

p a r t i c u l a r l y  in  g ra s s la n d  (Blaclcman 1935) > and, amongst many 

exam ples in  anim al com m unities. S a l t  and E o l l i c k  ( I 946) d em o n stra ted  

a non-random d i s t r i b u t i o n  o f e l a t e r i d  l a r v a e ,  m ain ly  Ag r io te s  

s p u ta to r  ( l )  , in  p a .s tu re . In  a m ic r o - d is t r ib u t io n  s tu d y , th e s e  

'w orkers w ere a ls o  a b le  t o  e s t a b l i s h  an a g g re g a te d  d i s t r i b u t i o n  

fo r  t h i s  sp e c ie s  w ith in  an a re a  o f  1 sq . y a rd . In  th e  p re s e n t  s tu d y , 

th e  high v a lu e s  o f ' o b ta in e d  in  many o f  th e  a n a ly se s  o f  p lo t  

d i f f e r e n c e s  i n d ic a te  t h a t  th e s e  d i f f e r e n c e s  w ere c o n s i s te n t  from 

one o ccasio n  to  a n o th e r ,  and th u s  i t  can  be co n c lu d ed  th a t  t h e  
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p o p u la tio n  v/as n o t d i s t r i b u t e d  a t  random over th e  u n c u l t iv a te d  a re a .  

The h o r iz o n ta l  d i s t r i b u t i o n  must th e r e f o r e  have been  d e te rm in ed  

by th e  o p e ra tio n  o f one o r more c o n t r o l l i n g  in f lu e n c e s .

At Glasgow th e  d i s t r i b u t i o n  o f th e  an im als  w ith in  each 

p lo t  was not s tu d ie d  in  d e t a i l ,  b u t ,  w ith  on ly  two e x c e p tio n s ,

( 'T o ta l n c a r id ia e  and T o ta l  hem iedaph ic  C o llem bo la ) , th e  i n t e r p l o t  

v a r i a t i o n  exceeded th e  v a r i a t i o n  o c c u rr in g  w ith in  each p l o t .

In H o t  1 , O nychiurus sp e c ie s  were p a r t i c u l a r l y  p ro m in en t, 

and b o th  0 . u l ig in a tu s  and C). s p in u la r iu s  have been  n o ted  by G is in  

( 1952,' a s  o c c u rr in g  in  damp s o i l  and p a r t i c u l a r l y  in  woodland.

The euedaphic  C ollem bolan s o c ie ty  o f _ lo t  3 '̂ '̂ "as c h a r a c te r i s e d  by  

th e  abundance o f Iso tom odes p ro d u c tu s  and Tolsom ia Candida b o th  o f 

wiiich were p re s e n t  in  : ] i s i n 's  dry meadov/ sy n u s ia  ( 1943)* 

C om para tive ly  l i t t l e  i n t e r p l o t  v a r i a t i o n  o c c u rre d  in  th e  p o p u la t io n  

o f hem iedaphic C o lle ..ibola , and th e  co m p o sitio n  o f t h i s  coùimunity 

a t  Glasgow was n o t u n l ik e  G i s i n 's  B rach y sto m ella  o a rv u la  o f .meadow 

a_d moors. Cne a d d i t io n a l  p o in t  m ight be c o n s id e re d  o f  i n t e r e s t  

and th a t  i s  th e  a p p a re n t avo idance  o f  A lo t 1 by Folsom ia 

qu a d r io c u la ta : fo r  on ly  one in d iv id u a l  was ta k e n  from  t h i s  p l o t .  

..Itnough  th e  t o t a l  p o p u la t io n  o f  t h i s  sp e c ie s  was so lov/ t h a t  

s t a t i s t i c a l  tre a ti i ie n t seemed h a rd ly  j u s t i f i e d ,  i t  i s  i n t e r e s t i n g  t o  

r e c a l l  t h a t  botli Aamaer (1937) and o 'e is  Fogh (19À4) found t h i s  

sp e c ie s  to  be more abundant in  d r i e r  h a b i t a t s .
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The i n t e r p l o t  v a r i a t i o n  e n co u n te re d  i n  th e  Q r ib a te i  was 

a l s o  h ig h ly  s i g n i f i c a n t .  H ere a g a in  th e  g r e a t e s t  d i f f e r e n c e s  

w ere u s u a l ly  a p p a re n t i n  th e  com parison  o f  P lo t  1 w ith  P lo t  3*

Most o f  th e  Q r ib a te i  en co u n te red  h ave  been  found by o th e r  

w ork e rs  to  be  form s e x h ib i t in g  g r e a t  e c o lo g ic a l  p l a s t i c i t y .  

N e v e r th e le s s  i t  was s tr a n g e  to  f in d  th a t  M. se m iru fu s , a  s p e c ie s  

w hich  S tre n zk e  (1952) found to  fa v o u r  damp s o i l s ,  was s i g n i f i c a n t l y  

more abundant i n  P lo t  3 th a n  i n  P lo t  1 , and was th u s  a s s o c ia te d  

w ith  h ig h  p o p u la tio n s  o f  th e  x e ro p h y te  -  I .  p ro d u c tu s .

\7h ile  a  s im i la r  d i s t r i b u t i o n  was a p p a re n t i n  th e  

L e s o s t i j n a t i c  p o p u la t io n , h e re  i t  was l e s s  m arked, and a p p a re n tly  

.due m ain ly  to  th e  R h o d a ca rid a e , th e  t o t a l  p o p u la t io n  o f  t h i s  

fa m ily  b e in g  s i g n i f i c a n t l y  g r e a t e r  i n  P lo t  3 th a n  i n  P lo t  1 .

The p r e s e n t  in v e s t ig a t io n  was n o t p r im a r i ly  d e s ig n ed  to  s tu d y  

th e  e f f e c t  o f c o m p a ra tiv e ly  sm all en v iro n m en ta l d i f f e r e n c e s ,  

c o n se q u e n tly , th e  p r e c i s e  n a tu re  o f  th e  f a c t o r s  r e s p o n s ib le  f o r  

th e  h o r iz o n ta l  d i s t r i b u t i o n  can n o t b e  e s ta b l i s h e d ,  auLthough some 

p o s s ib le  f a c to r s  can  be su g g e s te d . The prom inence o f  th e  x e ro p h y tic  

C o llem bo lan , I .  p ro d u c tu s , i n  P lo t  3* and th e  abundance in  P lo t  1 

o f  O nychiurus s p e c ie s ,  a t  once su g g e s ts  an  o r i e n t a t i o n  i n  re sp o n se  

to  m o is tu re  c o n d i t io n s ,  w ith  th e  im p l ic a t io n  o f  m o is t c o n d it io n s  

i n  P lo t  1 . U n fo r tu n a te ly  ev id en ce  d i r e c t l y  o p p o s ite  i n  c h a r a c te r  

i s  r e v e a le d  by th e  d i s t r i b u t i o n  o f  M. s e m iru fu s . The c h o n ic a l  

a n a ly se s  o f  th e  p l o t s  r e v e a le d  no m ajo r d i f f e r e n c e s ,  b u t 

c o n s id e ra b le  d i f f e r e n c e s  w ere a p p a re n t i n  th e  b o ta n ic a l  c o m p o s itio n , 

f o r  th e  t u r f  o f P lo t  1 was n o t so t h i c k ,  and Poa p r a t e n s i s  (L) 
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was üiuch more abundant h e re  th a n  in  th e  o th e r  3 p l o t s .  Thus, 

th e r e  may have been a d i r e c t  o r i n d i r e c t  r e l a t i o n s h i p  betw een
!

th e  fauna, and th e  c a n p o s i t io n  o f th e  sw ard. In  f a c t  th e  v e ry  

" th in n e s s "  o f th e  sward in  P lo t  1 m ight w e ll have been  r e s p o n s ib le  

f o r  th e  low er p o p u la tio n  o f th e  p red o m in an tly  hem iedaphic  

Q r ib a te i . f  i n a l l y ,  th e  r e l a t i v e  p ro x im ity  o f th e  p lo t s  t o  th e  

t r e e s  may have e x e r te d  a c o n s id e ra b le  in f lu e n c e ,  f o r  th e  shade 

p ro b ab ly  'induced d i f f e r e n c e s  in  th e  m ic ro -c lim a te  o f  P lo t  1 .

D. Seasonal and Annual F lu c tu a t io n

The se a so n a l f l u c tu a t io n  o f th e  s o i l  p o p u la t io n  h a s  been  

founa by most w orkers to  c o n s is t  m ain ly  o f  an in c re a s e  from  lcr:i 

su.mner p o p u la tio n s  tow ards ma::ima o c c u rr in g  d u rin g  th e  autumn or 

e a r ly  w in te r ,  a lth o u g h  many in v e s t ig a to r s  have a ls o  o b se rv ed  a 

low m id -w in te r p o p u la tio n  vwiich was su b se q u e n tly  fo llo w ed  by a 

sm a lle r  in c re a s e  d u rin g  e a r ly  s p r in g .

In  a l l  g e n e ra l s tu d ie s  o f  m ic ro -a rttiro p o d a  th e  se a s o n a l 

f lu c tu a t io n  has been  found to  be most e v id e n t in  C o llem bo la , and 

th e  accum ulated  ev idence  from a number o f i n v e s t i g a t io n s ,  e s p e c ia l ly  

th o se  o f Glasgow (1939) and A g re ll  (1941) in d ic a te s  t h a t  th e  main 

f a c to r s  in f lu e n c in g  th e  se a so n a l abundance o f  th e s e  i n s e c t s  a re  

c o n d it io n s  o f m o is tu re  and te m p e ra tu re . A cco rd in g ly , th e  autumn 

and e a r ly  w in te r  in c r e a s e  probably:' o c cu rs  in  resp o n se  t o  im proving  

m o is tu re  c o n d it io n s ,  v i i i l s t  low la id -v /in te r p o p u la t io n s  a re  p o s s ib ly  

th e  r e s u l t  o f  low t  e .u p e ra tu re s , or o f e x c e s s iv e  m o is tu re , o r o f  b o th . 

S easonal i lu c tn a t io n s  have a ls o  been  o b se rv ed  in  A carin e  

p o p u la tio n s , b u t o n ly  Q r ib a te i  have been  s tu d ie d  in  any d e t a i l ,  
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and th e  work o f R iha (1 9 5 1 ), and S tre n sk e  (1 9 5 2 ), i n d ic a t e s  

t h a t  h e re  a ls o  c l im a t ic  c o n d it io n s  e x e r t  some in f lu e n c e ,  a lth o u g h  

o th e r  f a c to r s  may a ls o  d e te rm in e  th e  se a so n a l abundance o f 

th e s e  m ite s .

I t  i s  th e r e f o r e  g e n e ra l ly  ag reed  th a t  a g re a t  p a r t  o f  th e  

se a so n a l f lu c tu a t io n  i s  due d i r e c t l y  t o  chang ing  c l im a t ic  

c o n d it io n s .  R e is  Fogh ( l9 4 o )  w h i ls t  n o t m in im iz ing  th e  im portance  

o f  t h i s  f a c to r ,  su g g e s te d  th a t  th e  autumn in c re a s e  m ight a l s o  

be due to  in c re a s e d  food su p p ly , f o r  p la n t  d e b r is  c o u ld  be 

e x p ec ted  t o  be more abundant d u rin g  t h a t  se aso n .

The d a ta  o b ta in e d  in  th e  p re s e n t  s tu d y  a re  s u f f i c i e n t  to  

in d ic a te  th e  g e n e ra l  s e a so n a l t r e n d  o f  th e  p o p u la tio n  in  Glasgow, 

and in  many groups and s p e c ie s  t h i s  h a s  been found to  be s im i la r  

to  t h a t  r e p o r te d  in  o th e r  l o c a l i t i e s .

The s e a so n a l d i f f e r e n c e s  w ere , on th e  w hole , most m arked in  

th e  G ollem bolan p o p u la t io n . These an im als  were found to  be most 

abundant in  O ctober and December, and l e a s t  num erous in  .^rpril. 

F u rth e rm o re , th e  sam ples o f  Ju n e , 1951, W ii l s t  no t s t r i c t l y  

com puraole, in d ic a te  a low summer p o p u la t io n , fo r  h av in g  made 

allow ance fo r  th e  d e v ia t io n  in  d e p th , i t  can  be  seen  t h a t  th e  

p o p u la tio n  d u rin g  th a t  month was n o t Ymdely d i f f e r e n t  from  th a t  

o f  A p r i l ,  1952, and was c e r t a i n l y  much lov/er th a n  th e  O ctober and 

Beceafoer p o p u la tio n s .

T h is  ty p e  o f  f l u c t u a t i o n  a p p e a rs  t o  be common in  th e  C ollem bolan 

p o p u la tio n s  o f B r i t i s h  m in e ra l s o i l s .  The e a r l i e r  w orkers ( e .g .  

Thompson 1924, and Edwards 1929 ), n o te d  low summer and h ig h  autumn 
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p o p u la t io n s , and F o rd  (1935) found th a t  d u rin g  th e  p e r io d  O ctober 

t o  Hay th e  p o p u la tio n  ro s e  t o  a December maximum, and dropped 

sh a rp ly  to  a low l e v e l  in  Ja n u a ry . A sm a lle r  in c r e a s e  was 

a p p a re n t in  F e b ru a ry , and t h i s  was fo llo w ed  by a g ra d u a l d e c rea se  

t o  Hay. Glasgow (1939) a ls o  o b se rv ed  h igh  O ctober and December 

p u p u la t io n s .  H acfadyen (1952) found th a t  th e  f l u c tu a t io n s  in  

fe n la n d  v/ere r a th e r  d i f f e r e n t ,  fo r  h e re  th e  maximum p o p u la tio n  

o c c u rre d  in  F eb ru ary  (H o lin ia  a re a s )  o r Hay (D escham psia a r e a s ) , 

w h i ls t  in  th e  Juncus a re a s  th e  p o p u la t io n  was low a t  a l l  t im e s , 

a lth o u g h  a s l i g h t  in c r e a s e  was a p p a re n t in  J u ly .

S im ila r ly ,  i n  C o n tin e n ta l  su rv e y s , autumn or e a r ly  w in te r  

maxima appear to  be q u i te  g e n e ra l ( e .g .  F re n z e l 1936, R e is  Fogh 

1948 and S c h a lle r  1 9 4 9 a ), b u t in  wet s o i l s  in  H o ls te in ,

S tre n z k e  (1 9 4 9 ), found t h a t  some s p e c ie s  a t t a i n e d  t h e i r  maximum 

in  J u ly .

In  th e  p re s e n t  s tu d y , a  p o in t o f  some im p o rtan ce  a r i s e s  from 

th e  s t a t i s t i c a l  a n a ly s e s  o f th e  s e a s o n a l  d i f f e r e n c e s ,  fo r  v /h ile  

th e  observed  d i f f e r e n c e s  were g r e a t ,  s t a t i s t i c a l  s ig n i f ic a n c e  ivas 

no t alvrnys e v id e n t. A c co rd in g ly , a lth o u g h  th e  t r e n d  o f  a 

p o p u la tio n  cu rve  tow ards a peak  and th e  subsequen t drop t o  a 

minimam, seems to  p ro v id e  s u f f i c i e n t  ev idence  to  e s t a b l i s h  th e  

approx im ate  lo c a t io n  o f  th e  p e r io d  o f g r e a te s t  abundance, i t  

would n e v e r th e le s s  seem u n d e s ira b le  t o  p la c e  g re a t  w eigh t on sm all 

o bserved  f l u c tu a t io n s .

Amongst th e  A c a r i ,w e ll  d e fin e d  s e a s o n a l f l u c tu a t io n s  o c cu rred  

on ly  in  Q r ib a te i . The h ig h e s t p o p u la t io n s  o f  a d u lt  Q r ib a te i  

o c c u r re d /



o c cu rred  in  O ctober and F eb ru ary , and th e  lo w est i n  December and 

A p r i l .  The h ig h  O ctober and low A p r i l  p o p u la t io n s  th u s  in d ic a te  

a f lu c tu a t io n  s i n i l a r  to  th a t  o f C o llem b o la , b u t  th e  low December 

p o p u la tio n  was n o t g e n e ra l ly  ev id en t in  th e  l a t t e r  g roup .

T h is December drop was most m arked i n  P u n c to r ib a te s  punctum , 

th e  December p o p u la tio n  o f t h i s  s p e c ie s  b e in g  s i g n i f i c a n t l y  low er 

th a n  th o se  o f  O ctober 1951 and F eb ru a iy  1952. I t  was a ls o  q u i te  

e v id e n t in  th e  a n a ly s is  o f O r ib e l la  s p e c ie s ,  a lth o u g h  h e re  th e  

in c re a s e  to  Februai^^ y;as n o t s i g n i f i c a n t .  T here a re  i n d ic a t io n s  

to  su g g es t t h a t  c l im a t ic  c o n d it io n s  a lo n e  w ere n o t s u f f i c i e n t  to  

accoun t f o r  t n i s  December d rop , f o r ,  i f  th e  h ig h e r  p o p u la t io n s  o f  

F eb ruary  and O ctober 1952 a re  c o n s id e re d  in  r e l a t i o n  t o  th e  

p r e v a i l in g  m e te o ro lo g ic a l c o n d it io n s ,  th e  c l im a t ic  c o n d it io n s  

wiiich o b ta in e d  d u rin g  ITovember and December 1951 c o u ld  h a rd ly  be 

c o n s id e re d  ad v erse  t o  th e s e  an im als. The fo llo w in g  a b s t r a c t  

o f  m e te o ro lo g ic a l d a ta  re c o rd e d  a t  Kenfrew (ab o u t 2 m ile s  d i s t a n t  

in  th e  same v a lle y )  s e rv e s  to  i l l u s t r a t e  t h i s  p o in t  : -

LIONTH
S e p t.O c t. Nov. Dec.
1951 1951 1951 1951

Jan. Feb. Mar. A pl. 
1952 1952 1952 1952

S e p t.
1952

O ct.
1952

T o ta l
mm.

Rain 73 20 159 158 127 32 66 46 77 111

ivlean ,Lir 
Temp. oF 55.3  5 0 .2  46.1  41.2  3 3 .3  3 8 .5  4 3 .3  48.2 51.0 46.9

‘rorV



From t h i s  a b s t r a c t  i t  v n .ll be seen  t h a t  f a l l i n g  te m p e ra tu re s  

co u ld  h a rd ly  have been r e s p o n s ib le  f o r  th e  d rop , fo r  low er 

te m p e ra tu re s  o b ta in e d  d u rin g  Ja n u a ry  and F e b ru a ry , and , a lth o u g h  

e x c e ss iv e  m o is tu re  ioight be re g a rd e d  a s  a p o s s ib le  c a u se , t h i s  

i s  a ls o  u n l ik e ly  fo r  th e  s o i l  was n e v e r w a te rlo g g ed  and most o f  

th e  sp e c ie s  en co u n te red  were n o te d  by  S tre n z k e  to  p r e f e r  medium 

damp or wet c o n d it io n s ,  and were in  any c a se  e u ry p la s t ic  in  

r e l a t i o n  to  m o is tu re .

R ayski (1945) e n co u n te re d  l i t t l e  s e a so n a l v a r i a t i o n  in  th e  

C r ib a t id  p o p u la tio n s  in  F a s te rn  S c o tla n d , b u t h i s  sam ples em braced 

th e  su rfa c e  herbage. A gain , th e  December drop was n o t a p p a re n t 

in  L lacfadyen 's h a b i t a t s .  In  H o ls te in ,  how ever, S tre n zk e  (1952) 

found th a t  th e  p o p u la tio n  o f  th e  upper s o i l  began to  d e c re a se  in  

December, b u t t h i s  was accom panied by an in c r e a s e  o f th e  p o p u la tio n  

in  th e  low er s o i l .  In  th e  brown e a r th  and re n d z in a  s o i l  n e a r  

V ienna, R iha ( l9 5 l)  found  th a t  t h e  s e a s o n a l f lu c tu a t io n  o f  a d u lt  

Q r ib a te i  was c h a r a c te r iz e d  by  two p rom inent minima; th e s e  o c c u rre d  

in  F eb ru ary  or la r c h , and i n  S eptem ber, and a t  th e s e  t im e s  a  d e c re a se  

o f p o p u la tio n  was e v id e n t in  a l l  s o i l  s t r a t a .  Maxima o c c u rre d  in  

M ay,and in  O ctober o r Novem ber.Riha c o n s id e re d  th a t  t h i s  f lu c tu a t io n  

was n o t e n t i r e l y  d e te rm in ed  by c l im a t ic  c o n d it io n s  and she o b ta in e d  

ev idence  to  suggest t h a t  th e  two minima w ere r e l a t e d  to  th e  

p ro p a g a tio n  rhythm  o f  th e  an im als and o c ca s io n ed  by a movement o f 

th e  an im als to  o th e r  h a b i t a t s  ( l i t t e r ,  dead wood, e t c . )  fo r  

c o p u la tio n  and egg la y in g .

A t/



At G-lasgovr th e r e  was a g e n e ra l  in c r e a s e  o f  a d u lt  Q rib a t e i  

betw een Dece.iber and F e b ru a ry . T h is  v/as most marked in  

P . punctum , fo r  in  t h i s  s p e c ie s  th e  F eb ru ary  p o p u la tio n  was 

6 tim e s  t h a t  o f December, and th e  d i f f e r e n c e  was s i g n i f i c a n t  

s t a t i s t i c a l l y .  In  view  o f th e  le n g th y  l i f e  c y c le s  o f  

Q r ib a te i , t h i s  in c re a s e  c o u ld  h a rd ly  have been  due to  

re p ro d u c tio n  in  a s t a t i o n a r y  p o p u la tio n . Some movements o f  

a d u lt  m ite s  th e r e fo re  must have o c c u rre d  d u rin g  t h i s  t im e .

These may have m erely  been  movements to  an d  from  th e  d eep er s o i l ,  

b u t ,  th e r e  i s  some i n d i r e c t  ev idence  to  su g g est th a t  a m ig ra tio n  

to  o th e r  h a b i t a t s ,  s im i la r  to  t h a t  d e sc r ib e d  by  R ih a , m ight have 

occu rred . The p o s s i b i l i t y  o f  such a m ig ra tio n  o r O r ib a t id s  to  

l i t t e r  and su r fa c e  h e rb a g e , or to  o th e r  h a b i t a t s ,  and th e  in c id e n c e  

o f  im m ature i n s t a r s  in  th e s e  h a b i t a t s  p r e s e n ts  an im p o rta n t and 

i n t e r e s t i n g  su b je c t  f o r  f u tu r e  in v e s t i g a t io n .
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I .  INTRODUCTION

The main p art o f th e  fo llo w in g  account i s  concerned w ith  

th e  resp on ses o f  the p o p u la tio n  d escr ib ed  i n  the preced ing  paper  

t o  th e  sy n th e t ic  in s e c t ic id e s  D,D*T. and ,  a p p lie d  se p a r a te ly

and to g e th e r . However, a s  i t  was found n e c essa ry  to  in co rp o ra te  

th e  m a ter ia ls  by c u l t iv a t io n ,  th e  e f f e c t  o f  d ig g in g  and reseed in g  

had f i r s t  to  be a s se s se d , and, i n  a d d it io n , a fa l lo w  treatm ent 

was in c lu d ed , fo r  i t  was thought th a t t h is  would p rovide in form ation  

on the in f lu e n c e  o f  su rface  v e g e ta t io n  and would fu r n ish  data fo r  

a conparison  o f  th e  value o f  c u ltu r a l  a n i chem ical methods f o r  th e  

c o n tr o l o f s o i l  Arthronoda.
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I I .  KEVXBVV OF PREVIOUS YiORK

A number o f  workers have in v e s t ig a te d  th e  fauna o f  a ra b le  la n d , 

and the r e s u l t s  o f  th e se  s tu d ie s  in d ic a te  th a t ,  i n  t h i s  b io to p e , the  

p o p u la tio n  i s  l e s s  d en se , l e s s  o o n p lex , and more ev en ly  d is tr ib u te d  

v e r t i c a l ly  than i n  o ld  g ra ss la n d . I n  c e r ta in  c a s e s ,  d if fe r e n c e s  o f  

a q u a l ita t iv e  nature have a ls o  been  observed . Most o f  th e se  

d if fe r e n c e s  appear to  be r e la te d  to  th e  amount and d is p o s i t io n  o f  th e  

organ ic  m atter , and t o  th e  m oisture co n d itio n s  i n  th e  s o i l .  Thus, 

M orris (1922a , 1927) noted th a t  the a d d it io n  o f  farm  yard  manure to  

th e  arab le  s o i l  o f  Broadbalk and Barn f i e l d s  a t  Rothamsted r e s u lte d  

i n  a grea t in c re a se  i n  b oth  numbers o f  sp e c ie s  and in d iv id u a ls  in  

the in v e r te b r a te  p op u la tion ; i n  f a c t ,  the p o p u la tio n  o f  in s e c t s  i n  

th e  dunged p lo t s  o f  Broadbalk exceeded  th a t  o f  a  C heshire p astu re  

p r e v io u s ly  in v e s t ig a te d  by  th e  same worker (1 9 2 0 ). Thompson (1924)  

observed th a t the removal o f  th e  tu r f  r e s u lte d  i n  a d r a s t ic  r ed u c tio n  

o f  th e  s o i l  fauna which she a t tr ib u te d  t o  a rem oval o f  th e  food  

supply and to  th e  c r e a t io n  o f temporary drought c o n d itio n s  i n  the  

vpper s o i l .  She fu r th e r  observed t h a t ,  i n  c u lt iv a t e d  la n d , th e  

p o p u la tio n  o f  the su rfa ce  3” h ard ly  exceeded  th o se  i n  s t r a ta  down 

t o  the 9” l e v e l ,  and i n  c e r ta in  c a se s  th e  p o p u la tio n  even in c re a se d  

w ith  depth down to  t h i s  p o in t .  However, when such la n l  was r e c o lo n iz e d  

by weeds th e  p o p u la tio n  in c re a se d  in  d e n s ity  and v a r ie ty ,  and a  

su rfa ce  co n cen tra tio n  a g a in  became apparent. Thus, a lth ou gh  th ere  

i s  a tendency fo r  arab le  p op u la tio n s to  be l e s s  dense than th ose  

o f  p a s tu r e , t h i s  i s  not in v a r ia b ly  s o ,  and, i n  a d d it io n  to  the  

ob servation ^ /
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o b s e rv a t io iis  o f  M o rris  n o te d  above , a  n o ta b le  e x c e p tio n  i s  to  b e  

fo u n d  i n  th e  r e s u l t s  o f  Edwards (1929)#  He re c o rd e d  t h a t  th e  

p o p u la t io n  o f a n  a r a b le  s o i l  on a  l i g h t  d r i f t  a re a  was n o t much lo w e r 

th a n  t h a t  o f  a  p a s tu r e  s o i l  on th e  same d e p o s i t ,  and was c o n s id e ra b ly  

g r e a t e r  th a n  th e  p o p u la t io n s  o f  p a s tu r e  s o i l s  on s e d e n ta ry ,  b o u ld e r  

c l a y ,  and  a l l u v i a l  a re a s*  I n  t h i s  c a s e ,  th e  h ig h  a r a b le  p o p u la t io n  

was due m ain ly  t o  T u llb e rg ia  q u a d r is p in a . a  s p e c ie s  ^diich G is in  

( 1943 ) * found  to  b e  c h a r a c t e r i s t i c  o f  newly sown g ra s s la n d #

With regard to  the in s e c t ic id e  treatm ent o f  s o i l ,  th ere  ob ta in s  

a very  e x te n s iv e  l i t e r a t u r e  on th e  u se o f  D .D .T. and B.H*C. f o r  th e  

c o n tr o l o f s p e c i f ic  s o i l  Arthropod p e sts#  The l a t t e r  su b sta n ce , i n  

p a r t ic u la r , i s  w e ll  known as an  extrem ely  e f f i c i e n t  s o i l  in s e c t i c id e ,  

and, a t  a r a te  roughly eq u iv a len t to  1 lb*  o f  th e  gamma isom er p er  

a c r e , i s  w id e ly  used fo r  th e  c o n tr o l o f  E la te r id  and T ip u lid  la rv a e  

and many o th er  s o i l  p e s t s  (e*g* Jameson, Thomas : and Woodward, 1947; 

Dawson and E s c r i t t  194^; and Shaw, 1945)» Although probably l e s s  

e f f i c i e n t  a s  a  s o i l  in s e c t ic id e ,  D .D.T. i s  e x te n s iv e ly  a p p lie d  i n  

a g r ic u ltu r a l p e s t  c o n tr o l, and i n  N orth America i t  has been  w id e ly  

used  fo r  the c o n tr o l o f  th e  s o i l  d w ellin g  la r v a e  o f  th e  Japanese  

B e e t le  (Porpilio .japon ica). e .g .  Flem ing and Maines (1953)# Both  

in s e c t ic id e s  have b een  shown to  be extrem ely  p e r s is t e n t  i n  s o i l .  

Jameson and Peacock (1 9 5 2 ) , noted  th a t  when crude B.H .C. (15/^ gamma 

isom er) was worked in to  the su r fa c e  6” o f  a loam s o i l  a t  th e  r a te  o f  

8 lb s .  p er  a c r e , th e  m a ter ia l was l o s t  a t  an  ex p o n en tia l r a te  o f  50?̂  

p e r  annum. Fleming and Maines (1953) observed th a t  when D.D.T. was 

u sed  a t  a r a te  eq u iv a len t to  25 lb s .  p e r  a c r e , 97^ and 44^ o f  the  

o r ig in a l /



o r ig in a l  m ater ia l cou ld  be recovered  from the s o i l  a f t e r  1 and 8 y ea rs  

r e s p e c t iv e ly .

D esp ite  t h e ir  w idespread use i n  p la n t  p r o te c t io n  l i t t l e  

d e ta i le d  work has b een  d ir e c te d  to  th e  p o s s ib le  rep u rcu ssion s o f  th e se  

su b stan ces on the s o i l  microcosm. K e lle r  ( 195I )  in v e s t ig a te d  th e  

in f lu e n c e  o f  a p ro p r ie to ry  product co n ta in in g  a m ixture o f  D .D .T . 

and B.H.C. on the fauna o f  l i t t e r  and s o i l  i n  woodland near F ran k fort.

The m ater ia l was a p p lied  a s  a su rfa ce  spray a t  th e  r a te  o f  15 g .  p e r  

400 and he rep orted  th a t , w ith in  4  days, th e  Arthropods were co m p lete ly  

exterm inated i n  the un d erly in g  l i t t e r  and s o i l  to  a depth o f  I 5 cm. 

R eco lo n iza tio n  was s a id  to  be r a p id , and th e  r a te  v a r ie d  in d ir e c t ly  

w ith  the h o r iz o n ta l d is ta n c e  from th e  edge o f th e  tr e a te d  a rea . At 

a p o in t  6 nu from the edge o f  the p lo t  i t  was com plete in  2J d ays. I n  

R u ssia , Grigor* eva (1952) noted th a t  phytophagous and pred aciou s s p e c ie s  

i n  s o i l  were very su sc e p t ib le  to  B.H.C. even a t  low  c o n c en tr a tio n s . On 

th e  o th er  hand she found th a t saprophagous s p e c ie s  in c re a se d  under th e  

in f lu e n c e  o f low  co n cen tra tio n s and were on ly  a d v e r se ly  a f f e c t e d  by  

h ig h  dosages.

B au d issin  (1952) stu d ied  th e  resp on ses o f  s o i l  m icroarthropoda  

to  su rface  a p p lic a tio n s  o f  v a r io u s p la n t p r o te c t in g  chem icals i n  two 

arab le  f i e l d s  near K ie l .  He rep orted  th a t B.H.C. had a d e s tr u c t iv e  

e f f e c t  on A cari and C ollem bola. and t h i s  p e r s is t e d  f o r  5 - 7  weeks i n  

heavy s o i l ,  and fo r  6 -  8 weeks ±n l i ^ t  s o i l .  A p r o p r ie ta iy  

p rep ara tion  co n ta in in g  D.D .T. and B.H.C. was n oted  to  have an i n i t i a l  

t o x ic  a c t io n  which la s t e d  f o r  I 4  d ays, but su b seq u en tly  i t  appeared to  

have a s tim u la tin g  e f f e c t .  In  a conplem entaiy stu d y  o f  th e  same s o i l ,  

Weber (1953) rep orted  th a t  s o i l  d w ellin g  in s e c t  la r v a e , D in lopoda. and 

O ligoch aeta /



—1 Oif—

O ligoch aeta  were a d v e r se ly  a f f e c te d  "by both  B.H.C. a lo n e  and by th e  

combined p rep a ra tio n . The combined p rep a ra tio n  appeared to  be more 

t o x ic  to  earthw om s than B.H.C. a lo n e , b u t i n  r e la t io n  to  d ip lop ods  

and in s e c t s  th e  rev erse  appeared to  o b ta in .

R ich ter  (1 9 5 3 ) , in v e s t ig a te d  th e  e f f e c t s  o f  v a r io u s in s e c t ic id e s  

on th e  s o i l  and l i t t e r  m icroarthropoda o f  a number o f  f o r e s t  h a b ita ts  

near B e r lin . A lthough the ground v e g e ta t io n  was sp a r se , su rface  

a p p lic a t io n s  o f  B.H.C. d u sts had l i t t l e  e f f e c t ,  b u t su r fa ce  treatm en ts  

■with su sp en sion  and em ulsion  form u la tion s o f  t h i s  in s e c t ic id e  caused  

r ed u c tio n s  o f m ites  and Collem bola w hich remained apparent f o r  a t  l e a s t  

4  m onths. When B.H.C. d u sts  were thoroughly  in corp orated  w ith  th e  

s o i l ,  by c u l t iv a t io n ,  se v er e  red u c tio n s o f  a l l  forms were ob ta in ed , 

and th e  e f f e c t  p e r s is t e d  f o r  a t  l e a s t  t e n  months. S o i l  tr e a te d  in  

t h i s  "way was se en  to  be to x ic  to  D rosophila  a f t e r  two y e a r s . When 

B.H.C. d u st was roughly dug i n  and n ot thoroughly mixed w ith  th e  s o i l ,  

i t  appeared to  have a s t im u la tin g  e f f e c t  and caused an in c r e a se  o f  

Q ribat e i  and Collem bola.  D .D.T. was rep orted  to  cause a r e d u c tio n  o f  

A cari and C ollem bola. b o th  when a p p lied  to  th e  su rfa ce  a s  an  em ulsion , 

and when hoed in to  th e  s o i l  a s  a  dust*

I t  i s  appropriate a ls o  t o  c o n s id e r , b r i e f l y ,  th e  more im portant 

l i t e r a t u r e  d ea lin g  "with th e  e f f e c t s  o f  th e se  in s e c t ic id e s  on mixed 

Arthropod communities g e n e r a lly . I t  i s  w e l l  known th a t under c e r ta in  

c o n d itio n s  in s e c t ic id e  treatm en ts can le a d  t o  profound and la s t in g  

changes i n  the com p osition  o f  Arthropod com m unities, a n o tab le  exanple  

b e in g  th e  r i s e  o f  the F r u it  Tree Red S p id er  (M etatetranychus uLmi (K och)) 

t o  p e s t  s ta tu s  s in c e  th e  in tr o d u c tio n  o f  ta r  d i s t i l l a t e  o v ic id e s ,

(■vide Massee and S te e r , 1929, and B la ir  and G roves, 1952) .  F o llow in g  

th e /
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the w idespread use o f  the p e r s is t e n t  c h lo r in a te d  hydrocarbons, 

u n d esira b le  changes in  the com p osition  o f  com m unities have become 

in c r e a s in g ly  common, and i t  i s  s ig n if ic a n t  to  n o te  th a t  th e  Review  

o f  A pplied  Entomology (S e r ie s  A) fo r  1949 con ta in ed  no few er th an  35 

r e fe r e n c e s  to  rep o rts  o f  in c r e a se s  o f  var iou s s p e c ie s  fo llo w in g  th e  

use o f  D .D .T ., and 8 to  s im il a r  phenomena a t tr ib u ta b le  to  treatm ent 

w ith  B.H.C.

In  th e  case  o f D .D .T ., th e  most freq u en t are  r ep o r ts  o f  in c r e a se d  

p o p u la tio n s o f  T etra iych id  m ite s . F ollow ing  i t s  u se i n  orchards f o r  

th e  c o n tr o l o f  Codling Moth (Cydia nom onella L ) . in f e s t a t io n s  o f  th e se  

m ites have b een  w id ely  rep orted  from b oth  Europe and America (S ch n eid er , 

1945; S te in e r , Arnold and Summerland, 1944» and many o th e r s ) .

S im ila r ly  i n  C itru s g ro v es, treatm ent w ith  t h i s  in s e c t ic id e  has commonly 

le d  to  in f e s ta t io n s  o f P aratetranyohus c i t r i  M acgregor, (e#g# E b e lin g ,

1 9 4 5 ), w h ile  i t  h a s  a ls o  b e o ir e p o r te d  t h a t  D .D .T . fa v o u rs  v a r io u s  

A ph id idae  ( e .g .  E b e lin g , 1 9 4 5 )» some C occidae ( e . g .  Debach and  B a r t l e t t ,  

1951) &ud c e r t a i n  L e p id o p te ra  ( e .g .  C h an d le r 194&; and  Newson and  

Sm ith  1949) .

D isru p tio n s fo llo w in g  th e  use  o f B.H.C. have been  l e s s  common, 

b u t h e a v ie r  p op u la tion s o f v a r io u s  ^ e c i e s  a f t e r  treatm ent have been  

rep o rted . Exanples are th e  rep o rts  o f  Gains and Young ( 1948) who 

observed heavy p op u la tion s o f  T etranychid m ites  on tr e a te d  c o t to n ,  

and Gains and Dean (1947)» who con sid ered  th a t  the C otton Bollworm, 

H e lio th is  arm igera (H b .), was favoured b y  t h i s  su b stan ce.

Most workers have a t tr ib u te d  th ese  outbreaks t o  the d i f f e r e n t ia l  

s u s c e p t i b i l i t i e s  o f  p red a to rs , p a r a s ite s  and prey  to  th e  m a ter ia ls  

em ployed ./
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employed. There i s  much ev id en ce  to  support t h i s  v iew , and th e  

d e ta i le d  work o f  Lord (1949 a ,h )  on f r u i t  tr e e  comm unities i n  Nova 

S c o tia  i s  worthy o f  s p e c ia l  n o te . He observed th a t D .D .T ., and 

se v e r a l o th er  substances commonly used i n  p la n t  p r o te c t io n  had 

extrem ely  adverse e f f e c t s  on var iou s p redaciou s m ites  and in s e c t s .  

Many o f  th e se  he con sid ered  to  be va lu ab le  a g en ts  f o r  th e  n a tu ra l  

c o n tr o l o f  Cbccids and Tetra n y ch id s . S im ila r ly , Debach and 

B a r t le t t  (1951) stu d ied  the in f lu e n c e  o f  in s e c t ic id e s  on the  

in t r ic a t e  b io lo g ic a l  c o n tr o l mechanism o f  C itru s com m unities. These 

workers concluded th a t chem ical treatm en ts were l i k e l y  to  a f f e c t  

n atu ra l c o n tr o l a d v e r se ly , not on ly  by t h e ir  t o x ic  and r e p e lla n t  

a c t io n  on p a r a s ite  and p red ator  p o p u la tio n s , but a ls o  by s ta r v a t io n  

o f  b e n e f ic ia l  s p e c ie s ,  due to  the d r a s t ic  r ed u c tio n  o f  h o s t  and prey  

p o p u la tio n s .

Y h ils t  not m inim izing th e  inportance o f  p red a to rs , a somewhat 

d if f e r e n t  assessm ent was made by Hueck, Kuenen, Boer and D r a a fse l  

( 1952) .  Having observed an  in c r e a se  o f  M.ulmi on D.D .T. tr e a te d  

t r e e s  in  an orchard from w hich pred ators had b een  e lim in a te d , th ese  

workers found th a t ,  in  la b o r a to r y  c u ltu r e s ,  low  co n cen tra tio n s o f  

D.D.T. caused an in crea se  i n  th e  egg p rod u ction  o f  t h i s  m ite . The 

r e s u l t s  o f  two o f  t h e ir  experim ents were h ig h ly  s ig n if ic a n t  

s t a t i s t i c a l l y ,  a lthou gh  i n  o th e rs  th e  observed in c r e a se  i n  egg 

p rod u ction  was n ot s ig n i f i c a n t ,  and a t  h ig h er  co n cen tra tio n s th e re  

was an in d ic a t io n  o f  to x ic ity #

From t h i s  résumé i t  i v i l l  b e  seen  th a t th e  r e a c t io n  o f  Arthropod  

communities in  gen era l to  in s e c t ic id e  treatm en ts p resen ts  an  

in te r e s t in g  and im portant problem; and th a t h i th e r to ,  s tu d ie s  o f  

s u e t /
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such phenomena have been  m ainly concerned w ith  orchard cammunities* 

The s o i l  p o p u la tio n  appeared to  p r e sen t a conven ien t community fo r  

a q u a n tita t iv e  study o f th e se  changes, and moreover i t  a l s o  seemed 

d e s ir a b le  to  o b ta in  in form ation  on the p a r t ic u la r  natu re  o f  th e  

response o f s o i l  m icroarthropoda them selves t o  th e se  w id e ly  used  

m a te r ia ls .
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I I I .  METHODS OF STUDY

A. F ie ld  In v e s tig a tic a ru

T h is c o n s is te d  o f th e  e x am in a tio n  o f  s o i l  sam ples ta k e n  from  

th e  p l o t s  o f  a  random ized  b lo c k  ex p erim en t i n  w hich  th e r e  w ere 4 

r e p l i c a t e s  o f  6 t r e a tm e n ts .  T hese t r e a tm e n ts ,  a l l o c a t e d  a t  

random w i th in  each  b lo c k , w ere a s  ,fo llo w s

1 . U n c u l t iv a te d :-  r e p r e s e n t in g  th e  o r i g in a l  c o n d i t io n  o f  th e  a r e a .

2 .  C o n t r o l : -  c u l t i v a t e d  and  re s e e d e d .

3# F a l lo w ;-  c u l t i v a t e d  and k e p t f r e e  from  v e g e ta t io n .

4 . D .D .T .:-  C u l t iv a te d ,  and  s o i l  t r e a t e d  w ith  2 o z s . p e r

s q . y d . o f  2yo c ru d e  D.D.T. d u s t  (75 -  8Ĉ o P*P» 

is o m e r ) , th e n  re s e e d e d .

3 . B .H .C .:-  c u l t i v a t e d ,  and  s o i l  t r e a t e d  w i th  2 o z s . p e r  sq .

y d . o f  c ru d e  B.H.C. d u s t  ( 1 ^  gamma is o m e r ) ,  th e n

re s e e d e d .

6 . D .D .T. + B .H .C .:-  c u l t i v a t e d ,  and s o i l  t r e a t e d  w ith  2 o z s . p e r

s q . y d . 2/b c ru d e  D .D .T ,, a n d  2 o z s . p e r  s q .  yd  

2/j c ru d e  B.H. C . , th e n  re s e e d e d .

The p l o t s  w ere re s e e d e d  w ith  1 o z . p e r  s q . y d . o f  P e r e n n ia l  

I^ e g ra s s  (L olium  p e re n n e ) .  E ach  p l o t  was s i x  f e e t  s q u a re , and  

w i th in  th e  b lo c k s  th e  p l o t s  w ere s e p a ra te d  b y  a n  u n c u l t iv a te d  i n t e r v a l

o f 12 f t . ,  th e  b lo c k s  th em se lv e s  b e in g  13& f e e t  a p a r t .  A d iagram

o f th e  ex perim en t i s  g iv e n  i n  P a r t  I  ( F ig .  I ,  p  33 ) .

I n  th e  c a se  o f t r e a tm e n ts  2 - 6 ,  th e  p l o t s  w ere dug o v e r 

ro u g h ly  i n  e a r ly  Ja n u a ry , 1951» &nd th e n  l e f t  t o  w e a th e r  u n t i l  

l a t e  A p r i l .  C u l t iv a t io n  was th e n  resum ed and  c o n tin u e d  u n t i l  a  

f i n e /
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f in e  t i l t h  was ob ta in ed . The i n s e c t i c id e s ,  p r e v io u s ly  mixed w ith  

s i l v e r  sand to  f a c i l i t a t e  even  d is t r ib u t io n ,  were a p p lie d  on th e  

17th  Iflay, 1951, and thoroughly mixed w ith  the s o i l  to  a depth o f  

9” , the c o n tro l and fa llo w  p lo t s  b e in g  tr e a te d  w ith  sand a lo n e .

The p lo t s  were th en  sown, l i g h t l y  raked, and r o l l e d  tw ice  w ith  a 

heavy r o l l e r .  The c o n tro l and fa llo w  p lo t s  a l l  r e c e iv e d  th e  same 

i n i t i a l  c u l t iv a t io n s ,  and, whenever p o s s ib le ,  th e  o p era tio n s were 

arranged so  th a t a l l  the p lo t s  concerned r e c e iv e d  an approxim ately  

equal amount o f  c u l t iv a t io n  on each o c c a s io n . T his was con sid ered  

n ecessa ry  in  order to  minimize th e  p o s s ib le  in f lu e n c e  o f  time o f  

c u l t iv a t io n .  The area was mown when n e c essa ry , and th e  fa l lo w  p lo t s  

were kept bare by p e r io d ic  h oein g  o f  th e  su r fa c e  s o i l .

The san p lin g  and e x tr a c t io n  tech n iq u es used have a lread y  been  

d escr ib ed . R e c a p itu la t in g , the sa n p lin g  programme c o n s is te d  o f  

tw o, 2” diam eter co res p er  p lo t  tak en  on th e  fo llo w in g  d a t e s : -  

9 th  June, I 951 , 16th  O ct. I 95I ,  14th  Dec. 1951, 2 0 th  Feb. 1952,

I8 th  A p r il, 1952, and 17th  O ct. 1952. The June sa n p le s  were 

subd ivided  to  rep resen t two s t r a t a ,  v i z .  0 -3 ” , and 3 -9 ” deep , v h i le  

subsequent sam ples were o n ly  6" deep and und iv ided .

B. L a b o ra to ry  O b s e rv a tio n s .

1 . T o x ic ity  t e s t s .

The d e s ir a b i l i t y  o f  supplem entary la b o ra to ry  o b serv a tio n s on th e  

r e la t iv e  s u s c e p t ib i l i t i e s  o f  the major Arthropod groups, t o  th e  

in s e c t ic id e s  u sed , became e v id en t a f t e r  a p r e lim in a iy  exam ination  o f  

the f i e l d  p o p u la tio n  i n  Autumn, 1951* The technique used was th a t  

d iv is e d  by I^Iartin and Wain (1 9 4 5 ) , and c o n s is t s  o f  preparing standard  

s o lu t io n s /
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s o lu t io n s  o f  the in s e c t ic id e s  i n  a v o l a t i l e  so lv e n t  ( e . g .  a c e to n e ) ,  

and p ip e t t in g  required  q u a n t it ie s  on to  f i l t e r  paper. The so lv e n t  

evap orates q u ick ly , le a v in g  a d e p o s it  o f  known w eight on the f i l t e r  

paper. For th e  purpose o f  th e se  t e s t s ,  standard aceto n e  s o lu t io n s  

o f  pure p.p". D .D .T ., and gamma B.H.C. (Lindane) were p repared , 

and used a t variou s r a te s  t o  t r e a t  c i r c l e s  o f  f i l t e r  paper 2** in  

diam eter. The Arthropoda t o  be t e s t e d  were con fin ed  on th e se  

papers i n  2" diam eter P e t r i  d is h e s . The number o f  anim als used, in  

each t e s t  v a r ie d  and was dependent la r g e ly  vpon th e  ea se  by which  

th ey  cou ld  be ex tr a c te d  a l iv e .  To e lim in a te  th e  p o s s i b i l i t y  o f  

t e s t in g  r e s is ta n t  s t r a in s ,  anim als from in s e c t ic id e  tr e a te d  p lo t s  

were not u sed , and th e  m a ter ia l was c o l le c t e d  from u n trea ted  a r e a s ,  

and in  some c a se s  from o th e r  l o c a l i t i e s .

2 .  O bservations on the e f f e c t s  o f  D.D.T. i n  th e  absence o f  p red a to rs .

The n e c e s s i ty  o f th e se  o b serv a tio n s became apparent a f t e r  the  

p u b lic a t io n  o f  th e  work o f  Hueck e t . a l  (1952) on th e  in f lu e n c e  o f  

D.D.T. on th e  o v ip o s it io n  r a te  o f M. u lm i; fo r  i t  was thought th a t  

th e  in c re a se  o f  C ollem bola. which had been  observed  in  th e  D .D .T. 

p lo t s ,  m i^ it p o s s ib ly  be due to  a s im ila r  phenomenon. Ovring to  

th e  experim ental d i f f i c u l t i e s  o f  c u ltu r in g  s u f f ic i e n t  numbers o f  

Collem bola under s t r i c t l y  c o n tr o lle d  c o n d it io n s , and th e  g r e a t  random 

v a r ia t io n  which ob ta in s i n  p o p u la tio n s reared  b y  l e s s  s tr in g e n t  m ethods, 

th e  assessm ent o f  t h is  f a c to r  c o n s t i tu te s  a major problem , and th e  

o b serv a tio n s undertaken i n  th e  p r e sen t stu d y  were n ot em in en tly  

s u c c e s s fu l .  A ttenp ts were f i r s t  made to  c u ltu r e  Onychiurus s p e c ie s  

and T u llb erg ia  krausbaueri on m oist f i l t e r  paper i n  sm all d is h e s .

Various food  m a ter ia ls  were t r i e d ,  and th e  most a t t r a c t iv e  appeared  

t o /
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t o  be m oist decaying p o ta to  tu b er fragm en ts. A lthough eggs were 

l a id  in  some c u ltu r e s  th e  method was to o  u n cer ta in  fo r  experim ental 

p u rp oses. S im ila r  d i f f i c u l t i e s  were exp erien ced  w ith  H. d e n tic u la ta  

on decaying beech le a v e s .  This method was th en  abandoned and 

experim ents i n  which Collem bola were reared  i n  an environment from  

which predatory forms had b een  e lim in a ted  by s t e r i l i z a t i o n  were l a id  

down. The f i r s t  o f  th e s e ,  i n  which H. d e n tic u la ta  was kept in  

s t e r i l e  conpost was a com plete f a i lu r e  owing to  the n o n -su rv iv a l o f  

an im als. In  the secon d , T .k rau sbau eri. and Onychiurus s p e c ie s  were 

reared  i n  a s t e r i l e  s o i l  composed o f  equal p a r ts  by w eigh t o f  

farmyard manure, and l i g h t  s o i l .  A fte r  s t e r i l i z a t i o n  i n  an a u to c la v e ,  

150 gm. q u a n t it ie s  o f  th is  m a ter ia l were ndxed w ith  4  d i f f e r e n t  r a te s  

o f  2^0 crude D .D .T. d u st , and p la ced  in  3” pots#  50 in d iv id u a ls  o f  

Onychiurus spp. and 50 in d iv id u a ls  o f  T .. krausbaueri were than added . 

t o  each p o t and th e  top s o f  the p o ts  covered  w ith  c e llo p h a n e . A fte r  

p e r fo r a tin g  th e  ce llop h an e covers w ith  a f in e  n e e d le , th e  p o ts  were 

p la c ed  in  p e t r i  d ish e s  o f  w ater i n  a c lo se d  wooden b ox , and kept i n  

a g lassh ou se  a t 18% . The r a te s  o f  a p p lic a t io n  (w t. o f  2?» D .D .T. 

dust p er  I 50 guv s o i l )  were a s  f o l lo w s ; -  0 ( c o n t r o l ) ,  0 .1  gnu, 0 .2  gnu, 

and 0 .4  gw. There were 4  r e p l ic a t e s .  A fte r  15 weeks th e  anim als 

were ex tr a c te d  by means o f  a s e r ie s  o f  T u llg ren  fu n n e ls .
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IV. RESULTS

A. F ie ld  I n v e s t ig a t io n

1 . E a r ly  E f f e c t s ,  June 1931

The d e t a i l s  o f th e  p o p u la tio n  a t  t h i s  tim e  (23 days a f t e r

tre a tm e n t w ith  th e  i n s e c t i c id e s )  a re  g iven  in  Census T ab le  1 . . .

A ppendix I I I .  For re a so n s  p re v io u s ly  n o te d  th e s e  sam ples w ere

c o n s id e re d  s e p a ra te ly ,  and , in  th e  m ethod o f a n a ly s i s  ad o p ted ,

d e g re es  o f  freedom  were a p p o rtio n e d  a s  f o l lo w s i-

T rea tm en ts 3

B locks 3

I n t e r a c t io n  t r e a tm e n ts  x b lo c k s  15

■Depth 1

I n te r a c t io n  dep th  x t r e a tm e n ts  5

I n t e r a c t io n  dep th  x b lo c k s  3

I n te r a c t io n  d ep th  x b lo c k s  x
t r e a tm e n ts  15

T o ta l  47

The p lo t  t o t a l s  f o r  a n a ly s i s  w ere o b ta in e d  by  summing th e

square  r o o t s  o f th e  p o p u la t io n s  o f  th e  upper sam ples (O -  3 " ) ,

and th e  sq u a re  ro o ts  o f h a l f  th e  p o p u la t io n s  o f  th e  low er sam ples

(3 ”* 9 " ) .  Each sam ple p o p u la tio n  th u s  r e p r e s e n te d  th e  number

o f an im als  p e r  134*4 c c . s .  o f  s o i l ;  th e r e  w ere 4  such sam ples

( i . e .  2 upper and 2 low er) i n  each p l o t ,  so t h a t  th e  tr e a tm e n t

t o t a l s  r e p re s e n te d  th e  number o f  an im als  p e r  l6  x 134*4 oc .s o f

s o i l .  I n  T ab le  1. th e  tre a tm e n t d e n s i t i e s  a re  r e p re s e n te d  a s  a

p e rc e n ta g e /
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table I

COMPARISONS OP POPULATIONS IN THE UPPER 9" OP SOIL, JUNE 1951 

Control Populations *  100.0

Group o r  S pecies Undug Fallow D.D.T. B.H. C, D.D.T.
B.H.C.

T o ta l Collembola 199.2 40.8 155.4 55.4 46 .1

T o ta l Euedaphic Collembola 192.7 41.8 167.5 55.4 49 .1

T o ta l T u llberg inae 245.7 57.1 591.4 28.6 54.5

T u llb e rg ia  k rau sb au e ri 280.9 95.2 61.9 55.5 42 .9

T u llb e rg ia  c ra s s ic u s p is 178.0 0 885.7 21.4 71.4

T o ta l O iychiurus spp. 510.0 80.0 160.0 70.0 65.0

Isotom odes productus 78.7 19.1 25.4 25.4 44 .7

Folsom ia Candida 257.5 12.5 50.0 50.0 12.5
T o ta l Hemiedaphic Collegibola 251.2 45.7 100.0 51.2 51.2

T o ta l O rib a te i 160.2 114.1 51 .9 92.2 74.5

P u n c to rib a te s  punctum 101.5 96.2 48 .1 90.1 71.8

M inunthozetes sem irufus 277.5 150.0 68.2 86.4 90.9

T o ta l O rib e lla  spp. 225.0 150.0 62.5 150.0 100.0

T o ta l Immature O rib a te i 425.0 25.0 50 .0 75.0 25.0

T o ta l A carid iae 620.0 100.0 140.0 200.0 220.0

Rhizoglyphus echinopus 955.5 66.7 200.0 166.7 200.0

T o ta l O ther A carid iae 150.0 150.0 50 .0 250.0 250.0

T o ta l M esostigmata 200.0 51 .7 78.5 65.5 55.5

T o ta l Rhodacaridae 158.5 58.9 88 .9 66.7 56.1

R hodacarellus e p y g in ia lis 148.4 29.0 87 .1 48.4 55.5

T ot. Kno'wn P red . kksostigm ata 285.5 116.7 50 .0 66.7 50 .0

T o ta l Pergamasus spp. 266.7 100.0 100.0 100.0 0

T o ta l Immature Mesostigmata 185.7 57.1 71.4 64.5 14.5

Total o f 5 sp e c ie s :-  Acarus s ir o , Coelognathus c a s t e l la n i i ,  and Glycyphagus

destructor.

Total o f 5 sp e c ie s :-  Veigaia nemorensis, Pergamasus runciger, P. m ise llu s ,

Digamasellus r e t ic u la tu s  and Hypoaspis a c u le ife r .
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p e rc e n ta g e  o f  th e  c o n tr o l  d e n s i ty ,  and th e  r e s u l t s  o f  th e  a n a ly s e s  

o f sq u a re  ro o t  tra n s fo rm e d  d a ta  a re  sum m arized in  T ab le  2 , 

s ta n d a rd  e r r o r s  b e in g  g iven  v/hen s i g n i f i c a n t  v a lu e s  o f  *P* were 

o b ta in e d .

-luch random v a r i a t i o n  Y/as e n co u n te re d  and a t  t h i s  tim e  th e  

p o p u la tio n  g e n e ra l ly  was a t  a low l e v e l ,  c o n se q u e n tly  c o m p a ra tiv e ly  

few s ig n i f i c a n t  tre a tm e n t co iaparisons Y/ere e v id e n t,  b d th  some 

e x c e p tio n s , th e  'observed*  t r e n d  o f th e  r e s u l t s  c o n s is te d  o f  a 

d r a s t i c  r e d u c tio n  o f  p o p u la t io n s  due to  c u l t i v a t i o n  a lo n e , and 

f u r th e r  sm a lle r  r e d u c t io n s  in  th e  fallovY and i n s e c t i c i d e  t r e a t e d  

p lo t s .  In  most c a s e s  s i g n i f i c a n t  d i f f e r e n c e s  were o b ta in e d  on ly  

in  com parisons o f th e  u n c u l t iv a te d  p o p u la tio n  w ith  th o s e  o f  one o r 

more o f  th e  c u l t i v a t e d  p l o t s .  T here were however e x c e p tio n s ;  

th u s ,  in  th e  case  o f  T o ta l  M eso stig m ata , w h i ls t  th e  u n c u l t iv a te d  

p o p u la tio n  v/as s i g n i f i c a n t l y  h ig h e r  th a n  th o s e  o f a l l  th e  o th e r  

p l o t s ,  th e  p o p u la tio n  o f th e  p l o t s  t r e a t e d  w ith  D.D.T, + B .H .G .,

was s i g n i f i c a n t l y  low er th a n  th o s e  o f  b o th  th e  c o n tro l  and th e

p lo ts  t r e a t e d  vfith  D.D.T. a lo n e . I n  th e  R hodacaridae  th e

com parison u n c u l t iv a te d  w ith  c o n tr o l  was n o t s i g n i f i c a n t ,  b u t a 

s ig n i f i c a n t  re d u c t io n  v/̂ as e v id e n t when th e  c o n tr o l  and D.D.T. +

B.H.C. p o p u la tio n s  were com pared. I n  b o th  T o ta l  M eso stig m ata , and

T o ta l R hodacaridae  th e  fa llo v / p o p u la tio n s  w ere s i g n i f i c a n t l y  low er 

than  th o s e  o f th e  c o n tr o ls .

In  many a n a ly s e s , a s i g n i f i c a n t  v a lu e  was o b ta in e d  fo r  th e  

in te r a c t io n  o f t re a tm e n ts  v ;ith  d e p th , th u s  in d ic a t in g  th a t  th e  

re sp o n se s  o f th e  p o p u la tio n s  to  th e  t r e a tm e n ts  were n o t th e  same 

i n /
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A N f l L Y S I S  O F  V A R / A A I C E .  DATA O F  J*0/V £ / W .

I T r€ a C m ttvC  T o t a l s  S<^u.are Z o o t  T r a t i s f o r m t d  Data, Valuer o f  F ' ^or T r e a t m - e n t  
Com.pari5en5 a a l ^C&ndarl £ f r o r j  o f  T r e n t m ^ n t  T o t a l s .

J. Va/u.es of T* fo r  t h €  I n t e r a c t i o n  o f  T reatru^ftts  u i t h  Depth..

^ r o u p  or -Species iadug fallow Control P P-T. B.HC. OP.T + Treats.
'F T

2,
-5 .E .- In te r

'F *

T o ta l  Collem bola 4 / i'44 34*360 35604 1 0 /(5 14-060
*

3-60 6-5/5 193

T o ta l  £uedapKic Collembola S o h o f 19 073 30 6/5 31-44/ /7 4 K 1/5T63 3-44 t>-lo9M- </

Total Tallber^inae ^8693 /0499 /4 69/ 13 030 6-/1/ 10-167 1 -0 9 -, 1-74

T u llberg ia  kraashaaeri 19.930 iO'499 11-785 8-(74 4 -4 ( 4 6 /1 1 3-97 3-31/ 1-25

T ul/berg ia  crass/cuspis iO'544 0 6-420 18756 (707 4560 167 - 168

Total O a y c h fa m s  5pp. 1954.9 8-560 8-414 i/589 7 5 7 / 6 '7b l 1 -6 0 - <1

Iso to m o d es  productus &1S5 3 734 i3 550 7-346 5  675 9-451 l-o l - 1-59

Folsomia caadida 7396 o-7o7 4-853 l o o o 1-4(4 lo o o 1ÔS - </

Total Wemiedapliic Collembola. /7-74/ 5-000 9 300 9 6 8 / 3-4 / 4 3 . I l l 4-T9 1-536
■ *  

4-53

Total O ribatei 53.^48 47.76/ 45-038 29-416 40-601 36-768 138 -
4* * 

6-93

Punctoribates punctum 32J74 33927 33-399 1 /530 3/934 16913 </ -
'HTd

5 3 9

Miauatkojetes Jemlrufus 30 0 49 49.-A.8i 17-904 i3 031 14-980 16-977 / 91 -,
#

4 5 4

Total Oribella spp. H'hZA. 7-535 6 /1 / 3-518 6 9 2 9 3 45 0 a -09 - 7-76

Total Immature Oribatei 8 4 3 6 /•coo a-707 1-000 /•7o7 1-000 2-18 -
#  

3*8 4

T o ta l A carid iae /4'699 4741 3-4/4 4-853 5-795 7-68/ 2 3 6 - 14!

Rhi^o^lgphus echinopus U T56 1-707 4 4 / 4 4 4 3 9 3-(46 4-535 2 -0 6 - 1-75

Total Other A caridiae ^ 4ToT 4-MA- 4 -0 0 0 l o o o 1-639 3-/46 <1 4

Total M esostigm ata 3 6 /95 /4-6i7 43-ooS /9 1(7 Z6-854 10-079 (3/0 2 5 od
*

3 49

Total Rhodacaridae 94.4T4 6 -8 6 6 - /5-48T 13-1(7 13-173 7-/21
« *

5-44 2  460 cf

Rhodacarellus  epggin-iia/i's /T995 4-63T 11-237 10-803 9995 6535 2 -26 - <-1

T ota l  Kaûu»ix Predacious 51 
M esostigm ata ' /a. 095 5-4 41 3-81? 1  0 0 0 1707 1707

*-$*
9-00 1-125 3-99

Total Pergamasus spp. lo'ih-lo 4-4/4 4 -/1 / 2 000 /•707 0 1-67
*

4 2 3

Total I m m a t u r e  
M esostig mata /4 36a 5*49 9-079 6-4/4 5-346 /•4/4

1 *
3-95 2 / 9 2 8-99

^-Oeyeesàf f r e g i o n . : - / S .  Sc^nificance le^fels indicated fcKas:' p*0-05*  p - 0 0 1 ^ %  p = 0  OOf 

a /5D.F. Values of p o o s . 3 013) pO Oi,4*/^T; pO 001,  ̂ !
o f j f e td o m 'r  a j » / 5  ; ;  :  '  '  ^  i  :  !  J  M :

^  Totols of 3  sp ec/eS :- /)caru.s âire, Coelo^aathui c a s te lia a ii.;  a r i l  d e s t r u c t o r 

s 'T o ta /i  of5.spcciesV  Veigaia /icmorerts'iSj Pergam asus runcijcr, PmUciluS,

:D ig a m a se llu .a  r e t ic u U tu S ,  a ix l H ypoaspis acule<Y^r. ; : i
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i n  both, s t r a t a ,  and  th a t  as a r e s u l t  o f  t h i s  th e  n a tu r e  o f  th e  

v e r t i c a l  d i s t r i b u t i o n  o f  th e  a n im a ls  m ight have been a l t e r e d  

by th e  t r e a tm e n ts .  C ases in  which t h i s  i n t e r a c t i o n  was 

s i g n i f i c a n t  \Yere e x aa in ed  f u r t h e r ,  and th e  r e s u l t s  a re  re c o rd e d  

in  T ab les  3 and  4* In  T ab le  3 f t  w i l l  be seen  th a t  s i g n i f i c a n t  

re d u c t io n s  due to  c u l t i v a t i o n  w ere c o n fin e d  t o  com parisons 

betw een upper p o p u la t io n s ,  and th e  d a ta  in  T ab le  4  in d ic a te s  t h a t  

in  L'ome c a s e s ,  and p a r t i c u l a r l y  in  th e  O r i b a t e i , th e r e  was a 

ten d en cy  tow ards a more even v e r t i c a l  d i s t r i b u t i o n  o f an im als  

in  th e  c u l t i v a t e d  p l o t s .  A p p re c ia b le  p o p u la t io n s  o f '11, sem iru fu s  

and ? .  punctum w ere e n c o u n te re d , and in  b o th  th e s e  s p e c ie s  a m o re  

even v e r t i c a l  d i s t r i b u t i o n  was e v id e n t i n  th e  c u l t i v a t e d  s o i l .

In  th e  l a t t e r  s p e c ie s ,m o re o v e r ,th e  p o p u la t io n s  in  th e  low er s tra tu m  

o f a l l  c u l t i v a t e d  p l o t s ,  v /ith  th e  e x c e p tio n s  o f  th o se  t r e a t e d  v /ith

D.D.T. were s i g n i f i c a n t l y  h ig h e r  th a n  th e  lo w er s tra tu m  p o p u la t io n s  

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

s tra tu m  th e  D.D.T. p o p u la t io n s  was s i g n i f i c a n t l y  low er th a n  th a t  

t r e a t e d  w ith  B.H.C* I n  th e  rem ain in g  groups and s p e c ie s  re c o rd e d  

in  T able  4 , and p a r t i c u l a r l y  in  th e  c a se  o f hem iedaphic  C o llem b o la , 

th e  o ccu rren ce  o f  a  s i g n i f i c a n t  i n t e r a c t io n  o f  t r e a tm e n ts  v /ith  

d ep th  c o u ld  be a t t r i b u t e d  l a r g e ly  t o  th e  p a u c i ty  o r ab sen se  o f 

an im als  in  th e  low er s tra tu m  o f  a l l  p l o t s .

2. Subsequent Trends. October 1931-Octoher 1932

The d e ta ils  o f the p o p u la t io n  on th e  5 subsequen t sam pling 

o c c a s io n s , v iz .  O ctober and December 1931 and F e b ru a ry , A p r il  

and O cto b er, 1932, a re  p re s e n te d  i n  C ensus T ab les  II  -  V I.. .  

appendix/
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T A 6 L E  3

I N T E R A C T I O N  oF T R E A T M E N T S  UllTH D E P T H  

o p  U p p e r  a a d  4 o w e r  P o p u . ( a . t t o n .  P e r t s i f c f e s  

T r e a t n t e r v i :  T o t a l s  o j^  S g a a r e  R oo t  T r a t x s f a r r a e d l  D a t a .

^ r e u p  or Spec/es Depth UaXag Fallow Coatrol ADT Û.HC. DDT + 
6 . H C .

1.
T ’

a.
5.E.

Total Hcmiedapliic 0-3' / 5-3 4 7 5-0 0 0 9 3 0 o 5 / 4 6 l o o o /■4 / 4
« #

5-6 2 2-2 7 7

C o  l/e^rnbola 3 - r 2-4 / 4 0 0 4-53  5 2-4 / 4 /-7 0 7 /-7 1 -

T ç  tfikii 0-T 4 3 - t  7 2 3 0-9 7 3 2 5-8 2 4 1 î-lo ù,5 / 8-82 7 /9 - 0 8 4
m

3-4 3 5 3  4 7

O r  / ba. te i . 3 ' T 9-8 9 6 / 6-7 8 8 / 9-2 / 4 1 0-7(p 1 2 / 7  7 4 / 7-6 8 4 2 2 7 ' -

P u a c t o r / b a t e s 0-3" 2 g- 4 4 6 2 o-/ 4 2 2 0 / 7 ? / 3-3 7 6 /4 -7  82 73 4 8 4 / 5  2 -

piLfictu^m.. 3 -T 3-8 2 g / Z 7 S  S / 3-2 2 0 8 / 5 4 \ 7 - o 5 Z / 3 -4 3 ?
«

3 7 0 2-4 2 9

N / a L f t t K o g e t e s 0-3' 2 4-7/ 6 1 5-2 7 7 S 21 0 7 8  6 3 7-0 7 S 10 / 2 4
*

4 2 1 3-3 1 S

5 em iru p u ;S 3-T 5-3 5 3 7 - / 9 4 9-6 9 4 5 / 6  8 7-7 8 5 6-8 5 3 <1 -

T o t a l 0-3" / 0-2 / 0 4-4 /  4 3 0 o 0 3-9 2 g 2 0 0 0 0
*  f

6-5/ 6 3 7 6

O T r b e l l a  spp.' 3-?“ /-4 1 4 3 / ZI 3 - 1 2 / 0 4  8 2 a 3 -4 5 0 18 5 -

T o ta l  Xm.m:afcu.re' 0-3" g-2 3 6 l o o o 1- 000 0 o 1-0 0 0 3-24 6 7 5 4

O r i b a . t é i 3 -T 0 0 17  0 7 1-0 0 0 /•7 0 7 o ^ ^ 4 -

T p U I .  .

0-3’ 2 2-9 4 6 5-8 6 3 / 0.? 1 3 7 4 /  4 6 5 5 / 2-00 0
* #*
9 5 2 2 3  6 0

M e s o s t ig r r v a ta 3 - r / 3  2 4 9 9-7 5 4 / 2-0 9 2 1 1 - 7 0 3 10-30 3 8-0 78 /-£6 -

3.
l o t a l  Rnoiun 0-3" 8-9 74 2 4 /  4 0 l-Û 0 0 1-0 0 0 0

##*
8-9) I-/ 4 6

Frtd. MesostigmcLta. 3-7" 3./ 2 1 2 9 2 9 3-8 2 8 1-0 0 o 1-7 0 7 / -7 0 7 /•3 4 — '

_ T o t a l 0-3" 6-/ 4 6 /-7 0 7 0 10 0 0 0 0
#

3-2 8 /-a 2 D

P e rg a m a s u - s  spp. 3 - r 0 0-7 0 7 2 / 2 / 1 - 000 /•7 0 7 0 ! /•45 '! -

T o ta l  i n t m r a t a r e
0-3" f 2 6 5 5 2  0 0 0 4-7 3 2 2-0 o 0 10  0 0 0 9-7 7 /-4 8  7

M e s o s t i g m a t a  .
3-9" / 7 0 7 3-8 2 8 4-3 4 6 4 4 /  4 4 3  4  6 /-4 / 4 //2 -

i r ' :

'• O eyees o f freedom.'— riy iS. S t g a i - p i c a a c e  leuels ( / u i i c a t e c L  t k a f  p Ô  O J *  p O  p |  * *  p 0  Ô O | * * T .  

iS  O.F. Values o f t ' r  pO-oSj3'Ot3-pO-Olj ù.-itfT'j p û  Ç0(jS-7S^,

^■Tata.bofSspecies:-' V - e / g o i a  f t a m o r e n s i s ,  P e r g a m o s a s  r a A ig g f ^  P. n i f s e l i a s ,  D t g a n L a s e j | ( f S | r e t i c a l a t : a s ,  

an<l H^poaspis actilSifer.



TABLE 4

INTERACTION OF TREATMENTS WITH DEPTH 

P ercen tage  o f Sampled P opu la tion  (9** Deep) Located in  the  Upper 5“ o f S o il

Group or Species Undug Fallow Control D.D.T. B.H.C. D.D.T.
B.H.C.

Total Hemiedaphic Collembola 89.2 100.0 100.0 45 .7 20.0 40 .0

Total O ribatei 87.6 59.1 50.5 50.5 29.5 59.2

Punctoribates punctum 92.5 57 .1 55.7 46 .0 29.7 59.4

Minunthozetes semirufus 84.4 57.6 51.8 46 .7 59.5 47.5

Total O ribella  spp. 88.9 41.7 57.5 100.0 16.7 0

Total Immature O ribatei 100.0 100.0 25.0 0 0 100.0

Total Mesostigmata 57.5 52.5 51.7 17.0 25.7 10.0

Tot. Known Pred. Mesostigmata 70.6 42 .9 0 55.5 25.0 0

Total Pergamasus spp. 100.0 66.7 0 55.5 0 -

Total Immature Mesostigmata 88.5 25.0 42.9 20.0 11.1 0

Total o f 5 sp e c ie s :-  Veigaia nemorensis, Pergamasus runciger, P. m ioe llu s,

Digamasellus r e t ic u la tu s  and Hypoaspis a c u le ife r .
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Appeadix I I I .  The sam ples ta k e n  a t  th e s e  t im e s  were a l l  th e

éame s i z e ,  and, i n i t i a l l y ,  th e  p o p u la t io n s  o f a number o f th e

more im p o rtan t g roups and c o n s t i tu e n t  s p e c ie s  w ere each s u b je c te d  

to  a s in g le  g rand  a n a ly s i s  over a l l  f iv e  o c c a s io n s ; f u r t h e r  

exam ina tions b e in g  u n d ertak en  v/hen th e  r e s u l t s  o f  th e  i n i t i a l  

a n a ly s is  in d ic a te d  such a c o u rse  to  be n e c e s s a ry . In  th e  c a se  

o f th e  g roups and sp e c ie s  s e le c te d  f o r  a n a ly s i s ,  th e  tre a tm e n t 

t o t a l s  o f th e  u n tran sfo rm ed  d a ta  f o r  each sam pling  o c ca s io n  a re  

p re s e n te d  in  hummary T ab les  A -  A (Appendix I I ) .  The 120 p lo t  

t o t a l s  f o r  a n a ly s i s  w ere o b ta in e d  by suaming th e  sq u a re  ro o ts  o f 

th e  2 o r ig in a l  sam ple p o p u la tio n s  in  eadk p l o t ,  and th e  119 t o t a l  

d eg rees  o f  freedom  th u s  a v a i la b le  were a p p o rtio n e d  as fo llo v /s : -  

T rea tm en ts 5

B locks 3

Times o f sam pling  4

T rea tm en ts  x  b lo c k s  15

B locks X tim e s  12

T rea tm en ts x  t im e s  20

T rea tm en ts x  b lo c k s  x tim e s  6o

The mean square  f o r  t r e a tm e n ts  x b lo c k s  was u sed  a s  th e  

denom inator f o r  a s s e s s in g  th e  s ig n i f ic a n c e  o f  tre a tm e n t d i f f e r e n c e s ,  

and th e  2nd o rd e r  i n t e r a c t io n  ( t r e a tm e n ts  x  b lo c k s  x tim e s) mean 

square  was used  as th e  deno ia ina to r fo r  a s s e s s in g  th e  s ig n i f ic a n c e  of 

th e  tr e a tm e n ts  x tim e s  i n t e r a c t io n .

A com parison o f th e  av erag e  p o p u la t io n s  o f  each tre a tm e n t i s  

p re s e n te d  in  T able  5- Here th e  average  p o p u la tio n s  o f each 

t r e a tm e n t /
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TABLE 5

DATA OF OCTOBER 1951 -  OCTOBER 1952 

COMPARISONS OF AVERAGE POPULATIONS 

Control populations %» 100.0

Group or Species Undug Fallow D.D.T. B.H.C. D.D.T.
B.H.C.

Total Collembola 120.5 20.4 210.5 55.5 85 .1

to ta l  Euedaphic Collembola 127.1 18.0 229.8 22.5 74.7

Total Tullberginae 150.0 27.8 457.7 58.6 150.4
Tullbergia krausbaueri 178.4 51.8 179.9 54.8 45.1
Tullbergia cra ss icu sp is 71.2 21.2 1497.5 58 .7 462.5

Total Onychiurus spp. 145.5 15.8 217.0 22.5 58 .7

Isotomodes productus 85.7 8 .5 52.2 8 .5 57.5

Folsomia Candida 152.8 17.2 96.9 15.6 22.4

Total Hemiedaphic Collembola 105.9 21.8 155.4 64.4 112.1

Total O ribatei 566.0 58.5 60.4 29.2 56.1

Punctoribates punctum 245.1 57.5 54 .9 58.6 44 .4

Minunthozetes semirufus 419.0 51.5 41 .8 22.1 19.0

Total O ribella  spp. 596.5 29.6 122.2 18.5 18.5

Total Immature O ribatei 500.0 96.5 74.1 22.2 81.5

Total Acaridiae 171.2 42.0 52.0 22.0 290.0

Rhizoglyphus echinopus 577.1 55.5 145.7 45 .8 59.6
è.

Total Other Acaridiae 122.5 44 .1 50.2 16.5 549.5

Total Mesostigmata 2Û5.2 56.0 57.4 29.5 12.4

Total Rhodacaridae 217.6 40 .2 47 .2 19.5 11.9

Rhodacarellus e p y g in ia lis 252.1 57.0 79.0 18.5 14.8
 ̂*

Tot. Known Pred. Mesostigmata 274.1 44 .4 29.6 57.4 14.8

Total Pergamasus spp. 284.8 54.5 56.4 87 .9 15.1

Total Immature Mesostigmata 144.4 90.1 54.6 27.2 9 .9

2

Total o f 5 sp e c ie s ;-  Acarus s ir o , Coelognathus c a s t e l la n i i ,  and Glycyphagus

d estru ctor.

Total of 5 sp e c ie s :-  V eigaia nemorensis, Pergamasus runciger, P. m ise llu s ,

Digamasellus r e t ic u la tu s  and Hypoaspis a c u le ife r .
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t r e a tm e n t  over th e  3 o c c a s io n s  (u n tran s fo rm ed  d a ta )  a re  

r e p re s e n te d  as a p e rc e n ta g e  o f  th e  r e s p e c t iv e  c o n t r o l  p o p u la t io n s .

The s ig n i f ic a n c e  o f  th e s e  d i f f e r e n c e s  i s  n o te d  i n  Table  6 , where 

th e  r e s u l t s  of th e  s t a t i s t i c a l  a n a ly se s  o u t l i n e d  above a re  summarized, 

h e r e ,  v a lu e s  o f  '?* f o r  th e  t r e a tm e n t  co m parisons , and f o r  t h e  

i n t e r a c t i o n  of t r e a tm e n ts  w ith  t im e ,  a re  g iv e n .  The t r e a tm e n t  t o t a l s  

over th e  5 occas io n s  n o te d  i n  t h i s  t a b l e  r e f e r  t o  square  ro o t  

t ran s fo rm e d  d a ta ,  and, in  c a se s  where a s i g n i f i c a n t  v a lu e  o f  *1'”

. was o b ta in e d  fo r  t r e a tm e n t  com parisons , t h e  s ta n d a rd  e r r o r s  a r e  g iven , 

.These r e s u l t s  can  be c o n v e n ie n t ly  d e a l t  w ith  under tv/o h e ad in g s  

(a) :,Iain e f f e c t s ,  i . e .  o v e r a l l  t r e a tm e n t  d i f f e r e n c e s ,  and (b)

The i n t e r a c t i o n  o f  t r e a tm e n ts  w ith  t im e .  In  T able  6, th e  a n a l y s i s  

o f  t h e  d i f f e r e n c e s  between t r e a tm e n t  t o t a l s  i s  an assessm ent o f  th e  

s ig n i f ic a n c e  of th e  average  re sp o n se  o f  t h e  p o p u la t io n  over t h e  3 

o c c a s io n s ,  w hile  th e  v a lu e  o f  * fo r  th e  i n t e r a c t i o n  t r e a tm e n ts  x 

t im es  i s  a measure o f  t h e  s i g n i f i c a n c e  o f  t h e  e x te n t  t o  which th e  

e f f e c t i v e n e s s  of th e  t r e a tm e n ts  v a r i e d  a c c o rd in g  t o  th e  t im e  o f  

sam pling. A s i g n i f i c a n t  v a lu e  fo r  t h i s  i n t e r a c t i o n  i n d i c a t e s  t h a t  

th e  e f f e c t iv e n e s s  o f  t h e  t r e a tm e n ts  v a r i e d  s i g n i f i c a n t l y  from one 

occas io n  t o  a n o th e r ;  c o n se q u e n t ly ,  i n  such c a s e s ,  f u r t h e r  

exam ination  was n e c e s s a ry ,  

a ,  lia in  E f f e c t s  ( o v e r a l l  t r e a tm e n t  d i f f e r e n c e s )

Of th e  r e s u l t s  n o te d  i n  T ab les  3 &nd 6,  th e  more im p o rtan t  

a re  a s  f o l lo w s : -

1 . Collembola

a .  i.'ith th e  e x c e p tio n  o f  I .  p ro d u c tu a  and  T. c r a s s i c u s p i s .

t h e r e /
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th e re  was an Qoserved re d u c t io n  in  th e  p o p u la tio n  due to  

c u l t i v a t io n  and re - s e e d in g  a lo n e . T h is  r e d u c t io n  was g r e a t e s t  

in  T. k ra u sh a u e r i  v/nere th e  average p o p u la tio n  o f  th e  u n c u l t iv a te d  

p lo t s  was 7 8 /  g r e a te r  th a n  th e  c o n t r o l .  In  th e  c a se  o f I ,p ro d u c tu s  

and T .c r a s s ic u s p i s  c u l t i v a t io n  a lo n e  r e s u l t e d  in  o bserved  

p o p u la tio n  in c re a s e s  o f  17;o and 40 ;j r e s p e c t iv e ly .  In  no c a s e , 

however, was th e re  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  betw een 

th e  u n c u l t iv a te d  and c o n t r o l  p o p u la tio n s .

b . In  a l l  c a se s  fa l lo w in g  r e s u l te d  in  se v e re  p o p u la tio n  

r e d u c t io n s ,  and w ith  one e x c e p tio n , v i s .  T. c r a s s i c u s p i s , w hich 

showed a n o n - s ig n i f ic a n t  r e d u c t io n , th e  p o p u la tio n s  in  th e  fa l lo w  

p lo t s  were s ig n i f i c a n t ly  low er th an  th o s e  i n  th e  c o n t r o l .

c . 7 /ith  th e  e x c e p tio n  o f I .  p ro d u c tu s  and F. C an d id a , 

tre a tu ie n t  w ith  D.D.T. r e s u l te d  in  o bserved  in c r e a s e s  in  th e  

p o p u la tio n . Talcing C ollem bola a s  a w ho le , th e  p o p u la tio n  in  th e  

D.D.T. p lo t s  was 1 1 0 / g r e a te r  th an  t h a t  o f th e  c o n tr o l .  The 

g r e a te s t  in c re a s e  however v/as shown by T , c r a s s i c u s p i s ; th e  

p o p u la tio n  o f  t h i s  s p e c ie s  in  th e  D.D.T. p l o t s  b e in g  n e a r ly  15 

tim e s  t h a t  o f th e  c o n t r o l .  In  th e  l a t t e r  c a se  however th e  

v a r i a t i o n  was so g re a t  t h a t  t h i s  d i f f e r e n c e  was on ly  s ig n i f i c a n t  

a t th e  5 /  p r o b a b i l i ty  l e v e l .  The d i f f e r e n c e s  betw een th e  c o n tr o l  

and D .D .T. p o p u la tio n s  were s t a t i s t i c a l l y  s ig n i f i c a n t  in  th e  

follorw ing c a s e s : -  T o ta l  C o llem b o la , T o ta l  Suedaphic C o llem bo la ,

T o ta l T u ilb e rg in a e , T. c r a s s i c u s p i s , and T o ta l  Ileiiiiedaphic C o llem bo la .

d . In  a l l  c a s e s ,  tre a tm e n t w ith  B .H .C . r e s u l t e d  in  a marked 

re d u c t io n  o f th e  p o p u la t io n , and , w ith  th e  e x c e p tio n  o f  T o ta l

lu l lb e r g in a e  and T. c r a ^ i c u s p i s , th e  p o p u la tio n s  o f  th e  B.H.C. 

p l o t s /
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p lo t s  w ere s i g n i f i c a n t l y  lo w e r  th a n  th o se  o f  th e  c o n t r o l ,  

lio reo v e r i n  th e  a n a ly s e s  o f m ajo r g roups v i z .  T o ta l C o lle m b o la ,

T o ta l E uedaph ic  C o lle m b o la , and T o ta l  H em iedaphic C o llem b o la , 

th e  p o p u la t io n  o f th e  B.H,C. p l o t s  was s i g n i f i c a n t l y  lo w e r 

th a n  th o se  o f a l l  th e  o th e r  p l o t s  i n  th e  e x p e rim e n t, w ith  th e  

e x c e p tio n  o f th o se  receiv in^^ th e  f a l lo w  t r e a tm e n t ,
J

e . I n  a l l  c a se s  th e  p o p u la t io n s  t r e a t e d  w ith  D ,D ,T, + B,H ,C, 

w ere ob serv ed  to  be h ig h e r  th a n  th o se  t r e a te d  writh B.H,G, a lo n e .

I n  th e  a n a ly se s  o f T o ta l C o llem b o la , and T o ta l  H uedaphic C o llem b o la , 

th e  p o p u la tio n s  o f  th e  p l o t s  r e c e iv in g  b o th  i n s e c t i c i d 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  from  th e  c o n t r o l ,  w ere s i g n i f i c a n t l y  h ig h e r  

th a n  th o se  t r e a te d  vTith B.H,C. a lo n e ,  and s i g n i f i c a n t l y  lo w e r th a n  

th o se  t r e a t e d  v /ith  D,D,T. a lo n e . Only i n  one c a s e ,  v i z ,

T, k ra u s h a u e r i  was th e  D ,D .T, + B,H ,C, p o p u la t io n  s i g n i f i c a n t l y  

lo w er th a n  th e  c o n t r o l ,

2 , A c a r i ,  O r ib a te i

U n lik e  C o llem b o la , th e  re s p o n se s  o f th e s e  m ite s  t o  th e  

t re a tm e n ts  -were such  t h a t  s i g n i f i c a n t  d i f f e r e n c e s ,  b e tw een  th e  

p o p u la t io n  t o t a l s  o v e r a l l  o c c a s io n s  w ere in f r e q u e n t ;  t h i s  b e in g  

p a r t i c u l a r l y  so  i n  r e l a t i o n  to  th e  in f lu e n c e  o f  i n s e c t i c i d e s .  

However th e  r e s u l t s  o f  th e  a n a ly se s  o f O r ib a t id  p o p u la t io n s  were 

o u ts ta n d in g  by  v i r tu e  o f  th e  f r e q u e n t  o c c u rre n c e  o f s i g n i f i c a n t  

v a lu e s  f o r  th e  tim e  x  t r e a tm e n ts  i n t e r a c t i o n ,  and th u s  t h e i r  

re sp o n se s  to  th e  t r e a tm e n ts  have to  b e  a s s e s s e d  i n  r e l a t i o n  to  

th e  r e s u l t s  o f th e  f u r t h e r  e x am in a tio n  d e s c r ib e d  be low . The 

o v e ra l l  e f f e c t s  o f th e  tr e a tm e n ts  c an  f i r s t  be  sum m arized b r i e f l y  

a s /
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as follows.

a. Cultivation resulted  in a great reduction of the population 

and in a l l  cases the control populations ^vere s ig n if ic a n t ly  

lower than those of the uncultivated p lo ts .

b. Chile the populations of the fallow p lo ts  were in a l l  cases 

lower than the controls, in no case v/as t h is  d ifference s ig n if ica n t .

c. iiith the exception of Total Qribella spec ies , treatment 

with D.D.T. resulted in an ’observed* reduction of the population. 

However,no sign ificant d ifferences could be attributed to th is  

treatment.

d. Severe redactions, in the population v/ere observed in the 

D.Ii.G. p lo ts ,  but only in the case of Cl. semirufus. was the difference  

control -  D.ÎI.C. s ign if ican t.

e. The D.D.T. + D.Ii.G. population was always l e s s  than that of  

the control, but th is  difference was s ig n if ica n t  only in the  

analysis of D. semirgfus. '..hen compared with B.H.C.

population, the population of the p lo ts  receiving both in sec t ic id es  

showed a further reduction only in the case of H. semirufus;

in the case of iuimature Oribatei i t  v/as considerably  

higher, whilst in the remaining cases i t  was either similar or 

s l ig h t ly  higher. In no case was there a s ign if ican t D.D.T. +

:].d.D. - B.H.C. co.aoarison.

3./
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3. A c a r i ,  ^ c a r id ia e

The exam ination  o f th e  d a ta  fo r  t h i s  group o f  m ite s  y ie ld e d  

s i g n i f i c a n t  r e s u l t s  only  in  th e  a n a ly s i s  o f R. e ch in o p u s, and 

h e re  th e  u n c u lt iv a te d  p o p u la tio n  was th e  only one w hich d i f f e r e d  

s i g n i f i c a n t l y  from th a t  o f th e  c o n t r o l .  The rem ain ing  non

s ig n i f i c a n t  re sp o n se s  were b r i e f l y  as fo llo w s

a . C u l t iv a t io n  a lo n e  red u ced  th e  p o p u la t io n . (T h is  re d u c t io n  was 

due a lm ost e n t i r e l y  to  th e  re sp o n se  o f  R. e ch in o p u s) .

b . A f u r th e r  g e n e ra l re d u c t io n  was a p p a ren t a s  a r e s u l t  o f 

fa llo w in g .

c . In  th e  c a se  o f R. ech inopus th e  D . D . T .  t r e a t e d  p o p u la t io n  

was Vh/ h ig h e r  th an  th e  c o n t r o l ,  w h i ls t  th e  p o p u la tio n  o f  '’O ther 

A c a r id ia e" vsras reduced  by  t h i s  t r e a tm e n t.

d. In  a l l  c a se s  tre a tm e n t w ith  B.H.C. r e s u l te d  in  a red u ced  

p o p u la tio n .

e. The R. echinopus p o p u la tio n  was low in  th e  D.D.T. + B.H.C. 

p l o t s ,  b u t "O ther A c a r id ia e ** a t t a in e d  t h e i r  g r e a te s t  abundance 

in  th e s e  p lo t s .  T h is  h ig h  le v e l.h o w e v e r  c o u ld  be a t t r i b u t e d  t o  

th e  o ccu rren ce  o f a la r g e  a g g re g a te  o f  th e s e  m ite s  in  D .J .T . + 

B.H.C. p lo t  o f  B lock  4  in  O ctober 1952.

4 . A c a r i , l.Iesostigrnata

a . C u l t iv a t io n  a lo n e  was observed  t o  cause  a re d u c t io n  i n  th e  

p o p u la tio n  o f a l l  th e s e  m ite s ,  th e  t o t a l  d e n s i ty  o f th e  

J e s o s tig m a tic  p o p u la tio n  o f th e  ^ c u l t iv a te d  s o i l  b e in g  more th a n  

tw ice  th a t  of th e  c o n tr o l .  S ig n i f ic a n t  c o n t r o l  -  u n c u l t iv a te d  

com parisons were e v id e n t in  a l l  b u t two c a s e s ;  th e  e x c e p tio n s
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b e in g  R. e p y g in i a l i s  and T o ta l  Iiiiiaature L lesosti/o iia ta .

b .  Hallow ing r e s u l t e d  in  a f u r t h e r  g e n e ra l  r e d u c t io n ,  b u t  

s i g n i f i c a n t  fa llov r -  c o n t r o l  com parisons o c c u rre d  o n ly  in  th e  

a n a l y s i s  o f  T o ta l  R h o d a ca r id a e , and R. e o y g i n i a l i s .

c .  The p o p u la t io n s  o f  th e  D.D.T. p l o t s  were in  a l l  c a se s  

observed  to  be low er th a n  c o n t r o l .  I n  th e  a n a ly s e s  o f  T o ta l  

L lesostig iaa ta , T o ta l  Known P re d a c io u s  I .Iesostig :aa ta , and T o ta l  

Lmnature i .Iesostig iaa ta , th e  r e d u c t io n  due t o  D.D.T. v;as 

s i g n i f i c a n t .  In  th e  a n a l y s i s  o f  Tergamasus s p e c ie s  t h i s  

d i f f e r e n c e  d id  no t  q u i te  a t t a i n  th e  5 /  l e v e l  o f  s i g n i f i c a n c e ,  

w h i l s t  i n  T o ta l  R h o d a c a r id a e , and R. e p y g in i a l i a  i t  was no t 

s i g n i f i c a n t .

d. A r e d u c t io n  due t o  B.H.C. was e v id e n t  i n  a l l  c a s e s ,  and 

v/as s i g n i f i c a n t  i n  a l l  c a se s  except T o ta l  Known T re d a c io u s

He so s t ig m a ta , and T o ta l  Pergamasus: s p e c ie s .  I n  th e  l a t t e r  s p e c ie s  

th e  observed r e d u c t io n  a t t r i b u t a b l e  t o  t a i s  t r e a tm e n t  was onlylZ^o.

e. The low est  p o p u la t io n s  o f  H esostigm at a  o b ta in e d  in  th e  

p l o t s  t r e a t e d  v/ith  b o th  i n s e c t i c i d e s ,  and i n  a l l  c a s e s  th e  

p o p u la t io n  of th e  D.D.T. + B.H.C. p l o t s  w ere  s i g n i f i c a n t l y  low er 

th an  th e  c o n t r o l .  I n  th e  a n a ly s i s  o f  T o ta l  H e so s t ig m a ta , and 

T o ta l  Immature i.Iesostigm ata t h i s  p o p u la t io n  was s i g n i f i c a n t l y  

low er th an  th o se  of a l l  t h e  o th e r  p l o t s  excep t th o se  t r e a t e d  w i th  

B.H.C. Ib r th e rm o re ,  s i g n i f i c a n t  r e d u c t io n s  i n  com parisons w i th  

p o p u la t io n s  t r e a t e d  w i th  B.H.C. a lon e  were e v id e n t  i n  t h e  a n a ly s e s  

o f  T o ta l  Pho’vn P re d a c io u s  l .Iesostigm ata  and T o ta l  Pergam asus 

s p e c ie s .

b . /



- 1 2 8 -

b .  The i n t e r a c t i o n  o f  t r e a tm e n ts  w ith  time

In  a number of a n a ly s e s  s i g n i f i c a n t  v a lu e s  o f  were 

o b ta in e d  fo r  t h e  i n t e r a c t i o n  o f  t r e a tm e n ts  w ith  t im e ,  th u s  

i n d i c a t i n g  t h a t  th e  re spon se  t o  t h e  t r e a tm e n ts  v a r i e d  

s i g n i f i c a n t l y  a c c o rd in g  to  th e  t im e o f  sam pling . Hence, in  

th e s e  c a s e s ,  o v e r a l l  a n a ly se s  o f  t r e a tm e n t  d i f f e r e n c e s  a r e  i n  

them se lves  in a d e q u a te .  V/here a p p ro p r ia te  t h e r e f o r e ,  t h e  d a ta  

were a n a ly se d  s e p a r a t e ly  fo r  each of t h e  f i v e  o c c a s io n s ,  and, 

depending on th e  r e s u l t s  o f  t h i s ,  a  f u r t h e r  exam ina tion  was 

made, p a r t i c u l a r l y  in  r e l a t i o n  t o  th e  q u e s t io n  o f  r e c o l o n i z a t i o n .

In  t h i s  p a p e r ,  t h i s  t e r a  i s  u sed  i n  a wide sense  t o  d e s ig n a te  a 

p ro c e s s  whereby a community i s  r e s t o r e d  t o  i t s  o r i g i n a l  c o n d i t i o n ,  

and hence n o t  o f  n e c e s s i t y  c o n s i s t i n g  o f  an i n c r e a s e  o f  

p o p u la t io n .  The p o s s i b i l i t y  o f  th e  o c cu rren c e  o f  p r o g r e s s iv e  

changes o f  a t  l e a s t  two ty p e s  has t o  be c o n s id e re d ,  v i z .  t h e  

r e c o lo n iz a t i o n  o f  t h e  re - s e e d e d  c o n t r o l  p l o t s ,  p o s s ib ly  l e a d in g  

to  th e  r e s t o r a t i o n  o f  t h e  u n c u l t i v a t e d  community; and th e  

r e c o lo n iz a t io n  o f  th e  i n s e c t i c i d e  t r e a t e d  p l o t s ,  p o s s ib l y  r e s u l t i n g  

i n  approx im ations  t o  th e  c o n t r o l  or even t o  t h e  u n c u l t i v a t e d  

p o p u la t io n .  I t  i s  a l s o  im p o rtan t  t o  n o te  t h a t  w h i l s t  t h e  absence  

o f  s i g n i f i c a n t  r e c o lo n iz a t i o n  (o v e r  th e  O ctober 1951 -  O ctober 1952 

p e r io d )  i s  shovm by  a n o n - s i g n i f i e an t i n t e r a c t i o n  o f  t r e a tm e n ts  

v/ith t im e , th e  occu rren ce  o f  a s i g n i f i c a n t  v a lu e  f o r  th e  l a t t e r  

i s  n o t  n e c e s s a r i l y  an i n d i c a t i o n  o f  th e  s i g n i f i c a n c e  o f  th e  fo rm er, 

f o r  o th e r  changes , e .g .  f u r t h e r  d iv e rg e n c e ,  c o u ld  i n f lu e n c e  th e  

va lu e  o f  t h i s  mean sq u a re .

V.here/
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Vûiere an  i n i t i a l  c o n p a r iso n  o f  th e  t r e a tm e n t  re sp o n se s  o f  

O ctober 1931 w ith  th o se  o f  O c to b er 1932, su g g e s te d  th e  p o s s i b i l i t y  

o f  r e c o lo n iz a t io n ,  o r  f u r t h e r  d iv e rg e n c e , a n  a sse ssm en t o f  th e  

s ig n i f ic a n c e  o f th e s e  changes was made# T h is  was done by  ta b u la t in g  

th e  O ctober, 1932 and O ctober 1931 p o p u la t io n s  f o r  each  p l o t  

( tra n s fo rm e d  d a ta ) ,  and u s in g  th e  d i f f e r e n c e s  (O c to b e r 1932 minus 

O ctober 1931) 21s a m easure o f th e  an n u al r a t e  o f  change o f  th e  

p o p u la tio n s  o f each p lo t#  A "betw een  p l o t s ” a n a ly s i s  was th e n  

made, and th e  s ig n i f ic a n c e  o f t re a tm e n t  d i f f e r e n c e s  a sse ssed #

The m ain r e s u l t s  o f  th e s e  e x am in a tio n s  c a n  be  sum m arized a s  

f o l lo w s : -  

C ollem bola

1#T o ta l  Hemiedaphic C o llem bola  (F ig . 1 . T ab les  7 ^.nd 8)

T h is was th e  o n ly  c o n s t i tu e n t  group o f " T o ta l  C o llem bo la” 

i n  w hich th e  tim es % tre a tm e n t  i n t e r a c t i o n  was s ig n i f ic a n t#

a .  The a n a ly s is  o f  th e  O ctober 193'^ d a ta  r e v e a le d  no s i g n i f i c a n t  

conparison#

b .  At no tim e was th e r e  a  s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  

u n c u l t iv a te d  and  c o n t r o l  p o p u la tio n s#

c# The fa l lo w  p o p u la t io n  was s i g n i f i c a n t l y  lo w er th a n  th e  c o n t r o l  

on th e  l a s t  4  sa irp lin g  occasions#

d# The D.D.T# t r e a t e d  p o p u la t io n  was o b se rv ed  t o  b e  h ig h e r  th a n  

th e  c o n tr o l  a t  a l l  t im e s , b u t  t h i s  d i f f e r e n c e  was o n ly  s i g n i f i c a n t  i n  

A p r i l ,  1932#

e# T reatm ent v d th  B.H.C# in d u ced  s i g n i f i c a n t  r e d u c t io n s  on ly  

i n  A p r i l  and O c to b er 1932. 

f . /
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TAHLE 7

INTERACTION OF TEEATl'ETO WITH TIKE 

TOTAL HHCCEDAPEiC COLLEKBOLA

Date
Total

Control
Population

Treatment Comparisons Control = 100.0

Undug Fallow . D.D.T. B.H.C.
D.D.T.
B.H.C.

Oct. 51 85 74.1 56.5 97.6 41.2 65.5
Dec. 51 97 109.5 14.4 157.7 79.4 229.9

Feb. 52 49 167.5 18.4 185.7 159.2 120.4
Apr. 52 45 79.1 27.9 269.8 57.2 51.2
Oct. 52 97 111.5 15.5 129.9 54.0 59.8

TABLE 8

INTERACTION OF TREATMENTS WITH TIME 

TOTAL HEMIEDAPHIC COLLEI'iBOLA

A. ANALYSIS OP SQUARE ROOT TRANSFORMED DATA FOE 5 OCCASIOIS

Treatment T otals

Date Undug . Fallow Control D.D.T. B.H.C. D.D.T.
B.H.C.

1.
•P» 1.

S.E.

Oct. 51. 21.616 14.958 24.582 23.655 15.911 20.652 1.71 -

Dec. 51. 28,795 8.878 22.912 30.634 21.955 4 0 .6 )9 5.88 4.572

Feb. 52 25.985 5.650 18.568 23.741 20.940 20.479 5.18 2.991

Apr. 52 12.968 7.560 18.565 27.730 8.974 10.828 9*2l 2.478

Oct. 52 27.929 9.828 25.522 30.492 13.651 19.582 5.44 5.521

B. ANALYSIS OF ANNUAL RATES OF CHANGE OF SQUARE ROOT TRANSFORMED POPULATIONS

Treatment: Totals

Undug Fallow Control D.D.T. B.H.C. D.D.T.
B.H.C.

I f'i.

+6.313 - 5.130 +0.740 +6.837 - 2.260 - 0.470 1.15

2.

* Degrees of freedom n, -  5# 15# S ign ifican ce  le v e ls  ind icated  th u s:-
p -  0 .0 5 * , p -  o .c i" '* , p -  0 . 001* * * ,
15 D.F. Values o f J5t p -  0 .05 , 3.013; p -  0 .0 1 , 4.167; p -  0 .01 , 5 .759 .
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f .  An i n t e r e s t i n g  re sp o n se  was e v id e n t in  th e  p o p u la tio n  

t r e a te d  w ith  th e  m ix tu re  o f b o th  i n s e c t i c i d e s .  T h is  p o p u la tio n  

in c re a s e d  in  December, 1951, to  a p o in t  I 5OA h ig h e r  th a n  th e  

c o n tr o l ,  th e  d if f e r e n c e  h e re  b e in g  s ig n i f i c a n t  a t  th e  

p r o b a b i l i ty  l e v e l .  The p o p u la tio n  th e n  f e l l ,  and in  F eb ru ary  

v^s s im ila r  to  th e  c o n tr o l ,  w h ile  in  A p r i l  i t  was s i g n i f i c a n t l y  

lov/er th a n  th e  l a t t e r .  F in a l ly ,  in  O ctober 1952, th e  D.D.T.

+ B.H.C. p o p u la t io n  was s t i l l  lower th an  t h e  c o n t r o l  only  a t  t h i s  

tim e th e  d i f f e r e n c e  was no t s i g n i f i c a n t .

g . filien compared v /ith  th e  re sp o n se s  in  O ctober 1951, th e  

r e s u l t s  fo r  D.D.T. and fo r  B.H.C. in  O ctober 1952, su g g e s te d  some 

s l i g h t  f u r th e r  d iv e rg en ce  from th e  c o n tr o l .  The a n a ly s i s  o f r a t e s  

o f annual change^ havever.^ revea led  no s ig n i f i c a n t  d i f f e r e n c e .  

O r ib a te i

l . i-u n c to r ib a te s  punctum (F ig . 2 . T ab les  9 sind 10)

a. S ig n i f i c a n t  d i f f e r e n c e s  were o b ta in e d  on ly  in  th e  a n a ly se s  

of th e  October 1951 and October 1952 d a ta .

b . I n  O ctober 1951, th e  u n c u l t iv a te d  p o p u la tio n  was over 3 t im e s  

h e a v ie r  th an  th e  c o n tr o l ,  th e  d i f f e r e n c e  h e re  b e in g  s ig n i f i c a n t  a t  

th e  1;T p r o b a b i l i ty  l e v e l .  T h is  v/as th e  on ly  o ccasio n  on w hich th e  

u n c u lt iv a te d  -  c o n tr o l  com parison v/as s i g n i f i c a n t .  The se a so n a l 

f lu c tu a t io n  o f th e  c o n tro l  was much l e s s  m arked th an  th a t  o f th e  

u n c u lt iv a te d  p o p u la tio n .

c . The fa l lo w  p o p u la t io n  was a t  a l l  t im e s  low er th an  th e  c o n t r o l  

bu t  on no o ccas io n  were th e  d i f f e r e n c e s  s i g n i f i c a n t ,

d. The D.D.T. p o p u la t io n  d i f f e r e d  s i g n i f i c a n t l y  from th e  c o n t r o l  

on ly /



-1 3 3 -

**

Z loo

5 0

OCTAPRFEBDECOCT

1*51

UNCULTIVATED 
A FALLOW 

CONTROL

1952

40-1

3 0 -

20 -

lO

OCTOCT FEBDEC APR

B

1951

D.D.T. -----------
CONTROL ®-------®

1952

40i

30 -

_ J  2 0

10-

OCTFEBDEC APROCT

t» 5 l

P  B.H.C. 
CONTROL

1 952

40-1

3 0 -

20 -

OCTOCT DEC FEB APR

0 ©

19 51

D.D.T. & B.H.C. 
CONTROL

1952

FIG. 2 . IIÏTEILIGTIOIT OF THElAm:iTIS VŒTH TBIE. PUIICTCEIBABIS P U lIcm i.
P o in t s  d i f f e r i n g  s i g n i f i c a n t l y  from  c o n tr o l  in d ic a te d  t h u s : -
p  —  0 . 0 ^ *  p  — 0 . 0 1 « *



TABLE 9

INTERACTION OF TREATMENTS WITH TIME 

PUKCTORIBATES PUNCTUÎ l 

p o p u la tio n  Comparisons f o r  5 Occasions

Date
T o ta l

C ontro l
P o p u la tio n

Treatm ent Comparison C o n tro l=100.0

' Ùndug Fallow D.D.T. B.H.C.
D.D.T.
B.H.C.

O ct. 51 57 529.7 62.2 27.0 15.5 52.4
Dec. 51 26 80.8 55.8 46 .1 75.1 100.0
Feb. 52 27 444.4 65.0 29.6 14.8 14.8
Apr. 52 25 256.0 96.0 116.0 124.0 96.0
O ct. 52 58 118.4 26.5 65.8 0 5 .5

TABLE 10

INTERACTION OF TREATMENTS WITH TIME 

PUNCTORIBATES PUNCTUI4 

A. ANALYSIS OF SQUARE ROOT TRANSFORMED DATA FOR 5 OCCASIONS

Treatm ent T o ta ls

Date Undug Fallow C ontrol D.D.T. B.H.C. D.D.T.
B.H.C.

1.Ipl S.Et"

o e t .  51 27.827 10.049 14.625 4.000 5.752 6.796 12Z Ï2 2.622

Dec. 51 10.145 7.792 9.656 8.292 8.555 15.245 <1 -

Feb. 52 22.522 8.614 8.422 5.414 2.752 4.000 2.19 -

Apr. 52 19.119 11.519 15.052 14.448 15.426 15.592 1.28 -

O ct. 52 16.652 6.064 11.555 12.025 0 1.414 5.77 2.729

B. ANALYSIS OF ANNUAL RATES OF CHANGE OF SQUARE ROOT TRANSFORia POPULATIONS

Treatment Totals

Undug Fallow C ontro l D.D.T. B.H.C. D.D.T.
B.H.C.

1.
ip i S .Et

- 11.195 -5 .985 -5 .070 +8r025 - 5.752 -5 .582 4.45 2.971

^Degrees o f freedom n, -  5 , n^ - 15. S ign ifican ce  le v e ls  ind icated  th u s ; -
p -  0 .05%  p -  0 . 01* * , p -  o .o o i* * * .

■*15 D.F. Values o f J2 t p -  0 .05 , 5 .015; p -  0 .0 1 , 4.167} P -  0 .001, 5 .759 .
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oiily  in  O ctober 1951, v;lien i t  was 73/- low er th a n  th e  l a t t e r .

In  . : p r i l  1952 t h i s  p o p u la tio n  was observed  t o  be  iGlu h ig h e r  th a n

th e  c o n t r o l ,  b u t i n  O ctober 1952 a n o n - s ig n i f ic a n t  d e c rea se  o f  

34?'j was a p p a re n t.

e. The B.H.C. p o p u la tio n  was s i g n i f i c a n t l y  low er th a n  th e  c o n tr o l  

in  O ctober 1951 and O ctober 1952. On in te rm e d ia te  o c c a s io n s  no 

s ig n i f i c a n t  d i f f e r e n c e s  w ere a p p a re n t , w h i ls t  in  A p r i l  1952, th e  

p o p u la tio n  r e c e iv in g  t h i s  tre a tm e n t a t t a i n e d  a p o in t  h ig h e r  

th an  th e  c o n tr o l .

f .  The D.O.T. + B.H.C, p o p u la tio n  was s i g n i f i c a n t l y  low er th a n  

th e  c o n tr o l  on ly  i n  O ctober 1952. In  O ctober 1951 th e  ob serv ed  

re d u c tio n  o f  68;ô was b a r e ly  s i g n i f i c a n t ,  iluch f lu c tu a t io n  was 

ev id e n t in  t h i s  p o p u la tio n  f o r  i t  was s im i la r  to  th e  c o n t r o l  in

December 1951 and in  A p r i l  1952, v d iile  th e s e  tvm maxima were

s e p a ra te d  by a low F eb ru ary  p o p u la t io n .

g. The a n a ly s is  o f annual r a t e s  o f change re v e a le d  s i g n i f i c a n t  

tre a tiiie n t com parisons. A com parison  o f  th e  square  ro o t  tra n s fo rm e d  

d a ta  showed th a t  w h i ls t  th e  c o n tro l  p o p u la tio n  in  O ctober 1952

was s l i g h t l y  low er th a n  in  O ctober 1951 ( in  th e  o r ig in a l  d a ta  a 

s l i g h t  in c re a s e  was a p p a re n t) ,  th e  D .D .T. p o p u la tio n  in c re a s e d  

c o n s id e ra b ly  d u rin g  t h i s  p e r io d .  T aking  d i r e c t io n  in to  c o n s id e r a t io n ,  

th e  change in  th e  D.D.T. p o p u la tio n  d i f f e r e d  s i g n i f i c a n t l y  from  

th o se  o f a l l  th e  o th e r  t r e a tm e n ts .  Ho o th e r  com parison  was 

s i g n i f i c a n t .

2. H in u n th o se te s  sem iru fu s  ( F ig .3 . T ab le s  11 and 12)

a. The a n a ly se s  r e v e a le d  s ig n i f i c a n t  tre a tm e n t re sp o n se s  a t  a l l  

t im e s /
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TABLE II

INTERACTION OF TREATMENTS MTH TIï©

mrJUNTHOZETES SEMIRUFUS 
P opu la tion  Comparisons fo r  5 Occasions

Date
T o ta l

C ontrol
P opu la tion

Treatm ent Comparisons C ontro l =t lo o .o
Undug Fallow D.D.T. B.H.C. D.D.T.

B.H.C.
O ct. 51 40 250.0 50.0 7.5 7.5 7.5
Dec. 51 19 447.4 89.5 142.1 68.4 51.6

Feb. 52 11 1465*6 54.5 56.4 100.0 0

Apr. 52 29 451*7 124.1 69.0 17.2 55.2

O ct. 52 59 515*6 16.9 20.5 5 .1 8*5

TABLE 12

INTERACTION OF TREATimZTS WITH TIME 

MINÜNTHOZETES SEMIRUFUS

A. ANALYSIS OF SQUARE ROOT TRANSFORMED DATA FOR 5 OCCASIONS

Treatm ent T o ta ls

Date Undug Fallow C ontrol D.D.T. B.H.C. D .D .r.
B.H.C.

/.ip i S.E^'

Oct. 51 25*745 6.752 16.956 1*752 1*752 1.752 16*92 2.448

Dec. 51 20.012 8.464 6.528 8.956 5*882 4.628 1.67 -

Feb. 52 28.172 4.146 6.582 2.752 6.582 0
***

15*95 2.729
Apr. 52 28.225 10.921 12.906 10.650 5*828 10.064 7*48 2.988

O ct. 52 55.588 5.828 15.715 5.685 2.414 2.256
***

12.55 5*674

B. ANALYSIS OF ANNUAL RATES OF CHANGE OF SQUARE ROOT TRANSFORMED POPULATIONS

Treatm ent T o ta ls

Undug Fallow C ontro l D.D.T. B.H.C. D.D.T.
B.H.C.

).
i p t

4-9*645 -2 .904 - 1.225 4*5.955 4-0.682 4-0.504 1.52

'D egrees o f freedom ;- n, -  5» 15* S ig n if ic an c e  le v e ls  in d ic a te d  th u s:-
p -  0 .05*, P -  0.01**, p -  0.001***.

■̂ 15 D.F. Values o f J2 t;-  p -  0 .0 5 , 5 .015; p -  0 .01 , 4 .167; p -  0 .0 1 , 5 .759 .
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tiiNes except Dece.iiber 1951*

b . xhe u n c u l t i v a t e d  p o p u la t io n  -was a t  a l l  t im e s  h ig h e r  th a n  th e  

c u n t r o l  and, v .lth  th e  e x c e p tio n  n o te d  above, th e s e  d i f f e r e n c e s  

were s i g n i f i c a n t .

c .  The fa l lo v /  p o p u la t io n  was s i g n i f i c a n t l y  lower th a n  c o n t r o l  

only i n  O ctober 1951 and O ctober 1952. In  A p r i l  1952 t h i s  

p o p u la t io n  was observed  t o  be h ig h e r  th an  th e  c o n t r o l ,  b u t  a t  

o th e r  t im e s  n o n - s i j n i f i c a n t  r e d u c t io n s  were a p p a re n t .

d. In  O ctober 1951, th e  D.D.T. p o p u la t io n  was s i g n i f i c a n t l y  low er 

th an  th e  c o n t r o l .  In  Dece.Toer 1951, t h i s  p o p u la t io n  was seen t o  

exceed th e  c o n t r o l  ( n o n - s i g n i f i c a n t l y )  w h i l s t  a t  o th e r  t im e s  non

s i g n i f i c a n t  r e d u c t io n s  were observed .

e. The B.H.C. p o p u la t io n  was s i g n i f i c a n t l y  lov/er th a n  th e  c o n t r o l  

on o c ca s io n s  o th e r  th a n  December 1951 &nd F eb ru a ry  1952. On th e  

l a t t e r  occas ion  th e s e  two p o p u la t io n s  were s i m i l a r .

f .  In October 1951 ^.nd O ctober 1952 s i g n i f i c a n t  r e d u c t io n s  co u ld  

be a t t r i b u t e d  t o  t r e a tm e n t  Tm.th D.D.T. + B.H.C. On o th e r  o c ca s io n s  

coiiiparisons w ith  th e  c o n t r o l  r e v e a le d  n o n - s i g n i f i c a n t  r e d u c t io n s .

g. The analysis of annual rates of change revealed no s ign ifican t  

treatment d ifferences,

5. Total Qribella so . (Tables 13 and 14-)

a. The a n a ly se s  r e v e a le d  s i g n i f i c a n t  t r e a tm e n t  com parisons on a l l  

o c ca s io n s  excent F eb ru a ry  and A p r i l  1952.

b. The uncultivated population was at a l l  times higher than the 

cm itrol, but s ig n if ica n t ly  so only in October 1951 and October 1952.

c. -Lne cont.i'oj. population was low at a l l  tunes, and on no occasion 

'.were/



TABLE 15

INTERACTION OF TREATD'ENTS WITH TIME 

TOTAL ORIBELLA SPP. 

P opu la tion  Comparisons fo r  5 Occasions

Date
T o ta l

C ontrol
P opu la tion

Treatm ent Comparisons C on tro l *  100.0

Undug Fallow D.D.T. B.H.C. D.D.T.
B.H.C.

O ct. 51 5 740.0 80 .0 540.0 20.0 40.0

Dec. 51 5 500.0 20.0 120.0 20.0 0

Feb. 52 6 450.0 0 55*5 50.0 0

Apr. 52 6 550.0 16.7 116.7 0 50.0

O ct. 52 5 1220.0 40 .0 20.0 0 0

TABLE 14

INTERACTION OF TREATMENTS WITH TIME 

TOTAL ORIBELLA SPP.

A. ANALYSIS OF SQUARE ROOT TRANSFORMED DATA FOR 5 OCCASIONS

Treatm ent T o ta ls

Date Undug Fallow C ontro l D.D.T. B.H.C. D.D.T.
B.H.C.

i.ipi 1.
S.E .

O ct. 51 15*178 4.000 5.828 7.878 1.000 2.000
**

5*66 2.197

Dec. 51 6.708 1.000 5*000 6.000 1.000 0 5.55 1.500

Feb. 52 9*587 0 4.828 2.000 2.414 0 2 .80 -

Apr. 52 9.921 1.000 4*146 5*752 0 2.414 2.69 -

O ct. 52 19*028 1.414 5*146 1.000 0 0 8 .21 2.584

B. ANALYSIS OF ANNUAL RATES OF CHANGE OF SQUARE ROOT TRANSFORMED P0PULATI0Î3S

Treatm ent T o ta ls

Undug Fallow C ontrol D.D.T. B.H.C. D.D.T.
B.H.C.

L
ip i

+5.850 -2 .586 -0 .682 -6 .878 —1.000 -2 .000 2.41

Degrees of freedom ;- n, -  15* S ig n if ic an c e  le v e ls  in d ic a te d  th u s ; -
p -  0 .05*, P -  0.01*^, p -  0.001*** .

" '̂15 D.F. Values o f J2 t ; -  p -  0 .05 , 5*015; P -  0 .0 1 , 4 .167; p -  0 .001, 5 .759.
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rner c th e s e  s i g n i f i c a n t  d i f f e r e n c e s  a t t r i b u t a b l e  t o  f a l lo w in g  o r  

to  i n s e c t i c i d e  t r e a tm e n ts .

dé one a n a ly s i s  o f annual r a t e s  o f  change r e v e a le d  no 

s i g n i f i c a n t  t r e a tm e n t  com parisons.

T o ta l  A ca r id iae  (T ab les  15 and l 6 )

The s i g n i f i c a n t  t im es x t r e a tm e n ts  i n t e r a c t i o n  o b ta in e d  in  th e  

a n a ly s i s  of T o ta l  A c a r id i a e , wmis not e v id e n t  in  th e  a n a ly s i s  o f  

th e  c o n s t i t u e n t s  o f  t h i s  group. In  Table  l 6 ,  i t  w i l l  be seen  

t h a t  th e  i n t e r a c t i o n  was due m ain ly  t o  th e  s i g n i f i c a n t  d i f f e r e n c e s  

betr/ecn th e  u n c u l t i v a t e d  p o p u la t io n  and th o s e  t r e a t e d  fa l lo w ,

E.H.G. and D.D.T. + 3.H.G. in  . I p r i l  1952. On no o th e r  occas io n  

were th e r e  any s i g n i f i c a n t  d i f f e r e n c e s .

B. L a b o ra to ry  O b se rv a tio n s

1. T o x ic i ty  t e s t s

The r e s u l t s  o f  th e  l a b o r a to r y  t o x i c i t y  t e s t s  v /ith  D.D.T. and

B.H.G. a re  p re s e n te d  i n  T a b le s  17 and 18.

D.D.T. appeared  t o  have no e f f e c t  on th e  a r th r o p le o n  Gollem bola 

t e s t e d ,  and even vdien th e  p u re  p .p i  isom er was a p p l ie d  i n  p ro d ig io u s  

q u a n t i t i e s  no to x ic  symptoms were observed  b u t  D.D.T. v/as found 

t o  be t o x ic  in  varpcLng deg rees  t o  a l l  th e  m ite s  t e s t e d .  P re d a to r y  

gamasids showed a r e a c t i o n  v / i th in  a fev/ m in u te s  o f  b e in g  p la c e d  

on a t r e a t e d  s u r f a c e .  T h e ir  movements became p r o g r e s s i v e l y  s lo w er , 

and th e  f i r s t  p a i r  of l e g s  were seen t o  be  c o n t i n u a l l y  ru bbed  

a g a in s t  th e  mouth appendages. In  t h i s  way t h e i r  r e a c t i o n  was 

re m in is c e n t  of th e  “G lean ing  symptoms" o f  i n s e c t s  p o iso n ed  by  t h i s  

su b s ta n c e .  A lthough a l l  t h e  m ite s  became s e v e r e ly  p a r a ly s e d  

a f t e r /



TABLE 15

INTERACTION OF TREATMENTS WITH TIME 

TOTAL ACARIDIAE 

Population Comparisons fo r  5 Occasions

Date
Total

Control
Population

Treatment Comparisons. Control «  100.0

Undug Fallow D.D.T. B.H.C. D.D.T.
B.H.C.

Oct. 51 152 45.4 26.5 22.7 26.5 40 .9

Dec. 51 16 557,5 156,2 145.7 45 .7 118.7

Feb. 52 25 165.2 4 .5 175.9 59.1 15.0

Apr. 52 4 225.0 25.0 275.0 50 .0 25.0

Oct. 52 75 556.0 57.5 54.7 2 .7 864.0

TABLE 16

INTERACTION OF TREATMIENTS WITH TIME 

TOTAL ACARIDIAE 

ANALYSIS OF SQUARE ROOT TRANSFORMISD DATA FOR 5 OCCASIONS

Treatment T otals

Date Undug Fallow Control D.D.T. B.H.C. D.D.T.
B.H.C.

ip'i S.E^

Oct. 51 19.126 15.950 28.579 14.558 15.861 16.551 1.82 -

Dec. 51 17.585 10.757 8.700 12.124 4.256 11.009 2.44 -

Feb. 52 10.515 1.000 6.585 14.200 5.828 5.000 2.56 -

Apr. 52 6.414 1.000 5.414 6.414 2.000 1.000 5.09 1.450

Oct. 52 54.685 15.870 15.541 9.558 2.000 51.461 2.16 -

' Degrees o f freedom:- n , -  5 , 15# S ign ifican ce  le v e ls  in d icated  thus

p -  0 .05*

^15 D.F. P -  0.05,j5t -  5.013



TABLE 17

UBOEATQET TOXICITY TESTS WITH D.D.T. (Pure p .p . Isomer)

Proportion o f Dead and Moribund Animals 
d -  dead; m -  moribund. Denominator = number o f animals used for  t e s t .

Species Wt. o f d esp osit on Bubètràte 
(p gms per 19.6  cnf )

Exposure
Time

(Hours)0 5 10 20 40

Collembola
Tullbergia T estl Id 0 0 Im - 24
kraushaueri 10 10 10 10

do Test2 2m 2m 0 0 5m 24
10 10 10 10 10

Tullbergia Im - Im 5m 0 24
quadrispina 10 10 10 10
Onychiurus T estl 0 _0_ 0 0 - 24

spp. 10 10 10 10
do Test.2 0 - - - 0 72

10 10
do Test3 Id - - - 0 72

20 20
Bypogastrura 0 - - - 0 72
d en ticu la ta 20 20
Isotomodes 0 - - - 0 48
productus 10 10
O ribatei
Minunthozetes T estl 0 8d 2m - - 7d 5m 24
semirufus 10 10 10

do Test2 Id 19d Im - - - 72
20 20

do T est) 0 17d )m - - - 72
20 20

Punctoribates T estl 0 4d 6m - - - 24 .
punctum 10 10

do Test2 0 7d 5m - - — 72
10 10

.^caridiae
Acàrüs 0 — - 20m — 48
siro 20 20 .
Rhizoglyphus 2m - - 20m - 48
echinopus 20 20
Mesostigmata
Pergamasus T estl 0 10m 10m — — 48
runciger 10 10 10

do Test2 Id . - - lOd - 72
10 10

Parasitidae 0 - - 20m - 48
spp. (from l i t t e r ) 20 20
Laelaptidae 0 - 10m - 48
spp. (from l i t t e r ) 10 10
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TABLE 18

LABORATmi TOXICITY TESTS WlTH LINDANE (99^ gamma B.H.C.)

Proportion o f Dead and MIoribimd Animals 
d -  dead; m -  moribund. Denominator « number o f animals used for  t e s t .

S pecies Wt. o f d e p o s it on s u b s tra te  
(ji gms p e r 19.6 cm )

Exposure
Time

(Hours)
0 0.25 o ;5 1.00 2.00

Collembola 
T u llb e rg ia  T e s tl  
k rau sh au e ri

Id
10

Id  9m 
10

10m
10

10m
10

2d 8m 
10

24

do T es t2 6m 
* 10

lOm
10

— 5d 7m 
10

— 48

do T estJ 5m
20

12d 8m 
20

— — - 48

T u llb e rg ia
q u ad risp in a

2m 
10 "

8d 2m 
10

— 10m
10

— 48

Onychiurus T e s tl  
spp . 10

10m
10

48

do Test2 2m
20

l6d  4m 
20

— 72

B ypogastrura
d e n tic u la ta

0
20

8d 12m 
20

— — — 72

O rib a te i
M inunthozetes T e s tl  
sem irufus

0
10

8d 2m 
10

- - - 24

do Test2 0
10

lOd
10

— — — 48

P u n c to rib a te s
punctum

0
10

lOd
10

48

A carid iae
Acarus
s i ro

J d
20

20d
20

- - - 48

Rhizoglyphus
echinopus

_ 0
20

20m
20

— 20m
20

— 24

MesostiCTiata 
Pergamasus T e s tl  
ru n c ig e r

0
10

10m
10

- - - 24

do Test2 Id
10

lOd
10

48

P a ra s i tid a e
spp. (from l i t t e

0
ir) 20

20d
20

— 48

L ae lap tid ae  | Im 
spp. (from litte g r)  2 a

I7d 5m
20

48



a f t e r  b e in g  i n  c o n ta c t  w i th  D .D .T. f o r  abou t 24 h o u r s ,  t h e i r  d e a th  

T/as o f te n  d e la y e d  and  s l i g h t  movements w ere commonly d e te c te d  a f t e r  

s e v e ra l  d a y s .

T here  c a n  be  l i t t l e  doubt t h a t  C o llem bola  a re  s u s c e p t ib le  t o

B.H.C. W ithout e x c e p tio n , th e s e  i n s e c t s  w ere  p a ra ly s e d  a lm o st 

im m ed ia te ly  a f t e r  b e in g  p la c e d  on a t r e a t e d  su b s tra tu m . T h is  

p a r a l y s i s  was i n  most c a se s  p ro lo n g e d , and  s l i g h t  movements w ere 

f r e q u e n t ly  ob serv ed  a f t e r  s e v e r a l  days c o n ta c t  w ith  th e  i n s e c t i c i d e .  

T hus, i n  t e s t s  w hich w ere p ro lo n g e d , a  h ig h  p r o p o r t io n  o f th e  c o n tr o l  

a n im als  became m oribund b e fo r e  th e  c o n p le te  d e a th  o f  t r e a t e d  

i n d iv id u a ls .  When C ollem bola p a ra ly s e d  b y  B .H .C . were p la c e d  

on  an  i n s e c t i c id e  f r e e  s u r fa c e  th e y  w ere n o t s e e n  to  r e c o v e r .  A l l  

th e  m ite s  t e s t e d  were a ls o  s u s c e p t ib le  to  B .H .C. and  a l t h o u ^  t h e i r  

im m ediate r e a c t i o n  was l e s s  s e v e re  th a n  t h a t  o f  C o llem b o la . th e  

p ro lo n g ed  p a r a ly s i s  was l e s s  f r e q u e n t .

Owing to  e x t r a c t io n  d i f f i c u l t i e s ,  l i v i n g  R hodacaridae  T/ere n o t 

c o l l e c t e d  i n  s u f f i c i e n t  num bers f o r  r e p l i c a t e d  t e s t s ,  b u t  p e r io d ic  

o b s e rv a t io n s  on sm all num bers o f  th e s e  m ite s  in d ic a te d  t h a t  th e y  

w ere s u s c e p t ib le  to  b o th  i n s e c t i c i d e s .  S im i la r ly  sm a ll num bers o f  

T . c r a s s i c u s p i s . a p p ea re d  to  b e  l i t t l e  a f f e c t e d  b y  D .D .T . and  h ig h ly  

s u s c e p t ib le  to  B .H .C.

The r e s u l t s  o f  th e  l a b o r a to r y  c o n p a r iso n  o f  th e  t o x i c i t y  t o  

C o llem bola  o f  B.H.G. a lo n e ,  and D .D .T. + B .H .C . a r e  g iv e n  i n  

T ab le  1$ . U nder th e  c o n d it io n s  o f  th e  t e s t  th e re  ivas no in d ic a t io n  

o f  any an tagon ism  be tw een  th e  two i n s e c t i c i d e s .  As i n  th e  c a se  o f  

th o s e /



TABLE 19
LABORATORY TOXICITY COMPARISON OF B.H.C. ALONE AND D.D.T. <Sc B.H.C. ON COLLEIŒOLA

P ro p o rtio n  o f Dead and Moribund Animals 
d -  dead; m -  moribund, Denominator *  number o f an im als used fo r  t e s t .

D osages:- B.H.C. a lone -  0.25ji gms. Lindane p e r 19.6 cm*
D.D.T. & B.H.C. -  0 .25y gms. Bindane & 5p gms. pp'D .D.T p e r 19.6cm^

S pecies 0 B.H.C. D.D.T.+B.H.C., Exposure Time

tu l lb e r g ia T est 1 Im 10m Id  9m 24
krau sh au eri 10 10 10

do T est 2 Im 6d 4m 8d 2m 48
10 10 10

T u llb e rg ia lOd 9d Im 48
q u ad risp in a 10 10 10
Onychiurus T est 1 0 lOd 10m 8d 12m 48

spp. 20 20 20
do T est 2 2m 5d 15m 9d 11m 72

20 20 20
B ypogastrura 0 l6d  4m 18d 2m 72
d e n tic u la ta 20 20 20

TABLE 20

EFFECT OF D.D.T. ON COLLEMBOLA IN PREVIOUSLY STERILIZED SOIL . 

Treatm ent T o ta l P opu la tions a f t e r  15 Weeks ( i n i t i a l  P opu la tion  «  50)

Species
Treatments. Wt. of ^  crude D.D.T. dust 
(g.) per 150g. of soil

'V.
ipi

0 0 .1 0 .2 0 .4

Onychiurus spp. 2748 2449 1585 2502 <1

tullbergia kraushaueri 860 695 461 714 < 1

'* O btained in  a n a ly s is  o f square ro o t  transform ed d a ta . 
Degrees of f re e d o m :-h ^ -  5, n^- 12.
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th o s e  t r e a t e d  w ith  B.H.G. a lo n e ,  in s e c ts  p la c e d  on a s u r f a c e  

t r e a t e d  w ith  t h e  mixed i n s e c t i c i d e  became p a r a ly s e d  alm ost 

im m edia te ly .

2 . The e f f e c t  o f  D.D.T. on C ollem bola  i n  th e  absence  o f  p r e d a t o r s  

The r e s u l t s  o f  th e  a n a l y s i s  o f  t r e a tm e n t  d i f f e r e n c e s  i n  th e  

t e s t  o f  th e  in f lu e n c e  o f  O .3 .T . on C ollem bola  i n  s t e r i l i z e d  s o i l  

a re  summarized i n  T able  20. T reatm ent d i f f e r e n c e s  were n o t  

s i g n i f i c a n t ,  b u t  owing t o  t h e  m agnitude o f  th e  v a r i a t i o n ,  th e  

r e s u l t s  were in c o n c lu s iv e .
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V. DISCUSSION

A. The In f lu e n c e  o f  C u l tu r a l  O p e ra t io n s

1. C u l t i v a t i o n  and d eseed in g

In  June  1951# i t  was seen t h a t  th e s e  o p e ra t io n s  r e s u l t e d  

i n i t i a l l y  in  a s u b s t a n t i a l  r e d u c t io n  o f  th e  p o p u la t io n  o f  a l l  t h e  

m ajor g roups. At t h i s  tim e th e  u n c u l t i v a t e d  p o p u la t io n  was a t  

a low l e v e l ,  and s t a t i s t i c a l  s i g n i f i c a n c e  was no t  e s t a b l i s h e d  i n  a l l  

t h e  a n a ly s e s .  Thus, t h e  r e d u c t io n s  o f  T o ta l  Collem bola and T o ta l  

Nuedaphic Collem bola were r a t h e r  s h o r t  o f  th e  s i g n i f i c a n t  s t a n d a rd ,  

and , a t  s p e c ie s  l e v e l ,  t h e  only  Collem bolan showing a s i g n i f i c a n t  

r e d u c t io n  was T u l lb e r g ia  k r a u s b a u e r i . Only one s p e c ie s  was seen  t o  

i n c r e a s e  ( n o n - s ig n i f i c a n t ly )  a s  a r e s u l t  o f  r e s e e d in g ;  t h i s  was 

Isotom odes p ro d u c tu s  a form r e p u te d  to  be favou red  by d r i e r  c o n d i t io n s  

(G-isin 1943)* In  a number o f i n s t a n c e s ,  t h e  d e s t r u c t iv e  a c t io n  o f  

c u l t i v a t i o n  was s i g n i f i c a n t l y  more e f f e c t i v e  i n  r e l a t i o n  t o  th e  

p o p u la t io n  o f  th e  upper s t ra tu m , h l i i l e  t h i s  cou ld  be l a r g e l y  a t t r i b u t e d  

t o  th e  v i r t u a l  absence o f  th e  an im als  concerned  in  t h e  lower s t r a tu m  

o f  a l l  p l o t s ,  i n  th e  dominant Q r ib a t e i  t h e r e  was a d i s t i n c t  tend ency  

tow ards  an in c re a s e  o f  p o p u la t io n  i n  th e  low er s o i l  o f  th e  re se e d e d  

c o n t r o l .  T h is  in c r e a s e  was s i g n i f i c a n t  i n  l i i n c to r i b a t e s  punctum.

I n  t h i s  way, th e  prom inent s u r f a c e  c o n c e n t r a t io n  o f  Q r ib a t e i  which 

o b ta in e d  i n  th e  u n c u l t i v a t e d  s o i l  was not ev iden t a f t e r  c u l t i v a t i o n .  

Hence, a ltho ugh  c o n s id e re d  to  be p red o m in an tly  hem iedaphic i n  c h a r a c t e r ,  

u n l ik e  th e  hemiedaphic forms o f  C o llem bo la , th e  O r ib a t e i  were 

n e v e r th e l e s s  a b le  to  l i v e  in  th e  lower s o i l .

T h e re /
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There can be l i t t l e  doubt t h a t  t h e  m a jo r i ty  o f  Collem bola 

re c o v e re d  q u ic k ly  from t h i s  d ec im a tio n .  In  O ctober 1951> w ith  

th e  e x c e p tio n  o f  T. k r a u s o a u e r i , th e  dominant s p e c ie s  were seen 

t o  be more abundant i n  t h e  c o n t r o l  p l o t s ,  and , i n  December 1931»

1 . k ra u s b a u e r i  v;as .iiore numerous i n  th e s e  p l o t s .  I n  th e  o v e r a l l  

a n a ly s e s  o f  t h e  O ctober 1931 -  O ctober 1932 d a ta ,  t h e r e  were no 

s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  C ollem bolan  p o p u la t io n s  o f  

th e  u n c u l t i v a t e d  and c o n t r o l  p l o t s .  In  t h e  a n a ly s e s  o f  euedaphic  

C ollem bola  t h e r e  was no s i g n i f i c a n t  i n t e r a c t i o n  o f  t r e a tm e n ts  w i th  

t im e ,  and, i n  th e  hem iedaphic form s, where t h i s  i n t e r a c t i o n  was 

s i g n i f i c a n t ,  f u r t h e r  a n a ly s e s  r e v e a le d  t h a t  a t  no t im e  was t h e r e  a 

s i g n i f i c a n t  u n c u l t i v a t e d  -  c o n t r o l  d i f f e r e n c e .  However, t h e  absence  

o f  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  does no t c o n s t i t u t e  a p ro o f  

o f  s i m i l a r i t y ,  in d ee d ,  t h e r e  i s  much ev iden ce  to  th e  c o n t r a r y ,  fo r  

n o n - s i g n i f i e  an t  d i f f e r e n c e s  o f  some m agnitude  were o b se rv ed , and o f  

th e s e  th e  more im p o rtan t  can be m entioned b r i e f l y .  In  b o th  euedaphic  

and hemiedaphic f o r a s  th e  se a so n a l  f l u c t u a t i o n  was observed  t o  be 

r a t h e r  more v io le n t  i n  th e  c o n t r o l ,  and p a r t i c u l a r l y  so in  r e l a t i o n  

t o  th e  dec rease  o f  p o p u la t io n ,  vAiich o c c u r re d  betw een Deceiüber and 

F e b ru a ry .  An i n t e r a c t i o n  o f  t h i s  ty p e  was no t c o n t r a r y  t o  e x p e c ta t io n ,  

f o r  th e  t h i c k  ”raat” o f  v e g e ta t io n  and t h e  c o n c e n t r a t io n  o f  m ois t  

o rgan ic  m a t te r  in  th e  s u r f a c e  s o i l  o f  t h e  u n c u l t i v a t e d  p l o t s  would 

alm ost c e r t a i n l y  have c o n s t i t u t e d  a more e f f e c t i v e  b u f f e r  a g a in s t  

chang ing  c l im a t ic  c o n d i t io n s  th a n  th e  c o m p a ra t iv e ly  t h i n  sward o f  th e  

c o n t r o l ,  "^gain, except i n  December 1931, T u l lb e r g ia  k r a u s b a u e r i  was 

observed  t o  be much l e s s  numerous i n  th e  c o n t r o l  p l o t s ,  and i n  th e

o v e r a l l  com parison th e  u n c u l t i v a t e d  p o p u la t io n  o f  t h i s  s p e c ie s  was
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g r e a t e r  th an  t h e  c o n t r o l .

Thus w h ile  a l l  th e  Gollem hola made an i n i t i a l  r e c o v e ry  from th e  

e f f e c t s  o f  c u l t i v a t i o n ,  t h e r e  was ev idence  t o  su gges t  t h a t ,  a f t e r  

Decemher 1931, th e  d iv e rg en ce  o f  th e  c o n t r o l  and u n c u l t i v a t e d  

p o p u la t io n s  was renewed, and p a r t i c u l a r l y  so , in  r e l a t i o n  t o  

T. k r a u s b a u e r i . In  t h e  absence o f  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  however t h i s  ev idence  must be  re g a rd e d  a s  in c o n c lu s iv e .

The Q r ib a t e i  were no t seen t o  re c o v e r  i n  t h i s  way. I n  th e  

o v e r a l l  a n a ly se s  o f  t h e  O ctober 1931 -  O ctober 1952 r e s u l t s ,  th e  

u n c u l t i v a t e d  p o p u la t io n  was in  a l l  c a s e s  s i g n i f i c a n t l y  h ig h e r  th an  

th e  c o n t r o l ,  th e  averag e  C r i b a t i d  p o p u la t io n  o f  th e  u n c u l t i v a t e d  s o i l  

du r in g  t h i s  p e r io d  b e in g  3k t im e s  t h a t  o f  th e  c o n t r o l .  Here however 

t h e  m agnitude of t h e  d i f f e r e n c e s  between th e  u n c u l t i v a t e d  and c o n t r o l  

p o p u la t io n s  v a r i e d  s i g n i f i c a n t l y  from one o ccas io n  t o  a n o th e r .  In  

O ctober 1931 a l l  t h e  Q r ib a t e i  a n a ly se d  v/ere s i g n i f i c a n t l y  l e s s  abundant 

i n  th e  c o n t r o l  th an  i n  th e  u n c u l t i v a t e d  p l o t s ,  b u t  i n  December 1931 

no s i g n i f i c a n t  d i f f e r e n c e s  were a p p a re n t .  . I n  th e  case  o f  Pune t  o r i b a t  es 

punctum and in  O r i b e l l a  s p e c ie s ,  th e  December r e s u l t  was c l e a r l y  due 

s o l e l y  to  t a e  iTiarhed d e c re a se  o f  th e  u n c u l t i v a t e d  p o p u la t io n .  Between 

December and F eb ruary  an in c r e a s e  i n  th e  p o p u la t io n  o f  a l l  sp e c ie s  

o c c u r re d  i n  th e  u n c u l t i v a t e d  s o i l ,  t h i s  was no t e v id e n t  i n  t h e  c o n t r o l ,  

so t h a t  in  a l l  c a se s  g r e a t e r  d iv e rg en ce  vras observed  i n  F e b ru a ry  th an  

i n  December. In  l l in u n th o z e te s  s e m iru fu s , th e  u n c u l t i v a t e d  -  c o n t r o l  

d i f f e r e n c e  was s i g n i f i c a n t  in  F e b ru a ry ,  A p r i l  and O ctober 1932, in  

C r i b e l l a  sp e c ie s  t h i s  d i f f e r e n c e  was s i g n i f i c a n t  i n  O ctober 1932 b u t  no t 

in  F e b ru a ry  and A p r i l ,  w h ile  i n  P u n c t o r ib a t es  punctum, d i f f e r e n c e s  on 
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t h e s e  l a s t  t h r e e  sam pling  o c c a s io n s  were n o t  s i g n i f i c a n t .  I n  

F eb ruary  and A p r i l ,  however, th e  u n c u l t i v a t e d  p o p u la t io n  o f  t h i s  

s p e c ie s  was seen t o  be v e ry  much g r e a t e r  th a n  th e  c o n t r o l .  Hence 

i n  a l l  t h e  O rib a t  e i , t h e  a p p ro x im a tio n s  o f  t h e  c o n t r o l  and 

u n c u l t i v a t e d  p o p u la t io n s  v;ere tem porary  and due a lm ost e n t i r e l y  

t o  se a so n a l  changes i n  th e  u n c u l t i v a t e d  p l o t s ;  t h e  d i f f e r e n c e s  

between th e  t o t a l  O r i b a t i d  p o p u la t io n  o f  th e  u n c u l t i v a t e d  and c o n t r o l  

p l o t s  i n  O ctober 1931, and i n  O ctober 1932, were a lm ost i d e n t i c a l ,  

and P . punctum v;as th e  only  s p e c ie s  i n  which t h e  u n c u l t i v a t e d  and 

c o n t r o l  p o p u la t io n 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  from each o th e r  

i n  O ctober 1932, In  th e  l a t t e r  s p e c i e s ,  t h e  c o m p a ra t iv e ly  sm all  

d i f f e r e n c e  i n  O ctober 1932 was due s o l e ly  t o  a d e c re a se  o f  t h i s  

s p e c ie s  i n  th e  u n c u l t i v a t e d  p l o t s .  T h is  d e c re a se  was accompanied by 

an in c r e a s e  o f  i.I, sem iru fu s  i n  th e s e  p l o t s .  The a n a ly s e s  o f  annual 

r a t e s  o f  change i n  Q r i b a t e i  r e v e a le d  no s i g n i f i c a n t  u n c u l t iv a te d * — 

c o n t r o l  d i f f e r e n c e s .  There  was t h e r e f o r e  no ev idence  o f  a re c o v e ry  

o f  O r ib a t e i  i n  t h e  c o n t r o l  p l o t s ,  and w ith  t h e  e x c e p tio n  o f  

p ,  punctum, t h e  d e s t r u c t i v e  in f lu e n c e  o f  c u l t i v a t i o n  and r e s e e d in g  

rem ained ap p a ren t  17 months a f t e r  sowing. I 't ir the rm ore , th e  

app rox im ation  o f  th e  p o p u la t io n s  o f  P . punctum was due to  a non

s i g n i f i c a n t  annual d e c re a se  i n  t h e  u n c u l t i v a t e d  s o i l  and no t t o  an 

i n c r e a s e  in  th e  c o n t r o l .

In  r e l a t i o n  t o  A c a r id i a e , c o n c lu s iv e  r e s u l t s  were o b ta in e d  on ly  

f o r  R. ech in o p u s . C u l t i v a t i o n  and r e s e e d in g  in d u ced  a n o n - s i g n i f i c a n t  

r e d u c t io n  o f  t h i s  s p e c ie s  in  June b u t  i n  th e  o v e r a l l  a n a l y s i s  o f  

th e  d a ta  o b ta in e d  on subsequent o c c a s io n s ,  t h e  u n c u l t i v a t e d  p o p u la t io n  
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was 277â g r e a t e r  th a n  th e  c o n t r o l ,  and t h i s  d i f f e r e n c e  was 

s i g n i f i c a n t .  T here  v/as no ev idence  o f  r e c o l o n i z a t i o n  by  t h i s  

s p e c ie s .  I n  th e  c a se  o f  th e  t o t a l  p o p u la t io n  o f  th e  t h r e e  s p e c ie s  

com pris in g  "Other A c a r id i a e " t h e  random v a r i a t i o n  was so g r e a t  

t h a t  no d e f i n i t e  c o n c lu s io n s  can be drawn.

The A eso s tig m ata  a l s o  shov/ed no ev idence  o f  r e c o v e ry .  In  

t h e  o v e r a l l  com parison o f  th e  annual p e r io d ,  O ctober 1931-32, a l l  

t a e  sp e c ie s  a n a ly se d  were seen  t o  be l e s s  abundant i n  th e  c o n t r o l ,  

and , excep t i n  R h o d a c a re l lu s  e p y g i n i a l i s  and immature Ivlesostigm ata, 

th e s e  d i f f e r e n c e s  were s i g n i f i c a n t .  In  none o f  th e  Llesosti^ynata 

was t h e r e  a s i g n i f i c a n t  i n t e r a c t i o n  o f  t r e a tm e n ts  w ith  t im e ,  and , 

d u r in g  th e  annual p e r io d  under c o n s id e r a t i o n  t h e  average  L leso s tigm atic  

p o p u la t io n  o f  th e  u n c u l t i v a t e d  s o i l  vras 103 /  g r e a t e r  th a n  th e  c o n t r o l ,  

and , i n  th e  c a se  o f  th e  averag e  p o p u la t io n  o f  th e  f i v e  s p e c ie s  known 

t o  be p re d a c io u s  t h e  c o rre sp o n d in g  d i f f e r e n c e  was 174/*

Thus b o th  C ollem bola  and A c ar i  were i n i t i a l l y  reduced  by 

c u l t i v a t i o n ,  and w h i l s t  C ollem bola  made a r a p i d ,  i f  not a pe rm anen t, 

re c o v e ry ,  t h e  A cari  d id  n o t .  I t  i s  p ro b a b le  t h a t  th e  d i f f e r e n t i a l  

r a t e  o f  re c o v e ry  was due i n  p a r t  t o  th e  g r e a t e r  c a p a c i ty  o f  C ollem bola  

f o r  r a p i d  r e p ro d u c t io n .  In  f a c t ,  i n  th e  o r i g i n a l  h a b i t a t ,  th e  

se a s o n a l  f l u c t u a t i o n  o f  C ollem bola  c o u ld  be r e g a rd e d  a s  p e r io d s  o f  

p a r t i a l  d e s t r u c t io n  due t o  a d v e rse  c l im a t i c  c o n d i t io n s  i n t e r s p e r s e d  

by phases o f r a p i d  r e c o l o n iz a t i o n .  For t h i s  re a so n  a lo n e  Collem bola 

would be e x p ec ted  to  make a more r a p i d  re c o v e ry  th a n  th e  slow 

b re e d in g  Q r i b a t e i . However, lo ng  l i f e  c y c l e s  and slow re p ro d u c t io n  

were not common t o  a l l  t h e  A c a r i  en co u n te re d ,  so t h a t  some o th e r  f a c t o r s  
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muLst have been o p e ra t iv e ,  m oreover, even i n  form s w ith  a lo n g  

l i f e  c y c l e ,  some degree  o f  r e c o l o n iz a t i o n  c o u ld  have o c c u r re d  

' v / i th in  a p e r io d  o f  17 m onths. I t  would seem t h e r e f o r e  t h a t  th e  

newly sovm environm ent was l e s s  f a v o u ra b le  t o  A car i  th a n  th e  

u n c u l t i v a t e d  p l o t s .  A com parison , i n  F eb ru a ry  1952, o f  t h a t  

f a c t o r  m easured by  l o s s  on i g n i t i o n ,  i n d i c a t e s  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  i n  th e  t o t a l  amount o f  o rg an ic  m a t te r  i n  th e  upper 

6" o f th e  c o n t r o l  and u n c u l t i v a t e d  s o i l .  However, F ranz  (1945) 

c o n s id e re d  t h a t  H. ech inopus d id  no t f e e d  d i r e c t l y  on p l a n t  d e b r i s  

b u t  on m a t e r i a l  p r e v io u s ly  c o n d i t io n e d  by b a c t e r i a .  Hence f o r  a t  

l e a s t  one o f  th e  s p e c ie s  concerned , th e  q u a l i t y  o f  t h e  o rg an ic  

m a te r i a l  co u ld  have been a l i m i t i n g  f a c t o r ,  m oreover, t h e  o rg an ic  

m a t e r i a l  i n  th e  c o n t r o l  s o i l  would be  more ev en ly  d i s t r i b u t e d  in  

t h e  p r o f i l e ,  and th e  s u r f a c e  c o n c e n t r a t io n  o f  m ois t  o rg an ic  m a t te r  

would be  l e s s  pronounced i n  th e s e  p l o t s .  I n  consequence o f  t h i s ,  

and  o f  th e  co m para tive  t h in n e s s  o f  t h e  newly sown sward, 

m ic ro c l im a t ic  d i f f e r e n c e s  would o b ta in .  T h is  f a c to r  was p ro b a b ly  

o f  p a r t i c u l a r  im portance  i n  r e l a t i o n  t o  th e  O r ib a t id  p o p u la t io n .  

Thus, b e in g  unab le  t o  r e c o v e r  r a p i d l y  from a d v e rse  p h y s ic a l  

c o n d i t i o n s ,  p o p u la t io n s  o f t h e s e  m i te s ,  even i f  i n d i v i d u a l l y  th e y  

were more t o l e r a n t  o f  such c o n d i t io n s  th a n  C o llem bo la , would 

n e v e r th e l e s s  e n co u n te r  b e t t e r  c o n d i t io n s  i n  th e  more s t a b l e  h a b i t a t  

o f  th e  u n c u l t i v a t e d  s o i l .  I n  Hast S c o t la n d ,  R ayski (1945) a l s o  

found th e  O r i b a t i d  p o p u la t io n s  o f  l e y s  t o  be much lower th a n  th o se  

of o ld  p a s t u r e ,  and he c o n s id e re d  p lo u g h in g  and re s e e d in g  t o  be  a 

v a lu a b le  means o f  c o n t r o l l i n g  th e  a n o p lo c e p h a l in e  p a r a s i t e s  which 
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th e se  m ite s  tra n sm it to  sh eep .

Summing up, th e r e  were l i t t l e  q u a l i t a t iv e  d if f e r e n c e s  betw een  

th e  m icroarthropod  co m n u n ities  o f  th e  u n c u lt iv a te d  and r eseed ed  

c o n tr o l  p l o t s ,  f o r ,  apart from c e r t a in  A cari o f  in fr e q u e n t  

o ccu rren ce , th e  s p e c ie s  r e p r e se n te d  in  th e  u n c u lt iv a te d  s o i l  v/ere 

a l s o  found in  th e  c o n tr o l ,  and v ic e  v e r s a . The main lo n g  term  

q u a n t ita t iv e  d i f f e r e n c e  a t t r ib u t a b le  t o  r e s e e d in g  was a r e d u c tio n  

o f  th e  iLcarine p o p u la t io n , a lth o u g h  th e r e  was a l s o  ev id en ce  t o  

su g g est an o v e r a l l  r e d u c tio n  o f  c e r t a in  C o llem b o la , p a r t ic u la r ly  

T u llb e r g ia  k ra u sb a u er i. The ev id en ce  i s  c o n s is t e n t  w ith  th e  

view  th a t  th e se  d i f f e r e n c e s  were due in  p art to  a change o f  

m ic r o c lim a tic  c o n d it io n s  brought about by th e  r e d is t r ib u t io n  o f  th e  

organ ic  m atter in  th e  r e se e d e d  p lo t s .

2. Fallovm ng

With th e  e x c e p tio n  o f  T u l lb e r g ia  c r a s s i c u s p i s  th e  p o p u la t io n s  

o f  t h e  Collem bolan groups and s p e c ie s  were s i g n i f i c a n t l y  low er in  

th e  fa l lo w  p l o t s  th a n  i n  th e  c o n t r o l .  In  th e  c a se  o f  m i te s ,  

however, th e  r e s e e d in g  o p e ra t io n  i t s e l f  c au se d  a permanent r e d u c t io n ,  

30 t h a t ,  when compared w ith  t h e  c o n t r o l ,  t h e  e f f e c t  o f  f a l lo w in g  

was l e s s  marked. In  th e  o v e r a l l  a n a ly s e s  o f  A c a r i  s i g n i f i c a n t  

d i f f e r e n c e s  between c o n t r o l  and fa l lo w  p o p u la t io n s  o c c u rre d  only  

in  th e  a n a ly se s  o f  T o ta l  S h o d a c a r id ae  and R h o d a c a r e l l u s 'e p y g i n i a l i s . 

In  th e  s e p a ra te  a n a ly se s  o f  O r ib a t e i  s i g n i f i c a n t  c o n t r o l  -  f a l lo w  

d i f f e r e n c e s  o c c u rre d  only  i n  r e l a t i o n  t o  1,'Iinunthozetes sem iru fu s  

(O ctober 1951 s.nd O ctober 1952). /^s m easured by  l o s s  on i g n i t i o n

t h e r e  was l i t t l e  d i f f e r e n c e  i n  th e  o rgan ic  m a t te r  c o n te n t  o f  any 
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o f  th e  p l o t s .  The absence  o f  s u r f a c e  v e g e ta t io n  t h e r e f o r e  

p ro b ab ly  caused  no g r e a t  r e d u c t io n  i n  th e  amount o f  food 

m a t e r i a l  a v a i l a b l e  f o r  sa p ro p h y t ic  fo rm s, and t h e  r e d u c t io n s  

o f  p o p u la t io n  in  t h e s e  p l o t s  were p ro b a b ly  due t o  th e  a d v e rse  

p h y s ic a l  c o n d i t io n s  o f  t h e  b a re  s o i l .

B. The In f lu e n c e  o f  I n s e c t i c i d e s

In  June 1951, ovdng t o  th e  d e s t r u c t i v e  in f lu e n c e  o f  c u l t i v a t i o n  

on a p o p u la t io n  n e a r  i t s  se a so n a l  minimum, th e  e f f e c t s  o f  th e  

i n s e c t i c i d e  t r e a tm e n ts  were n o t  w e l l  marked, a l th o u g h  in  some 

g ro u p s ,  s i g n i f i c a n t  r e d u c t io n s  were e v id e n t  in  th e  B.H.G. or in
p l u s

th e  D.D.T. ŝtnd B.H.G. t r e a t e d  p l o t s ,  or in  b o th ,  e .g .  hem iedaphic 

G o llem bo la , K hodacaridae , and immature I .Iesostigm ata . For t h i s  r e a s o n ,  

t h e  r e a c t i o n s  of th e  p o p u la t io n  t o  i n s e c t i c i d e s  have t o  be d i s c u s s e d  

m ain ly  in  th e  l i g h t  o f  th e  in fo rm a tio n  c o l l e c t e d  on th e  5 o c ca s io n s  

d u r in g  t h e  yea r  O ctober 1951 -  O ctober 1952.

D ealing  f i r s t  w i th  t h e  r e s u l t s  o f  t h e  o v e r a l l  a n a l y s i s  o f  t h i s  

d a ta  (T ab le  6 ) ,  th e  t r e a tm e n t  com parisons d e p ic t  th e  average  e f f e c t  

o f  th e  m a te r i a l s  on th e  groups and s p e c ie s  concerned  d u r in g  t h i s  

p e r io d .  I t  i s  im p o rtan t  t o  n o te  t h a t  s i g n i f i c a n t  i n t e r a c t i o n s  o f  

t r e a tm e n ts  w ith  t im e  v/ere r e v e a le d  on ly  in  th e  a n a ly s e s  o f  hem iedaphic 

G o llem bo la , and a d u l t  O r ib a t  e i . Hence, i n  th e  euedaphic  s p e c ie s  o f  

G ollem bola , and in  th e  H e so s t ig m a ta , t h e  n o n - s ig n i f ic a n c e  o f  t h i s  

i n t e r a c t i o n  p re c lu d e s  th e  o ccu rren c e  o f  s i g n i f i c a n t  p r o g r e s s iv e ,  or 

r e t r o g r e s s i v e ,  p o p u la t io n  changes i n  any o f  th e  t r e a t e d  p l o t s  d u r in g  

th e  y e a r  under c o n s id e r a t io n .
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In  th e  o v e r a l l  com parison , se v e re  r e d u c t io n s  o f  Collem bola 

and A c a r i  were e v id e n t  i n  th e  p l o t s  t r e a t e d  w i th  B.H.G; b u t  marked 

r e d u c t io n s  a t t r i b u t a b l e  to  D.D.T. o c c u r re d  o n ly  i n  A carine  

p o p u la t io n s .  In  t h e  c ase  o f  p l o t s  r e c e iv in g  B.H.G. a lone  

s i g n i f i c a n t  r e d u c t io n s  were e v id e n t  i n  a l l  t h e  Collem bolan 

p o p u la t io n s  a n a ly se d  excep t T o ta l  T u l lb e rg in a e  and T u l lb e r g ia  

c r a s s i c u s p i s . I n  A c a r i , s i g n i f i c a n t  re s p o n se s  t o  t h i s  i n s e c t i c i d e  

were not so f r e q u e n t ,  b u t  n e v e r t h e l e s s  were ev id e n t  in  s e v e r a l  

a n a ly s e s ,  e .g .  A in u n th o a e te s  s e m iru fu s . T o ta l  A e so s t ig m a ta , and 

T o ta l  H hodaca r idae . The d e s t r u c t i v e  in f lu e n c e  o f  D.D.T. was 

observed  i n  many Q r i b a t e i , and in  a l l  t h e  M esos tigm ata , b u t  i n  th e  

o v e r a l l  a n a ly s e s ,  s i g n i f i c a n t  r e d u c t io n s  were e v id e n t  on ly  i n  

r e l a t i o n  t o  T o ta l  L lesos tig m ata , T o ta l  Known P re d a c io u s  M eso s tig m ata , 

and T o ta l  Immature H esostigrm ata .

Of supreme i n t e r e s t  a re  th e  re sp o n se s  o f  t h e  Collem bolan 

p o p u la t io n s  t o  t h e  D.D.T. and D.D.T. + B.H.G. t r e a tm e n ts .  In  t h e  

c a se  o f  D.D.T. a lo n e ,  th e  av e rag e  Colle .ubolan p o p u la t io n  o f  th e  

p l o t s  so t r e a t e d  v/as IlOA h ig h e r  th a n  t h e  c o n t r o l ,  and t h i s  d i f f e r e n c e  

was h ig h ly  s i g n i f i c a n t  s t a t i s t i c a l l y .  S im i la r  i n c r e a s e s  were 

e v id e n t  in  many o f  th e  c o n s t i t u e n t  groups and s p e c i e s ,  a l th o u g h  a 

n o n - s i g n i f i e an t r e d u c t io n  was obse rved  i n  Iso tom odes p ro d u c tu s , 

and polsQinia Candida was l i t t l e  a f f e c t e d .  The g r e a t e s t  i n c r e a s e  was 

t h a t  o f  T u l lb e r g ia  c r a s s i c u s o i s ; th e  D.D.T. p o p u la t io n  o f  t h i s  

s p e c ie s  b e in g  15 t im e s  t h a t  of th e  c o n t r o l .  S t a t i s t i c a l l y ,  th e  

D.D.T. in c r e a s e  was s i g n i f i c a n t  i n  th e  fo l lo w in g  a n a l y s e s : -
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C ollem bo la , T o ta l  Euedaphic C o llem bo la , T o ta l  T u l lb e r g in a e , 

T u l lb e r g ia  c r a s s i c u s p i s  and T o ta l  Hemiedaphic C o llem bo la .

The re sp o n se  o f  Collem bola t o  th e  m ix tu re  o f  b o th  i n s e c t i c i d e s  

i n d i c a t e d  t h a t ,  in  th e  f i e l d ,  t h e  p re se n c e  o f  D.D.T. reduced  th e  

d e s t r u c t i v e  in f lu e n c e  of B.H.G. on th e s e  i n s e c t s .  Thus, i n  th e  

o v e r a l l  a n a ly s e s ,  only in  r e l a t i o n  t o  T u l lb e r g i a  k ra u s b a u e r i  and 

Folsom ia Candida was th e  D.D.T. + B.H.G. p o p u la t io n  s i g n i f i c a n t l y  

low er th an  th e  c o n t r o l .  In  th e  a n a ly s e s  o f  T o ta l  Gollembola 

and T o ta l  Euedaphic C ollem bola  t h i s  p o p u la t io n  was s i g n i f i c a n t l y  

h ig h e r  than  t h a t  t r e a t e d  w ith  B.H.G. a lo n e ,  and s i g n i f i c a n t l y  lov/er 

th an  t h a t  t r e a t e d  w ith  D.D.T. a lo n e .  In  th e  c a s e  o f  hem iedaphic 

G olle .iibola . t h e  average  re sp o n se  was such t h a t ,  a l th o u g h  th e  

p o p u la t io n  r e c e iv in g  b o th  i n s e c t i c i d 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  

from t h a t  r e c e iv in g  D.D.T. a lo n e ,  i t  was n e v e r th e l e s s  s i g n i f i c a n t l y  

n ig h e r  than  th e  p o p u la t io n  t r e a t e d  w i th  B.H.G, a lo n e .  A lthough 

n o t  always s t a t i s t i c a l l y  s i g n i f i c a n t  t h i s  t r e n d  was a p p a ren t  in  

a l l  G ollem bola , f o r ,  i n  every  c a s e ,  th e  D.D.T. + B.H.G. p o p u la t io n  

was in te rm e d ia te  in  d e n s i ty  when compared vfith  th o se  t r e a t e d  w ith  

t h e  two i n s e c t i c i d e s  s e p a r a te ly .

T h is  a n ta g o n is t i c  a c t io n  was seen  only  i n  th e  f i e l d .  Under t h e  

c o n d i t io n s  o f th e  l a b o r a to r y  t e s t s ,  t h e  mixed i n s e c t i c i d e s  and 

B.H.G. a lo n e  were e q u a l ly  t o x ic  t o  Gollem bola i n  i s o l a t i o n .  The 

f i e l d  r e s u l t  t h e r e f o r e  cou ld  h a rd ly  have been due t o  chem ical or 

p h y s io lo g ic a l  i n t e r a c t i o n s .  I n  su p p o r t  o f  t h i s  i t  can be  n o te d  

t h a t  I t z e r o t t  ( l 9 3 l )  observed  a s y n e r g i s t i c  e f f e c t  v/hen th e  two 
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in s e c t io id e s  were a ssa y e d  w ith  C alandra g ra n a r ia  (l ) • A gain , 

in  th e  f i e l d ,  t h i s  antagonism  on ly  occu rred  t o  a marked and 

s ig n i f i c a n t  degree in  r e la t io n  to  G ollem b ola . There was some 

s l i g h t  and n o n - s ig n if ic a n t  ev id en ce  o f  i t s  occu rren ce  in  p o p u la tio n s  

o f  some C ry p to stig m a tic  m ite s ,  but in  th e  i.Iesostigm ata ev id en ce  o f  

a resp o n se  o p p o s ite  in  c h a r a c te r  was o b ta in ed . In  th e  o v e r a l l  

com parison , th e  p o p u la tio n s  o f  th e  L leso stig m a tic  groups and s p e c ie s  

were in  a l l  c a s e s  ob served  t o  be low er in  th e  D.D.T. + B.H.G. 

p lo t s  than in  e i t h e r  o f  th e  p lo t s  r e c e iv in g  th e s e  i n s e c t i c i d e s  

s e p a r a te ly . S t a t i s t i c a l l y ,  th e  D .D .T . + B.H.G. p o p u la tio n  o f  

th e s e  m ite s  was in  a l l  c a s e s  s i g n i f i c a n t l y  low er than  th e  c o n t r o l ,  

and, in  th e  a n a ly se s  o f  T o ta l Known P red a c io u s  M esostigm ata and 

pergam asus s p e c ie s ,  was a l s o  s ig n i f i c a n t l y  low er than  th e  p o p u la tio n  

r e c e iv in g  B.H.G. a lo n e . Thus, a lth ou gh  a sy n e r g ic  e f f e c t  was not  

e v id e n t , th e  m ixed i n s e c t i c i d e s  v/ere n e v e r th e le s s  more t o x ic  t o  th e  

f i e l d  p o p u la tio n  o f  p red a to ry  L lesostigm ata than  B.H.G. a lo n e .

In p r e v io u s  s t u d ie s ,  r e su rg en ces  o f  t h i s  ty p e  have been most 

o fte n  a t tr ib u te d  t o  a d e s tr u c t io n  o f  p re d a to rs  and p a r a s i t e s ,  and 

in  a number o f  in v e s t ig a t io n s  t h i s  c o n c lu s io n  has been sup p orted  by
oJ-hcr ,

ev id en ce  o f  reduced  p o p u la tio n s  o f  ca rn iv o ro u s  and^entomophagus 

s p e c ie s .  I t  can a l s o  be n o ted  th a t  r e su r g e n c es  o f  t h i s  n a tu re  

can be ex p ected  on p u r e ly  t h e o r e t i c a l  grounds. In  a m ath em atica l 

t h e s i s .  V o lterra  (1928) en u n c ia ted  th e  law  o f  th e  d is tu rb a n ce  o f  

a v era g es , s t a t in g  t h a t ,  in  a coiamunity o f  two s p e c ie s ,  one a p re d a to r , 

th e  o th er i t s  p rey; i f  in d iv id u a ls  are  u n ifo rm ly  d estro y ed  in  
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p ro p o r t io n  to  t h e i r  number, th e  av e rag e  p o p u la t io n  o f  th e  

p rey  w i l l  in c r e a s e ,  and t h a t  o f  th e  p r e d a to r  w i l l  d im in ish .

Hence, on t h i s  b a s i s ,  even when p r e d a to r  and p rey  a re  e q u a l ly  

s u s c e p t ib l e ,  th e  p re y  would e v e n tu a l ly  be  fav o u re d  by i n s e c t i c i d e  

t r e a tm e n ts ,  V.lien th e  p re y  i s  l e s s  s u s c e p t ib l e ,  th e  re s u rg e n c e  

shou ld  th e r e f o r e  be a c c e n tu a te d .

I n  th e  p re s e n t  s tudy  t h e r e  i s  abundant ev idence  to  i n d i c a t e  

t h a t  th e  s i g n i f i c a n t  in c r e a s e  o f  C ollem bola  i n  th e  D.D.T. t r e a t e d  

p l o t s  was due to  a r e d u c t io n  o f  p r e d a to r y  p r e s s u r e .  T h is  ev id ence  

can be re c o u n te d  as  f o l lo w s : -

(a ;  L ab o ra to ry  o b s e rv a t io n s  showed t h a t  a t  l e a s t  5 

L lesostigm atic  s p e c ie s  commonly o c c u r r in g  in  th e  f i e l d ,  p rey e d  

a c t i v e l y  on C ollem bola .

(b) L ab o ra to ry  t e s t s  showed t h a t  w h ile  C ollem bola  were c o m p le te ly  

u n a f f e c te d  by D.D.T. even a t  th e  h ig h e s t  c o n c e n t r a t i o n s ,  t h i s  

su b s ta n c e  was d e f i n i t e l y  t o x ic  t o  a l l  t h e  L lesostigm ata examined.

(c) In  the  f i e l d ,  th e  t o t a l  p o p u la t io n  o f  th e  5 m eso s t ig m a tic  

s p e c ie s  Lnown to  f e e d  on Gollem bola was s i g n i f i c a n t l y  red u c ed  by 

t re a tm e n t  w ith  D.D.T.

Other p re d a c io u s  organ ism s, p a r t i c u l a r l y  S ta p n y l in id a e  

s p e c ie s  a re  known t o  fe e d  on C ollem bola  (LlacLagan, 1932, Weis Pogh, 

1948) b u t  th e s e  were no t c o l l e c t e d  i n  s u f f i c i e n t  numbers t o  make 

a q u a n t i t a t i v e  assessm ent o f  t h e i r  r e a c t i o n  t o  th e  t r e a tm e n ts .

The re spo nse  o f  Collem bola i n  t h e  p l o t s  t r e a t e d  w i th  D.D.T.

+ B.H.G. i s  not on ly  c o n s i s t e n t  vd_th t h i s  e x p la n a t io n  b u t  a l s o  

p ro v id e s  su p p o r t in g  e v id en ce . Thus, vdien compared w ith  t h e  
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po^ju lation  r e c e iv in g  B.H.G. a lo n e ,  th e  r e s i d u a l  p o p u la t io n  o f  

Gollernbola in  th e  D.D.T. + B.H.G. p l o t s  would have been fav o u red  

by t h e  a d d i t i o n a l  p r o t e c t i o n  a g a in s t  p r e d a t o r s  o f f e r e d  by D .D .T .,  

f o r  th e  p o p u la t io n  o f  p re d a c io u s  M esostigm ata  i n  t h e  D.D.T. + B.H.G. 

p l o t s  was s i g n i f i c a n t l y  low er th an  t h a t  i n  p l o t s  t r e a t e d  v/ith  B.H.G. 

a lo n e . Thus, i n  every  com parison , th e  p re s e n c e  o f  D.D.T. was 

a s s o c ia t e d  w ith  a.n in c r e a s e  o f  Gollem bola and a d e c re a se  o f  

p red a c io u s  ^.lesostirpnata.

Unlike t h a t  o f  th e  euedaphic  fo rm s, th e  a n a l y s i s  o f  hemiedaphic 

Gollembola r e v e a le d  a s i g n i f i c a n t  i n t e r a c t i o n  o f  t r e a tm e n ts  w i th  

t im e . The n a tu r e  o f  t h i s  i n t e r a c t i o n  i s  d e p ic te d  i n  F ig .  1 and 

T ab les  7 and 8. In  O ctober 1951, th e  B.H.G. p o p u la t io n  shewed a 

n o n - s ig n i f i c a n t  r e d u c t io n  when compared •with th e  c o n t r o l ,  t h i s  

p o p u la t io n  th en  in c r e a s e d  so t h a t  a sm a l le r  r e d u c t io n  was a p p a re n t  

in  December. In  F eb ru a ry  a d rop , p ro b a b ly  r e l a t e d  t o  c l i m a t i c  

c o n d i t io n s ,  was e v id e n t  i n  th e  c o n t r o l ,  t h i s  d id  n o t  occur i n  th e  

B.H.G, p o p u la t io n  so t h a t  a t  t h i s  t im e  th e  l a t t e r  v/as 59a  g r e a t e r  

th an  th e  c o n t r o l  (The d i f f e r e n c e  was n o t  s i g n i f i c a n t ) .  S ub seq u en tly  

th e  B.H.G. p o p u la t io n  f e l l  so t h a t  i n  A p r i l  and O ctober 1952 i t  

was s i g n i f i c a n t l y  lov/er th a n  th e  c o n t r o l .  The t r e n d  of th e  B.H.G. 

p o p u la t io n  to  F eb ru ary  was p ro b ab ly  due t o  th e  B.H.G. b e in g  washed 

i n to  th e  s o i l  d u r in g  autumn and w i n t e r , so t h a t  th e  amount o f  

i n s e c t i c i d e  in  th e  extreme s u r f a c e  s o i l  became p r o g r e s s i v e l y  l e s s ,  

t il though not s i g n i f i c a n t ,  th e  in c r e a s e  in  com parison w ith  th e  

c o n t r o l  in  F eb ruary  i s  c o n s i s t e n t  w i th  V o l t e r r a ' s  p r o p o s i t io n .

Being favoured  by th e  i n i t i a l  d e s t r u c t i o n  o f  p r e d a t o r s ,  th e  B.H.G. 
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c jpL ila tion  v/as a b le  t o  m a in ta in  i t s  December l e v e l .  The 

subsequent r e t r o g r e s s i o n  o f  t h e  B.H.G. p o p u la t io n ,  a l th o u g h  

s u r p r i s i n g ,  i s  n o t  devo id  o f  e x p la n a t io n .  The rem arkab le  

e f f i c i e n c y  o f  B.H.G. as  a s o i l  i n s e c t i c i d e  i s  tho ugh t t o  be due 

t o  i t s  s l i g h t  v o l a t i l i t y ,  t h u s ,  a l th o u g h  th e  u i a t e r i a l  v;ould be 

washed i n t o  t h e  deeper s o i l  by p r e c i p i t a t i o n  d u r in g  autumn and 

w in t e r ,  r i s i n g  s p r in g  te m p e ra tu re s  would p ro b ab ly  cause  th e  

em anation o f  to x ic  vapour and so l e q d  t o  a renewed t o x i c i t y  i n  

th e  extreme s u r f a c e .

The in c r e a s e  a s s o c i a t e d  w ith  D.D.T. was l e s s  marked in  

hem iedaphic Gollem bola th a n  in  th e  euedaphic form s, m ithough 

e v id e n t  i n  th e  o v e r a l l  a n a l y s i s ,  i n  th e  s e p a r a te  a n a ly s e s ,  th e  

i n c r e a s e  was not a p p a ren t  i n  O ctober 1931, and was s i g n i f i c a n t  

on ly  i n  A p r i l  1932. mgain t h i s  was p ro b ab ly  due t o  th e  

i n s e c t i c i d e  b e in g  vrashed i n t o  th e  s o i l  so t h a t  th e  c o n c e n t r a t io n  

o f  D.D.T. and c o n se q u e n t ly  th e  p r o t e c t i o n  a g a in s t  p r e d a t o r s ,  

was l e s s  in  t h e  extrem e s u r f a c e  th a n  in  th e  deeper s o i l .

The t r e n d  o f  hem iedaphic Gollem bola i n  t h e  D.D.T. + B.H.G. 

p l o t s  can a l s o  be e x p la in e d  on s i m i l a r  l i n e s .  The rem arkab ly  

s te e p  r i s e  to  th e  h igh  December p o p u la t io n  was p ro b a b ly  f a c i l i t a t e d  

by the  dbm inished t o x i c i t y  o f  B.H.G. a t t r i b u t a b l e  t o  l e a c h in g ,  

and by th e  i n i t i a l  d e s t r u c t io n  o f  p r e d a to r s  by  b o th  i n s e c t i c i d e s .  

F u rth e rm o re , th e  s i g n i f i c a n t  i n c r e a s e  o f  A p r i l  1932 in  th e  D.D.T. 

p l o t s ,  su g g e s ts  t h a t  the  c o n c e n t r a t io n  o f  th e  l a t t e r  i n s e c t i c i d e  

rem ained  s u f f i c i e n t l y  h ig h  in  th e  s u r f a c e  h a b i t a t ,  t o  a f f o r d ,  i n  

a d d i t i o n ,  a more l a s t i n g  p r o t e c t i o n .

' . / i th /
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ii'itli r e g a rd  t o  th e  q u e s t io n  o f  r c c o l o n i z a t i o n ,  and th e  

p e r s i s t e n c e  o f  i n s e c t i c i d a l  in f lu e n c e  i n  r e l a t i o n  t o  hem iedaphic 

C o llem bo la , th e  p e r io d ic  a p p ro x im a tio n s  o f  th e  B . H . G . ,  D.D.T. +

B.H.G. and c o n t r o l  p o p u la t io n s  were only  teu iporary  and i n  b o th  

t r e a tm e n ts  s i g n i f i c a n t  r e d u c t io n s  were e v id e n t  i n  i - p r i l  1952.

In  th e  c a se  o f  B.H.G. a lo n e ,  t h i s  renewed t o x i c i t y  p e r s i s t e d ,  and 

a s i g n i f i c a n t  e f f e c t  was a p p a ren t  i n  O ctober 1952. In  th e  c a se  o f  

D .D .T . , and D.D.T. + B .H .G ., th e  e f f e c t s  o f  t r e a tm e n t  were n e i t h e r  

s i g n i f i c a n t  in  O ctober 1951 no r  in  O ctober 1952, and th e  a n a ly s e s  

o f  annual r a t e s  o f  changes d id  no t r e v e a l  any s i g n i f i c a n t  d i f f e r e n c e .  

Thus, th e  e f f e c t s  o f  B.H.G. a lo n e  were s t i l l  e v id e n t  i n  O ctober 1952, 

bu t  th e  r e s u l t s  i n  r e l a t i o n  t o  th e  p e r s i s t e n c e  o f  th e  D .D .T ., and 

D.D.T. + B.H.G. t r e a tm e n ts  were in c o n c lu s iv e ,

j i l t  hough showing a s i g n i f i c a n t  i n t e r a c t i o n ,  v i o l e n t  re s u rg e n c e s  

were no t en co u n te red  i n  th e  O r ib a t  e i . F i r s t  i t  can be n o te d  t h a t  

i n  O r ib e l l a  s p e c ie s  th e  c o n t r o l  p o p u la t io n  was low a t  a l l  t im e s ,  

and th e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  a t t r i b u t a b l e  t o  i n s e c t i c i d e  

t r e a tm e n ts .  In  t h e  two dominant s p e c i e s ,  P u n c t o r i b a t es punctum, 

and H in u n th o ze te s  s e m iru fu s , a l l  i n s e c t i c i d e  t r e a t e d  p o p u la t io n s  

were s i g n i f i c a n t l y  lower th a n  th e  c o n t r o l  i n  O ctober 1951* ( i n  

P. punctum th e  d i f f e r e n c e  due t o  D.D.T. + B . H . G .  was b a r e l y  

s i g n i f i c a n t ) .

V.'ith th e  e x c e p t io n s  n o te d  belov;, t h e  r e s u l t s  fo r  t h e s e  two 

sp e c ie s  on th e  t h r e e  in te rm e d ia te  sam pling  o c c a s io n s  were in c o n c lu s iv e .  

The p o p u la t io n s  were a t  a l l  t im e s  low, many o f  th e  f l u c t u a t i o n s  o f 

t r e a t e d  p o p u la t io n s  were i r r e g u l a r  i n  c h a r a c t e r ,  and th e  chang ing  

s t a t u s /
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s ta tu s  o f  th e  tr e a te d  p o p u la tio n s  T/as, t o  a la r g e  e x te n t ,  due t o  

a d ecrea se  o f  c o n tr o l p o p u la tio n s . The on ly  s ig n i f i c a n t  d if f e r e n c e  

a t t r ib u t a b le  to  i n s e c t i c id e  treatm en t occu rred  in  th e  A p r il  

a n a ly s is  o f  M. sem iru fu s where th e  B.H.G. p o p u la tio n  was 

s i g n i f i c a n t l y  low er than th e  c o n tr o l .  In  O ctober 1952 s ig n i f i c a n t  

r e d u c t io n s  a t tr ib u ta b le  to  B.H.G. and t o  D .D .T . + B.H.G. w ere  

a g a in  apparent in  both  s p e c ie s ,  but th e  d i f f e r e n c e  due to  D .D .T . 

was n ot s ig n i f i c a n t .  Only in  P. punctum d id  th e  a n a ly s is  o f  

annual r a t e s  o f  change r e v e a l  a s ig n i f i c a n t  c o n tr o l  -  D .D .T . 

com parison; th e  d if f e r e n c e  b e in g  due t o  an in c r e a s e  o f  th e  D .D .T . 

p o p u la tio n . In  October 1951, D.D.T. cau sed  a s ig n i f i c a n t  

r e d u c tio n  o f  7 3 /  th e  p o p u la tio n  o f  t h i s  s p e c ie s ,  w h ile  in  

O ctober a n o n -s ig n if ic a n t  r e d u c tio n  o f  was ap p aren t. Thus 

in  t h i s  annual com parison th e r e  was s ig n i f i c a n t  ev id en ce  o f  

r e c o lo n iz a t io n .  The re co v e ry  o f  t h i s  s p e c ie s  was f i r s t  apparent 

in  A p r il  1952 when th e  D .D .T . tr e a te d  p o p u la tio n  was seen  t o  be  

1 6 /  g r e a te r  than  th e  c o n t r o l .  S u b seq u en tly  some r e t r o g r e s s io n  

was ob served  but th e  reco v ery  was s u f f i c i e n t l y  w e l l  m a in ta in ed  t o  

produce th e  s ig n i f ic a n t  ev id e n ce  o f  r e c o lo n iz a t io n  n o ted  above.

R e c a p itu la t in g , th e  b u lk  o f  th e  ev id en ce  in  th e  p r e se n t s tu d y  

in d ic a t e s  th a t  th e  in c r e a s e  o f  G ollem bola a s s o c ia t e d  w ith  th e  

p resen ce  o f  D .D .T . was due t o  th e  red u ctio n  o f  th e  p red a to ry  

p r essu re  o f  M esostigm ata . The on ly  o c c a s io n  on which a s ig n i f i c a n t  

red u ctio n  o f  p red aciou s IIeso sti/? iia ta  was n ot accom panied by an 

in c r e a s e  o f  Golle^abola was in  th e  com parison p f  th e  u n c u lt iv a te d  

and r e seed ed  c o n tr o l  p l o t s ,  and here th e  r e d u c tio n  o f  p red a to rs  

w a s/
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was accom panied by major p h y s ic a l  ch an ges in  th e  environm ent, 

krhilst most w orkers have a t tr ib u t e d  r e a c t io n s  o f  t h i s  ty p e  to  

th e  d e s tr u c t io n  o f  p red a to rs  and p a r a s i t e s ,  o th er  f a c to r s  have 

a ls o  been su g g e sted  a s  c o n tr ib u to r y  c a u s e s . Hueck e t  a l  

( 1952) ob served  th a t  low  c o n c e n tr a t io n s  o f  D.D.T. cau sed  an 

in c r e a s e  in  th e  o v ip o s i t io n  r a te  o f  F r u it  Tree Red S p id er  

(ife ta te tr a n y c h u s  u lin i) .  In  some exp erim en ts t h i s  in c r e a s e  was 

s ig n i f i c a n t  s t a t i s t i c a l l y ,  and a t h igh  r a t e s  a t o x ic  e f f e c t  was 

app aren t. B a u d iss in  (1952) found th a t  trea tm en t w ith  D.D.T. +

3.H.C. caused  an in c r e a s e  i n  t h e  p o p u la t io n  o f  s o i l  A c a r i  and 

G ollem bola a f t e r  an i n i t i a l  t o x i c  e f f e c t  l a s t i n g  f o r  about two 

weexs. The in c r e a s e  was not w e l l  marked, and th e  i n v e s t i g a t i o n  

d id  not in c lu d e  o b s e rv a t io n s  on t h e  e f f e c t  o f  D.D.T. a lo n e ,  n e i t h e r  

were p re d a to ry  m ite  p o p u la t io n s  a s s e s s e d .  B a u d is s in  c o n je c tu r e d  

t h a t  t h i s  in c r e a s e  was due t o  a "che ino tac tic  s t im u la t i o n "  by 

r e s i d u a l  q u a n t i t i e s  o f  D .D .T . , and a p h y s io lo g ic a l  re sp o n se  was 

im p lie d .  No ev idence  was advanced i n  sup po rt  o f  t h i s  e x p la n a t io n .  

R ic h te r  a l s o  observed  an i n c r e a s e  i n  D .J .T . + B.H.G. t r e a t e d  

p o p u la t io n s  o f  A car i  and Gollem bola i n  f o r e s t  s o i l .  He h a za rd e d  

no e x p la n a t io n  b u t  s u b s c r ib e d  t o  B a u d i s s i n ' s  v iew s. I n  t h e  

p re s e n t  s tu d y ,  o b s e rv a t io n s  on th e  re sp o n se s  o f  G ollem bola t o  D.D.T. i n  

s t e r i l e  s o i l  produced n e g a t iv e  r e s u l t s ,  b u t  owing t o  t h e  g r e a t  

v a r i a t i o n  which o b ta in e d ,  t h e s e  r e s u l t s  were in c o n c lu s iv e .  However 

th e r e  a re  o th e r  grounds t o  suppose t h a t  Gollem bola a re  n o t  d i r e c t l y  

a f f e c t e d  by  D.D.T. in  t h i s  way. D avis (1952) i n  ex p e r im en ts  

v /ith  T etranyclius m u l t i s e t i s  -IcG, obse rved  t h a t ,  s h o r t l y  a f t e r  

c o n t a c t /
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c o n ta c t  w ith  D .D .T ., th e  m ite s  becaoie h ig h ly  a c t iv e  and moved 

over g r e a te r  d is ta n c e s  than  u n tr e a te d  in d iv id u a ls .  The t r e a te d  

an im als became w id e ly  s c a t t e r e d  in  t h e ir  h a b ita t  and th e  d is p e r s io n  

r e s u lt e d  in  a h ig h e r  r ep r o d u c tiv e  p o t e n t ia l ,  and hence in  an 

e a r l i e r  a tta in m en t o f  th e  a sym p totic  p o p u la tio n . Thus th e  

in c r e a se d  rep ro d u ctio n  o f  i s o la t e d  c o lo n ie s  o f  T etra n y ch id s  in  

c o n ta c t  w ith  D.D.T. c o u ld  be a t t r ib u t e d  to  an i r r i t a n t  e f f e c t  o f  

s u b - le t h a l  d o ses. The ev id en ce  o f  D av is  in d ic a t e s  th a t  th e  e f f e c t  

o f  D .D .T . on th e  rep ro d u ctio n  r a te  o f  th e  m ite  i s  in d ir e c t ,  and 

r e la t e d  t o  d e n s ity  f a c t o r s ,  w h ils t  th e  d ata  o f  Hueck: e t  a l ,  a lth ou gh  

not in c o n s is te n t  w ith  t h i s  e x p la n a tio n , s u g g e s ts  a resp o n se  o f  a 

p h y s io lo g ic a l  n a tu r e .

A lthough th e  p o s s i b i l i t y  o f  a r e a c t io n  o f  t h i s  ty p e  b e in g  

p a r t ly  r e s p o n s ib le  fo r  th e  in c r e a se  o f  G ollem bola in  th e  p re se n t  

stu d y  cannot be c o m p le te ly  e lim in a te d , h i t h e r t o ,  th e r e  has been  no 

p o s i t iv e  d em onstration  o f  a resp o n se  o f  t h i s  n a tu r e  on th e  p art  

o f  th e se  in s e c t s ,  and most o f  th e  ev id en ce  i s  opposed t o  i t s  o cc u rr in g . 

O b servation s on G ollem bola in  c o n ta c t  w ith  D .D .T . showed t h e ir  

r e a c t io n s  to  be q u ite  u n lik e  th o se  d e sc r ib e d  fo r  T e tr a n y c h id a e ; 

th e  an im als showed no s ig n  o f  in c r e a s e d  a c t i v i t y ,  n e ith e r  was th e r e  

any ev id en ce  o f t o x i c i t y ,  even a t  p ro d ig io u s  d o sa g es .

The p o s s i b i l i t y  o f  th e  in c r e a s e  o f  G ollem bola b e in g  due to  a 

r ed u ctio n  o f  c o m p e tit io n  fo r  space and food  h a s  a ls o  to  be c o n s id e re d ;  

th e  p o t e n t ia l  co m p e tito r s  b e in g  th e  A ca r id ia e  and Q r ib a te i .

The a n a ly se s  o f  A ca r id ia e  r e v e a le d  no s ig n i f i c a n t  r e sp o n se s  

to  in s e c t i c id e  tr e a tm e n ts , and, a lth o u g h  a n o n - s ig n if ic a n t  r e d u c tio n  

o f /
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o f th e  th r e e  s p e c ie s  com p risin g  ’O ther A c a r id ia e * was apparent
Kaaci

in  th e  D .D .T . p l o t s ,  K hizoglyphus ech in op u s on th e  other^was seen  

to  be more abundant in  th e s e  p l o t s .  Thus th e r e  was no c o n s is t e n t  

a s s o c ia t io n  o f  lovï Ac a r id  w ith  h ig h  C ollem bolan  p o p u la t io n s , and 

th e r e fo r e  no in d ic a t io n  o f  c o m p e tit io n  betw een th e s e  grou p s.

With regard  t o  Q r ib a te i , most o f  th e  e v id en c e  i s  c o n s is t e n t  

w ith  th e  v iew  th a t t h e s e  m ite s  ex er te d  l i t t l e  in f lu e n c e  on G ollem b ola . 

In  th e  o v e r a l l  a n a ly se s  o f  Q r ib a te i , th e  r e d u c t io n s  ob served  in  th e  

D .D .T . p lo t s  were not s ig n i f i c a n t ,  and, in  th e  se p a r a te  a n a ly s e s ,  

th e  e f f e c t  o f  D.D.T. was not a lw ays w e l l  marked, and was s ig n i f i c a n t  

o n ly  in  O ctober 1951* M oreover, in  th e  com parison o f  p lo t s  t r e a te d  

B.H.G. w ith  th o se  r e c e iv in g  D .D .T . + B.H.G. th e  s ig n i f i c a n t  in c r e a s e s  

o f  G ollem bola in  th e  p lo t s  t r e a te d  w ith  b oth  i n s e c t i c i d e s  were not 

a s s o c ia t e d  m th  s ig n i f i c a n t  r e d u c t io n s  o f  O ribat e i . On a number o f  

o c c a s io n s , th e s e  m ite s  were a c t u a l ly  more abundant in  th e  p lo t s  

r e c e iv in g  both i n s e c t i c i d e s .

A lthough th e  more s ig n i f i c a n t  a s s o c ia t io n s  were th o se  betw een  

G ollem bola and t  .e L leso stig m a tic  m ite s  known t o  b e p r e d a c io u s , i t  i s  

im portant to  c o n s id e r  th e  H hodacaridae -  th e  dominant L leso stig m a tic  

m ite s  -  in  r e la t io n  t o  th e s e  in s e c t s .

The r e a c t io n  o f  t h e s e  m ite s  t o  D .D .T . was not s ig n i f i c a n t ,b u t  

t h e ir  p o t e n t ia l  in f lu e n c e  cannot be d isc o u n te d , fo r  th e  tr e n d s  o f  

t h e ir  p o p u la tio n  in  b o th  th e  D .D .T . and th e  D .D .T . + B.H.G. p lo t s  

were s im ila r  to  th o se  o f  th e  knov/n p r e d a to r s . T hese are  amongst 

th e  few m ite s  w hich a re  found in  th e  lov/er s o i l ;  b oth  F r e n z e l (193^) 

and H illm an (1935, 193&) n o ted  t h i s ,  and n ot o n ly  do th e  June 

r e s u l t s /
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r c s u l t s  su b sc r ib e  t o  t h i s  v iew , b ut t h e s e  m ite s  were a l s o  found  

in  la r g e  nurribers by th e  w r i t e r ,  in  s o i l  b elow  th e  3" l e v e l  a t  

A u ch in cru iv e , A y rsh ire , and a t  Lephininore, j fr g y l l .  The food  h a b it s  

o f  th e s e  m ite s  are  n ot known, a lth o u g h  th e  s tr u c tu r e  o f  t h e ir  

mouth p a r ts  su g g e s ts  a p red a to ry  h a b it .  I t  i s  prob ab le th e r e fo r e  

th a t  th e  K hodacarids e x e r t  some in f lu e n c e  on th e  deep l i v i n g  

C ollem bola  p a r t ic u la r ly  th e  T u llb e r g in a e .

In  r e l a t i o n  to  th e  problem  posed  by  v e r t i c a l  d i s t r i b u t i o n ,  

h e i s  Fogh (1948) observed  t h a t  th e  p re d a c io u s  M esostigm ata  were 

n e a r  s u r f a c e  s w e l l e r s ,  s i m i l a r l y  in  Glasgow, i n  June  1951, 

M esostigm ata  o th e r  th a n  R hodacaridae  were more dense i n  th e  upper 

s o i l  ( th e  d i f f e r e n c e  was n o t  s i g n i f i c a n t ) .  On th e  whole t h e r e f o r e  

t h e  a c t i v i t i e s  o f  th e s e  m ite s  would b e  ex p ec te d  t o  have l i t t l e  

in f lu e n c e  on Gollembola i n  t h e  deeper s o i l .  The s m a lle s t  o f  t h e  

M esostigm ata  known t o  be  p re d a c io u s  was D ig am ase llu s  r e t i c u l a t u s ; 

t h i s  d id  n o t  occur i n  s u f f i c i e n t  numbers a t  Glasgow i n  June  1951 

t.- p ro v id e  u s e f u l  ev idence  o f  i t s  v e r t i c a l  d i s t r i b u t i o n ,  b u t  a t  

Lephinm ore, A rg y l l ,  t h i s  s p e c ie s  was found i n  c o n s id e r a b le  numbers 

below  th e  1^" l e v e l ,  and i t  vras no t uncormmon below th e  3 ” p o in t  

v b e re  i t  o c cu rred  w ith  R hodacaridae  and  T u l lb e r g in a e . Thus t h i s  

s p e c ie s  a t  l e a s t  i s  c a p a b le  o f  p e n e t r a t i n g  t h e  deeper s o i l  i n  se a rc h  

o f  p rey .

In  c o n c lu s io n , t h i s  s tu d y  h as shown th a t  when in c o r p o r a te d  w ith  

s o i l  a t  r a t e s  coniinonly used  in  com m ercial p r a c t ic e ,  b o th  D .D .T , 

and B.H.G. induce marked and p e r s is t e n t  q u a n t ita t iv e  changes in  th e  

aiicroarthropod  p o p u la tio n . The a c t io n  o f  B.H.G. i s  s u f f i c i e n t

t o /
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t o  w arrant some concern  about a d verse  lo n g  term  e f f e c t s  on 

s o i l  f e r t i l i t y  w liicb m ight occur a s  a r e s u l t  o f  a g e n e ra l  

d ecim ation  o f  saprophagous s p e c ie s  by t h i s  w id e ly  u sed  s o i l  

i n s e c t i c i d e .  With reg a rd  to  th e  use o f  D .D .T . th e  r i s k  

o f  fa v o u r in g  phytophagous C ollem bola  i s  o b v io u s , and v b i l e  

our knowledge i s  i n s u f f i c i e n t  to  make an a u t h o r it a t iv e  

a ssessm en t o f  i t s  lo n g  term  in f lu e n c e  on s o i l  f e r t i l i t y ,  th e  

d ise q u ilib r iu m  p r e c ip i ta t e d  by t h i s  su b sta n ce , and th e  r e sp o n se s  

o f  th e  p o p u la tio n  t o  th e  m ixed i n s e c t i c i d e s ,  em phasize th e  n eed  

fo r  an e c o lo g ic a l  approach to  problem s o f  p e s t  c o n t r o l .  On 

th e  o th er  hand, th e  in v e s t ig a t io n  a ls o  r e v e a ls  th a t  tr e a tm e n ts  

m th  th e s e  m a te r ia ls  p ro v id e  a v a lu a b le  te ch n iq u e  fo r  s tu d y in g  

th e  p o p u la tio n  dynamics o f  A rthropod com m unities in  th e  f i e l d .
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VI. AClŒOHDlLDŒmJTS,

The s u b je c t s  fo r  in v e s t ig a t io n  w ere su g g e sted  by Dr, D .S . 

..lacLagan, who, in  c o n ju n c tio n  w ith  Mr. il.V. B ria n , d ir e c te d  th e  

stu d y . The a d v ice  and encouragem ent g iv en  by both  th e s e  

gentlem en i s  g r a t e f u l ly  acknow ledged. A dvice on C ollem bolan  

taxonomy v/as r e c e iv e d  i n i t i a l l y  from M iss T heresa  C lay and la t e r  

from Dr. H. G is in , Geneva. Thanks are a l s o  due t o  Dr. G is in  

fo r  h i s  in t e r e s t  and a d v ice  in  r e la t io n  t o  vMder a s p e c ts  o f  th e  

stum y, fo r  g i f t s  o f  specim ens and l i t e r a t u r e ,  and fo r  in fo rm a tio n  

on c o n t in e n ta l  work. The w r ite r  has th e  p r iv i l e g e  o f  aclcnovMedging 

th e  generous a d v ice  on A carin e taxonomy and e c o lo g y  g iv en  by Dr. G. 

Owen E vans, B r i t i s h  Museum (N at. H i s t . ) .  Dr. Evans a l s o  p ro v id ed  

f a c i l i t i e s  fo r  a p e r io d  o f  s p e c ia l  s tu d y  at th e  M useua, and th e  work 

d e sc r ib e d  in  Appendix I .  was undertaken under h i s  d ir e c t io n .  The 

w r ite r  i s  in d eb ted  t o  th e  Board o f  Governors o f  th e  V est o f  S c o tla n d  

A g r ic u ltu r a l  C o lle g e  fo r  th e  award o f  a C o lin  Thompson t r a v e l l in g  

sc h o la r sh ip  fo r  th e  purpose o f  t h i s  v i s i t .  Acknowledgments are due 

t o  i.Ir. R.A. Crows on who i d e n t i f i e d  th e  G o le  opt era  c o l l e c t e d  and 

t o  Dr. J .V .I i. Lawson who i d e n t i f i e d  D ip t e r a .

D is c u s s io n s  w ith  Mr. Liinyan M acfadyen, and Dr. P a u l Murphy were  

a ls o  o f  g rea t v a lu e , and a d v ic e  on s t a t i s t i c a l  m a tters  was r e c e iv e d  

from th e  S t a t i s t i c s  D epartm ent, Rotham sted; p a r t ic u la r  thanks b e in g  

due to  _Ir. M.J. L e s s e l l s .  The ch em ica l a n a ly s is  was c a r r ie d  out 

a t th e  C o il dhem istry D epartm ent, A u ch in cru iv e , f i n a l  c o p ie s  o f  th e  

g ra p h s/
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graphs were made by H is s  H. B r it t o n ,  and th e  f ig u r e s  were  

photographed by Hr. J .  Raymond, Thanks a re  a ls o  due to  

,Ir. F, de P . H anika, R oyal T ech n ica l C o lle g e ,  G lasgow, fo r  

l i n g u i s t i c  a s s i s t a n c e  in  th e  in te r p r e ta t io n  o f  German 

l i t e r a t u r e .
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711. SUIMLVRT.

The s o i l  iiiicroarthropoda, m ainly C ollem bola  and A c a r i, o f  

o ld  g ra ss la n d  a t Glasgow were in v e s t ig a t e d ,  s p e c ia l  a t t e n t io n  b e in g  

p a id  to  th e  e f f e c t s  on th e  p o p u la tio n  o f  c u l t u r a l  o p e r a tio n s  and 

trea tm en ts  w ith  D,.:-,T. and D.H.C. The data were o b ta in ed  by  

exam ining s o i l  sam ples taken on s ix  o c c a s io n s  from th e  p lo t s  o f  a 

6 X A- rando::iised b lo ck  f i e l d  exp erim en t. The trea tm en ts  were 

a s f o l lo w s ; -  ( l )  U n c u lt iv a te d . (2 ) d eseed ed  C o n tro l. ( j )  F a llo w .

(4 ) R eseeded + D.D.T. (5) R eseeded  -i- B.H.G. and (6) R eseeded +

D .D .T . + B.H.G. The an im als were e x tr a c te d  w ith  a f l o t a t i o n  apparatus  

and th e  f i e l d  work was supported  by la b o r a to r y  o b se r v a t io n s . The 

r e s u l t s  are p r e sen ted  in  two p a r ts :  ' P a rt 1 . d e a lin g  v;ith  th e  fauna  

o f  th e  u n c u lt iv a te d  p l o t s ,  and P art I I .  w ith  th e  e f f e c t s  o f  c u l t iv a t io n  

and in s e c t i c id e  tr ea tm en ts .

PART I .

1 . The l i t e r a t u r e  on e x tr a c t io n  te c h n iq u e s , e c o lo g ic a l  su r v ey s ,  

and on th e  b io lo g y  o f  C ollem bola  and A ca r i i s  rev iew ed .

2 . The q u a l i t a t iv e  r e s u l t s  in c lu d e  a l i s t  o f  s p e c ie s  and n o te s

on th e  b io lo g y  and d is t r ib u t io n  o f  th e  dominant and o th er in t e r e s t in g  

s p e c ie s  en cou n tered .

3 . The community in c lu d e d  th e  fo llo w in g  A cari new t o  s c ie n c e : -  

(a ) R h o d a ca re llu s  e p y g i n i a l i s , (b) D igam asellu s r e t i c u la t u s  and

(c )  P la t y s e iu s  n .s p . The f i r s t  s p e c ie s  a ls o  r e p r e s e n ts  a genus  

new t o  B r ita in .  D e s c r ip t io n s  o f  (a ) and (b) are in c lu d ed  in  

A ppendix/
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,.ppeMdix I  (Taxono;ny) , and d e s c r ip t io n  o f  (c )  w i l l  be ^ iven  

by Dr.  uv/en divans in  a forthcom ing pap er.

fh e  fo llo w in g  s p e c ie s  are n o ted  a s new to  B r i t a in : -  

: o i l  0:fo o l a

( l )  Cnychiurus n l ig in a t u s , G -isin. ( l l )  O nychiurus spinu  l a r i u s , i i s i n  

( i l l )  T u llb e r g ia  c r a s s i c a s p i s , d i s in ,

3 . A cari

( l )  f -er:;amasu s m isel l u s , B e r l e s e . ( l l )  L a s io s e iu s  p e n i c i l l i g e r ,3 e r le s e

3. A n o te  on th e  occu rren ce in  th e  c u l t iv a t e d  s o i l  o f  Aulolimannia

r ib a g a i , B e r le se  i s  a ls o  in c lu d e d . T h is  m ite  r e p r e s e n ts  th e  

.A ilohm anniidae ( O r ib a te i) , a fa ia ily  h i th e r t o  unrecorded fo r  B r it a in .

6. The q u a n t ita t iv e  co m p o sitio n  o f  th e  community i s  ta b u la te d ,

7. S t a t i s t i c a l  a n a ly se s  o f  sam ples taken in  Ju n e, I f y l ,  showed th e

p o p u la tio n  d e n s i t i e s  o f  a number o f  groups and s p e c ie s  t o  be  

s ig n i f i c a n t l y  g r e a te r  in  th e  0 - 3 ” th an  in  th e  3 - 9 ” la y e r  o f  s o i l .

In  no c a se  was th e  d e n s ity  o f  th e  lov/er stratum  p o p u la tio n  

s ig n i f i c a n t l y  g r e a te r  than th a t in  th e  su r fa c e  la y e r  o f  s o i l .

6 , The r e s u l t s  o f  s t a t i s t i c a l  a n a ly se s  shovfed th a t  th e  an im als

were not d isp e r se d  h o r iz o n ta l ly  over th e  u n c u lt iv a te d  area  in  a 

randoiii d is t r ib u t io n .

9 . A c o n s id e r a b le  sea so n a l f lu c t u a t io n  v;as en cou n tered  d u rin g  th e

year O ctober, 1 9 3 1 -3 2 , and th e  s t a t i s t i c a l  s ig n i f ic a n c e  o f  th e

d if f e r e n c e s  i s  n o ted . Q ollem bola were more abundant in  O ctober

and december than  in  February and A p r il ,  but th e  a d u lt  O r ib a te i

were l e a s t  abundant in  december. I t  i s  con clu d ed  th a t  th e

f lu c tu a t io n  o f  C ollem bola vvas determ ined  by c l im a t ic  c o n d it io n s ,  

b u t /
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b u t  th e  se a s o n a l  v a r i a t i o n  o f  O r i b a t e i  co u ld  n o t  be e x p la in e d  in  

t h i s  way. I t  i s  su g g e s te d  th e s e  m ite s  u n d e r ta k e  p e r io d ic  

m ig ra t io n s  and ev idence  i s  c i t e d  t o  i n d i c a t e  t h a t  th e s e  movements 

may be a s s o c i a t e d  w i th  th e  p ro p a g a t io n  rhythm o f t h e  an im a ls .

10. L a b o ra to ry  o b s e rv a t io n s  on c u l t u r e s  o f  l i v i n g  an im a ls  have 

con firm ed  and added t o  t h e  r e s u l t s  o f  p re v io u s  w orkers  on t h e  

fe e d in g  h a b i t s  o f  v a r io u s  s p e c ie s .  T ive  i le s o s t ig m a t ic  m i te s  

were ob served  t o  be  p r e d a to r s  o f C o llem bo la , t h e s e  in c lu d e d  

D. r e t i c u l a t u s  n . s p .

I I .

The l i t e r a t u r e  on th e  e f f e c t s  on th e  s o i l  p o p u la tio n  o f  

c u l t iv a t io n  and i n s e c t i c i d e s  i s  rev iew ed , and a b r i e f  account o f  work 

on th e  in f lu e n c e  o f  i n s e c t i c i d e s  on o th e r  m ixed A rthropod  

com m unities i s  g iv e n .

A. The E f f e c t  o f  C u l tu r a l  O p e ra t io n s

1 . O b serv a tio n s in  June 1951 (23 days a f t e r  saw ing) r e v e a le d  a

g e n er a l r ed u c tio n  a t t r ib u t a b le  to  c u l t iv a t io n  and r e s e e d in g . T h is  

v/as s ig n i f i c a n t  in  th e  a n a ly se s  o f  T o ta l C ollem bola and T o ta l  

I.Iesostigm ata , but n o t in  T o ta l O r ib a te i .

2. In  a number o f  c a se s  s i g n i f i c a n t  i n t e r a c t i o n s  o f  t r e a tm e n ts

v/ith  depth  were n o te d  i n  Ju n e  1951. T h is  was w e l l  marked in

O r i b a t e i ; and in  P u n c to r ib a te s  punctum , r e s e e d in g  r e s u l t e d  i n  a 

s i g n i f i c a n t  i n c r e a s e  o f  th e  p o p u la t io n  in  t h e  3 - 9 ” l a y e r  o f  s o i l .

3. C ollem bola were seen  t o  r e c o v e r , and on subsequent o c c a s io n s

th e r e  were no s ig n i f i c a n t  d if f e r e n c e s  betw een th e  r e se e d e d  and

u n c u l t i v a t e d /
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u n c u l t i v a t e d  p o p u la t io n s  o f  th e s e  i n s e c t s .

4 . Over t h e  y e a r  O ctober 1951-52, th e  t o t a l  p o p u la t io n s  o f

O r ib a te i  and ;.Ie so s t ig m a ta  were s i g n i f i c a n t l y  low er i n  th e  re s e e d e d  

th an  in  the  u n c u l t i v a t e d  p l o t s .  In  O r ib a t e i  t h e r e  were s i g n i f i c a n t  

i n t e r a c t i o n s  o f  t r e a tm e n ts  w i th  t im e ,  b u t  th e s e  co u ld  no t be  

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

5 . In  com parisons o f  f a l lo w  and re s e e d e d  c o n t r o l  p o p u la t io n s

in  June  1951 th e  only  group shovring a s i g n i f i c a n t  r e d u c t io n  i n

th e  f a l lo w  p l o t s  was th e  P h o d acar id ae  (l ie s o s t ig m a ta ) . On subsequent 

o c c a s io n s ,  however, f a l lo w in g  v/as seen t o  cau se  marked, and i n  many 

c a se s  s i g n i f i c a n t ,  r e d u c t io n s  o f  C o llem bo la . The e f f e c t  o f  

fa l lo v / in g  was l e s s  marked in  t h e  I .Iesostigm ata , and l e a s t  so  i n  

r e l a t i o n  t o  O r i b a t e i .

B. The E f f e c t  o f  I n s e c t i c i d e  T rea tm en ts

1 . Owing t o  th e  heavy r e d u c t io n s  c au se d  by  c u l t i v a t i o n  and  r e 

se e d in g ,  com parisons o f  i n s e c t i c i d e  t r e a t e d  p l o t s  w ith  t h e  re se e d e d  

c o n t r o l  in  June  1951 d id  n o t  r e v e a l  many s i g n i f i c a n t  d i f f e r e n c e s ,  

and th e  r e s u l t s  n o te d  below  a re  b a se d  m ain ly  on t h e  d a ta  o b ta in e d  

d u r ih g  th e  y e a r  O ctober 1951-52.

2. T reatm ent w i th  2 o z s .  p e r  square  y a rd  o f  2 /  B.D.T. ( 7 5 - 8 0 /  pp' 

i s o  1e r)  cau se d  se v e re  r e d u c t io n s  o f  A c a r i , p a r t i c u l a r l y  M eso s tig m ata . 

The r e d u c t io n  was s t a t i s t i c a l l y  s i g n i f i c a n t  i n  a number o f  A carin e  

groups and s p e c ie s ,  and  only  in  t h e  c a se  o f  P u n c to r ib a te s  punctum 

( O r i b a t e i ) was t h e r e  s i g n i f i c a n t  ev idence  o f  r e c o l o n iz a t i o n .  B.D.T. 

cau sed  a marked i n c r e a s e  o f  C o llem bo la , and i n  many c a s e s  t h i s  was 

s t a t i s t i c a l l y  s i g n i f i c a n t .

3 . /



3 . Treatm ent w ith  2 o z s .  per square yard  o f  2 /  B.H.G. (l3;o

gamma isom er) cau sed  s e v e re ,  and in  most c a s e s ,  s i g n i f i c a n t  r e d u c t io n s  

o f  a l l  m ic ro a r th ro p o d a .  There was no s i g n i f i c a n t  ev idence  o f  

r e c o l o n iz a t i o n ,  h u t  i n  hem iedaphic  C ollem bola  a tem porary  re c o v e ry  

was n o ted .

A. Treatm ent v /ith  a m ixture o f  b o th  i n s e c t i c i d e s  (2  oz, B.D.T* and

2 oz. B.H.G. p er square y a r d ) , cau sed  se v e r e  r e d u c tio n s  o f  A c a r i , 

and in  th e  a n a ly se s  o f  . le so s t ig m a t ic  p o p u la t io n s , th e  m ixed  

in s e c t i c i d e s  w ere, in  some c a s e s ,  s i g n i f i c a n t l y  more d e s tr u c t iv e  

than B.H.G, a lo n e . In  r e la t io n  t o  C ollem bola how ever, th e  m ixed  

i n s e c t i c i d e s  were in  many c a s e s  s i g n i f i c a n t l y  l e s s  d e s tr u c t iv e  

than B.H.G. a lo n e .

5 . L aboratory  t o x i c i t y  t e s t s  showed th a t  D .B .T . and B.H.G, were

t o x ic  in  a v a ry in g  degree t o  r e p r e s e n ta t iv e  s p e c ie s  o f  th e  th r e e

major A carin e groups en cou n tered . C o llem b o la , how ever, were

c o m p le te ly  u n a ffe c te d  by B .D .T ., b ut w ere h ig h ly  s u s c e p t ib le  t o

B.H.G. There was no e v id en c e  o f  any antagonism  betw een th e  two 

i n s e c t i c i d e s  in  la b o r a to r y  t e s t s  -with C o llem b ola .

6. The ev id en ce  i s  c o n s is t e n t  w ith  th e  v iew  th a t  th e  in c r e a s e  

o f  C olleùibola in  th e  B .D .T . p l o t s ,  and th e  a n ta g o n is t ic  e f f e c t

o f  th e  m ixture o f  b oth  i n s e c t i c i d e s  on t h e s e  in s e c t s  in  th e  f i e l d ,  

was due t o  a r e d u c tio n  b y  D .B .T . o f  th e  p red a to ry  p re ssu r e  o f  

H eso stig m a ta .
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..Ẑ CLACAiV, A.S. ( 1 9 3 2 ) .  V.n e c o lo g ic a l  s tudy  o f  th e  lu c e rn e  f l e a  
( Suiinthurus v i r i d i s  L in n ) .  I and I I .  B u l l .  e n t .  Aes. 23 ,
101-43, 13 1 - 9 : .

lAAOTVALlPI, 0. ( 1 9 2 4 ) * The food o f  C ollem bola . Canad. Bnt. 3 6 ,
99 - 1 0 3 .

iZVATIii, II. and VaVIIT, H.L. (1943) * The q u a l i t a t i v e  exam ina tion  of
in sec tic id a l p r o p e r t i e s .  P r o g re s s  r e p o r t  194^1- Kept. Long Ashton 
Aes. Ota. for 194̂ !-* 121-140.

V.L13SBB, .... A and STBBR, A. (1929 ) .  Tar d is t i l la t e  v/ashes and red 
s p id e r .  J.Ain.xxgric. 3 6 , 233-37.

mlCicVBL/



- I  0 1  -

MICîLAEL, A.D. (1 8 8 1 ). O b se rv a tio n s  on th e  l i f e  h i s t o r i e s  o f  
Gam asinae, w ith  a view  t o  a s s i s t  in  t h e i r  more ex ac t 
c l a s s i f i c a t i o n .  J .  L in n . Soc. ( Z o o l . ) .  I 3 , 297-309.

MICHAEL, A.D. (1 8 8 4 ,1 8 8 8 ). B r i t i s h  O r ib a t id a e . 2 v o ls .  London:
Ray Soc.

MICHAEL, A.D, (1 9 0 1 ,1903 ). B r i t i s h  T y ro g ly p h id a e . 2 v o ls .  London;
Ray Soc.

MORRIS, II.M. ( 1920) .  O b se rv a tio n s  on th e  in s e c t  fauna o f  perm anent 
p a s tu re  in  C h e sh ire . Ann. a p p l. B io l .  141-33#

MORRIS, H.M. ( 1922a ) .  The in s e c t  and o th e r  in v e r t e b r a te  fauna  o f  
a ra b le  la n d  a t  R otham sted . P a r t  I .  jVnn. a p p l. B io l ,  9,» 282-303#

MORRIS,  H.U. ( 1922b ) .  On a method o f  s e p a r a tin g  in s e c t s  and o th er  
arthropods from th e  s o i l .  B u l l .  e n t .  R es. 1 3 . 197-200.

MORRIS, H.M. ( 1927) .  I n s e c t s  and o th e r  in v e r t e b r a te  fauna o f  a r a b le  
la n d  a t  R otham sted, P a r t  I I ,  Ann. a p p l. B io l .  14» 442-464#

MULLER, P .E , (1 8 7 9 ). S tu d ie r  over S k o v jo rd , som B id rag  t i l
Skovdyrkningens T h e o r i .I .  Om Bogemuld og Bogemor paa Sand og 
L er, T id ssk r Skovbr. 3 * 1# C ite d  in  K ühnelt (1 9 3 0 ).

MULLER, P .E . ( I 884) .  S tu d ie r  over S k o v jo rd , som B id rag  t i l
Skovdyrkningens T h e o r i . I I .  Om Muld og Mor i  Egeskove og paa  
H eder. T id s sk r  Skovbr. 2» 1# C ite d  in  K ühnelt (1 9 3 0 ).

IvIURHIY, P.Y/, ( 1933) .  The b io lo g y  o f  f o r e s t  s o i l s  w ith  s p e c ia l
re fe re n c e  t o  th e  m esofauna or m eiofauna. J ,  s o i l  S c i .  ij., 133-193'

NESBITT, H.H. J .  (1945) • A r e v is io n  o f  th e  fa m ily  A c arid ae
( T yrog lyph idae) o rd e r  A c a r i , b a se d  on co m p ara tiv e  m o rp h o lo g ica l 
s tu d ie s .  Canad. J .  R es. (d) 2 3 . 139-188.

NEWS ON, L.D. and SMITH, G.E. (1949) # D e s tru c t io n  o f  c e r t a i n  in s e c t  
p re d a to r s  by  a p p l i c a t io n s  o f  i n s e c t i c i d e s  t o  c o n tr o l  c o t to n  
p e s ts .  J .  econ. E n t. 4 2 . 904-908.

NOORDAM, D. and VLISGER, S. VAN DER VAART-DE (1943 ). Een onderzoek  
n a a r s a m e n s te ll in g  en b e te e k e n s is  van de fau n a  van e ik e n s t r o o is e l .  
Ned.Boschb. T i jd s c h r .  I 6 , 470-92 .

RAYSKI, 0. (1943) .  The b ionom ics o f  th e  l a r v a l  s ta g e s  o f  M oniezia  
and o th e r  h e lm in th  p a r a s i t e s  p r e s e n t  i n  p a s tu r e s .  B eing an 
account o f  o r i b a t i d  m ite s  and t h e i r  r e l a t i o n  t o  a n o p lo c e p h a lin e  
c e s to d e s  in  S c o t t i s h  p a s tu r e s .  U npub lished  t h e s i s  in  
c a n d id a tu re  f o r  th e  d eg ree  o f  P h .D ., U n iv e rs i ty  o f  E d inburgh .
108 pp.

RICHTER/



-1 8 2 -

lŒCHTER, G. ( 1953)* D ie Auswirkung von I n s e k t iz id e n  a u f  d ie  t e r r i c o l e  
îvlakrofauna. (Q u a n t i ta t iv e  U n tersuchungen  b e g i f t e t e r  und 
u h b e g i f t e t e r  W aldboden)* ITachr* d tsch*  P f la n z e n s c h u tz d ie n s t ,
61—72*

RIHA, G* ( 1951)* Z ur O kologie  d e r  O r ib a t id e n  i n  IC alksteihboden* Zool* 
J b .  (Abt* Ô k o l.) 8 0 , 407- 30#

KEEPER, W. ( 1930)* ChampignornSpringschT/anze* B io lo g ie  und Bekanpfung 
. von H ypogastru ra  m a n u b r ia l is  T u llb*  Z. angew* Ent* 1_6, 546-84#

RUSSELL, S*J* ( 1930)# S o i l  c o n d it io n s  and p l a n t  grow th ( 8 th  e d i t i o n ,  
r e v is e d  by.E.W* R u s s e l l)*  635 PP# L ondon: Longmans G reen.

SALT, G* ( 1952)* The a r th ro p o d  p o p u la t io n  o f  th e  s o i l  i n  some E a s t
A f r ic a n  p a s tu r e s .  B u l l .  e n t .  R es. 203-220.

SALT, G* and ROLLICK, F .S .J *  ( I 944)# S tu d ie s  o f  wireworm p o p u la t io n s .
I* A census o f  wireworms i n  p a s t u r e .  Ann. a p p l .  B io l .  31» 32-64# .

SALT, G. and ROLLICK, F .S . J .  ( I9 if6 ) . S tu d io s  o f  w irev/onn p o p u la t io n s .  
I I*  S p a t ia l  d i s t r i b u t i o n  • J* exp* B io l*  23 , 1 -4 6 .

SALT, G* and HOLLICK, F .S .J *  RA.Y/, F . and BRIAN, M.V. ( I 948)* The 
a r th ro p o d  p o p u la t io n  o f  p a s tu r e  s o i l .  J .  Anim. Ecol* _1Z, 139-130#

SCHALLER, F . (1949&)# Zur O kolog ie  d e r  C o llem bolen  i n  K alkstednboden  
(n e b s t  e in ig e n  Bemerkungen u b e r  P r o tu r e n ) .  Z ool. J b .  (Abt* Okol)
2 8 , 263- 293.

SCHALLER, F* ( 1949b ) .  D ie C ollem bolen  i n  d e r  O ko log ie . 
W aturvT issenschaften  3 6 , 296- 99#

SCIiALLER, F* (1931)# Zur O kologie  d e r  C o lle n b o le n  des Mainz e r  Sandes.
Z oo l. J b . (Abt* Okol) 22» 449-313#

SHAW, H* ( 1943)# The new i n s e c t i c i d e s  D.D.T* and  benzene h e x a c h lo r id e  
and t h e i r  s ig n i f ic a n c e  i n  a g r i c u l t u r e .  J .  ro y . a g r i c .  Soc* I 06 .
204- 218.

SCHNEIDER, F . (1943)# D er h e u t ig e  S tand  d e r  S chad lingsbekanp fung
im O bstbau . Schweiz* Z* O b st-u  Weirib. 3k» 143» I 5I*  C ite d  i n  Shaw
( 1945) .

STACK, J .  ( 1947)» The apterygotan fauna of Pdland. Acta Bonogr,
Mus. H is t .  ne.t* Krakow I*  488 p p .

STEINER, L .F . , ARNOLD, C .H *, and  SUIG.iERLAim, S .A . ( 1 9 H ) .  L a b o ra to ry  and 
f i e l d  t e s t s  o f  D.D.T* f o r  th e  c o n tr o l  o f  th e  c o d lin g  moth*
J .  econ . E n t. 3 7 , 156-57#

STEÏÏKZKE, K. ( l 949)# O kolog ische  S tu d ie n  u b e r  d ie  Colleiribolenge
- s e l l s c h a f t e n  f e u c h te r  Boden o s t  H o ls te in s*  A rch. H y d ro b io l. 4 2 ,
201- 303.

strenzke/



o y

SIREIIZiS, K. ( 1952) .  U ntersuchungen  u b e r d ie  T ie rg e in e in sch a fte n  des 
Bodens: B ie O r ib a tid e n  und ih r e  S ynusien  in  den Boden 
I lo rd d e u tsc h la n d s . B o o lo g ica , 3 7 » 1- 172.

STRICKLAND, A.II. (194-3) • A su rvey  o f  th e  a r th ro p o d  s o i l  and l i t t e r  
fauna  o f  some f o r e s t  r e s e r v e s  and cacao  e s t a t e s  in  T r in id a d . 
B r i t i s h  'west I n d ie s .  J .  Anim. E c o l. 1 4 , 1 -1 1 .

STRICilLidlD, A.II. ( 1947) .  The s o i l  fau n a  o f  two c o n t r a s t e d  p l o t s  o f 
la n d  in  T r in id a d , B r i t i s h  West I n d ie s .  J .  Anim. E c o l. 2 ^ , 1 -10 .

TIIOWiPSON, II. ( 1924) .  The s o i l  p o p u la t io n . An i n v e s t ig a t io n  o f  th e  
b io lo g y  o f  th e  s o i l  in  c e r t a i n  d i s t r i c t s  o f A berystw yth , 
i j in .  a p p l. B io l ,  3JL, 349-93#

THOR, S. ( 1931)# E in fu h ru n g  in  das Studium  d er A carin a  ( l l i lb e n ) .  In  
D ah l, D ie T ie rw e lt  D eu tsch la n d s . 2 2 , 1 -7 8 . Je n a : G .. F is c h e r .

TRÜGiiRDIi, I .  (1929) .  S tu d ie s  in  th e  fauna  o f  th e  s o i l  in  Swedish 
f o r e s t s .  T rans. 4 th  I n t .  Congr, E n t. 1928. 781-92.

TRAGARDii, I .  (1933)# M ethods o f  a u to m atic  c o l l e c t i n g  fo r  s tu d y in g  th e  
fauna  o f  s o i l .  B u l l .  e n t .  R es. 203-14#

TÜLLGREH, A. (1918 ). B in se h r  e in fa c h e r  A u s le se a p p a ra t f u r  t e r r i c o l e
T i e r f  o m en . Z. angew. E n t. 4 ,  149-30 .

TURK, E.A. ( 1933)# A synonymic c a ta lo g u e  o f  B r i t i s h  A c a r i . Ann. Mag. 
n a t .  H is t .  (1 2 ) . 1-99#

mTZTHUIvI, H.G. ( 1941) # A c a r in a . In  B ronn , I d a s  sen  und Ordungen des
T ie r re ic h s #  3.» S e c t. 4 , BK.5# 1011 pp . L e ip z ig .

VILTERRVi, V, ( 1928) .  (V a r ia t io n s  and f lu c tu a t io n s  o f th e  number o f
in d iv id u a ls  in  an im al s p e c ie s  l i v i n g  to g e th e r ) .  J .  Cons. i n t .  
E x p lo r. Mer ( 3 ) 1# T ra n s la t io n  by  W ells , M.E. i n  Chapman N .( l9 3 l )
Animal E cology. New York: McGraw H i l l .

I7EBER, G. ( 1933)# D ie M akrofauna l e i c h t e r  und schv/erer Ackerboden und 
ih r e  B e e in f l u s sung durch  P f la n z e n s c h u ta m it te l .  Z .P f lE rn a h r . Dung.
61, 107-118.

WEIS-E0ŒE, T. 1948) .  E c o lo g ic a l  i n v e s t i g a t io n  on m ite s  and 
collem bol€5 in  th e  s o i l .  N a tu ra  J u t l a n d ic a  1, 133-270.

WILLIAMS, B.C. ( 1941) .  An e c o lo g ic a l  s tu d y  o f  th e  f lo o r  fauna  o f  th e  
fanama r a i n  f o r e s t .  B u l l .  Chicago Acad. S c i . ' _6, 63- I 24*

WILTIIANy C. ( 1931)# Lloosmilben oder O r ib a tid e n  ( O r ib a te i ) . In  D ah l, 
Die T ie rv /e lt  D eu tsch lan d s 22j 79-200. Je n a : G. F is c h e r .

WILIIWiN/



IVILLIvIAN, C. ( 1935)* U ber e in e  e ig e n a r t ig e  H ilb e n fa u n a  i n
K ustengrundv;asser d e r  K ie le n  Bucht* Sohr* naturw* V er. S c iil* -H o ls t.20, 422- 434.

Y/ITiLMAN, G* (1 9 3 6 ). Neue A c a ri a u s s c h le s is c h e n  Y/iesenboden* Zool*
Anz. 1j3_, 273- 290.

WOMERSLEY, H. ( l9 3 0 )*  N otes on some new and r a r e  B r i t i s h  C o llem bo la . 
3înt* mon. Mag. 3 3 -4 1 .

WOMGRSLEY, H* (1936)* On th e  c o llem b o lan  fau n a  o f New Z ea lan d .
T ran s , ro y . S oc . N .Z . 66 , 316-28 .



—185—

AZPEITDIX I,

?AKONaiX



-1BG-

I .  FM CLÏ EHOIJACAHIDAE, OUESliAMS 1902. (ACARI, lŒSOSTiaiATA)

T his fa n d ly  was o r i g i i i a l l y  e r e c te d  to  accommodate th e  s in g le  

genua E hodacarus. Two f u r t h e r  g e n e ra  w ere d is c o v e re d  b y  W illm an 

( 1933) ,  &]ad th e  fa m ily  c an  new be  d e f in e d  a s  f o l lo w s : -

S m a ll, e lo n g a te ,  l i g h t l y  c h i t i n i z e d  m i te s ,  l e s s  th a n  530 

i n  l e n g th .  I n  many c a s e s  a c o n s t r i c t i o n  i s  a p p a re n t be tiveen  th e  

podosma and th e  o p is th o so m a, a lth o u g h  t h i s  m igh t be  i n d i s t i n c t ,  

e s p e c i a l l y  i n  mounted m a te r i a l .  The p a lp a l  t a r s u s  c a r r i e s  a  t r i f u r c a t e  

s e t a ,  a n d  th e  d o r s a l  s h i e ld  i s  d iv id e d  i n t o  a n t e r i o r  and p o s t e r i o r  

p o r t io n s  a p p ro x im a te ly  e q u a l i n  l e n g th .  V e n t r a l ly ,  a  more l i g h t l y  

c h i t i n i z e d  a re a  ex ten d s  fo rw a rd s  from  th e  s t e r n a l  p l a t e ,  so  t h a t ,  

i n  th e  m ale , th e  g e n i t a l  opening  a p p e a rs  to  b e  lo c a te d  some way b ack  

i n  th e  s t e r n a l  p l a t e .  The p e r i t r e m e  i s  s h o i i  re a c h in g  a  p o in t  

b e tw een  Coxae I I  and  I I I .

The th re e  known g e n e ra  c a n  b e  s e p a ra te d  w ith  th e  fo llo w in g  k e y :-

1 . Leg I .  w ith o u t claw  . . . . . . . . . . . .  R hodacarus Oudemans 1902.

Leg I .  w ith  c law     .....................   2 .

2 .  Claw on Leg I .  p e d u n c u la te  R h o d a c a re llu a  W illm an 1933

Claw on Leg I .  s e s s i l e  . . . . . . . . . .  % o d a c a ro p s is  TfillTnan 1933
%not y e t  re c o rd e d  f o r  B r i t a i n )

RHODAGAHSLLUS EPYGINLALIS n .s p .

Fem ale

D o rsa l s h ie ld  ( P ig .  1 ) 4OO -  4 2 0 ^  i n  l e n g th ,  and  180 -  I 9 0 /U 

w ide a t  th e  b ro a d e s t  p o i n t .  The s h ie ld  i s  d iv id e d  i n t o  two 

a p p ro x im a te ly  eq u a l p o r t io n s ,  th e  a n t e r i o r  p a r t  hav ing  f o u r  sm a ll 

d e p re s s io n s /
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d e p re s s io n s  n e a r  i t s  c e n t r e .  The ^ is to m e  ( F ig .  3C) h as 3 lo iig  c e n t r a l  

p o i n t s .  V e n tra l ly  ( F ig .  2) th e  s t e r n a l  s h i e ld  h e a r s  3 p a i r s  o f 

s e ta e  and p o re s  i n  th e  more h e a v i ly  c h i t i n i z e d  s e c t i o n ,  and a  s in g le  

p a i r  o f s e ta e  i n  th e  l i g h t l y  c h i t i n i z e d  a n t e r i o r  p a r t .  The p o s t e r i o r  

m arg in  o f th e  s t e r n a l  s h ie ld  i s  s t r o n g ly  e m a rg in a te . The most 

d i s t i n c t i v e  c h a r a c te r  o f  th e  s p e c ie s  i s  th e  e p y g in ia l  p l a t e  imhich i s  

rounded  p o s t e r i o r l y ,  and  e x te n d s  fo rw a rd s  a s  a n  a c u te  t r i a n g l e  w ith  

i t s  apex i n  l i n e  w ith  a  p o in t  s l i g h t l y  i n  f r o n t  o f  th e  a n t e r i o r  m arg in  

o f  th e  t h i r d  co x ae . The v e n t r i - a n a l  p l a t e  c a r r i e s  4  p a i r s  o f  p r e -  

a n a l  s e t a e .

The c h e l ic e r a e  ( f i g .  3^ have a  f ix e d  d i g i t  w ith  5 t e e t h  and a

•p ilu s  d e n t i l i s . th e  movable d i g i t  b e in g  t r i d e n t a t e .  T arsu s I .

(F ig  3B) i s  t y p i c a l  f o r  th e  g en u s; th e  c law s b e in g  b o rn e  on  a

p r e - t a r s u s .  Leg I I .  i s  unarm ed.

Male

I n  s i z e  and c h a e to ta x y  th e  d o r s a l  s h i e ld  i s  s i m i l a r  to  t h a t  o f  

th e  fem a le . The v e n t r a l  a im a tu re  i s  i l l u s t r a t e d  i n  Fig# 4 ; th e  

s t e r n a l  s h i e ld  h av in g  5 p a i r s  o f  s e t a e ,  and  3 p a i r s  o f p o re s .  The 

v e n t r i - a n a l  p l a t e  c a r r i e s  6 p a i r s  o f  s e t a e ,  3 a n a l  s e t a e ,  and  a  

p a i r  o f  sm a ll p o re s .  Leg I I .  (F ig  5B) i s  aim ed w ith  a  p ro m in en t 

p ro c e s s  on th e  fem ur and  sm a ll t r u n c a te d  c o n e - l ik e  p r o j e c t io n s  a re  

lo c a te d  on th e  genu, t i b i a ,  and  t a r s u s .  The c h e l ic e r a e  (F ig .  5A) 

have a  f ix e d  d i g i t  w i th  5 t e e t h  and a  p i l u s  d e n t i l i s , and  a  

b id e n ta te  m ovable d i g i t  w ith  a  s le n d e r  sp e rm a to p h o ra l p ro c e s s .

The H olo type  fe m a le . A llo ty p e  m ale , and p a ra ty p e s  a r e  d e p o s i te d  

i n  th e  B r i t i s h  Museum (N a t. H i s t . )

I I . /



II. FAMUiï ASCAIDAK OUIEMAMS AKD VOIGTS I9 0 5 (AGAKC, MBSOSTIGÎiATA)
Genus D ig a m s e l lu s  B e r le s e .  1905 

I n  t h i s  genus th e  s e t a  on th e  p a lp a l  t a r s u s  h a s  two t i n e s .

V itz thum  ( 1941) how ever lo c a te s  t h i s  genus i n  th e  G a m aso lae lap tid ae  

Oudemans 1959 -  a  fa m ily  i n  w hich  t h i s  s e t a  i s  t i d f u r o a t e .  The 

T/hole su b -o rd e r  how ever i s  b a d ly  i n  need  o f  r e v i s io n ,  and f o r  th e  tim e  

b e in g  i t  seems more a p p ro p r ia te  to  in c lu d e  D ig am ase llu s  i n  th e  f a m ily  

A sca id ae  -  group d is t in g u is h e d  by  th e  p re s e n c e  o f  a  b i f u r c a t e  s e t a  on 

th e  p a lp a l  t a r s u s ,  and a  d o r s a l  s h i e ld  d iv id e d  in to  a n t e r i o r  and 

p o s t e r i o r  p o r t io n s  a p p ro x im a te ly  e q u a l i n  len g th #

Digamasellus reticulatus n# sp.
Fem ale

D o rsa l s h ie ld  290 -  300yU i n  l e n g th ,  and 160 — 165yu w ide a t  

th e  b ro a d e s t  p o in t  ( F ig ,  ? ) •  The s h i e ld  i s  d iv id e d  i n t o  a p p ro x im a te ly  

e q u a l a n t e r i o r  and p o s t e r i o r  p o r t io n s  and  4  sm a ll  d e p re s s io n s  a r e  

lo c a te d  n e a r  th e  c e n tr e  o f  th e  a n t e r i o r  s h i e ld ,

A d i s t i n c t  r e t i c u l a t i o n  i s  a p p a re n t  o v e r th e  w hole o f  th e  d o r s a l  

su rfa c e #  The ep istom e ( F ig .  6b ) h a s  3 c e n t r a l  p o i n t s .  V e n t r a l ly  

( F i g .8 ) th e  s t e r n a l  p l a t e  b e a r s  4  p a i r s  o f  s e t a e ,  and 3 p a i r s  o f  

m inu te  pores#  The e p y g in ia l  p l a t e  i s  b ro a d  an d  t r u n c a te d  p o s t e r i o r l y ,  

w h ile  th e  m etapodal p l a t e s  a re  w e ll  d e v e lo p ed  a n d , i n  m ost specim ens 

d i s t i n c t l y  th o rn  shaped . I n  a d d i t i o n  to  3 a n a l  s e t a e ,  th e  v e n t r i -  

a n a l  p l a t e  c a r r i e s  5 p a i r s  o f  s e ta e  and  i s  r e t i c u l a t e d .  The 

p o s t e r i o r  s e ta e  ("E n d b o rs ten "  o f  L e i tn e r ,  1949) a r e  r i g i d ,  th e  in n e r  

p a i r  b e in g  much lo n g e r  th a n  th e  o u te r .  The c h e l ic e r a e  ( F ig .  6A) 

have  a  f ix e d  d i g i t  w ith  4  t e e t h  and a  n i l u s  d e n t i l i s # th e  m ovable 

d i g i t  b e in g  t r i d e n t a t e .

M ale -  unknowi/^
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Male -  unknown.

I n  th e  a rrangem en t ad o p ted  i n  L e i tn e f s  k e y , D. r e t i c u l a t u s  

c an  h e  lo c a te d  n e a r  D. p e r p u s i l lu s  B e r le s e ,  ( t h e  ty p e  s p e c ie s  

and d i f f e r s  from  th e  l a t t e r  m ain ly  i n  th e  c h a e to ta x y  and shape o f  

th e  v e n t r i - a n a l  p l a t e ,  and a ls o  b y  v i r t u e  o f  i t s  p o s s e s s in g  w e ll  

developed  m etapodal p l a t e s  and r e t i c u l a t e d  s h i e ld s .

The H olotype fem ale  and p a ra ty p e s  a re  d e p o s i te d  i n  th e  

B r i t i s h  Museum (N a t. H i s t . ) .
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lO O

FIG, I .  R hodacare llu s e p y g in ia l i s .  Fem ale, D orsal,

lO O

FIG, 2 . R hodacare llu s e p y g in ia l i s .  Fem ale, V en tra l.
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A

50 lOO/JL

B C

PIG. 5, R hodacare llu s e p y g in ia l  i s .  Pemsile,
A. C hela.
B. T arsus I .
C. Epistom e.

>■

lO O

PIG. 4 . R hodacare llu s e p y g in ia l i s .  Male. V e n tra l.



f:::

5 0 lOOyuL

FIG. 5 , R hodacarellus e p y g in ia l is .  Kale 
A# C hela,
B. Leg I .

B

A

SO/JL

FIG. 6 . D igam asellus r e t i c u l a tu s .
A. C hela.
B. Epistom e,

Female.
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lO O 200/UL

PIG. 7# D igam asellus r e t ic u la tu s *  Female* Dorsal*

200fXlO O

FIG. 8 .  D igam asellus r e t ic u la tu s *  Female* Ventral*
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SUi'Ô iARY TABLE A 

TREATEEILT TOTALS l6 th  OCTOBER 1951 

(Lumber o f Animals in  8 Samples)

Group o r S pecies Undug Fallow C ontro l D.D.T. B.H.G. D.D.T.
B.H.C.

T o ta l Collembola 407 77 467 775 96 258

T o ta l Euedaphic Collem bola 543 55 570 679 54 171
T o ta l T u llb e rg in ae 147 16 106 467 29 97
T u llb e rg ia  k ra u sb a u e ri 152 15 76 146 21 27

T u llb e rg ia  c ra s s ic u s p is 6 5 21 505 6 70

T o ta l C nychiurus spp. 85 5 91 122 6 29

Isotomodes p ro d u c tu s 42 5 76 34 5 42

Folsom ia Candida 69 5 61 50 16 5

T o ta l Hemiedaphic Collem bola 65 51 85 85 55 54

T o ta l O rib a te i 551 50 106 58 16 38

P u n c to r ib a te s  punctum 122 25 57 10 5 12

liin u n th o ze te s  sem iru fus 100 12 40 5 5 5

T o ta l O r ib e l la  spp. 57 4 5 17 1 2

T o ta l Immature O rib a te i 42 4 15 9 5 14

T o ta l A c arid iae 60 55 152 50 55 54

Rhizoglyphus echinopus 40 5 11 8 2 5
/*

T o ta l *O ther A carid iae* 20 52 121 22 55 51

T o ta l K esostigm ata 159 52 86 51 22 9

T o ta l R hodacaridae 87 9 57 18 6 5

R h o d aca re llu s  e p y g in ia l is 54 4 17 15 4 5

T o t. Known P red . K esostigm ata 26 8 15 1 6 1

T o ta l Pergamasus spp. 15 6 7 1 5 0

T o ta l Immature heso stig m ata 50 27 21 10 8 1
.

T o ta l o f 5 s p e c ie s : -  A carus s i r o ,  Coelognathus c a s t e l l a n i i ,  and Glycyphagus

d e s t r u c to r .

T o ta l o f  5 s p e c ie s : -  V eigaia  nem orensis, Pergamasus ru n c ig e r , P . m is e llu s ,

D igam asellus r e t i c u l a tu s  and Hypoaspis a c u l e i f e r .
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SUI'2uARY TABLE 3

TREATLEET TOTALS 14th  DECEMBER, 1951,

(number o f  Animals in  8 Samples)

Group o r Species Undug Fallow C on tro l D.D.T. E.H.C. D.D.T.
B.H.C.

I 'o ta l  Collem bola 449 104 426 945 164 548

T ota l Euedaphic Collem bola 557 82 524 771 78 515
T otal T u llb e rg in ae 79 59 94 544 57 158

T u llb e rg ia  k ra u sb a u e ri 64 52 80 152 22 46

T u llb e rg ia  c ra s s ic u s p is 15 4 14 575 15 112

T otal O nychiurus spp* 94 15 75 145 22 44

Isotom odes p roductu s 61 8 104 25 9 95

Folsom ia Candida 98 22 50 59 10 18

T o ta l Hemiedaphic Collem bola 106 14 97 155 77 225

T o ta l O r ib a te i 178 47 67 59 55 41

P u n c to r ib a te s  punctum 21 14 26 12 19 26

M inunthozetes sem irufus 85 17 19 27 15 6

T o ta l O r ib e l la  spp. 15 1 5 6 1 0

T o ta l Immature O rib a te i 28 5 6 5 0 5

T o ta l A c a rid iae 54 25 16 25 7 19

Rhizoglyphus echinopus 42 10 7 8 7 4

T o ta l »O ther A carid iae* 12 15 9 15 0 15

T o ta l H esostigm ata 157 56 48 26 11 5

T o ta l R hodacaridae 68 16 21 16 2 2

R hodacare llu s e p y g in ia l is  

T ot. Known P red . M esostigmata

58 6 8 14 0 1

n 5 7 1 5 2

T o ta l Pergam asus spp. 26 4 2 1 5 1

T o ta l Immature M esostigmata 15 10 14 4 5 0

1.2.
D e t a i ls  a s  in  Table A.
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SWil'ARY TAELS C

TREATMSnr TOTALS 20th  FEBRUARY, 1952.

(Kumber o f  Animals in  8 Samples)

Group o r S pec ies Undug Fallow C ontro l D.D.T. B.H.C. D.D.T.
B.H.C.

T o ta l Collem bola 540 54 200 561 152 195
T o ta l Euedaphic Collem bola 255 45 145 458 55 122

T o ta l T u llb erg in ae 92 20 51 256 56 71
T u llb e rg ia  k rau sb au e ri 69 14 52 90 22 17
T u llb e rg ia  c ra s s ic u s p is 15 5 16 161 15 51
T o ta l Onychiurus spp. 58 12 26 110 9 25
Isotom odes p ro d u ctu s 65 7 59 59 6 17
Folosom ia Candida 40 5 25 55 2 11

T o ta l Eem iedaphic Collembola 82 9 49 91 78 59

T o ta l O r ib a te i 405 40 55 21 26 12

P u n c to r ib a te s  punctum 120 17 27 8 4 4

M inunthozetes sem irufus 161 6 11 4 11 0

T o ta l O r ib e l la  spp. 27 0 6 2 5 0

T o ta l Immature O rib a te i 51 6 5 1 1 1

T o ta l A c arid iae 58 1 25 40 9 5

Rhizoglyphus echinopus 57 1 22 57 9 2
f.

T o ta l 'O th e r A carid iae* 1 0 1 5 0 1

T o ta l M esostigm ata 142 50 52 51 18 5

T o ta l R hodacaridae 69 8 21 22 8 5

R ho d acare llu s  e p y g in ia l is 60 2 16 21 1 1
A

T o ta l Known P re d . Mesostigma.ta 58 2 11 6 6 0

T o ta l Pergam asus spp. 25 0 5 4 6 0

T o ta l Immature M esostigm ata 21 7 15 2 2 0

hi,
D e ta i ls  a s  in  Table A.
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SUH'AJIY TAELS D

tr s a th s iit  t o t a l s  i s t h  a p r i l ,  1952

(number o f  Animals in  8 Samples)

Group or S p ec ies Undug Fallow C ontrol D.D.T. E.H.C. D.D.T.
B.H.C.

T ota l Collembola 150. 50 166 411 54 99
T otal Euedaphic Collembola 115 17 118 287 18 71
Total T u llberginae 48 12 40 197 15 55
T u llb erg ia  krausbaueri 55 12 25 49 15 9
T u llb erg ia  c r a s s ic u s p is 12 0 8 148 0 45
Total Onychiurus spp. 50 2 19 45 0 6

Isotomodes productus 12 0 41 27 2 8

Folsom ia Candida 25 5 17 18 1 4

T ota l Hemiedaphic Collembola 54 12 45 116 16 22

T ota l O r ib a te i 274 82 75 64 42 55

P u n cto r ib a tes  punctum 64 24 25 29 51 24

M inunthozetes sem irufus 151 56 29 20 5 16

T ota l O r ib e lla  spp. 21 1 6 7 0 5

T ota l Immature O rib atei 12 8 1 2 0 1

^ o ta l A ca r id ia e 9 1 4 11 2 1

R hizoglyphus echinopus 8 0 2 11 2 1

T otal 'Other A caridiae* 1 1 2 0 0

T otal M esostigm ata 76 48 65 15 14 5

T ota l Rhodacaridae 57 11 56 6 7 1

R hodacarellus e p y g in ia lis
%

l o t a l  Known Pred* M esostigmata

51 6 22 6 7 1

15 9 7 5 5 1

^ b tal Pergamasus spp. 11 8 6 4 5 1

T ota l Immature M esostigmata 14 25 12 5 5 0 ;

L%.D e t a i ls  a s  in  Table A.
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SUf-EARY TABLE E

TREATMENT TOTALS l ? t h  OCTOBER, 1952 

(I'Jumber o f Animals in  8 Samples)

Group o r Species Undug Fallow C ontro l D.D.T. B.H.C. D.D.T.
B.H.C.

T o ta l Collembola 508 49 280 544 86 251
T ota l Euedaphic Collembola 594 50 181 416 55 172

T otal T u llb e rg in ae 201 16 85 266 29 114

T u llb e rg ia  k ra u sb a u e ri 171 11 51 58 12 20

T u llb e rg ia  c ra s s ic u s p is 9 5 21 211 15 94

T o ta l Onychiurus spp . 94 7 58 114 18 45

Isotom odes p roductu s 71 5 55 50 5 8

Folsom ia Candida 25 0 19 6 1 7

T o ta l Hemiedaphic Collembola 108 15 97 126 55 58

T o ta l O rib a te i 564 29 121 54 5 9

P u n c to r ib a te s  punctum 45 10 58 25 0 2

M inunthozetes sem irufus 165 10 59 12 5 5

T o ta l O r ib e l la  spp. 61 2 5 1 0 0

T o ta l Immature O rib a te i 22 5 4 5 0 1

T o ta l A carid iae 267 45 75 26 2 648

Rhizoglyphus echinopus 54 2 6 5 2 9
/.

T o ta l 'O ther A caridiae* 215 41 69 21 0 659

T o ta l M esostigm ata 195 29 97 27 57 21

T o ta l R hodacaridae 85 20 44 15 8 8

R hodacarellu s e p y g in ia l is 25 12 18 8 5 5
a

T o ta l Known F re d . M esostigm ata 40 0 16 5 15 4

T o ta l Pergamasus spp. 21 0 15 2 12 5

T o ta l Immature M esostigmata 59 4 21 9 6 7

/.i.
D e ta i ls  a s  in  Table A#
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TABLE F

ŒEI’-'JCAL AFALTSIS 20th  FEBRUARY, 1952

Undug Fallow C ontro l D.D.T. B.H.C. D.D.T.
B.H.C.

Loss on I g n i t io n  
(per Cent)

10.4 11.5 11,7 10.6 9 ,8 11.0

p.H- (Water) 5 ,85 5,54 5,85 5.98 5,92 5 ,80 g
A vailab le  1^0^
(ji gms p e r lOO gms)

2.0 4 .0 4 .0 12.0 2 .0 5 ,0

A v a ilab le  K28 
(yi gms p e r  100 gms)

12.0 8 .0 17.0 12.0 10.0 15,0

Loss on I g n i t io n  
(Per Cent)

11.5 9 ,6 11.2 11,5 10.5 11,5

p.H, (Water) 5.50 5,55 5.78 5,68 5,88 5,72 S
A vailab le  P2O5 
(^  gms p e r 100 gms)

5.0 5 ,0 4 .0 2 .0 5 ,0 2 .0
ro

A v a ilab le  K2O
(p gms p e r  lOp gms)

17.0 11.0 12.0 11.0 8 .0 11.0

Loss on I g n i t io n  
(Per Cent)

9 .4 11.6 10.5 9 ,1 9 .7 9,5

p.H . (w ater) 5.54 5.64 5 ,64 5,72 5,74 6.04 §
A v a ilab le  P2O5 
(p. gms p e r 100 gms)

2 .0 4 .0 5,0 5 ,0 2 .0 2 .0
VX

A v ailab le  IC2O 
(p gms p e r lOO gms)

9 ,0 7 .0 11.0 8 .0 9 ,0 11.0

Loss on I g n i t io n  
(p e r Cent)

8.0 9,9 9.5 9 ,1 10.7 8 .0

i
p.H . (Water) 5 ,44 5.95 5,56 5.64 5,82 5,54

A v ailab le  P2O5 
(^  gms p e r  100 gçis)

0 .8 5 ,0 1 .0 0 .8 1 .0 1 .0
-P-

A v a ilab le  Y.2O 
(p gms p e r  100 gms)

8 .0 7 ,0 10.0 9.0 15,0 11.0
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