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SOME RELATIVE HUMIDITY REACTIONS OF THE WOOD-LOUSE, 

CYLlSTlCUS CONVEXUS (ISOPODA: PORCELLIONIDAE), 

IN AN OLFACTOMETER 

Louis  F. Wilson 

North C e n t r a l  F o r e s t  E x p e r i m e n t  Station 
Michigan State  Univers i ty ,  E a s t  Lans ing ,  Michigan 48823 

INTRODUCTION 

Genera l ly ,  wood-lice a r e  confined to  habi tats  where the sa tura t ion  
def ic i t  is low and damp s u r f a c e s  a r e  available. Cylisticus convexus 
(De G e e r )  is one of many s p e c i e s  that  a r e  found in a re la t ive ly  wet habi- 
t a t  (Edney,  1954). Allee (1926) was  the f i r s t t o  r e p o r t  on s o m e  m o i s t u r e  
r e a c t i o n s  of C. convexus. When h e  supplied them with d r y  f i l t e r  p a p e r ,  
they aggrega ted  s t rongly  to r e d u c e  wate r  l o s s .  When h e  supplied them 
with v e r y  d r y  p a p e r  in  a d r y  a t m o s p h e r e ,  the i sopods  a l l  moved about 
f ran t ica l ly  until  they died. Those  placed on m o i s t f i l t e r  p a p e r ,  however ,  

moved about s lowly and r e m a i n e d  apar t - - reac t ing  v e r y  much a s  if they 
w e r e  i n  t h e i r  n o r m a l  habitat.  

Since a colony of C. convexus was avai lable  to m e ,  I p roceeded  to 
inves t iga te  f u r t h e r  the m o i s t u r e  r e a c t i o n s  of th i s  isopod.  S e v e r a l  ex-  
p e r i m e n t s  were  undertaken to examine  t h e i r  behavior  under  different  
humidi ty condit ions,  and to d e t e r m i n e  the i r  p r e f e r r e d  r a n g e  of humidity. 
All t e s t s  were  made  in an o l fac tometer .  

THE OLFACTOMETER 

The  o l fac tometer  u s e d  was a venturi- type d e s c r i b e d  in de ta i l  by Wil- 
son  and Bean  (1959) and modif ied a f te r  one developed by Wil l is  and Roth 
(1950). Br ie f ly ,  the al ternat ive-choice-apparatus  (i.e., t e s t  c h a m b e r s )  
c o n s i s t s  of two luci te  cy l inders  with d i a m e t e r s  of 4",  connected by a 
s m a l l  doorway s o  t e s t  o r g a n i s m s  can  move f r e e l y  f r o m  one c h a m b e r  
to the  o ther .  F loor  and ce i l ing  of the t e s t  c h a m b e r s  a r e  s c r e e n e d .  
Scented o r  humidified a i r  can  be  pumped into the appara tus  f r o m  above 
by a continuous c i rcu la t ing  pump. Three-way va lves  p e r m i t  v a r i o u s  
combinat ions of a irf low between c h a m b e r s ;  veloci ty of a irf low is regu-  
la ted by influent and exhaus t  f lowmeters .  L igh t  and t e m p e r a t u r e  c a n  b e  
regu la ted  also.  

This  o l fac tometer  h a s  been prev ious ly  tes ted  with apparen t  s u c c e s s  
on s e v e r a l  different  o r g a n i s m s .  Van Wyk (1958) obtained dec i s ive  r e -  
act ions f r o m  the confused f lour  be t t l e ,  Tvibolium confisum Duval, 
when offered choices  between f r e s h  and moldy gra in .  Tr ipa th i  (1959) 
t es ted  the g r a n a r y  weevil ,  Sitophilus g~anavius (L.),  and the r i c e  
weevil S. ovyze (L.),  where  a choice between o d o r s  of f r e s h  and bee t le -  
infested g r a i n  was provided. Both inves t iga tors  obtained s t r o n g  and 
highly s ignif icant  reac t ions  f r o m  t h e i r  t e s t  spec imens .  
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THE EXPERIMENTS 

Full  grown i sopods  w e r e  kep t  in  a  darkened  t e r r a r i u m  and fed potato 
s l i c e s  unt i l  used.  At the  s t a r t  of e a c h  t e s t ,  four  i sopods  w e r e  placed 
i n  each  of the two a l te rna t ive  c h a m b e r s  of the  o l fac tometer .  Humidified 
a i r  was  pumped through the appara tus  f o r  2-3 minutes  before  and 1-2 
minutes  a f te r  introducing the  i sopods ,  i n  o r d e r  to equ i l ib ra te  the cham-  
b e r s  and to accus tom the isopods to  t h e i r  sur roundings .  The  a i r  with the 
lowes t  humidi ty w a s  always pumped through both c h a m b e r s  f i r s t .  The 
t e s t  s t a r t e d  officially when the  a l t e rna te  humidified a i r  was  pumped 
through one c h a m b e r .  

P r e l i m i n a r y  t e s t s  showed tha t  observa t ions  a t  one-minute i n t e r v a l s  
would b e  sa t i s fac tory .  The airf low was  a l te rna ted  between c h a m b e r s  
a f t e r  each  10 minutes .  Mos t  e x p e r i m e n t s  r a n  f o r  40 minutes .  All t e s t s  
w e r e  rep l ica ted  two t i m e s ;  one w a s  rep l ica ted  t h r e e  t i m e s .  Except  
f o r  five seconds  of low intensi ty  l ight ,  tu rned  on a t  one-minute i n t e r -  
v a l s  to count  s p e c i m e n s  and o b s e r v e  t h e i r  behavior ,  the  t e s t s  w e r e  r u n  
i n  the  d a r k  a t  3 1 2 1  C. 

Ai r  was  humidif ied by p a s s i n g  f i l t e red  a i r  through v a r i o u s  aqueous,  
ac id ,  and s a l t  solut ions (Wexler  and Hasegawa,  1954; Winston and 
B a t e s ,  1960). T h r e e  p a i r s  of c h e c k s  were  r u n  f i r s t  to s tandard ize  
the  t e s t  c h a m b e r  read ings .  C o m p a r i s o n s  were  made  between 0-0%. 
75-75%, and 100-100% r e l a t i v e  humidity. T h e s e  and the  t e s t  c o m p a r i -  
s o n s  a r e  l i s ted  in  Table  1. In addition to the  t e s t s  using un t rea ted  i so-  
pods ,  two t e s t s  w e r e  r u n  with isopods kept  in  a  d e s i c c a t o r  with CaC12 
f o r  45 and 60 minutes  p r i o r  to test ing.  

RELATIVE HUMIDITY PREFERENCE 

P a i r e d  re la t ive  humidi t i es  offered s p e c i m e n s  of C. convexus and 
t h e i r  p r e f e r e n c e  r a t i o s  a r e  l i s ted  i n  Table  1. In the  s i x  check  t e s t s  

Table  1. Relat ive humidi t i es  offered C. convexus in  an o l fac tometer  and 
p r e f e r e n c e  r a t i o s  (pa i red  t e s t s ,  e ight  i sopods  p e r  t e s t ,  and 40 
o r  m o r e  counts  made  a t  one-minute in te rva l s ) .  

R e l a t i v e  H u m i d i t y  P r e f e r e n c e  R a t i o  R e l a t i v e  H u m ' d i t y  P r e f e r e n c e  R a t i o  
A l t e r n a t i v e s  (%) Low:High A l t e r n a t i v e s  (%) Low:High  

a /  Checks  (a l t e rna t ive  humidi t i es  were  the s a m e  in both c h a m b e r s ) .  

b /  Isopods i n  d e s i c c a t o r  f o r  45 minutes  before  t e s t s .  

c /  Isopods i n  d e s i c c a t o r  f o r  60 minutes  before  t e s t s .  
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(i.e., when paired humidit ies  were  the s a m e  in both c h a m b e r s  through- 
ou t  the t e s t s )  p r e f e r ence  r a t i o s  did not exceed 1.00:1.22 (Table I). 
This  appeared  to be  reasonable  var ia t ion  fo r  40-minute t e s t s  with 
eight  isopods.  These  t e s t s  a l so  indicated t he r e  was no apprec iab le  
b ias  in  e i ther  of the t e s t  chambe r s .  

Str iking re'actions were  obtained when 0% R. H. was pa i red  with 
any o ther  percentage  above 0%. The 0%; R. H. was always re jec ted  and the 
a l te rna te  R. H. highly p r e f e r r ed .  Isopods des icca ted  for  45 minutes 
before  the t e s t s  and offered a choice  between 0 and 100% R. H. p r e -  
f e r r e d  the h igher  R. H. to a s t r onge r  degree  than non-desiccated 
ones ;  those des icca ted  f o r  60 minutes gave even  s t r onge r  p r e f e r ence  
fo r  the  h igher  R.H. These  l a t t e r  o rgan i sms  gave the  s t r onges t  p r e -  
fe rence  r a t i o  of any t e s t  (Table 1) .  

When 100% R.H. was pa i red  with o ther  pe r cen t ages ,  the lower  R.H. 
was  always prefer red-except  when 0% R.H. was the a l te rna te .  The  iso-  

4 O , RH, 
1-1 52 % RH. I 

52 % R.H. 0 % R.H. 

0 % R.H. 52 % R.H. 

52 % RH. 0 % RH. 

goy NUMBER OF ISOPODS 

Fig. 1. Responses  of C, convexus in  pa i red  o l fac tometer  t e s t  chambe r s  
when subjected to 0% and 52% re la t ive  humidit ies .  Humidit ies  
we re  a l te rna ted  between c h a m b e r s  a t  10 minute in te rva ls .  Note 
delay of 1-3  minutes a f te r  al ternat ing humidit ies  before  isopods 
f ind,  and near ly  a l l  r ema in  in ,  a l te rna te  chamber .  
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pods could apparent ly dis t inguish between 91 and 100% R.H. and 75 
and 100% R.H. but  p r e f e r e n c e s  w e r e  weak in both p a i r  of t es t s .  

S t ronges t  p r e f e r e n c e s  of non-desiccated isopods o c c u r r e d  when 0% 
vs.  52% R.H. and 100% vs.  52% w e r e  pa i red .  In a l l  t e s t s ,  52% R.H. was  
s t rongly  p r e f e r r e d ,  indicat ing tha t  52% R.H. was e a s i l y  de tec ted  f r o m  
the  e x t r e m e s ,  and suggest ing that  52% might  b e  n e a r  the  op t imal  R.H. 
Typical  r e s p o n s e s  f o r  one comple te  t e s t  between 0 and 52% R.H. a r e  
depicted i n  Fig. 1. 

Isopods given a choice between 33 and 52% R.H. p r e f e r r e d  the 
l a t t e r .  When 75% was  p a i r e d  with 52%, however ,  t h e r e  was  a s l igh t  p r e -  
f e r e n c e  f o r  52%, but  t h e  p r e f e r e n c e  r a t i o  did not differ  f r o m  the  check 
r a t i o s .  The  op t imal  R.H. r a n g e ,  then ,  probably l i e s  s o m e w h e r e  between 
52 and 75%. 

ISOPOD BEHAVIOR 

The t e s t  isopods r e a c t e d  different ly when exposed to different  R.H. 
percen tages .  Alternat ing the  humidi t i es  between t e s t c h a m b e r s  invar iab ly  
caused  behaviora l  changes  if the  a l t e rna te  R.H. was  markedly  different .  

Isopods sub jec ted  to 0% R.H. always moved about frant ical ly--a  r e -  
sponse  which i s  indicat ive of e x t r e m e l y  a d v e r s e  conditions. The  isopods 
p r e s e n t e d  with d r y  p a p e r  and d r y  a i r  in  Allee 's  (1926) t e s t s  e l ic i ted 
s i m i l a r  r e s p o n s e s .  In the p r e s e n c e  of high humidi t ies  (91-loo%),  the  
i sopods  moved about a s  if the  conditions were  unfavorable ,  too. Move- 
m e n t s ,  however ,  were  not a s  f ran t ic  a s  those  in  the  d r y  s i tuat ions.  
Grouping was common under  both high and low humidi t i es ,  but  i t  l a s t e d  
longer  under  the  low humidi t ies .  Grouping a t  low humidi t ies  probably 
o c c u r r e d  to r e d u c e  the r a t e  of wate r  l o s s .  

The  isopods moved about slowly i n  the mid- range  humidi t ies .  Move- 
m e n t s  a t  52% and 75% w e r e  r e m i n i s c e n t  of t h e i r  movements  i n  t h e i r  
t e r r a r i u m ,  suggest ing a favorab le  environment .  Grouping s o m e t i m e s  
o c c u r r e d  but  m o s t  f requent ly l a t e  in  the t e s t s .  T h i s  may  have  been done 
to c o n s e r v e  m o i s t u r e ,  but  m o r e  l ikely i t  was  a thigmotact ic  r e s p o n s e  
due to a l ack  of hiding p laces .  Some isopods se t t l ed  aga ins t  the  c u r v e d  
s i d e  of the c h a m b e r ,  apparent ly a l s o  responding to a thigmotaxis .  
Allee (1926) points  out  tha t  isopods will aggrega te  o r  ut i l ize  a s u r f a c e  
to sa t i s fy  th i s  r e a c t i o n  if hiding p l a c e s  a r e  not avai lable .  

The  t i m e  n e c e s s a r y  f o r  the isopods to move f r o m  one c h a m b e r  to 
the  o ther  a f te r  a l t e rna t ing  the  R.H. percen tages  var ied  i n v e r s e l y  with the 
a p p a r e n t  favorabi l i ty  of the R. H. When the  two humidi t ies  w e r e  ap- 
paren t ly  favorab le  but  different ,  th i s  l a g  in t i m e  was  v e r y  long a s  in  the 
t e s t  between 52% and 75%. In c o n t r a s t ,  the l a g  was v e r y  s h o r t  when the 
a l t e r n a t e  humidity p r e s e n t e d  the isopods was  unfavorable. Fig. 1 shows 
the  l a g  t i m e  to v a r y  1-3 minutes  a f te r  each  occas ion  on which the i so-  
pods w e r e  subjected to  0% R.H. and moved quickly into the a l t e r n a t e  
c h a m b e r .  T h i s  i s  the  r e a s o n  t h e i r  p r e f e r e n c e  r a t i o s  were  cons iderab ly  
h igher  than those  of the non-desiccated ones. 
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DISCUSSION 

The op t imal  R.H. f o r  C. convexus a p p e a r s  to l i e  between 52 and 75%. 
Both the  p r e f e r e n c e  r a t i o s  and the  isopods '  behavior  point th i s  out. P e r -  
h a p s  the  opt imum r a n g e  could h a v e  been de te rmined  m o r e  exact ly by 
us ing  modified p r o c e d u r e s .  F o r  i n s t a n c e ,  Willis and Roth (1950) 
obtained b e t t e r  p r e f e r e n c e  r e a c t i o n s  a f t e r  t h e i r  t e s t  s p e c i m e n s  w e r e  
l e f t  f o r  long p e r i o d s  i n  the s a m e  humidity. They found the  bee t le  
Tvibolium could d i s c r i m i n a t e  humidi t i es  differ ing by 15% throughout the 
humidi ty r a n g e  and within 5% a t  the  e x t r e m e s .  P r e f e r e n c e s  w e r e  v e r y  
weak n e a r  the  op t imum,  however .  Gunn (1937) r e p o r t e d  tha t  the  wood- 
l o u s e ,  Povcellio s c a b e r  (La t re i l l e )  was  ab le  to  de tec t  R.H. d i f fe rences  
a s  s m a l l  a s  2.5% (50.0 vs .  52.5%) a f t e r  a long t e s t  per iod.  C. convexus, 
on the  o t h e r  hand,  m a y  have a wider  r a n g e  of t o l e r a n c e  to m o i s t u r e  
(euryhydr ic )  than such  wood l i c e  a s  Povcellio. 

Relat ive humidi ty d o e s  not explain the  m o i s t u r e  r e q u i r e m e n t s  of 
isopods a l toge ther  b e c a u s e  i t  a p p e a r s  they need s o m e  f r e e  w a t e r  and 
a r e  ab le  to  a b s o r b  it o ra l ly  and anally (Spencer  and Edney,  1954). 
However ,  the p r e f e r e n c e s  and behavior  of C. convexus in t h e s e  t e s t s ,  
s u g g e s t  tha t  it p r e f e r s  a modera te ly  m o i s t  habi tat  with l imi ted  f r e e  
wate r  s u r f a c e s .  Copious amounts  of f r e e  w a t e r  would s a t u r a t e  the  at- 
m o s p h e r e  of i t s  hab i ta t ,  producing a condition apparen t ly  unfavorable  
f o r  its exis tence.  
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Many entomologists  a r e  faced with the  p r o b l e m  of identifying a plant  
tha t  an i n s e c t  h a s  been  ga ther ingnectar f rom,feeding  on ,  o r  pollinating. 
Unless  h e  is a r m e d  with a working knowledge of botany,  and can  handle 
the  c u m b e r s o m e  keys  i n  o u r  m o d e r n f l o r a s ,  h e  m u s t  r e s o r t  to a spec ia l -  
i s t  o r  a p ic tu re  book. 

This  sumptuous fol io ,  the f i r s t of a f ive-volume s e r i  e s f o r  t h e  
United S t a t e s ,  e x c e l s  a s  the  l a t t e r .  I t  i s  even m o r e  than a p ic tu re  book, 
however ,  f o r  i t  includes n u m e r o u s  k e y s  and exce l len t  l i n e  d rawings  to  aid 
i n  the identification of s o m e  1700 of the 3000 s p e c i e s  of f lowering plants  
in  the  n o r t h e a s t  (excluding g r a s s e s ,  s e d g e s ,  r u s h e s ,  woody p lan ts ,  and 
" a n u m b e r  of una t t rac t ive  weeds with s m a l l  g r e e n i s h  f lowers  which a r e  
not  l ikely to exci te  the  i n t e r e s t  of the amateur . " ) ,  m o r e  than half again 
a s  many s p e c i e s  a s  have  b e e n  t r e a t e d  i n  any prev ious  popula r  handbook 
on n o r t h e a s t e r n  wild f lowers .  In addition to the exce l len t  i l lus t ra t ions ,  
D r .  Ricke t t  h a s  included c o m m e n t s  on the d i s t r ibu t ion ,  hab i ta t ,  and o ther  
in format ion  to aid ident i f icat ion of each  s p e c i e s .  He a l so  includes 
subs tan t ia l  and in te res t ing  c o m m e n t s  on e a c h  plant.  

The coverage  of th i s  volume i s  f r o m  Maine to Minnesota,  south to 
Vi rg in ia  and Missour i .  Vir tual ly e v e r y  h e r b a c e o u s  wild f lower b rought  
to one ' s  attention in Michigan will b e  found h e r e .  F r o m  foreword  to 
index ,  th i s  publication of The New York  Botanical  Garden  i s  a fine 
example  of the  book m a k e r ' s  a r t .  The 180 co lor  p l a t e s  were  pr in ted  
in  f o u r  to seven  c o l o r s  by of f se t  l i thography i n  England,  where  the s p e c i a l  
p a p e r  was a l s o  made.  

Wild Flowers of the United States is an i m p o r t a n t  addition to any en-  

tomologist ' s  l i b r a r y ,  if he c a n  afford the pr ice .  J,P.D. 

THE WEB O F  THE SPIDER. L a u r a  B a r r  Lougee.  Bloomfield Hi l l s ,  
Michigan: Cranbrook  Inst i tute  of Sc ience ,  1964. 44 pp. $3.50. 
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