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ABSTRACT: Jassa falcata and Corophium insidiosum are epifaunal tube-building marine 
amphipods, whose niches overlap in habitat and food requirements. Laboratory experiments were 
conducted to study the influence of the quality of different available particulate substrates on 
settlement and tube-building behaviour of these two amphipod species. Our experiments suggest 
that C. insidiosum is less specialized in this respect than J. falcata. C. insidiosum is able to use 
organic materials for tube-building such as artificial ( Ulva spec. powder) or mixed natural detritus as 
well as inorganic material (coarse sand); whereas J. falcata utilizes organic materials, but sand only 
to a very limited extent 

I N T R O D U C T I O N  

In genera l ,  rocky shores  show a m u c h  h i g h e r  spec i e s  divers i ty  w h e n  c o m p a r e d  to soft 

bo t tom c o m m u n i t i e s  and  h e n c e  shou ld  r e q u i r e  a h i g h e r  d e g r e e  of eco log ica l  spec ia l iza -  
tion in thei r  fauna.  O n e  of the  speci f ic  diff icul t ies  of h a r d - b o t t o m  dwel l e r s  c o n c e r n s  f ix ing 

t h e m s e l v e s  to the  g round ,  so that  they  c a n n o t  b e  w a s h e d  a w a y  by s t rong  w a t e r  m o v e -  
ments .  T u b e - b u i l d i n g  is a c o m m o n  adap t a t i on  to this par t icu la r  hab i ta t  r e q u i r e m e n t .  

A m p h i p o d s  b e l o n g  to the  most  n u m e r o u s  and  t axonomica l l y  d iverse  c o m p o n e n t s  of 
ep i f auna l  m a r i n e  i n v e r t e b r a t e  c o m m u n i t i e s  (Jacobi,  1987). Mos t  of t h e m  l ive  h e m i s e s s i l e  

in tubes  w h o s e  wal ls  consist  of body  sec re t ions  and e x o g e n o u s  mater ia ls .  The i r  set t le-  
m e n t  b e h a v i o u r  is i n f l u e n c e d  by e n v i r o n m e n t a l  factors  such as currents ,  the  subs t ra te  

surface,  and  the  avai labi l i ty  of t u b e - b u i l d i n g  mater ia ls .  In the  p r e s e n t  inves t iga t ion ,  the 
in f luence  of the  type  of bu i l d ing  ma te r i a l s  on s e t t l e m e n t  and  t u b e - b u i l d i n g  b e h a v i o u r  

was  c o m p a r e d  in two ve ry  c o m m o n ,  coex i s t ing  and  po ten t ia l ly  c o m p e t i n g  a m p h i p o d  

species ,  Jassa falcata and  Corophium insidiosum. 

M A T E R I A L S  A N D  M E T H O D S  

A m p h i p o d s  (Jassa falcata a n d  Corophium insidiosum) w e r e  o b t a i n e d  by  sc ra tch ing  

e p i f a u n a  f rom h a r b o u r  je t t ies  at the  i s l and  of H e l g o l a n d  (North Sea) a n d  sor t ing  t h e m  in 
the  laboratory .  G r e e n  m a c r o a l g a e  (Ulva spec.) w e r e  co l l ec t ed  at the  n o r t h e r n  shore  of 

H e l g o l a n d  d u r i n g  low tide, and  sand  par t ic les  w e r e  r e m o v e d  b y  w a s h i n g  t h e m  m 

seawate r .  T h e  a l g a e  w e r e  d r i ed  in an  o v e n  for 12 h at  90~  and  s u b s e q u e n t l y  g r o u n d  to 
ob ta in  an  artificial,  r e l a t ive lv  coarse  detr i tus .  A finer,  m i x e d  na tura l  de t r i tus  w a s  ob t a ined  
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from the laboratory seawater filter system and stored until  use at 12~ Sand was taken 
from the southern beach of Helgoland and  fractionated by passing it through sieves with 
300 and 500 gm mesh widths. 

Amphipods were put into plastic aquaria  (17.7 x 11.4 cm bottom area) which 
received seawater  from a flow-through system (ca. 0.3 1/min) and had dra inage  holes 
5 cm above the bottom to guarantee  a constant  water level. With each species, experi- 
ments  with 3 substrate types (Ulva spec. powder, mixed natural  detritus, coarse sand; 3 
replicate aquaria, with 30 individuals  each) were carried out over observation periods of 
19 days. Approximately equal amounts  (by volume) of the following bui ld ing  materials 
were initially added  to the aquaria: 0.4 g Ulva spec. powder; 10 ml natural  detritus; 10 ml 
coarse sand (300-500 gm grain size fraction). 

The aquaria bottoms were externally marked  dividing their area into rectangles of 
2.85 x 2.95 cm. Data sheets with identical pat terns were prepared, and each day the total 
number  and location of complete tubes were recorded on a new sheet. Tube-bu i ld ing  
was considered completed when  the amphipods could fully retract into them after be ing 
mechanical ly disturbed. 

RESULTS 

Art i f ic ia l  d e t r i t u s  (Ulva spec .  pow de r )  

Figure 1 shows the tube-bui ld ing  activity of CoropN'um insidiosum and  Jassa falcata 
during a 19-day observation period with exclusively Ulva spec. powder supplied as a 
substrate. A marked difference in tube-bu i ld ing  behaviour was observed be tween  the 
two amphipod species. After only one day, on an average 70 % of the C. insidiosum had 
constructed tubes. During the later course of the experiment,  the average percentage  of 
individuals that had built  tubes ranged  be tween  70-85, showing no marked increase with 
time. In contrast, only 10% of .L falcata constructed tubes within the first day of the 
experiment,  but  the number  of tubes increased continually during the course of the 
experiment  to a final average of about  60 % (Fig. 1). With Ulva spec. detritus. C. insid- 
iosum built significantly more tubes than J. falcata (days 1-5: p<0 .0001 ;  days 8-12: 
p < 0.001; days 15-19: p <0.05; one-way ANOVA). 

M i x e d  n a t u r a l  de t r i t u s  

When natural  detritus was given as a building material, 51% of the Corophium 
insidiosum buil t  a tube during the first day of observation, showing a gradua l  increase 
during the course of the experiment,  and  eventual ly  reached a maximum of 86 % (Fig. 2). 
In Jassa falcata, the percentage of individuals  that built a tube increased over the first 
9 days to maximum levels be tween  50-73 %. According to a one-way ANOVA, during 
the first 12 days significantly more tubes were built  by C. insidiosum than by J. falcata. 
Later, however, the difference was no longer statistically significant (days 1-5: 
p <0.0001; days 8-12: p <0.05; days 15-19: p >  0.05}. 

Eoa r se  s a n d  

Successful colonization of the aquar ium bot tom b y C o r o p h i u m  ins id iosum could also 
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Fig. 1. Tube-bui ld ing  in dassa falcata and Corophium insidiosum given artificial detritus (Ulva spec. 
powder)  as a substrate .  Percentage of animals  bui lding a tube during the 19-day observat ion period 
(n = 30 individuals in each replicate); error bars  = arithmetic mean  • 1 s tandard deviation (n = 3 

replicate experiments)  

be observed when  coarse sand was offered as a substrate (Fig. 3). During the first day of 
observation, 42 % of the individuals built  a tube with this mater ia l  During the course of 
the experiment,  this increased to about 80-91%.  Jassa falcata, in contrast, was hardly 
able to use sand as a bui lding material. During the 19-day observation period, never  more 
than an average ot about 8 % (i.e. 2 individuals) lived in tubes. The difference be tween  
the two amphipod species compared here was statisticallv significant dur ing the entire 
course of the exper iment  (consistently p < 0.05). 

DISCUSSION 

Investigations concerning tube bui lding behaviour  of epi- and infaunal  amphipods 
have been  carried out since the beg inn ing  of this century (e.g. Holmes, 1901; Hunt,  1925; 
Skutch. 1926; Scheltenberg,  1929; Hart, 1930}. Goodhart  {1939} examined the acceptance 
of various bui ld ing  materials by Leptocheirus pilosus, a nd  dis t inguished 4 major 
categories of amphipod tubes: (1) tubes burrowed into sand {e.g. Ampelisca spec.); (2) 
tubes burrowed into mud {e.g. Corophium yolutator); (3) tubes built  from various organic 
and  inorganic materials on the surface of hard substrata (e.g. Leptocheirus pilosus); and 
(4} "nests" of algal fragments {e.g. Amphit6e rubricata). Corophium insidiosum can 
utilize both orgamc and  inorganic particles fnr tl]h~ cnn~trl]ctinn Th11~ it rn~y he placed 
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Fig. 2. Tube-building in Jassa falcata and Corophium insidiosum given mixed natural detritus as a 
substrate. Percentage of animals building a tube during the 19-day observation period (n = 30 
individuals in each replicate); error bars = arithmetic mean ___ 1 standard deviation (n = 3 replicate 

experiments) 

in the  s a m e  c a t e g o r y  of t ube -bu i l de r s  as L. pilosus (Goodhar t ,  1939), w h e r e a s  J. falcata. 
which  u t i l i zed  a lmos t  exc lus ive ly  o rgan ic  mater ia l ,  m a y  no t  fit into any  g r o u p  wi th in  this 
s cheme .  

Corophium insidiosum and  Jassa falcata differ  not  only  in the  u se  of bu i ld ing  

mater ia l ,  but  also in the  t ime  n e e d e d  for t u b e  cons t ruc t ion .  C. insidiosum c a n  cons t ruc t  
tubes  e q u a l l y  wel]  u s ing  v e r y  d i f ferent  ma te r i a l s  such  as coarse  sand .  f ine na tura l  

detr i tus,  or  coarse  par t ic les  of g r o u n d  m a c r o a l g a e .  H o w e v e r ,  the  la t te r  m a t e r i a l  s e e m e d  to 
be  p re fe r red ,  and colonies  bui l t  wi th  this ma te r i a l  g r e w  fas ter  t han  t hose  us ing  o the r  

subst ra tes .  In genera l ,  co lon iza t ion  a n d  t u b e - b u i l d i n g  by C. insidiosum o c c u r r e d  qui te  

rapidly,  a n d  af ter  only  a few days  most  of the  an ima l s  had  cons t ruc ted  t he i r  o w n  tube.  
Jassa falcata, in contrast ,  was  a lmos t  c o m p l e t e l y  res t r i c ted  to t he  use  of o r g a n i c  mater ia l ,  

d e m o n s t r a t i n g  difficulty in i nco rpo ra t i ng  s a n d  bu t  s h o w i n g  no  p r e f e r e n c e  b e t w e e n  

coa r se  (Ulva spec.)  or f ine (mixed) detr i tus .  Co lon iza t ion  b y  J. falcata w a s  s lower  than  

C. insidiosum. After  10 days  of obse rva t ion ,  on ly  < 5 0  % of the  an imals  h a d  buil t  a tube ,  
r e g a r d l e s s  of the  type  of a v a i l a b l e  mater ia l .  In summary ,  C. msidiosum a p p e a r s  to b e  in 

this  r e s p e c t  a m u c h  m o r e  f lex ib le  (or oppor tunis t ic )  co lon ize r  as o p p o s e d  to Jassa falcata. 
A poss ib l e  cause  for d i f fe ren t  capab i l i t i e s  to  u s e  s a n d  as  a b u i l d i n g  m a t e r i a l  m i g h t  be  

a c o n s i s t e n c e  d i f ferent ia l  of t he  spec i f ic  sec re t ion  p roduc t s  u sed  for t u b e  const ruct ion.  

C. insidiosum, w h e n  offered  no  part icles,  bui l t  very  s tab le  t ubes  tha t  c o n s i s t e d  exc lu-  

s ive ly  of s e c r e t e d  subs tances .  T h e s e  t u b e s  cou ld  b e  r e m o v e d  u n d a m a g e d  f rom t h e  
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Fig. 3. Tube-building in Jassa falcata and Corophium insidiosum given coarse sand (300-500 ~m 
grain size) as a substrate. Percentage of animals building a tube during the 19-day observation 
period (n = 30 individuals in each replicate); error bars = arithmetic mean _+ 1 standard deviation 

(n = 3 replicate experiments) 

a q u a r i a  wai ls  u s i n g  tweeze r s .  In J. falcata, such  solely secre ted ,  pa r t i c le - f ree  t u b e s  w e r e  
uns t ab l e  and  w e r e  a lways  d e s t r o y e d  w h e n  r e m o v e d .  This  sugges t s  that  the sec re t ion  

products  of the  la t te r  spec ies  m a y  no t  be  c o h e s i v e  e n o u g h  to p e r m a n e n t l y  g l u e  coarse  

sand  part ic les .  
The  d i f fe ren t  use by Corophium insidiosum and  Jassa falcata of ava i l ab l e  b u i l d i n g  

mate r ia l  p r o v i d e s  an  eco log ica l  a d v a n t a g e  for the  fo rmer  in d e v e l o p i n g  n e w  co lon ies  on 
bare  ha rd  bo t t oms  wi th  little s ed imen ta t ion .  H o w e v e r ,  bo th  spec ies  are  f r e q u e n t l y  found  

t oge the r  in the  s a m e  hab i ta t  and  of ten  in c lose  v ic in i ty  to e a c h  o the r  (Karez, 1991; Anger ,  
1979). This  m i g h t  be  e x p l a i n e d  by  a faci l i ta t ion effect  du r ing  ear ly  co lon iza t ion :  the  

oppor tun is t ic  se t t le r  C. insidiosum can  o c c u p y  free  space  w h i c h  is unsu i t ab l e  for J. falcata 

and,  as a s u s p e n s i o n  feeder ,  m a y  a c c u m u l a t e  f ine par t ic les  a round  its tubes .  This  m a y  
s lowly c h a n g e  the  cha rac t e r  of t he  s u r r o u n d i n g  mic rohab i t a t  (Mills, 1969), fac i l i ta t ing  

la ter  s e t t l e m e n t  a n d  t u b e - b u i l d i n g  by  J. falcata, O n  the  o ther  hand ,  the m o r e  oppor tun i s -  

tic species ,  C. insidiosum, should  be  ab le  to eas i ly  co lon ize  habi ta t s  tha t  a re  a l r eady  
o c c u p i e d  by  J. falcata popula t ions .  M u t u a l  compe t i t i on  for t u b e - b u i l d i n g  ma te r i a l  is 

r es t r i c ted  in t h e s e  two species ,  as C, insidiosum can  use  any  mater ia l ,  i n c l u d i n g  that  

wh ich  is d i s c a r d e d  by  J. falcata, 
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