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ABSTRACT

Using l a b o r a t o r y  e xper i ment s ,  I a t tempted to determine  whether  
f r e s h wa t e r  amphipods ( Gammarus f a s c i a t u s ) and isopods ( Ase i l us  communis) 
are  ab le  to d e t e c t  p r eda t or s  r emot e l y ,  i . e .  w i t h o u t  ac t ua l  c on t ac t  by 
the p r e d a t o r .  Predators  included both i n v e r t e b r a t e s  ( d r a g o n f l y  na i ads ,  
Gomphidae) and v e r t e b r a t e s  ( b l u e g i l l ,  Lepomis macr oc h i ru s ) . E x p e r i ­
ments were conducted in 10 l i t e r  a q u a r i a ,  and involved s h e l t e r  u t i l i ­
z a t i o n  by the prey as the  b a s i c  index to p r ed a t or  d e t e c t i o n .  In the  
presence o f  a p a r t i t i o n e d  f i s h ,  both amphipods and isopods u t i l i z e d  
s h e l t e r  to a s i g n i f i c a n t l y  g r e a t e r  e x t e n t  than did c on t r o l  groups;  
wat er  in which f i s h  had been ma int a i ned a lso  evoked a s i g n i f i c a n t  
i ncrease in s h e l t e r  u t i l i z a t i o n  f o r  both groups,  which suggests d e t e c ­
t i o n  v i a  chemical  means. Resul ts  w i t h  d a r g o n f l y  preda t or s  were more 
e q u i v o c a l ,  but  a ls o  g e n e r a l l y  support  the p o s s i b i l i t y  of  remote d e t e c ­
t i o n  by chemical  means. This  work a lso  provides genera l  i n f ormat i on  
on s h e l t e r  u t i l i z a t i o n  and a c t i v i t y  rhythms o f  amphipods and isopods,  
and on the general  n a t u r e  o f  the i n t e r a c t i o n  between the p r eda t or  and 
prey spec ies .
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f N T R O D U C T I  ON

Ever s ince Lotka 0 9 2 5 )  and Vol t e r r a  (1926)  proposed formulas to  

express the  r e l a t i o n s h i p  between p r ed a t or  and prey p o p u l a t i o n s ,  a g r e a t  

deal  o f  research has been conducted on the  e f f e c t s  o f  p r e d a t i o n ,  not  

only  on standing crop but a l s o  on t he  s t r u c t u r e  o f  whole communi t ies.  

Aquat i c  communi t ies ,  being somewhat more c losed and more a dap t ab l e  to  

a compara t i ve  approach than t e r r e s t r i a l  systems,  have been s t ud i ed  

f r e q u e n t l y .  Most i n v e s t i g a t i o n s  have d e a l t  w i t h  e i t h e r  s i z e - s e l e c t i v e  

p r e d a t i o n  and i t s  e f f e c t s  on community s t r u c t u r e ,  o r  b ehav i or a l  changes 

a ssoc i a t ed  w i t h  p r e d a t i o n .  My research dea l s  o n l y  w i t h  the l a t t e r  

aspect .  My main i n t e r e s t  is in d e t e r mi n i ng  whether  the  common f r e s h ­

w at er  crust aceans  A s e l 1 us communi s ( i sopoda)  and Gammarus f a s c i a t u s  

(Amphipoda) a r e  a b l e  to d e t e c t  v e r t e b r a t e  ( f i s h )  and i n v e r t e b r a t e  

( d r a g o n f l y  na iads)  pr edat or s  r e mo t e l y ,  as evidenced by be hav i or a l  

changes.  However,  as a general  i n t r o d u c t i o n ,  I present  here a b r i e f  

review o f  the  l i t e r a t u r e  on v a r i ous  aspects  o f  p r e d a t o r - p r e y  i n t e r ­

a c t i o n s ,  i nc l ud i ng  the r e l a t i v e l y  few recent  papers most d i r e c t l y  

r e l e v a n t  t o  my i n t e r e s t s .

The s i z e - s e l e c t i v e  aspect  o f  p r e d a t i o n  is impor tant  because o f  i t s  

e f f e c t  on species  composi t ion and d i v e r s i t y .  Brooks and Dodson (1965)  

showed t h a t  through s i z e - s e l e c t i v e  p r e d a t io n  the  g l u t  h e r r i n g  (A1osa 

aes t  i v a 1 i s ) e l i m i n a t e s  the  l a r g e  c rust acean dominants o f  the zooplankton  

which are  then rep laced  by s ma l l e r  l i t t o r a l  spec i es .  Wi thout  s i z e -  

s e l e c t i v e  p r ed a t io n  by /\. aes t  i va 1 i s , smal l  p l a n k t o n i c  h e rb i vo r e s  are
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unable to compete w i t h  l a r g e r  p l a n k t o n i c  h e r b i vor es  who u t i l i z e  the  

same smal l  o r g a n i c  p a r t i c l e s  in t h e i r  d i e t .  Brooks (1968)  a lso  

demonstrated t h a t  s u r v i v a l  t ime o f  each i n s t a r  o f  a smal l  ca l ano i d  

copepod preyed upon by A_. aest  ? va 1 ? s is i n v e r s e l y  p r o p o r t i o n a l  to i t s  

mean body l en g t h .  Wel l s  (1970)  and Warshaw (1972)  repor t ed  l a r g e r  p l a n k ­

t o n i c  species increased a f t e r  a d i e - o f f  o f  /\. aes t  ? v a 1 is in a smal l  

Connect icut  l ake  and Lake Michigan r e s p e c t i v e l y .

Dodson (1970)  demonst rated t h a t  one p r ed a t or  pop u l a t i on  could  

s u s t a i n  anot her  as a r e s u l t  o f  s i z e - s e l e c t i v e  p r e d a t i o n  on the prey o f  

both p r e d a t o r s .  In t h i s  study l a r v a l  salamanders preyed s e l e c t i v e l y  on 

l a r g e  zooplankton which a l lowed the  e x i s t e n c e  o f  less c o m p e t i t i v e ,  

s ma l l e r  zooplankt on which supported the l a r v a l  midge,  Chaoborus sp.

Other  work ( R e i f  and Tappa,  I 9 6 6 ; Sp r u l es ,  1972;  and von Ende,

1979) has supported the  c o n t e n t i o n  o f  Brooks and Dodson (19^5)  t h a t  

the d i f f e r e n t i a l  p r ed a t i o n  o f  an int roduced p r ed a t or  can f avor  the s u r ­

v i v a l  o f  a species  whose i n d i v i d u a l s  a r e  s ma l l e r  than those o f  the  

e r a d i c a t e d  spec i es .  In a d d i t i o n ,  s i z e - s e l e c t i v e  p r ed a t i o n  has been 

shown to i n f l u e n c e  polymorphism as i t  r e l a t e s  to v i s i b i l i t y  o f  c l adocer a  

(Green,  19&7; Z a r e t ,  19&9, Z a r e t ,  1972a;  Z a r e t , 1972b; Dodson, 197^;

Z a re t  and K e r f o o t ,  1975; and O ' B r i e n ,  et_ aj_. , 1979)> sex r a t i o  in 

prey species when t h e r e  is sexual  dimorphism or  be hav i or a l  d i f f e r e n c e s  

between sexes ( Mal y ,  1970) , and c o s t / b e n e f i t  r a t i o s  f o r  the p r edat or  

(Hartman,  1953;  Ware,  1972; Wong and Ward,  1972; Werner ,  197^; Werner  

and H a l l ,  197^+; and Thompson, 1978) .

Changes in behav i or  and d i s t r i b u t i o n  o f  both p r ed a t or  and prey  

have a ls o  been i n v e s t i g a t e d .  Several  cases o f  changes in d i s t r i b u t i o n  

have been documented f o r  v e r t e b r a t e  predat ors  t h a t  swi t ch  feed ing areas
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when new prey species are sought (Ware,  1971; Oaten and Murdoch,  1975;  

Murdoch,  Avery ,  and Symth,  1975;  Werner and H a l l ,  1979) *  S t e in  and 

Magnuson (1976)  and S t e i n  (1977)  showed t h a t  in the presence o f  a 

smal lmouth bass (M i c r op t e r us  d o l o m i e u i ) ,  c r a y f i s h  ( Orconectes propinquus) 

e x h i b i t e d  what they termed resource  depress i on:  s e l e c t i n g  rock which  

provided more s h e l t e r  over  sand s u b s t r a t e  and suppressing w a l k i n g ,  

c l i m b i n g ,  and f eed i n g  b ehav i or  p a t t e r n s  w h i l e  i nc reas i ng  burrowing and 

che l ae  d i s p l a y .  This  behav i or  m o d i f i c a t i o n  was more pronounced in more 

v u l n e r a b l e  l i f e  forms such as females and j u v e n i l e s .  In another  s t udy ,  

Sih (1979)  demonst rated t h a t  mosqui to l a r v a e  ( Culex q u i n q u e f a s c i a t u s ) , 

by a l t e r i n g  spacing and movement,  were ab l e  to r e s i s t  p r e d a t i o n .  When 

one to f o u r  backswimmers ( Notenecta  hof f manni )  were placed in the  

exper i ment a l  t anks ,  the mosqui to l a r v a e  reduced movement and congregated  

at  the w a t er  s u r f a ce  a t  the edge o f  the t ank ,  thus lower ing p r ed a t io n  

s i g n i f i c a n t l y .  Evasive  responses have a lso  been found in mayf ly  nymphs 

in the presence o f  f i s h  p r edat or s  (Charnov,  O r i a n s ,  and H y a t t ,  1976)  

and by burrowing amphipods in the  v i c i n i t y  o f  wading b i rds  ( Goss- Cus t a r d , 

1970) .  Thus,  the presence o f  a p r ed a t or  may d i f f e r e n t i a l l y  i n f l u e n c e  

fundamental  prey b e h av i or .

In some cases,  sexual  behav i or  is a f f e c t e d  by a p r e d a t o r .  Fa r r  

(1975)  showed t h a t  guppies ( P o e c i l i a  r e t i c u l a t a ) in popul a t i ons  w i t h  no 

pr edat or s  or  on ly  l a r g e  predat or s  l i v e  in dense aggregates  along the  

edge of  streams and e x h i b i t  a high r a t e  of  sexual  d i s p l a y .  Aggregat ion  

aides in p r o t e c t i o n  a ga i ns t  l a r ge  pr edat or s  as we l l  as in f i n d i n g  mates.  

However,  where the smal l  c yp r i n o d o n t ,  R i v u 1 us ha r t  ? i , is the on ly  

p r e d a t o r ,  guppies d i s p e r se  throughout  the stream and sexual  d i s p l a y  is 

low. Since R_. ha r t  i i a l s o  i n h a b i t s  the edge o f  s t reams,  i t  exe r t s
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s e l e c t i v e  pressure  a g a i n s t  a ggr ega t i on  and f r e qu e nt  sexual  d i s p l a y ,  thus 

i n c reas i ng  the d i f f i c u l t y  o f  m a t e - 1oc a t in g  f o r  the  guppies.  Goss-  

Custard (1 970)  and St rong ( 1972 ,  1973) showed t h a t  the  amphipod Hya1e 11 a 

a z t e ca  reduces the amount o f  t ime in amplexus when under heavy p r e d a t io n .  

When amplexed,  the amphipods a r e  more v i s i b l e  and move more s l o w l y ,  

making them more v u l n e r a b l e  to p r e d a t io n .

In recent  years o t h e r  b ehav i or a l  changes in amphipods r e l a t e d  to  

p r e d a t i o n  have been r ep o r te d .  Nelson (1979)  found t h a t  p i n f i s h  ( Lagodon 

rhombo i des) p r ed a t io n  may l )  de t e rmine  the r e l a t i v e  abundances in the  

community o f  d i f f e r e n t  types o f  mar ine  amphipod s p e c i e s ,  2) de termine  

changes in species d i v e r s i t y ,  and 3)  by an i n t e r a c t i o n  w i t h  h a b i t a t  

c o m pl e x i t y ,  de t e rmine  s p a t i a l  d i s t r i b u t i o n  o f  amphipod abundance w i t h i n  

ee l gr ass  beds.  Van Dolah (1978)  repor ted  s i m i l a r  r e s u l t s  f o r  the  amphi ­

pod Gammarus p a l u s t r i s  in regard to h a b i t a t  c ompl ex i ty  when preyed upon 

by f i s h ,  shr imp,  and mud crabs .  Bethel  and Holmes (1977)  demonstrated t h a t  

the amphi pods Gamma rus 1acust  r ? s and Hya1 el  1 a az teca  are  i n c r e a s i n g l y  

v u l n e r a b l e  to  p r ed a t i o n  due to a l t e r e d  evas ive  behav i or  and p o s i t i v e  

response to l i g h t  when i n f e c t e d  w i t h  acanthocepha1a n s . Un i n f e c t e d  

amphipods a p p a r e n t l y  possess the  a b i l i t y  to  d e t e c t  p r e da t or s  and 

respond b e h a v i o r a l l y  to  escape p r e d a t io n .

In a l l  the  preceding s t u d i e s ,  prey b e h av i or a l  changes were evoked 

by the d i r e c t  presence o f  the p r e d a t o r .  However,  o n l y  very  r e c e n t l y  

has much work been done on p o s s i b l e  chemical  communicat ion between a 

p r e da t or  and a prey spec i es .  Peckarsky (1980)  examined the p o s s i b i l i t y  

o f  chemical  d e t e c t i o n  between m a y f l i e s  and t h e i r  s t o n e f l y  p r e d a t o r s .  

Ephemerel1 a subva r i a and Stenonema fuscum avoided the s t o n e f l y  Acroneur  i a 

l y c o r i a s  given only  noncontact  chemical  s t i m u l i .  Ephemerel la  i nf requens
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and Bae t i s  b icaudatus  responded to l ong- r ange  chemical  s t i m u l i  from 

Megarcys s i gnata and Logotus modestus. However,  Baet i s phoebus and 

Heptagenia  he b e , and Ci nygmu1 a sp. d id not  respond to s t o n e f l y  pr eda t or s  

given l ong- r ange  chemical  cues a lone .  These d i f f e r e n c e s  among responses  

o f  d i f f e r e n t  m a y f l i e s  were a t t r i b u t e d  to d i f f e r e n t i a l  p r ed a t io n  pressure  

o r  e f f e c t i v e n e s s  o f  p r edat or  evas ion t a c t i c s .  None o f  the  species o f  

m a y f l i e s  t e s t e d  responded to the  presence o f  s t o n e f l y  predat ors  given  

on l y  v i s u a 1 s t  imu1 i .

In a s i m i l a r  study Peckarsky and Dodson (1980)  found t h a t  s t o n e f l y  

pr edat or s  _A. l y c o r i a s  and M_. s i g n a t a  depressed prey c o l o n i z a t i o n  o f  

and increased prey a t t r i t i o n  from exper i ment a l  cage h a b i t a t s .  The 

mechanisms causing these e f f e c t s  included f e e d i n g ,  p r ed a t or  avoidance  

by prey upon cont ac t  w i t h  f o r a g i n g  p r e d a t o r s ,  and p r ed a t or  avoidance by 

prey given non- cont ac t  s t i m u l i  f rom a r e s t r i c t e d  p r e d a t o r .  The r e l a t i v e  

importance o f  these mechanisms v a r i e d  s e a s o n a l l y .

Other  work on chemorecept ion o f  p redat ors  by prey has d e a l t  most ly  

w i t h  mar ine organisms.  Bu l lock  (1953)  and Kohn (1961)  examined the  

chemical  d e t e c t i o n  by gast ropod mol luscs o f  p r e d a t or y  s t a r f i s h  and 

found t h a t  gast ropod species o f  Nassar ius not on l y  could d e t e c t  

predat ors  c h e m i c a l l y ,  but  a l s o  d i s t i n g u i s h  between p r ed a t or y  and non-  

p r edat or y  spec i es .  In another  study P h i l l i p s  (1978)  found t h a t  the  sea 

u r ch i n  S t r o n g y l o c e n t r o t u s  purpuratus  and the s n a i l  Tegula f u n e b r a l i s  

were ab l e  to ch emi ca l l y  d e t e c t  the s t a r f i s h  Pycnopodia h e ! i a n t h o i d e s  

anc* P i s a s t e r  ochraceus and to d i s t i n g u i s h  between a c t i v e l y  f o r ag i ng  and 

i n a c t i v e  p r ed a t o r s .

In the present  study I examine the a l t e r a t i o n  in s h e l t e r  u t i l i z a t i o n  

o f  the amph i pod Gamma rus f a s c i a t u s  and the i sopod A s e l 1 us commun j s
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induced by the i n d i r e c t  presence o f  v e r t e b r a t e  ( b l u e g i l l ,  Lepomis 

mac roch i r u s ) and i n v e r t e b r a t e  ( d r a g o n f l y  n a i a d s ,  Fami ly  Gomphidae)  

p r e d a t or s .  An a t tempt  w i l l  be made to answer the  f o l l o w i n g  que s t i ons :

1) Are isopods and amphipods a b l e  to  d e t e c t  p r edat or s  remotely? 2) I f  

so,  how do they d e t e c t  the  predat ors?  and 3) Does response vary  w i t h  

d i f f e r e n t  types o f  p r e d a t i o n  t a c t i c s ?  The work a l so  provides i n f o r ma t i on  

on the  importance o f  s h e l t e r  t o  s u r v i v a l  o f  amphipods and isopods and 

the e x t e n t  to  which such prey may u t i l i z e  s h e l t e r  in the absence 

o f  p r e d a t io n .

Fo l l owing is a b r i e f  d i scuss i on  o f  the  b i o l o g y / e c o l o g y  o f  the  

study organisms.  Most o f  the i n f o r ma t i on  on amphipods,  isopods and 

d r a g o n f l y  naiads is taken from Pennak ( 19 78 ) .

Asel  1 us commun i s and G_. f a s c i  atus ( F i g s .  l a ,  l b )  both have a p p r o x i ­

ma t e l y  o n e - y ea r  l i f e  c y c l e s ,  and breed between February  and October .

The f i r s t  f i v e  to  e i g h t  i n s t a r s  a re  probably  immature,  but  have the  

genera l  morphologica l  c h a r a c t e r i s t i c s  o f  a d u l t s .  The t o t a l  number o f  

i n s t a r s  may be as high as f i f t e e n  t o  t wenty .  Popu l a t ions  o f  both have 

been recorded as high as severa l  thousand per square meter  in some 

hab i t a t s .

Both a r e  commonly found c l o s e l y  a ss oc i a t e d  in the l e a f  l i t t e r  

o f  the l i t t o r a l  zone o f  ponds and st reams;  however ,  ev idence suggests  

t h a t  they  may p a r t i t i o n  the h a b i t a t  to some e x t e n t  w i t h  isopods 

p r e f e r r i n g  the o l d e r ,  lower leaves and amphipods p r e f e r r i n g  the  

newer,  upper leaves (Halenda,  1977) -  S i m i l a r  r e s u l t s  were r epor ted  

f o r  the  isopod A. obtus us and the amphipod Cranqonyx q rac i 1? s 

( Ma r t i en  and Benke,  1977) -

For isopods,  locomot ion is r e s t r i c t e d  to slow c r aw l ing  through
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F i gur e  1a

F i gure 1b

Typ i ca l  specimen o f  the amphipod Gammarus f a s c i a t u s  
( 7—10 mm) from Lake Matoaka.

Ty p i ca l  specimen o f  the isopod A s e l l u s  communis 
( 4 - 7  mm) from Lake Matoaka.
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the  l e a f  l i t t e r .  Amphipods a r e  a l s o  capabl e  o f  c r a w l i n g ,  but  t h e i r  

c h i e f  means o f  locomot ion is r ap id  u n d u l a t o r y  swimming j u s t  above the  

s u b s t r a t e .  Amphipods w i l l  swim q u i c k l y  t o  a new l o c a t i o n  and h i de  in 

the l e a f  l i t t e r ,  e s p e c i a l l y  when d i s t u r b e d .

The l e a f  l i t t e r  in which both l i v e  prov ides  food as we l l  as s h e l t e r .  

Evidence suggests t h a t  the  fungi  and b a c t e r i a  cover i ng  the l e a f  l i t t e r  

c o n s t i t u t e  a major  p a r t  o f  the  d i e t  o f  both ( M a r z o l f ,  1965;  Bar locher  

and Kendr i ck ,  1973;  Moore,  1975;  Marcus and Wi l l oughby ,  197 8 ) .  Pennak 

(1978)  repor t s  t h a t  dead and i n j ur ed  a q u a t i c  animals  are  a ls o  consumed 

on occas i o n .

Only the nymphal i n s t a r s  o f  d r a g o n f l i e s  (Odonata)  ( F i g .  2a) are  

a q u a t i c .  Al though the complete l i f e  h i s t o r i e s  are  l a c k i n g  f o r  most 

s p e c i e s ,  the  m a j o r i t y  appear  to have from 11 to 14 i n s t a r s  w i t h  a one 

year  l i f e  c y c l e .  Immatures are  found c l i mb i ng  or  c r aw l ing  about  s l o wl y  

in dense v e g e t a t i o n  or  l e a f  l i t t e r  o r  burrowing i n t o  the  s i l t  bottoms 

o f  s t i l l  w a t e r s .  A l l  a re  carn i vorous  w i t h  food c o n s i s t i n g  c h i e f l y  o f  

ot h e r  a q u a t i c  i n s e c t s ,  a n n e l i d s ,  smal l  c rustaceans and mol l usks .  In 

the l a b o r a t o r y  l a r g e  d r a g o n f l y  naiads may be induced to feed on smal l  

f i s h ,  and under crowded c o n d i t i o n s ,  c ann i ba l i sm may a l s o  occur .  In 

a l l  cases,  the  prey is se i zed  by an ex t ens i on  and c o n t r a c t i o n  o f  the  

m o d i f i e d ,  s c o o p - l i k e  lab ium,  whi ch ,  w i t h  i t s  two l a t e r a l  l obes,  

serves as a clamp to hold the food in p o s i t i o n  a t  the mouth where i t  is 

crushed by the mandibules.

The b 1u eg i l l  f r y  ( F i g .  2b) is very general  in both the a r r a y  o f  

i n v e r t e b r a t e  species i t  consumes and the h a b i t a t  where i t  f o r ag e s ,  

though a vege t a t ed  h a b i t a t  is p r e f e r r e d  (Werner and H a l l ,  1979) -  The 

smal l  f r y ,  as used in t h i s  s t u d y ,  a r e  found in the  sha l l ow edges o f
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F i gur e  2a.  R e p r ese n t a t i ve  d r a g o n f l y  naiads ( l . 5 “ 3 * 0  cm) from 
Lake Matoaka used as p r ed a t o r s .

F i gur e  2b. Re p r es e n t a t i v e  b 1ueg i l l  Lepomis macrochi rus  (5~S cm) 
from Lake Matoaka used as p r e d a t or s .
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warmer lakes and streams where they a r e  less s u s c e p t i b l e  to p r eda t io n  

by l a r g e r  f i s h  species (Eddy and U n d e r h i l l ,  1978) .

P r e l i m i n a r y  o b s er va t i on s  conf i rmed t h a t  amphipods,  isopods,  

d r a g o n f l y  na i a d s ,  and smal l  b 1u eg i l l  a l l  occur red  t o g e t h e r  in the  

l i t t o r a l  zone o f  Lake Matoaka.



MATERIALS AND METHODS

General  p r e l i m i n a r y  o b s er v a t i on s  on predatoi—prey i n t e r a c t i o n s

among my study organisms were made on s i x  d i f f e r e n t  occasions ( f o u r

hours t o t a l  o b s er va t i o n  t ime)  using the exper i ment a l  a q u a r i a  and

a r t i f i c i a l  s h e l t e r  descr i bed  below.

Exper iments were conducted between May and November,  1980.

Ase l l us  communis and G. f a s c i a t u s  were c o l l e c t e d  from the l e a f  l i t t e r

in the l i t t o r a l  zone o f  Lake Matoaka in W i l l i a m s b u r g ,  V i r g i n i a .  They
0

were ma i n t a i ned  in f i n g e r b o w l s  ( d i amet er  20 cm) a t  18 C w i t h  tap wat er  

p r e c o n d i t i o n e d  in ho l d i ng  tanks f o r  a t  l e a s t  48 hours.  Leaf  l i t t e r  

from Lake Matoaka was used as both food and s h e l t e r  in the f i n g e r -  

bowls.  Photoper iods were c o n t i n u a l l y  ad j ust ed  to s i m u l a t e  cond i t i on s  

in the n a t u r a l  envi ronment .

Dragonf l y  naiads (Gomphidae) and b 1u e g i l l  ( Lepomis macr och i rus ) 

were a l s o  c o l l e c t e d  from Lake Matoaka and used as p r e da t or s .  Dragon­

f l i e s  were ma in t a i ned  in f i n g e r bo wl s  ( d i amet er  20 cm) and f i s h  f r y  

in 30 l i t e r  tanks in 18°C p r e c o n d i t i o n e d  tap w at e r .  D r a g o n f l i e s  

were fed isopods,  amphipods,  and v ar io u s  o t h e r  smal l  a q u a t i c  i n v e r t e ­

b r a t e s ;  f i s h  were provided w i t h  the same, plus Te t r ami n .

A l l  exper iments  were conducted using ten l i t e r  tanks (27 x 50 x 

30 cm) provided w i t h  a sand s u b s t r a t e  ( p a r t i c l e  s i z e  = appr ox i mat e l y  

1 .0  mm) mixed w i t h  blended l e a f  l i t t e r  p a r t i c l e s  (approx imate  1y the  

same s i z e  as sand g r a i n s )  to  prov i de  a uni form food source f o r  the
O

prey ( F ig  3 a ) -  P r e c o n d i t i on e d  tap w a t er  maint a ined a t  18 C (except

12
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Fi gur e  3a Exper imental  tank showing s u b s t r a t e ,  a r t i f i c i a l  
s h e l t e r ,  and p a r t i t i o n  a t  one end.
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as noted in exper iment  6 and the  cor responding c o n t r o l )  f rom hold ing  

tanks was used in the  exper i ment a l  tanks.  Photoper iod was set  to match 

the n a t u r a l  envi ronment .  A t r a n s p a r e n t  p l e x i g l a s s  p a r t i t i o n  was 

designed to f i t  10 cm from one end o f  the t a n k ,  and was used as necessary  

to s ep a r a t e  predat ors  from prey ( F i g .  3 a ) .  T w e n t y - f o u r  smal l  holes  

(d i amet er  6 mm) in the  p a r t i t i o n  a l lowed f o r  w a t e r  exchange.  Except  

f o r  one exper iment  in which l e a f  l i t t e r  was used as a source o f  s h e l t e r ,

s h e l t e r  cons i s t ed  o f  f o u r  5 cm p l a s t i c  squares 0.1 mm t h i c k  placed

e q u i d i s t a n t 1y down the c e n t e r  o f  the tanks and held in p l ace  by a 

smal l  stone ( F i g .  3 a ) .

In a l l  exper iments  amphipods 7~10 mm and isopods 4 - 7  mm in l en g t h ,  

as measured from the a n t e r i o r  margin o f  the cepha1o t hor ax  to p o s t e r i o r  

margin o f  the  abdomen, were used.  B l u e g i l l  5“ 8 cm standard l ength  

and d r a g o n f l y  naiads 1 - 5“ 3 - 0  cm as measured from a n t e r i o r  margin o f  

head to p o s t e r i o r  margin o f  abdomen were used as p r e d a t o r s .  Predators

were s t a r ved  24 hours p r i o r  to  each exper i ment .

Isopods and amphipods were placed in tanks a t  9 : 0 0  a.m.  and 

given 48 hours a c c l i m a t i o n  per i o d  b e f o r e  predat ors  were int roduced or  

data  t aken.  A f t e r  the a c c l i m a t i o n  p e r i o d ,  s i x  o b s er v a t i on s  were made 

d a i l y  (except  as noted)  f o r  a per iod o f  f our  to seven days -  four  

dur in g  l i g h t  at  2 . 5  hour i n t e r v a l s  beginning a t  9 : 0 0  a . m . ,  and 

two o b ser va t i ons  in the dark  a t  9 : 0 0  and 11:00  p.m. To mi n imize  

d i s t u r b a n c e  to the a n i ma l s ,  n i g h t  obs er va t i on s  were made as q u i c k l y  

as p o s s i b l e  by use o f  a smal l  hand-held l i g h t .  At each o b s e r v a t i o n ,  

data  were taken on the  number o f  isopods and amphipods not  under  

s h e l t e r s ,  or  on number s u r v i v i n g ,  as descr ibed below.

Each o f  the f o l l o w i n g  exper i ment s ,  except  as noted,  was run using
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t h r e e  tanks f o r  each p o s s i b l e  combinat ion o f  prey type (amphipod or  

isopod) and p r ed a t o r  type ( f i s h  or  d r a g o n f l y ) .  Ten prey were placed  

in each tank .  For exper iments  i nv o l v i n g  f i s h ,  one f i s h  was used per  

t ank ;  f o r  exper iments w i t h  d r a g o n f l i e s ,  t h r e e  were used per tank .

Exper iment  1. S u r v i v a l  as a f f e c t e d  by p r e d a t i o n  -  No S h e l t e r . To 

document t h a t  f i s h  and d r a g o n f l i e s  prey upon Â . commun ? s and G_. f  asc ? atus  

and to  det e rmine  the  p re da t i o n  r a t e  in the absence o f  s h e l t e r ,  isopods 

and amphipods were placed in the exper i ment a l  tanks w i t h  no s h e l t e r s  

so t h a t  the predat or s  had d i r e c t  access to  them. Numbers s u r v i v i n g  

at  the end o f  the l i g h t  per iod  were recorded each day u n t i l  a l l  animals  

were ea t en .  Photoper iod was set  a t  16L-8D,  w i t h  the l i g h t  per iod  

beginning a t  5 -00  a.m.

The next  two exper iments  were designed to  see i f  s h e l t e r  is 

u t i l i z e d  and the e x t e n t  to  which i t  may reduce the p r e d a t i o n  r a t e .

Exper iment  2.  S u r v i v a l  as a f f e c t e d  by p r ed a t i o n  -  A r t i f i c i a l  S h e l ­

t e r . Isopods and amphipods were p laced in tanks w i t h  the p l a s t i c  

s h e l t e r s  present  ( F i g .  3a) *  A f t e r  a c c l i m a t i o n ,  the pr edat or s  were  

i nt roduced on the same s ide  o f  the  p a r t i t i o n  and a count was made o f  

the s u r v i v i n g  isopods and amphipods a t  the end o f  each l i g h t  per iod  

u n t i l  a l l  were ea t en .  Count ing involved removing the s h e l t e r s  b r i e f l y  

to  expose the prey.  Predators  were p a r t i t i o n e d  o f f  f o r  the count  and 

r e t ur ned  two hours l a t e r  a f t e r  the l i g h t s  were ou t .  This procedure  

minimized d i s t u r b a n c e  e f f e c t s  by p r o v i d i ng  t ime f o r  the prey to  r e l o c a t e  

under s h e l t e r s  be f o r e  the predat ors  were r e t u r ne d .  Photoper iod was 

set  at  16L- 8 D, w i t h  l i g h t  beginning a t  5 :00  a.m.

Exper iment  3* S ur v i va l  as a f f e c t e d  by p r ed a t i o n  -  Na tura l  S h e l t e r . 

For a b e t t e r  underst and ing o f  how a r t i f i c i a l  s h e l t e r s  a f f e c t  s u r v i v a l



16

when compared to  a more n a t u r a l  s h e l t e r ,  exper iment  2 was repeated  

s u b s t i t u t i n g  l e a f  l i t t e r  over  the e n t i r e  sand s u b s t r a t e  in p lace  o f  

the f our  p l a s t i c  s h e l t e r s  ( F i g .  3 b ) .  Numbers s u r v i v i n g  were counted 

on a l t e r n a t e  days over  an e i g h t  day per iod  by c a r e f u l l y  s o r t i n g  through  

the l i t t e r .  Photoper iod  was se t  a t  1AL-10D,  w i t h  the  l i g h t  per iod  

beginning at  6 : 00  a.m.

The remaining exper iments  were designed to pr ov i de  i n f o r ma t i on  

on p r ed a t or  d e t e c t i o n  by the  prey.

Exper iment  A. S h e l t e r  u t i l i z a t i o n  in the  absence o f  p r e d a t o r s . 

Isopods and amphipods were placed in the exper i ment a l  tanks w i t h  no 

p r ed a t o r s .  Numbers o f  u n s h e l t e r ed  animals  were recorded f o r  one week.  

Photoper iod was set  a t  1AL-10D,  w i t h  the l i g h t  per i o d  beginning a t  

6:00  a.m.

This  exper iment  was run in May and served as a co n t r o l  f o r  e x p e r i ­

ment 5- A s i m i l a r  co n t r o l  was run in October  f o r  exper iment  6 ,  when 

w at er  t emper a t u re  was 15°C and photoper iod  a t  12L-12D w i t h  the l i g h t  

beginning a t  7 : 00  a.m.

Exper iment  5- S h e l t e r  u t i l i z a t i o n  in the  presence o f  a p r ed a t or  

r e s t r i c t e d  from d i r e c t  a cc e s s . Procedures were s i m i l a r  to those in 

exper iment  A, except  t h a t  a f t e r  the a c c l i m a t i o n  p e r i o d ,  predat ors  were  

placed behind the  p a r t i t i o n s .  Numbers o f  u n s he l t e r ed  animals were  

recorded.  This work was completed w i t h i n  two weeks o f  the cor responding  

c ont r o l  descr i bed  in exper iment  A. Photoper iod was lAl_-10D, w i t h  the  

l i g h t  beginning a t  6 : 0 0  a.m.

Exper iment  6.  Chemical  d e t e c t i o n  of  a p r e d a t o r . Tanks were f i l l e d  

w i t h  7 - 5  l i t e r s  o f  w a t e r ,  instead o f  the usual  10 l i t e r s .  A f t e r  the  

usual  a c c l i m a t i o n  per iod  f o r  the p r ey ,  2 . 5  l i t e r s  o f  wa t e r  in which
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F i gu r e  3b. Exper imental  tank showing n a t u r a l  s h e l t e r
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four  f i s h  o r  t we l ve  d r a g o n f l y  naiads had been kept  s t a r ved  f o r  2*t

hours was added.  Thus,  any chemicals r e l eased  by the  pr eda t or s  would

presumably be the  same c o n c e n t r a t i o n  in the exper i ment a l  tanks a t  the

onset  o f  the exper iment  as i f  one f i s h  or  t h r e e  d r a g o n f l i e s  were

a c t u a l l y  in the  10 l i t e r  t a nk s ,  as in exper iment  5* Assuming any

r esponse- i nduc ing  chemicals would remain the same c o n ce n t r a t i o n  or

d e c l i n e  in c o n c e n t r a t i o n  w i t h o u t  the ac t ua l  p r ed a t or  p r e s e n t ,  and t h a t

any response by prey would most l i k e l y  occur  soon a f t e r  i n t r o d u c t i o n  o f

the new w a t e r ,  o b s er v a t i o n s  were made f o r  f o u r  days o n l y .  Numbers

0
o f  uns h e l t e r ed  animals were recorded.  Water was 15 C, and photoper iod  

was set  at  12L-12D,  w i t h  l i g h t s  on a t  7 - 00  a.m.  Immediate ly  f o l l o w i n g  

t h i s  work a cor responding c on t r o l  as descr i bed  in exper iment  k was 

completed w i t h  the  same photoper iod and wa t er  t e mper a t u re .

Data a r e  presented as the  average number o f  un s h e l t e r ed  animals  

per tank or  the  average number o f  animals s u r v i v i n g  per tank  as 

determined from 10 animals in each o f  t h r e e  tanks f o r  each exper i ment .  

The W i l c o x i n  Matched Pa i rs  Signed Ranks t e s t  was employed to t e s t  f o r  

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 s  and exper iment s .



RESULTS

From genera l  o b s er va t i on s  i t  was determined t h a t  b l u e g i l l  and 

d r a g o n f l i e s  feed on both isopods and amphipods; however ,  some d i f f e r ­

ences occur  in the means by which they c ap t ur e  prey.  B l u e g i l l  appeared  

to  feed v i s u a l l y  by o r i e n t i n g  on moving o b j e c t s  on the  s u r f a c e ,  bot tom,  

or  in the  wa t er  column and then a c t i v e l y  pursuing the  i tem,  whereas  

d r a g o n f l i e s  s a t  and w a i t ed  in ambush on the  bottom f o r  the prey i tem to  

pass by. At i r r e g u l a r  i n t e r v a l s  the d r a g o n f l i e s  changed t h e i r  p o s i t i o n ,  

but  in no way d id  the  change appear  to  be d i r e c t e d  a t  a p a r t i c u l a r  

prey i tem.  D r a g o n f l i e s  were a b l e  to get  underneath the p l a s t i c  s h e l t e r s  

w i t h  the  p r ey ,  but  I was not a b l e  to conf i rm c a p t u r e  o f  prey under  

s h e l t e r s .  B l u e g i l l ,  however,  were r e s t r i c t e d  from s h e l t e r e d  prey.

B l u e g i l l  could spot  moving prey a t  the o p p o s i t e  end o f  the  10 

l i t e r  tanks and p u r s u i t  u s u a l l y  f o l l o w e d .  In a l l  i ns ta n ce s ,  even the  

l a r g e s t  isopod or  amphipod was compl e t e l y  taken in the b l u e g i l l ' s  

mouth.  D r a go n f l i e s  showed no signs o f  a c t i v e  p u r s u i t ,  though an 

occas i onal  lunge accompanied the  e x t e n t  ion of  the labium,  and some 

isopods and amphipods were too l arge  to be taken in one b i t e .  Larger  

amphipods were ab l e  to escape the d r a g o n f l y ' s  labium g r i p  at  t imes.  

Larger  isopods however ,  once clasped by the lab ium,  were not  ab l e  to  

escape.  Thus,  the  slow movement t y p i c a l  o f  isopods drew less a t t e n ­

t i o n  from the f i s h  but  made i t  more v u l n e r a b l e  to the ambush a t t a c k  

o f  the d r a g o n f l i e s .  Amphipods,  in c o n t r a s t ,  appeared to be more

19
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v u l n e r a b l e  to f i s h  p r e d a t i o n ,  by v i r t u e  o f  t h e i r  t y p i c a l  r ap i d  move­

ments .

Another  impor tant  d i f f e r e n c e  between the  p r e da t or s  was t h a t  b l u e ­

g i l l  fed only  dur ing  the  l i g h t  hours.  D r a go n f l i e s  were not  so l i m i t e d .  

In f a c t ,  d r a g o n f l i e s  appeared t o  prey most h e a v i l y  a t  n i g h t  when isopod 

and amphipod a c t i v i t y  was g r e a t e s t .

Exper iments 1-3-  P r ed a t i o n  r a t e  as a f f e c t e d  by v a r i a b l e  s h e l t e r . 

Both d r a g o n f l i e s  and f i s h  preyed h e a v i l y  upon isopods and amphipods,  

but s h e l t e r  a v a i l i b i l i t y  reduced the p r e da t io n  r a t e  ( F i g s .  ^ and 5 ) •  

Su r v i v a l  increased g r e a t l y  w i t h  n a t u r a l  s h e l t e r ,  probabl y  due to  

g r e a t e r  s h e l t e r  s u r f a ce  a r ea  a f f o r d e d  by the l e a f  l i t t e r  as compared 

to  the p l a s t i c  squares and p o s s i b l y  due to  the  g r e a t e r  compl ex i ty  

o f  the  l e a f  l i t t e r  r e s u l t i n g  from the  o v er l a p p i n g  and s l i g h t l y  

bouyant  n a tu r e  o f  the  l eaves .

Wi th l e a f  l i t t e r  as s h e l t e r ,  amphipods were more v u l n e r a b l e  to 

f i s h  p r ed a t io n  than were isopods ( P < . 0 5 ) ,  whereas isopods were more 

s u s c e p t i b l e  than amphipods to  d r a g o n f l y  p r ed a t i o n  (P < . 0 5 ) .  Only 5-33  

amphipods on average sur v i ved  to  the e i g h t h  day as compared to the 7 - 0  

isopods s u r v i v i n g  when a f i s h  was the p r e d a t o r .  On the o t h e r  hand,  

when d r a g o n f l i e s  were the p r e d a t o r s ,  on l y  2 . 6 7  isopods surv i ved  on 

average as compared to the  7 . 6 7  amphipods.

Fur thermore ,  F i gures  h and 5 suggest  t h a t  f i s h  e x e r t e d  a g r e a t e r  

pr ed a t io n  pressure  than did d r a g o n f l i e s  on both isopods and amphipods 

under a r t i f i c i a l  s h e l t e r  c on d i t i on s  ( P < . 0 5 ) -  Amphipods and isopods 

were a l l  eaten by the second and t h i r d  days r e s p e c t i v e l y  w i t h  f i s h  as 

p r e d a t o r s .  However,  some o f  both surv i ved  u n t i l  the s i x t h  day w i t h  

d r a g o n f l y  p r e d a t or s .  Al though w i t h  a r t i f i c i a l  s h e l t e r  f i s h  consumed
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Fi gur e  S u r v i v a l  o f  amphipods and isopods in the presence o f
a f i s h  p r e d a t o r ,  under v a r y i n g  s h e l t e r  c o n d i t i o n s .  
D i f f e r e n c e  in numbers s u r v i v i n g  under n a t u r a l  s h e l ­
t e r  between amphipods and isopods is s i g n i f i c a n t  
(P < . 0 5 ,  W i l c o x i n  Matched P a i r s  Signed Ranks t e s t ) .
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F i g u r e  5- S u r v i v a l  o f  amphipods and isopods in t h e  p r esence  o f
d r a g o n f l y  p r e d a t o r s ,  under  v a r y i n g  s h e l t e r  c o n d i t i o n s .  
D i f f e r e n c e  in numbers s u r v i v i n g  under  n a t u r a l  s h e l t e r  
between amphipods and isopods is s i g n i f i c a n t  ( P < . 0 5 ,  
W i l c o x i n  Matched P a i r s  S igned Ranks t e s t ) .
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both prey species more q u i c k l y  than d i d  d r a g o n f l i e s ,  f i s h  captured  

more amphipods than isopods (P < . 0 5 ) ,  w h i l e  d r a g o n f l i e s  captured more 

isopods than amphipods (P < . 0 5 ) *

Exper iment  4.  S h e l t e r  u t i l i z a t i o n  in the absence o f  p r e d a t o r s .

A d i s t i n c t  c i r c a d i a n  rhythm was e v i d e n t  f o r  both isopods and amphipods 

w i t h  increased numbers o f  animals out  from under s h e l t e r s  in the dark  

hours ,  though in no i ns t ance  were a l l  the animals exposed a t  one t ime  

( F i g .  6 ) .  Isopods showed a steady decrease in the number uns h e l t e r ed  

f o r  the f i r s t  two days o f  the o b s er va t i o n  p e r i o d ,  perhaps i n d i c a t i n g  

a l onger  a c c l i m a t i o n  per iod  was r e q u i re d .  In a d d i t i o n ,  though both 

showed an a f f i n i t y  f o r  s h e l t e r  in the  absence o f  p r e d a t o r s ,  isopods 

e x h i b i t e d  a s i g n i f i c a n t l y  g r e a t e r  prederence  by v i r t u e  o f  a much 

s t r o n g e r  tendency to  s t a y  s h e l t e r e d  at  n i g h t  (P = . 45 ;  P < . 0 1 ,  

n i g h t ;  P < . 0 2 5 ,  day and n i g h t  combined) .  Amphipods averaged 5"7 un­

s h e l t e r e d  at  n i g h t  and 1 -2  u n s h e l t e r ed  dur ing the day whereas isopods 

averaged on l y  1-2 u n s h e l t e r ed  a t  n i g h t  and 0-1 u n s h e l t e r ed  dur ing the  day.

Decreased s h e l t e r  u t i l i z a t i o n  f o r  both isopods and amphipods 

occur red  in e a r l y  f a l l  (P < . 0 2 5 ,  day;  P < . 0 1 ,  n i g h t ;  P < . 0 0 5 ,  day 

and n i g h t  combined) as r evea led  by comparing the c on t r o l  f rom May 

(14L-10D photoper iod and 18 C wat er  t emperat ure )  t o  the cont ro l  run in 

October  (12L-12D photoper i od  and 15*0 wat er  temper a t ure )  ( F i g s .  7 , 8 ) .

As in May,  the number o f  un s h e l t e r ed  amphipods s i g n i f i c a n t l y  exceeded 

t h a t  o f  the isopods (P = . 4 5 ,  day;  P < . 0 1 ,  n i g h t ;  P < . 02 5 ,  day and 

n i g h t  combined) w i t h  6 - 9  amphipods uns he l t e r e d  a t  n i g h t  and 3 - 6  in 

day as compared t o  6~7 uns h e l t e r ed  isopods at  n i gh t  and 1-4 in the  

day in October .
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F i gu r e  6.  S h e l t e r  u t i l i z a t i o n  in May ( phot oper i od  14L-10D,  
wat er  temp. 18 C) o f  amphipods and isopods in the  
absence o f  p r ed a t o r s .  D i f f e r e n c e  is s i g n i f i c a n t  
dur ing n i g h t  only  (P = . 4 5 ,  day;  P<  . 0 1 ,  n i g h t ;  
Wi l c ox i n  Matched Pa i rs  Signed Ranks t e s t ) .  D = day,  
N = n i g h t .
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Fi gur e  7- S h e l t e r  u t i l i z a t i o n  o f  amphipods in May ( phot oper i od  
I ^ L - I O D ,  w at e r  temp. 18°C) and in October  ( phot o­
per iod  12L-12D,  wa t er  temp. 15 C ) . D i f f e r e n c e  is  
s i g n i f i c a n t  dur i ng  day,  n i g h t ,  and both per iods  
combined ( P < . 0 2 5 ,  day;  P <.01 , n i g h t ;  P < . 0 0 5 ,  both;  
W i l c o x i n  Matched Pa i rs  Signed Ranks t e s t ) .  D = day,  
N = n i g h t .
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F i g u r e  8.  S h e l t e r  u t i l i z a t i o n  of  isopods in May ( phot oper i od  
14L-10D,  w at er  temp. l 8 ° C )  and in October  ( ph o t o ­
per iod  12L-12D,  wat er  temp. 15°C) .  D i f f e r e n c e  is 
s i g n i f i c a n t  dur ing  day,  n i g h t ,  and both per iods  
combined ( P < . 0 2 5 ,  day;  P c . O l ,  n i g h t ;  P < . 0 0 5 ,  both;  
W i l c o x i n  Matched Pa i rs  Signed Ranks t e s t ) .  D = day,
N = n i gh t .
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Exper iment  5- S h e l t e r  u t i l i z a t i o n  in presence o f  a p r e d a t o r  

r e s t r i c t e d  from d i r e c t  a cc e s s . Both isopods and amphipods showed a 

marked i ncrease  in s h e l t e r  u t i l i z a t i o n  in the  presence o f  r e s t r i c t e d  

f i s h  pr eda t or s  ( P < . 0 1 ,  f o r  both dur i ng  day;  P c . O l ,  f o r  both dur ing  

n i g h t ;  P < . 0 0 5 ,  f o r  both day and n i g h t  combined) ( F i g s .  9 ,  1 0 ) .

Dur ing the  day w i t h  f i s h  p r e s e n t ,  no isopods o r  amphipods were ever  

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

Wi th d r a g o n f l i e s ,  the  increase  in s h e l t e r  u t i l i z a t i o n  was less  

marked.  Amphipods showed a c o n s i s t e n t l y  lower  number u n s he l t e r ed  com- 

pa red to  the  con t  ro 1 ( P < . 0 1 ,  day;  P < . 0 1 ,  n i g h t ;  P < . 0 0 5 ,  day and 

n i g h t  combined) ,  but  the  number u n s he l t e r ed  was s i g n i f i c a n t l y  h i gher  

than when f i s h  were used ( P<  . 0 1 ,  day;  P< . 0 1 ,  n i g h t ;  P< . 0 0 5 ,  day 

and n i g h t  combined) ( F i g s .  9 ,  11 ) -  The number o f  u n s he l t e r ed  isopods 

w i t h  d r a g o n f l i e s  present  ( F i g .  12) was s i g n i f i c a n t l y  lower than the  

c ont r o l  o n l y  dur i ng  1 i ght  (P < . 0 1 ) .  However,  dur i ng  n i g h t  t h e re  was no 

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  (P = . 5 ) *  A l s o ,  as w i t h  amphi­

pods,  the  number o f  u n s he l t e r e d  isopods w i t h  d r a g o n f l i e s  as p r ed a t or  

was s i g n i f i c a n t l y  h i g h e r  than w i t h  a f i s h  p r e d a t o r  ( P < . 0 1 ,  day;

P < . 0 1 ,  n i g h t ;  P < . 0 0 5 ,  day and n i g h t  combined) .

Exper iment  6.  Chemical  d e t e c t i o n  o f  a p r e d a t o r . When w a t er  in 

which f i s h  were kept  was int roduced i n t o  the tanks ( F i g s .  13,  1 ^ ) ,  the  

number o f  u n s he l t e r e d  isopods and amphipods was always lower than the  

number u n s h e l t e r ed  in the  co n t r o l  tanks in which no f i s h  w at er  was 

added ( P < . 00 5 ;  no s t a t i s t i c a l  a n a l y s i s  f o r  day and n i g h t  s e p a r a t e l y  due 

t o  smal l  sample s i z e ) .  In a d d i t i o n ,  the number o f  u n s he l t e r e d  isopods 

and amphipods w i t h  f i s h  w a t er  was s i g n i f i c a n t l y  lower than w i t h  dragon­

f l y  w a t e r  (P < . 0 0 5 ) •
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F i g u r e  9- S h e l t e r  u t i l i z a t i o n  o f  amphipods in presence o f  a
p a r t i t i o n e d  b l u e g i l l ,  compared to c o n t r o l .  D i f f e r e n c e  
is s i g n i f i c a n t  dur ing  day,  n i g h t ,  and both per iods  
combined ( P < . 0 1 ,  day;  P < . 0 1 ,  n i g h t ,  P < . 0 0 5 ,  both;  
W i l c o x i n  Matched Pa i rs  Signed Ranks t e s t ) .  D = day,
N = n i g h t .
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Fi gure  10. S h e l t e r  u t i l i z a t i o n  o f  isopods in presence o f  a
p a r t i t i o n e d  b l u e g i l l ,  compared t o  c o n t r o l .  D i f f e r ­
ence is s i g n i f i c a n t  dur i ng  day,  n i g h t ,  and both  
per iods combined (P< . 0 1 ,  day;  P <.01 ,  n i g h t ;
P< . 0 0 5 ,  both;  W i l c o x i n  Matched P a i r s  Signed Ranks 
t e s t ) .  D = day,  N = n i g h t .
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F i g u r e  11. S h e l t e r  u t i l i z a t i o n  o f  amphipods in presence o f  
p a r t i t i o n e d  d r a g o n f l i e s ,  compared to c o n t r o l .  
D i f f e r e n c e  is s i g n i f i c a n t  dur i ng  day,  n i g h t ,  and 
both per iods combined ( P < . 0 1 ,  day;  P < . 0 1 ,  n i g h t ;  
P < . 0 0 5 ,  bot h ;  W i l c o x i n  Hatched Pa i rs  Signed Ranks 
t e s t ) .  D = day,  N = n i g h t .
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Fi gur e  12. S h e l t e r  u t i l i z a t i o n  o f  isopods in presence o f  p a r t i ­
t i oned  d r a g o n f l i e s ,  compared to c o n t r o l .  D i f f e r e n c e  
is s i g n i f i c a n t  dur i ng  the day o n l y  ( P < . 0 1 ;  W i l c o x i n  
Hatched Pai rs  Signed Ranks t e s t ) .  D = day,  N = n i g h t
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Fi gur e  13* S h e l t e r  u t i l i z a t i o n  o f  amphipods in presence o f  
f i s h  w a t e r ,  compared to c o n t r o l .  D i f f e r e n c e  in 
s h e l t e r  u t i l i z a t i o n  is s i g n i f i c a n t  ( P < . 005 ;  
Wi l c ox i n  Matched Pa i rs  Signed Ranks t e s t ) .  D = 
day,  N = n i g h t .
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F i gur e  1̂ 4. S h e l t e r  u t i l i z a t i o n  o f  isopods in presence o f  f i s h  
w a t e r ,  compared to  c o n t r o l .  D i f f e r e n c e  in s h e l t e r  
u t i l i z a t i o n  is s i g n i f i c a n t  ( P < . 0 0 5 ;  W i l c o x i n  Matched 
Pa i rs  Signed Ranks t e s t ) .  D = day,  N = n i g h t .
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When comparing c o n t r o l  tanks w i t h  tanks in which d r a g o n f l y  wat er  

was added,  the  d i f f e r e n c e  was not  as c l e a r  as t h a t  w i t h  f i s h  wa t er  

( F i gs .  15,  16) .  A s i g n i f i c a n t  d i f f e r e n c e  ( P < . 05 )  was observed f o r  

isopods but  not  amphipods (P = . 2 5 ) .  However,  the  data  i nd i c a t e d  some 

evidence  o f  chemical  d e t e c t i o n  by the amphipods.  Cons i der i ng  only  

dayt ime response,  the  number o f  u n s he l t e r e d  amphipods was always less  

w i t h  d r a g o n f l y  w a t e r  compared to c o n t r o l  tanks except  dur i ng  the f i n a l  

l i g h t  o b s e r v a t i o n  (day *f) a t  which t ime the  number exceeded t h a t  o f  

the  c on t r o l  s l i g h t l y .

A summary o f  isopod and amphipod responses to a l l  t rea t ment s  

is presented in F i gures  17 and 18.  For ease o f  compar ison,  l i g h t  and 

dark  responses have been s e p a r a t e d .  Increased a c t i v i t y  a t  n i g h t  is 

most n o t i c e a b l e .  In a d d i t i o n ,  the  degree to which prey responded to  

pr edat or s  or  p r e d a t o r  w a t e r  can be seen a t  a g l an ce .  Both prey types  

increased s h e l t e r  u t i l i z a t i o n  to a g r e a t e r  e x t e n t  in response to 

f i s h  and f i s h  w a t e r  as compared to d r a g o n f l i e s  and d r a g o n f l y  wa t er  

r espect  i v e l y .
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F i gu r e  15- S h e l t e r  u t i l i z a t i o n  o f  amphipods in presence o f
d r a g o n f l y  w a t e r ,  compared to c o n t r o l .  D i f f e r e n c e  
in s h e l t e r  u t i l i z a t i o n  is not  s i g n i f i c a n t  (P = . 25 ;  
W i l c o x i n  Matched Pa i rs  Signed Ranks t e s t ) .  D = day,  
N = n i g h t .
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F i g u r e  16. S h e l t e r  u t i l i z a t i o n  o f  isopods in presence o f
d r a g o n f l y  w a t e r ,  compared t o  c o n t r o l .  D i f f e r e n c e  
in s h e l t e r  u t i l i z a t i o n  is s i g n i f i c a n t  ( P < . 05 ;  
W i l c o x i n  Matched Pa i rs  Signed Ranks t e s t ) .
D = day,  N = n i g h t .
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F i gur e  17- Summary o f  s h e l t e r  u t i l i z a t i o n  by amphipods f o r  
a l l  exper i ment a l  t r e a t m e n t s .  V e r t i c a l  l i n e s  
i n d i c a t e  95% conf i dence  l i m i t s .
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F i gu r e  18 Summary o f  s h e l t e r  u t i l i z a t i o n  by isopods f o r  
a l l  exper i ment a l  t r e a t m e n t s .  V e r t i c a l  l i n e s  
i n d i c a t e  95% conf i dence  l i m i t s .
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DISCUSSION

Both Isopods and amphipods spent  a g r e a t  deal  o f  t ime under s h e l -  

t e r ; presumably to avoid  p r e d a t o r s .  Since n e i t h e r  amphipods nor isopods 

ar e  equipped w i t h  any defense  mechanism o t h e r  than locomot ion to  

escape p r e d a t i o n ,  t h i s  b e ha v i o r  was expected .  Both u t i l i z e d  a v a i l a b l e  

s h e l t e r  even in the  absence o f  a p r e d a t o r ;  a t  no t i me  were a l l  isopods 

o r  amphipods u n s h e l t e r e d .  This  is p r obab l y  an I nn a te  response,  

d e r iv e d  from the more o r  l ess cont inuous presence of.  p r ed a t or s  under  

n a t u r a l  c o n d i t i o n s .  Even so,  both s i g n i f i c a n t l y  increased s h e l t e r  

u t i l i z a t i o n  when a b l u e g i l l  was p laced behind the  p a r t i t i o n  a t  one 

end o f  the tank.  When d r a g o n f l y  p r ed a t or s  were i n t r od u c e d ,  amphipods 

agai n  s i g n i f i c a n t l y  i ncreased s h e l t e r  u t i l i z a t i o n  dur i ng  both day and 

n i g h t .  Isopods e x h i b i t e d  a s i g n i f i c a n t  inc rease  in s h e l t e r  u t i l i z a ­

t i o n  in response to d r a g o n f l i e s  on l y  in the  day.  In t o t a l ,  these  

r e s u l t s  s t r o n g l y  suggest  t h a t  both amphipods and isopods are  a b l e  to  

d e t e c t  p r ed a t or s  r emot e ly .

Whether  or  not  p r ed a t or s  were p r e s e n t ,  isopods and amphipods 

both demonst rated a d i s t i n c t  c i r c a d i a n  rhythm,  w i t h  decreased s h e l t e r  

u t i l i z a t i o n  at  n i g h t .  Th i s  rhythm may r e f l e c t  c i r c a d i a n  changes in 

p r e d a t io n  p r essur e  in the  n a t u r a l  envi ronment  s ince  some p r e d a t o r s ,  

such as b l u e g i l l ,  do not  feed a t  n i g h t .

The decrease in s h e l t e r  u t i l i z a t i o n  by both isopods and amphipods 

in October  as compared to May a ls o  may r e f l e c t  less p r e d a t i o n  pressure
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under n a t u r a l  c o n d i t i o n s .  By Oct ober ,  b l u e g i l l  f r y  u s u a l l y  l eave the  

sha l l ow edges o f  the  l ak e  ( pers .  o b s e r . )  p o s s i b l y  due to t h e i r  i ncrease  

in s i z e  over  the  summer a n d / o r  to escape c o o l er  w a t e r  t emper a t u res .

In a d d i t i o n ,  d r a g o n f l i e s  may not  r e q u i r e  as many prey  i tems due to the  

p h y s i o l o g i c a l  e f f e c t  o f  the  c o o l e r  w a t er  t e mp e r a t u r e .

S h e l t e r  a v a i l a b i l i t y  makes an obvious d i f f e r e n c e  to prey s u r v i v a l .  

With no s h e l t e r  a v a i l a b l e ,  n e i t h e r  prey type s ur v i ved  longer  than 24 

hours w i t h  f i s h  o r  d r a g o n f l y  p r e d a t o r s .  Wi th the l i m i t e d  s h e l t e r  area  

prov i ded by the  p l a s t i c  squares ,  s u r v i v a l  t ime o f  amphipods and isopods 

was 2 and 3 days r e s p e c t i v e l y  w i t h  f i s h  and 6 days w i t h  d r a g o n f l i e s .

Wi th the  more e x t e n s i v e  s h e l t e r  prov ided by l e a f  l i t t e r ,  s u r v i v a l  of  

some o f  both surpassed the  e i g h t  day o b s er v a t i o n  p e r i o d .  In agreement  

w i t h  my f i n d i n g s ,  P r i t c h a r d  (1364)  and Lawton,  e t  a l . (1974)  r epor t ed

t h a t  d r a g o n f l i e s ,  under n a t u r a l  c o n d i t i o n s ,  d i d  not  e a t  n e a r l y  as 

much as they d i d  in the l a b o r a t o r y .  A l so ,  Benke ( 1 9 7 6 ,  1978)  r epor t ed  

t h a t  d r a g o n f l i e s  have the  a b i l i t y  to a n n i h i l a t e  t h e i r  prey under  

n a t u r a l  c o n d i t i o n s ,  i f  t hey  a r e  a c c e s s i b l e ,  but  suggested t h a t  prey  

ar e  u s u a l l y  saved from a n n i h i l a t i o n  because they  can f i n d  s u f f i c i e n t  

re fuges  in t h e i r  n a t u r a l  h a b i t a t .

Al though s h e l t e r  a v a i l a b i l i t y  in general  increased chances o f  

escaping p r e d a t i o n ,  the d i f f e r i n g  s h e l t e r  a f f i n i t y  and l ocomot ive  

a b i l i t y  o f  the  prey and d i f f e r i n g  f ee d i n g  modes o f  the p r ed a t or s  were  

a ls o  f a c t o r s .  Isopods showed a g r e a t e r  a f f i n i t y  f o r  s h e l t e r  than did  

amphipods w i t h  or  w i t h o u t  the  preda t or s  used in t h i s  s tudy .  Halenda  

(1977)  r epor t ed  s i m i l a r  f i n d i n g s  in t h a t  A,, commun i s showed a g r e a t e r  

p r e f e r e n c e  f o r  s h e l t e r  over  bare sand than did G_. f  asc ? atus , t h a t  

Ase11 us commun i s p r e f e r r e d  the deeper  leaves whereas G. fasc  ? atus
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p r e f e r r e d  the newer ,  s ha l lo wer  l e a ves ,  and t h a t  /\. commun i s p r e f e r r e d  

the d a rk e r  p a r t  o f  a l i g h t  g r a d i e n t  w h i l e  G_. f a s c i a t u s  showed no 

p r e f e r e n c e  to  a g r a d i e n t .

The g r e a t e r  a f f i n i t y  o f  isopods f o r  s h e l t e r  may r e l a t e  to t h e i r  

i n a b i l i t y  to  swim and maneuver as q u i c k l y  as amphipods,  l ea v i ng  them 

more v u l n e r a b l e  to p r e d a t i o n .  However,  i f  adequate  s h e l t e r  was p r o ­

v i d e d ,  isopods,  due to  t h e i r  g r e a t e r  a f f i n i t y  f o r  s h e l t e r ,  were less  

s u s c e p t i b l e  to f i s h  p r e d a t i o n  than amphipods.  In a d d i t i o n ,  the  da r ke r  

c o l o r  and slow movement of  isopods as compared t o  t h a t  o f  amphipods 

presumably camouf lages them b e t t e r  in the l e a f  l i t t e r  from v i s u a l l y -  

o r i e n t i n g  b l u e g i l l  p r e d a t o r s .  However,  the  slow movement and s t r on g e r  

a f f i n i t y  f o r  s h e l t e r  which lessened i so pods1 s u s c e p t \ b i 1 i t y  to  f i s h  

p r e d a t i o n  l e f t  them more v u l n e r a b l e  to  the ambush a t t a c k  o f  d r a g o n f l i e s  

a l s o  i n h a b i t i n g  the l e a f  l i t t e r .  Isopods seldom escaped the lunge  

o f  d r a g o n f l i e s ,  whereas amphipods o f t e n  escaped capt ur e  a t t e m p t s .  A l so ,  

u n l i k e  isopods,  l a r ge  amphipods sometimes managed to escape from the  

labium c lasp  i f  caught .

The increased s h e l t e r  u t i l i z a t i o n  by prey in response to a r e s t r i c t ­

ed p r ed a t or  r a i ses  a b a s i c  quest i on  as to the  means o f  p r e d a t o r  d e t e c t i o n  

by the prey.  P r e d a t o r  d e t e c t i o n  presumably may have been by v i s u a l  or  

chemical  means,  by w at e r  movements c r ea t e d  by the p r e d a t o r ,  or  by a 

combinat ion o f  t hese.

Al though many papers in the l i t e r a t u r e  r e p o r t  ev i dence  o f  phero-  

mone communicat ion in the Crustacea (Atema and Engstrom,  1971;  Dunham, 

1978; Katona,  1973;  K i t t r e d g e  and Takahash i ,  1972;  and Ryan, 196 6 ) ,  

only  r e c e n t l y  has much work been done on chemical  communicat ion between 

a p r e d a t o r  and prey in f r e s h wa t e r  h a b i t a t s .  Peckarsky (1980)  examined
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the p o s s i b i l i t y  o f  chemical  d e t e c t i o n  between m a y f l i e s  and t h e i r  s t one -  

f l y  p r edat or s  and found t h a t  the  avoidance responses appeared to be 

t r i g g e r e d  by a chemical  s t i mul us  emanat ing from the  p r e d a t o r .

Resul ts  from my study a l s o  suggested chemical  d e t e c t i o n  o f  p r eda ­

t o r s  by both prey t ypes .  Isopods and amphipods showed a s i g n i f i c a n t  i n ­

c rease in s h e l t e r  u t i l i z a t i o n  when o n l y  f i s h  w a t e r  was i n t r o d u c e d ,  

which suggests t h a t  v i s u a l  or  v i b r a t i o n a l  cues a r e  not  necessary  to  i n ­

duce the  response.  However,  the  response o f  isopods and amphipods 

to p o s s i b l e  chemical  cues re leased  by the  d r a g o n f l i e s  was more equivoca l  

than w i t h  f i s h .  Amphipods s i g n i f i c a n t l y  increased s h e l t e r  u t i l i z a t i o n  

in t he  presence o f  r e s t r i c t e d  d r a g o n f l i e s  y e t  showed no s i g n i f i c a n t  

response to d r a g o n f l y  w a t e r ;  isopods e x h i b i t e d  a s i g n i f i c a n t  response  

to r e s t r i c t e d  d r a g o n f l i e s  on l y  dur i ng  the day,  but  a s i g n i f i c a n t  r e ­

sponse to  d r a g o n f l y  w a t e r  dur in g  both day and n i g h t .  Reasons f o r  the  

unexpected response o f  isopods ( i . e .  an a p p a r e n t l y  s t r o n g e r  response  

to d r a g o n f l y  w a t e r  than to a c t u a l  d r a g o n f l i e s )  a r e  not c l e a r .  Time o f  

year  may have been a f a c t o r ,  s i n c e  the exper iments  were run dur i ng  

d i f f e r e n t  seasons.

The weaker  response o f  amphipods to d r a g o n f l y  w a t e r  as compared 

t o  f i s h  w a t e r  does not  e l i m i n a t e  the p o s s i b i l i t y  o f  chemical  d e t e c t i o n .  

D r a g o n f l i e s ,  due to  t h e i r  s m a l l e r  s i z e  as compared to f i s h ,  may r e l e a se  

a l e s s e r  amount o f  the  d e te c t ed  chemi ca l .  In a d d i t i o n ,  t h i s  chemical  

may break down in a shor t  per iod  o f  t i m e ,  r e q u i r i n g  the  phys i ca l  

presence o f  the d r a g o n f l i e s  to  c o n t i n u a l l y  r e l e a s e  the  chemical  in 

o r de r  f o r  c o n c e n t r a t i o n s  to be ma i n t a i ne d  a t  a l eve l  d e t e c t a b l e  by 

the  prey.  The d i f f e r e n c e  in the  response o f  amphipods to f i s h  and 

d r a g o n f l y  w a t e r  suggests d i f f e r e n t i a l  p r ed a t i o n  pressure  o r  e f f e c t i v e ­
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ness o f  p r e d a t o r  evasion t a c t i c s ,  i . e .  f i s h  may be a more s i g n i f i c a n t  

p r e da t or  f o r  amphipods.

Al though chemical  d e t e c t i o n  o f  p r edat or s  by isopods and amphipods 

is p r o b a b l e ,  v i s u a l  and v i b r a t i o n a l  cues may i n f l u e n c e  s h e l t e r  u t i l i ­

z a t i o n  as w e l l .  However ,  c on s i d e r i n g  t h a t  t he  a c u i t y  o f  the  i sopods1 

and amphipods1 compound eyes is somewhat l i m i t e d ,  v i s u a l  cues can 

probably  be e l i m i n a t e d .  The importance o f  p o s s i b l e  v i b r a t i o n a l  cues 

cannot  be c l e a r l y  determined from my work.

Thus,  my data  suppor t  chemical  d e t e c t i o n  o f  both p r ed a t o r  types  

by both prey types .  The d i f f e r e n c e s  in the degree o f  response shown 

by isopods and amphipods suggest  d i f f e r e n t i a l  p r e d a t i o n  pressure  and 

e f f e c t i v e n e s s  o f  p r e d a t o r - e v a s i o n  t a c t i c s .  B l u e g i l l ,  being a very  

e f f e c t i v e  p r e d a t o r ,  e l i c i t e d  a s t r o n g e r  response from both isopods 

and amphipods than d id  d r a g o n f l i e s .  As a r e s u l t  o f  the  isopods'  

g r e a t e r  a f f i n i t y  f o r  s h e l t e r ,  amphipods were more v u l n e r a b l e  to  the  

b l u e g i l l  p r e d a t i o n  t a c t i c s .  However,  due to t h e i r  l i m i t e d  e va s i ve  

t a c t i c s ,  isopods f e l l  v i c t i m  to  d r a g o n f l y  p r e d a t i o n  more o f t e n  than  

amphipods,  and,  in accordance ,  ev idence  f o r  chemical  d e t e c t i o n  o f  

d r a g o n f l i e s  by isopods appeared s t r o n g e r .
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