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INTRODUCTION.

T he association o f Hydractinia echinata (Flem .) and  Eupagurus 
bernhardus (L.) has long served as a  classical exam ple of sym­
biosis. F rom  the  d a ta  in system atic and faunistic literatu re  one 
gathers the im pression, th a t the H ydroid hard ly  ever occurs 
on o ther substrates th an  the shell of the herm it-crab  ( H in c k s , 
1868; M ö b iu s , 1872; S c h u l t z e , 1875; P l e s sis , 1888; 
S e g e r s t e d t , 1889; D u e r d e n , 1897; A l l e n , 1899; B i l l a r d , 
1904; J ä d e r h o l m , 1909; B e d o t , 19 i i  ; B r o c h , 1904, i  g  11 and 
1928a). M oreover Hydractinia constantly enlarges the house by 
build ing on a t  the  lip of the m outh  and “guards the en trance” 
by a fringe o f special defensive spiralzoids. Because of these 
th ree facts the  association could no t be considered as purely 
accidental and  conjectures were m ade as to the m utual advan­
tages. These were obvious enough -  and have hard ly  ever been 
denied — in  the case o f Hydractinia: a  constant supply o f food and 
oxygen as a  consequence of being carried  abou t by the herm it 
and  perhaps a  share in its meals. B ut it  is ra th e r difficult to 
dem onstrate, w here Eupagurus profits by this partnersh ip : the 
herm it-crab  is as often as no t found in  the  com pany o f the 
H ydro id .

These questions have never been trea ted  experim entally and  
the ir discussion usually constitutes only a  short section in papers 
dealing m ore especially w ith  symbiosis o f Pagurids w ith 
A ctinians (e.g., B a l s s , 1924). O nly  A u r i v i l l i u s  (1891) treats 
m ore extensively o f this m atte r and  bases his views on m any 
observations. According to h im  both  Hydractinia and  Eupagurus
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show m orphological features, which can only be understood as 
adaptations connected w ith their sym biotic association. H is 
views on the structure  o f Hydractinia and  on the w ay in 
which it profits by  th is symbiosis, are abou t the  same as have 
been outlined above and  they  are no t unfrequently  quoted  in  
lite ra tu re  (B a l s s , 1924). H is observations on Eupagurus, how ­
ever, seem not to have been accepted: one never finds them  cited 
in la te r articles. As a  m a tte r o f fact all the peculiarities described 
as adaptations to the com pany of Hydractinia, occur in  ju s t the 
same w ay in  all specim ens living w ithout the  H ydroid  and  so 
B a l s s  (1924) states, th a t  in the Pagurids there  are no m or­
phological adap ta tions to the association w ith  Hydractinia.

T h e  first to po in t ou t th a t Hydractinia could occur on different 
substrates, was A g a s s iz  (1862), who collected Hydractinia 
polyclina Ag. ( =  Hydractinia echinata (Flem .)) “in great abundance  
from rocks in  tidepools” . T hen  M a r t h a  B u n t i n g  (1894), 
H a r t l a u b  (1896) and  N u t t i n g  (1901) found the H ydro id  
respectively “on Limulus and  Mytilus” , on “Mytilus and  stones 
in  tidepools (E bbe-tüm pel)” and on “ the b are  rock and  the 
piles of a  w h a rf” . H a r g i t t  (1908) gives a  num ber o f instances 
in  w hich Hydractinia was found on different substrates, i.a., 
the carapace and  legs o f Limulus, the stems o f the  com m on 
rockweed, a  piece o f  w aterlogged oak-tim ber and in  im m ense 
masses on piles o f docks. M ore recently sim ilar d a ta  have been 
published by D u f r e t i n  and  R e y  (1926), who found Hydractinia 
echinata (Flem.) on nearly  vertical rocks a t Portei n ear Boulogne, 
and  by K r a m p  (1933). This au th o r records the  occurrence in  
D anish w aters o f Hydractinia on: Hyas araneus (L .), Balanus 
balanoides (L .), Alcyonidium gelatinosum L ., the h ap te ra  o f L am i­
naria , fascines, fir poles o f a mole, pieces o f wood from  a 
subm erged forest, an d  h u m an  bones dredged  from  the  bottom  
o f the sea.

So it  seems th a t  Hydractinia is less exclusive in  its choice o f a  
substrate th an  cu rren t opinion would have i t  and  p robab ly  m any 
m ore sim ilar cases w ould be found i f  special a tten tion  were 
given to this m atte r. Because of these occurrences on im m ovable 
substrates H a r g i t t  (1908) most em phatically  disputes the 
sym biotic n a tu re  o f the association betw een Hydractinia echinata 
(Flem.) and  Eupagurus bernhardus (L .): “Hydractinia has a  range 
o f hab ita t, w hich is clearly incom patible w ith  the  foregoing 
conception o f  necessary symbiosis” and  “there  is p robably  no
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essential advantage to this H ydro id  in its h ab ita t on the shell 
o f the crab” .

B r o c h  (1928) draws a tten tion  to ano ther fact in  the life- 
history o f Hydractinia echinata (Flem .) and  allied species: “die 
Symbiose von Hydractinia und  G asteropoden ist auch nich t selten 
in unseren G ebieten. In  arctischen G ebieten findet m an ü b er­
h au p t die Hydractinia-arten  sozusagen ausnahm slos n u r an 
lebenden G asteropoden, besonders an  Buccinidae” . I t  looks 
as if  in  regions, w here Eupagurus is w anting, the G asteropods -  
as next best -  can take its place, w hich again  is no support for 
the theory  o f a tru ly  sym biotic relation betw een the herm it-crab  
and  the H ydroid . W hether the association w ith the G asteropods 
m erits the nam e o f symbiosis, is o f course equally  contestable.

T hough B a l s s  (1924) and  B r o c h  (1928) still call the asso­
ciation o f Hydractinia echinata (Flem .) and  Eupagurus bernhardus 
(L.) true  symbiosis, it  seems to m e, th a t general opinion is less 
positive on this point. T h e  question w hether Hydractinia m ust be 
considered as a sym biont, a  com m ensal or an  epizoön of 
Eupagurus, is usually passed over. T h e  present paper is the result 
o f m y endeavour to trea t this question experim entally  and  by 
m eans o f direct observation. I t  was approached  from four 
different sides:

1. Does Eupagurus prefer Hydractinia-covered houses to clean 
ones?

2. Does Hydractinia share in the food o f Eupagurus?
3. H ow  do the p lanulae o f Hydractinia locate the shells of 

herm it-crabs?
4. W hat is the significance o f the spiralzoids?

M a t e r i a l .

M y m ateria l consisted o f a  g rea t num ber of Eupagurus bern­
hardus (L .), w hich in D en H elder are available all the year 
round  in  practically  un lim ited  quantities from the nets o f the 
fishermen. N early  all a re  covered w ith  Hydractinia echinata 
(Flem .), sometimes w ith  o ther H ydroids or Bryozoa, a.o. 
Alcyonidium gelatinosum L.

T h e  shells of Natica and  Littorina, w hich serve as houses for 
young herm it-crabs, and  are no t covered w ith  H ydroids or the 
like, generally have been perforated  a t several places near the 
top by boring Polychaeta, p rob ab ly  belonging to the genus
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Polydora, w hich have bu ilt their tubes of lime and silt-particlcs 
in the top whorls of the shell.

H ere follows a list o f the localities where my m aterial was 
collected, com pleted w ith some d a ta  from  the d iary o f Dr. J . 
V e r w e y , D irector of the  Zoological S tation a t D en Helder, 
which he kindly p u t a t my disposal. D ata  on depth  and  bottom - 
deposits were added as far as they were available.

Localities
D epth  in 

m Bottom -deposils
N um ber

of
specimens

N um ber 
o f Hydrac- 

tinia- 
covercd 

specimens

H arb o u r o f D en H elder 10-16 V ery  varied: sand, 
silt an d  stones

23 16

Zuidw al 2-10

.

Sand  and  silt in 
patches

i
20
43

0
C3

102
44 
93 

(43
young)

3
IO
15
23

23
3°

2

Zuidergronden 8 - 1 1 8 7

Zuiderhaaks 23-27
Sand  w ith  a  little 

silt?

67 60

Gully N .W . of 
N oorderhaaks

23-27 27 25

M olengat an d  the p ro ­
longation of it

9-5 Sand  w ith  m uch 
d ir t  (m unicipal 
scavengering)

4

Schulpengat IO-I I Sand an d  shells 14 H
R eede v an  T exel =  

Texelstroom
3-33

•

37
68
94

25
54
69

a. Sluice of Prins H en ­
drik polder

30-33 Clay 16

b. From  sam e sluice 
across Texelstroom

14-26 Clay with some sand 32
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N um ber

D epth  in B ottom -deposits
N um ber o f Hydrac-

Localities of tinia-
m specimens covercd

specimens

c. South  o f the vlakte j 3~3-5 Silt 
van  K erk en  to ¡
K am p  van  O oster- ! 
end

d. From  south o f lig h t- j 4 -10  ¡S an d  w ith  silt
bouy 6 sou thw ard

e. Along th e  Eastsidc : 
o f Texelstroom  I 
across th e  m ou th  of j 
the Scheer

f .  A long the edge o f j 
T exelstroom  from  
spherical bouy ( =  j 
kogelton) 3 to conic- 1 
al bouy ( =  roodc 
ton) 2

T cxcl:
a. N ear ’t H o rn tjc  E - 

N E  to beacon o f De 
W aard

b. ’t H o rn tje  n e a r D e 
Mok

c. Eastsidc o f T exel 
n e a r sluice o f Pr. 
H cndr. polder

d. D e Mok
T o pridge  o f Texelsche 

Bankje
G ully betw een F ran - 
sche Bankje an d  the 
beach

Betw een farew ay bouy 
( =  verkenningston) 
W estgat an d  w histle 
b o u y (=  brulboei) of 
M iddelburg  

N o rth  o f Terschelling 
N ear lightschip Borkum

N e ar Petten

3- 8 .'

23-27

2 3 - 25

1 7 - 2 5

4- 4-5 
8

5- 5-5 

20-21.5

14

Silty?

M ud

Sca-clay

Sea-clay 

Black m u d

M ud

Sand  w ith  a  little  
th in  silt

53

i
12

36

Sand
n u m b er”

29 25
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From  these da ta  it is evident, th a t Eupagurus bernhardus is 
found on a num ber of different bottom -deposits, b u t very 
seldom on com pletely soft bottom s o f silt or m ud. In  this con­
nection it is instructive to com pare the catches from  the Eastside 
of Texel, where the firm  clay yielded 138 specim ens, and  from 
De Mok, w here only one herm it was b rough t up  from  the black 
mud. In  Texelstroom  also the patches o f firm  sand and  clay 
proved much richer in herm its th an  the m ore silty parts. Again 
the greatly varying num bers o f Eupagurus cap tu red  a t  different 
localities along the Zuidw al m ust be a ttrib u ted  to local differ­
ences of the bottom -deposits. W hen experim enting w ith Eupa­
gurus bernhardus I also could observe on m ore th an  one occasion 
th a t the herm its are extrem ely uncom fortable on a layer of 
silt or m ud: they always tried  to escape.

W ithin the limits o f  the litto ral and  sub litto ra l zones depth  
has little influence upon the d istribu tion  o f this species. I t  seems 
to me th a t perhaps the young specimens prefer shallow er w ater 
than older ones.

P R E F E R E N C E  F O R  H Y D R A C T IN IA -C O V E R E D  SH EL L S.

I t is known o f Pagurids, w hich live in symbiosis w ith  actinians, 
th a t they are able to perceive a  (hidden) anem one from  a distance 
(probably by m eans o f chem oreception, som etim es w ith the 
eyes) -  and actively search for i t  in  order to p lan t the  welcome 
sym biont on the ir house. Also w hen they  m ove in to  ano ther 
shell, they “persuade”  the anem one to shift to the  new  house 
(F a u r o t , 19i o ; B r o c k , 1927; B r u n e l l i , 19 i o ) .  I t  is clear th a t 
the Pagurids “know ” the actin ians: these have a  definite bio­
logical significance for the herm it-crabs. In  V o n  U e x k ü l l ’s 
terminology: the anem one is a  “M erkm alsträger”  in  the “ U m ­
welt” o f the Pagurid. I f  Hydractinia has the  sam e significance for 
Eupagurus bernhardus, this ough t to express itse lf in  a  m arked 
predilection for shells covered w ith this H ydro id . T h e  first 
series o f experim ents served to investigate this point.

L i t e r a t u r e .

As far as I can ju d g e  there  is hard ly  any  lite ra tu re , which 
treats of this question in  p articu la r, b u t there  a re  some articles, 
which touch upon the  relation  o f Eupagurus and  the shell it 
chooses for house.
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B o u v i e r  (1892) tried to m ake out w hether Eupagurus, in 
accordance w ith its dextrally curved abdom en, has a  preference 
for dextral shells. H e m ade his herm its choose between dextral 
a n d  sinistral shells and concluded th a t such a predilection does 
n o t exist. As I  have no t been ab le  to procure B o u v i e r ’s paper, 
i t  is only know n to me from  T h o m p s o n ’s discussion (1904). 
T h o m p s o n  does no t approve o f the  m ethod, because the animals 
keep m oving from one house in to  ano ther: they try  nearly every 
shell th a t they m eet, and  generally keep a  firm hold on their 
old house, so as to be able to re tu rn  in to  it  w hen the new shell 
does no t prove suitable. C onsequently  a  great m any shiftings 
do no t m ean an  actual choice and  the observer is confused by 
those meaningless movings. A ccording to T h o m p s o n  the in ­
spection of the shell only teaches the  anim al, th a t it  is “hollow, 
em pty  and  clean” . “A pparen tly  the crab  does no t perceive 
e ither the size or the type o f shell untill it  has inserted its ab ­
dom en in to  the cham ber an d  tested the  shell by moving about 
in  it, etc., deciding by actual tria l, w hether the new house will 
prove b e tte r th an  the old one” . I t  is certainly true th a t in m any 
cases the choice is m ade by tria l, b u t I do not agree w ith the 
view th a t  Eupagurus does no t perceive anything of the size of 
the  shell it  inspects. This is proved by the to tally  different 
a ttitu d e  o f diverse objects du ring  m y experim ents on their 
m oving in to  clean or Hydractinia-covered shells. M oreover there 
are  some investigations by anim al-psychologists, which prove 
beyond doub t th a t Pagurids are ab le  to discern som ething about 
dim ensions and  structure  o f the  surface of the objects they 
“finger” . Even some colours are  perceived by them . A bout the 
percep tion  o f forms opinions are devided.

A n n a  D r z e w i n a  ( 1 9 i o ) published a  contribution to the biology 
o f  Clibanarius misanthropus (Risso), from  w hich it  would seem, th a t 
this h e rm it is able to distinguish betw een the shells o f Trochus and  
Cerithium by their form. A  num ber o f Troc/m-shells, securely 
stoppered w ith corks, w ere dropped  in to  an aquarium  with 
several houseless m isanthropes. D uring  the first days m any 
floating particles o f cork proved, th a t the anim als were continually 
busy try ing  to rem ove the stops. G radually  they left off and  after 
some days there  were no corkfragm ents floating on the w ater: 
the  herm its had  form ed an association betw een the form of the 
shell and  the  uselessness o f th e ir  endeavours. W hen a t this point 
in  the  experim ent, however, a stoppered Cerithium was dropped
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in to  the aquarium , this was inspected again w ith the  same 
perseverance. O n  the con trary , to a  Trochus loosely stopped up 
w ith p ap er -  an  obstruction, w hich the anim als are perfectly 
well able o f rem oving an d  generally im m ediately do clear 
aw ay -  no m ore atten tion  was paid  th an  to the corked specimens. 
A ccording to A n n a  D r z e w i n a  this proves beyond d o ub t th a t 
Clibanarius is able to distinguish betw een the different shapes of 
the shells by m eans o f tactile  perception.

M a t h i l d e  H e r t z  (1928), who experim ented on practically  
the sam e m atte r w ith the sam e species, does no t agree w ith  this 
conclusion. T h e  anim als do no t d iscrim inate different shapes as 
long as they have not discovered a  hollow in i t ,  bu t as soon as 
they have found a  cavity, this is inspected an d  distinguished 
from others by its dep th  and  size. D ifferent struc tu re  o f the 
surface is certain ly  perceived, for a  num ber o f objects, which 
differ in  this respect, can be arranged  in a definite order after 
the length  o f tim e th a t the  an im al spends on the search for an 
apertu re  in it. Cerithium is the m ost favoured object ( “Lieblings­
object” ) and  it  appears th a t a  m isanthrope, th a t has several 
times been disappointed  in  its search for an  opening in a 
stoppered Cerithium, has no t got the slightest in terest for a 
Trochus any m ore. W hen the experim ent is repeated in the way 

A n n a  D r z e w i n a  d id  it, b u t w ith  the difference th a t now  and  
again the position of the corked Trochus-shells is altered , or 
herm its and  shells a re  m oved in to  an o th er basin, the result is 
qu ite  different: the in terest in the stoppered shells does no t w ane 
and  every Trochus they  m eet is inspected again  and  again. 
Consequently in  A n n a  D r z e w i n a ’s experim ents the anim als 
did no t discern the  different shapes o f the shells bu t individual 
shells, which they  “knew ” by th e ir  positions.

M a r i e  G o l d s m it h  (1918) drew  a  sim ilar conclusion from  
experim ents w ith Eupagurus bernhardus (L .). Several different 
shapes o f m odelling-w ax, hav ing  m ore or less the  sam e d im en­
sions and  the  sam e colour (red), a re  all inspected by the herm it 
w ith the sam e a tten tion  an d  for the  sam e length  o f tim e: the 
anim al was no t able to distinguish them  from  each other. T h e  
sam e result was obtained  in  a second series o f experim ents, 
w here the an im al had  to choose betw een several objects, a.o., 
its own house -  covered w ith a  thick layer o f lim e. Sim ilar ex­
perim ents on the perception  o f dim ensions, however, yielded an 
affirm ative answ er: the herm its were able to discrim inate two
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balls of different sizes, two cones of the sam e height bu t w ith 
different bases, etc.

T he th ird  po in t she investigated was: can a herm it distinguish 
rugose and  sm ooth surfaces from  each other? In  this series o f 
experim ents the atten tion  ra th e r th an  the length o f tim e spent 
on each object proved a criterion: after contact w ith the an tennae 
objects w ith a  rough surface were always and  thoroughly in ­
spected, whereas sm ooth objects were often no t or only per­
functorily  investigated. So perception o f different surface- 
structure  is evident, bu t it  is no t very keen, for glass and  
m odelling-w ax can not be distinguished from  each other. As 
Hydractinia-covered shells have a m uch rougher surface than 
clean ones, this faculty of Eupagurus m ust be taken into account 
in experim ents on an  eventual preference for houses w ith this 
covering.

F or the sake of completeness I will m ention the experim ents 
o f K o l l e r  (1929), who proved th a t Clibanarius misanthropus 
(Risso) is able to see blue and  yellow as colours. A nother 
observation of K o l l e r s , viz., a preference for dark  objects 
over ligh t ones, was obvious in  m y herm its too. K o l l e r  
w rites: “des öfteren konnte ich beobachten, dass das Versuchs­
tier vor der hellen Schale eine Zeitlang “prüfend” sitzen bleibt 
u m  d an n  in  scharfem  W inkel von d er hellen Schale ab zu 
biegen und  sich der dunkelen zu zu w enden” . This hesitation 
was several times visible in my anim als, w hen they cam e in 
fron t o f a clean and nearly  white shell.

M e t h o d .

T h e  m ethod used in these experim ents was very simple. T h e  
bottom  of a  round  glass basin w ith  a  d iam eter o f ca 33 cm and 
a  dep th  o f ca  15 cm , was covered w ith  a layer of clean sand and  
the  basin filled w ith seaw ater. T h en  a  Eupagurus, generally 
w ith  Hydractinia-covered shell, was placed in to  it  diam etrically 
opposite tw o shells o f  a  suitable size, i.e., a little larger th an  its 
own house. O ne o f the shells was clean, the o ther covered with 
Hydractinia. O f  course they were so chosen as to be as similar 
as possible in every o ther respect. Special a tten tion  was paid  
to the  conform ity o f the two apertures. Sometimes a  th ird  house 
covered w ith a  dead crust o f Hydractinia was added, and, w hen 
i t  was impossible to find a p a ir  o f shells agreeing sufficiently w ith
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its own house, the herm it was given several different shells to 
choose from. O riginally  I presum ed th a t the anim als m ust be 
induced to shift to ano ther house by com pelling them  to move 
in to  a very unsuitable shell first. T o  achieve this the herm its 
were suspended by a  (chem ically cleaned) horse-hair, which 
was passed through two small holes drilled in  the top of the shell. 
T h e  greater p a r t  of their body was subm erged and  w ith their 
legs they could ju s t reach  and  “finger” a  shell th a t was m uch 
too large for their body-size. G enerally  they moved into this 
unsuitable abode w ithin a  q u a rte r o f an  hour in order to regain 
their liberty. V ery  soon, however, it appeared , th a t this p ro ­
cedure was entirely  unnecessary. T h e  notion th a t Eupagurus is 
very re luctan t o f m oving holds no tru th . O n  the contrary  the 
“m oving-instinct” is very strong unless the anim al has a 
venerable age. N early  every house they  m eet w ith is inspected 
and  sometimes tried on. O nly in  18 ou t o f 87 cases the herm it 
refused to shift to ano ther shell and  besides several movings 
w ithout connection w ith these experim ents were observed, even 
in the basin, w here the m aterial was stored, and  the animals 
were surrounded by a great m any  “dangerous” congeners. In  
the 15 first experim ents the herm it h ad  previously been com ­
pelled to move in to  an  unsuitable house and  am ong the la ter 
experim ents there  are a  few, w here the an im al was chosen 
because it found itself in  this situation . F o r the rest spontaneous 
movings were observed.

As a rule each experim ent took less th an  an  hour, often m uch 
less, sometimes only a q u a rte r o f an  hour. W hen the tem perature 
was noted before and  after the  experim ent, it  had  hard ly  or not 
risen, seldom m ore th an  0 ,5o C.

This m ethod is as simple as B o u v ie r s  and  it  is open to the 
sam e criticism . B ut it  seems im possible to m e to concieve 
experim ents, in  which Hydractinia is involved, while the objects 
are  absolutely equal in  every o ther respect.

E x p e r i m e n t s .

A t the beginning o f each experim ent the herm it was laid  in to  
the  basin w ith the apertu re  o f the  shell facing upw ards, because 
in  this case it  im m ediately shifts to  its norm al position and  
begins to walk. G enerally  the experim ent proceeded in  the 
following m anner. T he anim als walk slowly or quickly -  ac­
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cord ing  to their m ood -  along the b rim  of the basin, w ith which 
they keep in  touch as m uch as possible. T his positive thigm o- 
taxis has also been m entioned by B r o c k  (1926). G enerally the 
anim als do no t perceive the shells before they  h ap p en  to touch 
them  and  then  their behaviour is very  different indeed. Some­
times they climb over the house w ithou t taking any  m ore notice 
o f  it th an  o f a  stone and  even w hen a  leg or p incer is inadvert­
ently  inserted in to  the apertu re , they will no t inspect the shell: 
evidently their “m ind was no t open” to houses.

In  o ther cases the anim al begins to inspect the house as soon 
as it feels the aperture . In  this m om ent the  a ttitu d e  o f the herm it 
changes com pletely: it is suddenly in terested  an d  keen, once it 
has recognised the shell as a  house. Sometimes even the first 
con tact w ith the  an tennae is sufficient to stim ulate the anim al 
to this g rea t activity: evidently the house is recognized as such 
before the m outh was found. In  these cases the ir “m ind was 
very open” to houses.

G enerally contact w ith the shell is so quickly established, th a t 
it  is impossible to ascertain w hether the herm it had  already 
perceived it  from  a distance w ith  its eyes, b u t in a  few cases it 
was obvious th a t the an im al suddenly  perceived the  house 
before it  could reach  it  w ith the  an tennae: it w ent resolutely 
an d  a t a quickened pace righ t to the shell (left the b rim  o f the 
basin for it!) and  began to inspect it  actively. So they are 
certain ly  able to recognize a house a t  sight, a t least w hen their 
“m ind is open”  to it.

T he w ay in w hich the house is inspected, and  the nim ble 
m ovem ent w ith  w hich the herm it slips in to  its new  dwelling, are 
too well know n th an  th a t they need to  be described again. V ery 
often the anim als move in to  the first house they m eet and  are 
no t interested any  m ore in o ther shells — a  circum stance, w hich 
m ade m any experim ents valueless; B ut fortunately  others do 
not tire  so quickly o f m oving: in  some cases they  moved three 
o r four times e ither in to  a new  house every tim e or alternately 
in to  a new  shell and  back in to  the  form er again . T h e  old shell 
is often firm ly kep t hold of o r it  is dragged along over a  consid­
erable distance. G enerally the  h erm it uses the  discarded shell 
to draw  itself up  after m oving in to  a  new  house, w hich as a 
consequence o f the  inspection is lying w ith its m outh  tu rned  
upw ards.

A fter m oving the herm it nearly  always displays this typical
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reaction: the an tennae  are swung backw ards and  travel over 
the surface o f the shell as if to probe the new situation. Some­
times the th ird  and  second pcreiopoda also grope backwards 
abou t the shell and  now and  again  seem to lift it up in order to 
bring  it in to  the righ t w alking position, especially w hen the 
house is a  little heavy. M ore th an  once it  occurred th a t the 
anim al retired  entirely in to  the new  house as if to try  w hether 
it  was large enough for com plete retreat.

As already  stated the herm its often w ould not move or inspect 
a  house m ore than  once, w hich m ade m any experim ents useless, 
bu t others were longer inclined to move and  inspected several 
houses. W hen these anim als kept sitting quietly  for a  long tim e, 
they were started  again  by laying them  “on the ir backs” in 
front o f bu t a t  some distance from  the houses. T hey  are so little 
shy ( J a c k s o n  calls their usual dem eanour as long as they are 
safely w ithin their shells: “sleek im pudence” ) th a t this does not 
spoil the experim ent: the herm it walks on quite unruffled along 
the brim  of the basin till i t  finds the shells and  eventually in ­
spects them . W hen the anim al refused to take any m ore notice 
o f the houses, the experim ent was concluded: the choice had 
been m ade. I t  is no t often th a t a  shell is accepted a t  a  second 
encounter, when it has been refused a t  first.

H ere follows a  description o f some exam ples, chosen so as to 
give a  fair general impression o f the 87 experim ents th a t were 
carried  out in all. ( In  18, however, the an im al refused to move).

E xperim ent 43. 22. V I. 1933.
A sm all Eupagurus in  a Hydractinia-covered JVahVa-sheli is given a  clean 

a n d  a  Hydractinia-covcrcd Natica to choose from . I t  m eets th e  clean shell 
first an d  begins to inspect it and  finds the um bilicus: th a t ap ertu re  seems 
too sm all! So it passes on an d  climbs over the  Hydractinia-covered shell 
w ithou t inspecting it. Some m om ents la te r it  m eets the sam e house again , 
inspects it  and  m oves into it. N ow  it pulls itself up  a t the old shell and  in ­
spects it  for a  m om ent and  drags it  along for som e tim e b u t does no t move 
back into it. M eanw hile it has several tim es sw ung back its an ten n ae  and  
felt w ith  th em  over the surface o f the new  house. I t  walks a b o u t for some 
tim e bu t is no t any  m ore interested in  houses.

E xperim ent 45. 23. V I. 1933, tim e: 11.io , tem p .: 17.30.
R a th e r sm all Eupagurus in  a clean sm all Buccinum chooses betw een a  clean 

an d  tw o Hydractinia-covered RKcrmam-shells. F irst it  inspects the larger 
Hydractinia-covered shell bu t does no t m ove into it. T h en  th e  herm it m eets 
th e  clean house and  shifts to  it. T h e  an ten n ae  are  sw ung backwards.

T h e  herm it clim bs w ildly over all houses. Som e m om ents la te r it moves
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into th e  sm aller Hydractinia-covered Buccinum, walks on and  inspects the 
clean shell again  an d  m oves back into it.

11.20. Eupagurus m eets the sm aller Hydractinia-covered Buccinum again, 
inspects it  b u t rolls it aside. I t  passes on and  starts digging w ith  its pincers 
in the  sand.

11.25. I  “s ta r t”  the  h e rm it and  pu t the shells in the an im al’s place. T he 
larger Hydractinia-covered Buccinum is tu rned  round an d  round an d  once 
a  p in ce r is inserted for a m om ent in to  the m ou th  but then  the shell is rolled 
aside. T h e  an im al is busily digging again  on the old spot.

11.30. Eupagurus walks along h a lf  the circum ference o f the basin and  
tw ice it starts back before th e  la rg e r Hydractinia-covcrcd shell. A t last it 
passes this obstacle and  m eets its form er house, w hich it only pushes aside 
in o rd er to dig a t  th a t place.

i 1.45. T fie herm it finds its old shell again , inspects it for a m om ent bu t 
does no t m ove in to  it  — is no t an y  m ore in terested  in shells.

T em p era tu re  a t th e  close o f  th e  experim ent 17.30.

E xperim en t 54. 25. V I. 1933, tem p.: 17.9'-
10.50. L arge  Eupagurus in a Hydractinia-covered Buccinum that scents ra th e r 

sm all for its in h ab itan t, chooses between two la rg e r Buccinulus, one clean 
a n d  one covered w ith  Hydractinia an d  very well m atched  in o th er respects.

Eupagurus walks very slowly along the b rim  o f the basin in the  d irection  
o f  th e  houses an d  sits qu ietly  ju s t  by th e ir side w ithou t perceiving them .

11.00. T h e  herm it is shifted to  ano th er position and  the shells a re  laid 
in  its p lace. Slowly it walks to th e  houses again , m eets the Hydractinia- 
covcrcd Buccinum. T w o legs a re  laid  upon it an d  a lengthy “ fingering”  of 
the surface “ w ith all legs”  follows. T h en  the an im al clim bs over it till it 
reaches th e  ap ertu re  on th e  o th er side. Pincers an d  legs a rc  inserted into 
th e  m ou th  o f th e  shell: a  thorough  inspection. For som e tim e the herm it 
sits qu ietly  w ith  its pincers in  th e  apertu re , a t last it moves into th e  new 
shell, draw s itself up a t  the old house and  swings its an ten n ae  backwards. 
For som e tim e it keeps sitting  w ith  legs upon  the old house.

11. i o. T h e  old house is inspected again  briefly an d  Eupagurus walks on. 
Presently  it  sits in fron t o f th e  clean  shell w ith  one p incer in th e  ap ertu re  
bu t it  does no t inspect th e  house. T h e  h e rm it re tu rns to the  old house but 
does no t inspect it. A  few m inutes la te r it pu ts tw o legs on the shell again 
an d  proceeds to inspect it. A gain it sits q u ie tly  for some tim e w ith  the larger 
p in ce r in  the  m ou th  o f th e  shell, bu t passes on. Several tim es it  touches 
a lte rn a te ly  the clean shell and  its ow n old house. A t last it seems on the  point 
o f  inspecting th e  clean shell, b u t one leg happens to touch the o ther house 
an d  now  the pincers are inserted  into this one an d  the  herm it seems to have 
lost th e  o ther. I t  seems as if  th e  an im al hard ly  distinguishes the two houses 
from  each o th er an d  passes from  one to th e  o th er w ithout noticing it. After 
a  m om ent it walks aw ay  an d  will n o t inspect houses any  m ore.

T em p era tu re  a t  th e  end  o f the  experim en t 180.

E x perim en t 57. 26. V I. 1933, tem p .: 16.9o.
9.40. A m iddlesized Eupagurus w ithou t a  shell m ay  choose from : one 

large  Hydractinia-covered Natica, two clean Buccinums, one Hydractinia- 
covcrcd Buccinum, one Buccinum w ith  a  dead crust of Hydractinia.
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First it  m eets the Natica an d  o f course adopts it as a  covering. W alking 
on it finds the sm aller clean Buccinum, w hich is seized w ith  th e  sm all pincer 
and  dragged along over a considerable distance. A t last the h e rm it proceeds 
to inspect it  an d  moves in to  it. T h e  an tennae  are  sw ung backw ards. T he 
Hydractinia-covered Buccinum is walked over bu t no t taken  an y  notice of. 
A fter some tim e the anim al finds this shell again  an d  inspects it  very  th o ro u g h ­
ly -  also w ith  all legs round  the circum ference. F o r some tim e it sits qu ietly  
w ith  pincers in the m ou th  o f th e  shell b u t “decides” n o t to  m ove.

Eupagurus walks for some tim e over all houses an d  once th e  pincers arc 
inserted for a m om ent into the Natica. Som etim es it clasps all legs round  a 
house so th a t it seems going to inspect th e  shell. O nly  m uch  late r, however, 
it inspects the larger clean Buccinum, moves into it  and  repea ted ly  swings its 
an tennae  backwards. O nce it tu rns th e  shell w ith  its top  perpendicu larly  
upwards.

10.05. Eupagurus clim bs over th e  Hydractinia-covered Buccinum -  one 
pincer even passes into th e  ap ertu re  -  b u t it  does no t inspect th e  shell. 
In  this way it touches the  shells now  an d  again  w ithou t inspecting them .

A fter some tim e it comes n ear the Hydractinia-covered Buccinum, points 
a t it w ith the  an tennae  (B r o c k ’s “ S ignalreaction” ), bu t does no t go to it.

C oncluded a t ro.25 (tem p.: 170).

E xperim ent 74. 1. V II . 1933.
A small Eupagurus w ithout a house m ay  choose betw een a  clean 

and  a Hydractinia-covered Buccinum an d  a large  Hydractinia-covered Natica. 
I t  walks calm ly along the brim  o f the basin an d  ap p aren tly  recognizes 
the Hydractinia-covered Buccinum before o r a t th e  m om ent th e  a n ten n ae  
can reach the  shell: it suddenly  m akes righ t for th e  house a t a  quickened 
pace. I t  climbs on the shell, inspects it  briefly  an d  moves in to  it. Several 
times the  an tennae  are  sw ung backw ards. T h e  herm it climbs over the  
two other houses: th e  clean Buccinum is n o t taken any  notice of; th e  Natica 
is “ fingered” on th e  outside an d  th en  th e  h e rm it searches for th e  m o u th : it 
tu rns the shell round  and  ro und , so it  has recognized th e  shell before the 
m outh  was found. Presently  it  inspects th e  inside an d  m oves in to  it. T h e  
an tennae  a re  sw ung backw ards several tim es. A fter this it  walks a b o u t for 
some tim e b u t does n o t m ove an y  m ore.

E xperim ent 75. 5. V I I .  1933.
A  sm all Eupagurus in  a  Hydractinia-covered Buccinum chooses betw een 

a clean and  a Hydractinia-covered Natica an d  one w ith  a  dead  crust o f H y­
dractinia. A lm ost a t  once it  has reached  th e  shells, so rapid ly , th a t  no th ing  
can be inferred ab o u t recognition from  a  d istance. T h e  clean  Natica is th o r­
oughly inspected: first th e  inside, th en  i t  is tu rn ed  ro u n d  an d  ro u n d  till 
some a ir  escapes -  again  it  is tu rn ed  round  an d  m ore a ir  escapes. T h en  the 
herm it “ju m p s”  into it  an d  swings its an tennae  backwards.

L ater the  Natica w ith  th e  d ead  crust is inspected an d  tw ice th e  Hydrac­
tinia-covered shell, bu t Eupagurus does n o t move.

For th e  th ird  tim e th e  Hydractinia-covered Natica is “ fingered”  b u t not 
accepted.

A  sm aller clean Natica is ad ded  an d  th e  h e rm it “s ta r te d ” again . Soon 
it meets th e  new  shell, inspects it  an d  tu rns it ro u n d  and  rou n d : a ir  escapes.
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T h e  an im al m oves into the new  shell an d  swings its an tennae  backwards.
A p p aren tly  th e  herm it is ab le w hen inspecting the inside o f the shell 

to perceive th e  a ir  in it as “som ething undesirab le”  an d  tries to rem ove it 
by tu rn in g  th e  shell ro u n d  an d  round.

E xperim en t 78. 5. V I I .  1933.
R a th e r  sm all Eupagurus chooses between a  clean  an d  a Hydractinia-covered 

Buccinum. A t once it walks over to the shells, touches th e  Hydractinia-covered 
house w ith  its an tennae  and  a t  once proceeds to inspect the  shell, which it 
m ust h ave  recognized before th e  ap ertu re  was found. T h e  herm it moves 
in to  th e  new  house an d  swings its an tennae backw ards. Also its legs clutch 
backw ard  ro u n d  the shell. T h en  the an im al shifts fo re- an d  backwards 
in  its house: air?

For some tim e the old house is kep t hold of; once it is left for a  m om ent 
b u t very  quickly th e  herm it re tu rns to it  an d  pu ts a  pincer on it. I t  keeps 
sitting  beside the shell, always touching it w ith a  leg. A gain an tennae  and  
legs m ove backw ards over the  house. T he old house is “fingered” now and 
again.

T h e  new  house is tu rned  w ith its top perpendicu larly  upw ards: air?
W alking on the herm it comes in front of the  clean w hite house, touches 

i t  a n d  tu rn s im m ediately  back: afraid?
Eupagurus is “ sta rted ”  again  an d  several tim es it approaches the w hite 

house, som etim es even touches it  w ith  the an tennae , b u t it will no t inspect 
th e  shell an d  even seems to avoid it  sometimes. So th e  clean house has p rac ti­
cally no chance com pared  w ith  the o ther shell.

E xperim en t 80. 6. V II . 1933.
1.45. A  very sm all Eupagurus in  a  Littorina m ay  choose betw een a clean 

an d  a Hydractinia-covered Littorina. I t  m akes alm ost a  bee-line across the 
basin to  th e  shells, w hich it m ust have recognized from  a distance. T he 
Hydractinia-covered Littorina is reached first a n d  briefly inspected, th en  the 
h e rm it passes on  to th e  clean one. This is thoroughly  inspected an d  then 
th e  an im al m oves in to  it. T h e  an tennae  are  sw ung backw ards. T he herm it 
keeps firm ly hold  o f th e  old house, and  though  som etim es leaving it for a 
m om ent, th e  an im al alw ays re tu rn s to  it  quickly. A t last, a fter groping a 
few tim es w ith  its legs backw ards round  th e  house, Eupagurus walks on in  th e  
d irection  o f th e  Hydractinia-covered shell, w hich again  it  seems to recognize 
from  a d istance. I t  touches the Littorina w ith  its an ten n ae  b u t does no t inspect 
it. (T he  percep tion  o f “Hydractinia”  is no t always sufficient to stim ulate  the 
an im al to  inspection o f  the  house). A fter a  few m om ents Eupagurus m eets its 
old house again , inspects it  b u t does n o t m ove in to  it. N ow  a n d  again  the 
Hydractinia-covered Littorina is passed over w ith  th e  an ten n ae  b u t n o t in ­
spected an y  m ore.

C oncluded 2.10.

E xperim en t 8 1 .6 .  V II . 1933.
2.20 A  ra th e r  large Eupagurus in  a  Buccinum densely covered w ith  Hydrac­

tinia is given choice betw een a  clean, an d  a  Hydractinia-covered Buccinum 
a n d  one w ith  a crust o f dead  Hydractinia.
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A t first it keeps w alking to an d  fro a t th e  opposite  side o f th e  basin and 
turns back as if  shying a t the shells every tim e it sees them . A t last it “ collides” 
w ith th e  Buccinum w ith  dead  Hydractinia, clim bs over it  to th e  clean shell, 
which is inspected. Eupagurus moves into it  an d  swings its an tennae  back­
wards over th e  new  house. T h en  th e  herm it retires entirely  into the  shell and 
repeats this a  few tim es. A gain it  moves its legs an d  an ten n ae  backwards 
over th e  house. Som ew hat la te r it  finds th e  Hydractinia-covered Buccinum 
but only clim bs over it. I ts  own old house an d  th e  one w ith  dead Hydractinia 
are rolled aside in  o rd er to dig in the sand a t  th a t p lace. A gain the an tennae 
arc  sw ung backw ards a n d  th e  legs grope a b o u t th e  shell. W hen two legs 
touch th e  Hydractinia-covered Buccinum th is is inspected b u t th e  h e rm it does 
not move.

2.2g. T h e  Buccinum w ith  dead Hydractinia is inspected an d  the anim al 
moves into it. A fter sw inging back its an ten n ae  the herm it disappears en­
tirely in to  its new  house tw ice or thrice. T h en  it is digging in  the sand am ong 
the houses, w hich it som etim es pushes aside bu t does not inspect any  more.

A  sm aller p a ir o f houses -  clean an d  Hydractinia-covered -  is laid  into the 
basin. T h e  herm it climbs over both shells b u t does not proceed to inspect 
them . I t  keeps w alking to  an d  fro a t one end  o f the basin, w here perhaps 
i t  sees its reflection. So th e  basin is shifted a  little  so th a t th e  houses are at 
the side w here Eupagurus kep t going to. Presently  it  happens to touch the 
Hydractinia-covered shell: it  walks on for a m om ent b u t sudden ly  turns back 
to the house as if  it  recognized it a ll a t once. Eupagurus inspects th e  shell and 
moves in to  it, sw inging its an ten n ae  backw ards and  groping w ith  its legs 
about the new  house afte r the shifting. T h en  it keeps m oving fo re- and 
backw ards in  th e  shell: a ir?  A gain it  retires en tirely  in to  the  house an d  feels 
w ith  legs an d  an ten n ae  backw ards.

Suddenly it “ sees”  the clean shell: in one stride  it  has reached the shell 
and  puts a  p in ce r o n  it, yet it  does no t proceed to inspect th e  house. Again 
i t  retires w ith  a je rk  into its shell an d  keeps shifting fore- an d  backwards 
like th e  piston o f a p u m p  till a large  bu b b le  o f a ir  escapes, w hich apparen tly  
inconvenienced th e  herm it. O nce again  it  d isappears com pletely into its 
house an d  a n o th e r a irbubb le  is expelled. A fter this the herm it walks calmly 
ab o u t b u t does n o t take an y  m ore notice o f  th e  shells.

C oncluded 2.4.5.

E xperim ent 85. 7. V II . 1933.
A  clean  and  a  Hydractinia-covered Buccinum an d  one w ith  a  dead  crust of 

Hydractinia a re  p laced  a t  regu lar distances along th e  b rim  of th e  basin and  
a  large Eupagurus is p u t in  the m idd le  of it. T h e  herm it walks slowly to the 
brim  o f th e  basin, “signals”  th e  clean house an d  gives it a  w ide b e rth . W alking 
backw ards th e  h e rm it encounters th e  Hydractinia-covered Buccinum and 
climbs on it. A t once the an im al is m ore in terested : “ fingers”  th e  shell and 
proceeds to inspect it  an d  m oves into it. T h e  a n ten n ae  a re  sw ung backwards. 
T h e  old shell has served th e  herm it as a  su p p o rt to d raw  itself up  an d  is 
dragged along over a considerable distance. A gain  the an im al feels with 
legs an d  a n ten n ae  backw ards an d  once or tw ice it  retires com pletely into 
th e  new  house. A t last i t  releases th e  old shell an d  walks on. M eeting the 
clean shell, it  touches this house w ith  an ten n ae  an d  a  p incer, bu t does not 
inspect it. T his is repea ted  tw ice again . A gain an d  again  th e  anim al swings
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its an tennae  backw ards o r gropes w ith  its legs as if  it  was no t completely 
a t  its ease. A fter a m om ent it  touches the  Buccinum w ith dead Hydractinia w ith 
th e  an ten n ae  b u t does n o t proceed to inspect it.

Eupagurus is “sta rted ”  again  from  th e  m iddle o f the basin. I t  walks to 
th e  clean shell, touches it  w ith  a p incer bu t will no t inspect it. A fter a  m om ent 
i t  finds th e  shell w ith  the dead  crust and  inspects it  perfunctorily  b u t does 
no t m ove. N either will it  inspect its own old house, even though one o f the 
pincers passes into th e  ap ertu re  for a  m om ent.

E xperim ent 87. 7. V I I .  1933.
2.30. A  middlesized Eupagurus in  a  clean shell is placed in the m iddle 

o f  the basin, w hile a  clean an d  a  Hydractinia-covered Buccinum and  one w ith 
a  dead  crust of Hydractinia a re  lying a t  regu lar distances along the brim . 
W alking backwards th e  h e rm it collides w ith  the Hydractinia-covered shell 
an d  climbs over it. T h en  it walks to an d  fro betw een the clean and  the 
Hydractinia-covered house. C om ing to th e  Hydractinia-covered Buccinum again, 
th e  h e rm it lays some legs on it an d  proceeds to inspect it. T h e  shell is tu rned  
ro u n d  and  round an d  inspected again  bu t then  it is tu rned  away. T h e  shell 
w ith  th e  dead crust is passed by w ithou t inspection. A gain th e  anim al 
walks to an d  fro an d  seems to s ta rt back a  little  every tim e it passes th e  clean 
shell.

2.40. Eupagurus is p laced n ear th e  clean  house: it walks aw ay rapidly . 
T h en  the basin is ro ta ted  over 1200. A gain afte r some hesitation th e  herm it 
now  proceeds to inspect th e  clean  Buccinum and  m oves into it. T h e  an tennae 
a re  sw ung backw ards an d  th e  hindlegs grope ab o u t the new  house. F o r some 
m om ents the an im al keeps hold  o f the old shell, th en  it calm ly walks away. 
A gain the hindlegs g rope backw ards. M eeting th e  old house again  the h e r­
m it climbs over it  b u t does no t inspect it, though  one pincer is resting for 
some tim e on the lip  o f  th e  apertu re . T h en  Eupagurus finds the  Hydractinia- 
covered  shell, touches it  w ith  som e legs and  seems ra th e r excited: “dances” 
o n  outstretched legs. T h en  th e  an im al walks aw ay b u t re tu rns im m ediately, 
touches the shell again  w ith  its legs b u t tu rns it aside w ithout inspecting it.

Its  own house is tu rn ed  w ith  th e  top perpendicu larly  upw ards: air!
C oncluded 2.50.

From  such observations a conclusion can be draw n only w ith 
the  u tm ost cau tion  an d  absolute certain ty  canno t be attained , 
because of a n u m b er o f  unknow n and  uncontrollable factors. 
C ounting the  num ber o f experim ents in w hich the anim al 
finished with settling in to  the Hydractinia-covered shell, this 
am ounts to 41 ou t o f  66 cases. But only in  21 of them  both shells 
were inspected o r tried  on an d  in  16 o f these the clean house was 
finally chosen. These num bers certainly do not prove a  m arked 
predilection for shells covered w ith Hydractinia.

Som ething m ore can  be inferred from  those 21 cases in which 
bo th  houses were inspected, though it  cannot be denied th a t 
several o ther factors -  especially concerning the inside o f the

18



2 7 8 K A A T JE  SCHIJFSM A.

shell -  m ay have influenced upon  the choice, for absolute 
sim ilarity -  excepted the covering of Hydractinia -  cannot be 
secured. But exactly this im portance of the in terior o f the shell 
seems to me a m atte r o f g rea t m om ent in draw ing our con­
clusion.

Several times during  the course of these experim ents it  appear­
ed th a t the anim als recognized the clean shells — especially when 
they are  very light coloured -  less easily than  those covered 
w ith Hydractinia and  seem less inclined to inspect them . Som e­
times they even seem to avoid clean shells or s ta rt back before 
them . Also the less rugose surface often causes th a t contact w ith 
the an tennae  is n o t sufficient to stim ulate the  h erm it to  in ­
spection of the shell it  has ju s t m et. This m ay be the explanation  
o f the great num ber of experim ents in which the Hydractinia- 
covered  house was first recognized and  inspected, after which 
the anim al was no t in terested  any  m ore in  the clean shell. 
Possibly Eupagurus m ay even have form ed an  association be­
tween the tactile perception o f Hydractinia and the “id ea” : 
house; in  o ther words: Hydractinia m eans a  characteristic 
(M erkm al) of the house (M erkm alsträger). I t  is, however, not 
an all im portan t factor, for in 16 out o f 21 cases in which both  
shells were inspected, the clean one was finally chosen. Also 
the behaviour of the  anim als w hen inspecting the  houses, shows 
clearly, th a t their exterior is of little  im portance: it is only per­
functorily investigated. G enerally  the herm it “fingers” the 
exterior of the shell only ju s t  as long as is necessary to find the 
aperture . W hen the  m outh  is found, all a tten tion  is tu rn ed  
tow ards the in terior. O nly w hen there  is a ir or sand in the  shell 
it is tu rned  over and  over again  to rem ove these inconveniences. 
T h e  fact th a t  in  m any  cases a  new  house is “tried  on”  an d  dis­
carded  again in  favour o f  the old one, proves th a t after all the 
in terior o f the shell alone determ ines w hether it  is better than  
another.

T h e  dem eanor o f the anim als is very different indeed. I t  is 
no t often, th a t they  a re  quickly decided and  move w ithout 
looking back a t  the old house. O ften the inspection is a  very 
lengthy affair, several -times in te rrup ted  w hilst the  h e rm it sits 
quietly  w ith its pincers in the apertu re  of the shell and  cannot 
“m ake up  its m ind” . T h e  a ttrac tio n  of the new house does no t 
seem very strong!

A nd  very often the  anim al keeps firm ly hold o f the old shell
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o r  drags it  along for some tim e. M ore th an  once it  finishes w ith 
m oving back in to  it. All this proves beyond d o ub t th a t Eupagurus 
chooses betw een the shells: a com parison, which is sometimes 
decidedly in favour o f one of the two, bu t m ore often uncertain , 
so th a t only trying the new shell clinches the  m atter. So T h o m p ­
s o n  (1904.) in general is right, w hen he says, th a t the choice is 
m ade by “actual try ing”  bu t it is certa in ly  no t true  th a t 
previous inspection only teaches the  h erm it th a t the shell is 
“hollow, em pty  and  clean” . W ithout d oub t they also com pare 
the sizes o f the two houses, for only very exceptionally a herm it 
will move in to  a house th a t is sm aller th an  its own.

A nother po in t m entioned by T h o m p s o n  in favour of the view 
that Eupagurus has a predilection for dextral shells, seems to 
apply  here. W hen a single dextral shell is dropped  in to  an 
aq u ariu m  w hich contains a  num ber o f Eupagurus and  m any 
sinistral shells, this un ique house -  after some tim e -  will always 
be found inhabited . T h o m p s o n  explains this in the following 
way: the anim als, moving constantly bu t shifting back to their 
old houses w hen the new one is no t suitable, will not abandon 
the dextral shell once they possess it. S im ilarly in the basin 
w here m y m aterial was stored, the clean houses rem ained ten ­
an ted  though there  was an  am ple supply  o f  Hydractinia-covered 
shells: this does no t seem to denote a m arked predilection for 
houses w ith Hydractinia.

So the conclusion draw n from these observations on the 
shifting of houses in  Eupagurus, m ay be: psychologically Hydrac­
tinia has no t the same significance for Eupagurus as sym biotic 

.anem ones have for Pagurids, w ith w hich they are associated, 
for there  is no m ajority  o f  cases in  w hich a  Hydractinia-covered 
house is preferred to a  clean one. T h e  possibility m ust be ad ­
m itted , th a t Ply dr actinia m ay have obtained  the  m eaning o f a 
characteristic by w hich houses can be recognized.

In  this series of experim ents the herm its so seldom took any 
notice o f the shells w ith a dead crust o f Hydractinia, th a t nothing 
can be inferred concerning the question, w hether they distinguish 
betw een living an d  dead  Hydractinia, b u t it  w ould seem - exactly 
from  this alm ost com plete neglecting o f them  -  th a t for the 
association w ith the “idea” : house, a  living colony of Hydractinia 
is required .

A t the close of this chapter I will describe a  typical reaction, 
w hich m y herm its displayed several times. T h e  anim al takes a



2 8 o K A A T JE  SCHIJFSM A.

firm  footing w ith all legs stretched and turns its abdom en round 
so th a t the top of the shell points perpendicularly  upw ards. In  
one case a ir escaped through the holes, which had been drilled 
in  the top of the house, and  since it appeared  on several occa­
sions th a t there was a ir in  the shell w hen the anim als displayed 
this reaction. U nder na tu ra l circum stances it is hard ly  possible 
th a t a ir gains entrance in to  the house, bu t sand m ay be scooped 
into it during  the inspection of the shell and  indeed sand was 
in one case observed to be rem oved in the above described way. 
Presum ably this reaction is a  means o f rem oving undesirable 
m atte r th a t was no t found and cleared aw ay before the house 
was adopted. M eanw hile in  the given u n n a tu ra l circumstances 
it served the sam e purpose as the air ascended into the upper 
whorls, where it did not inconvenience the herm it any more.

M oreover Eupagurus disposes of an o th er means of expelling air 
from its house: it  shifts quickly and  vigorously fore- and  back­
w ards in its shell like the piston of a pum p till the  a ir escapes 
th rough the apertu re  of the  shell. Like the form er, this reaction 
also will be m eant to rem ove o ther undesirable m atter, perhaps
a.o. faeces.

D O ES H Y D R A C T IN IA  SH A R E  IN  T H E  F O O D  O F  E U PA G U R U S?

T he second question concerning the relation betw een Eupa­
gurus and  Hydractinia was: does Hydractinia take its share from 
the food of Eupagurus? Experim ents or observations on this point 
have never been m ade, b u t generally it is affirmed in literatu re  
as a m atte r of course.

J a c k so n  (1913) calls Eupagurus an  om nivorous feeder, and 
essentially a  scavenger, bu t he does no t give m any particulars. 
Im p o rtan t is his description of the  w ay in which Eupagurus 
scoops up sm all particles w ith  its left chela and  tosses them  
betw een the m outhpárts, w here they are  sifted.

O r t o n  ( 1 9 2 7 )  s t u d ie d  t h e  m o d e  o f  f e e d i n g  o f  t h e  h e r m it  c r a b  
m o r e  s p e c ia l ly .  B e s id e s  o f  s m a l l  w o r m s ,  m o l lu s c s ,  c r u s ta c e a n s ,  
e t c .  ( p r o b a b ly  w i t h  m u c h  s e a s o n a l  v a r ia t io n )  it s  f o o d  c o n s is t s  
fo r  a  c o n s id e r a b le  p a r t  o f  d e t r i t u s .  O r t o n  e n la r g e s  u p o n  
Eupagurus's s p e c ia l  m o d e  o f  f e e d in g  b y  s c o o p in g  d e t r i tu s -  
p a r t ic le s  w i t h  t h e  s m a l l  p in c e r  t o  t h e  m o u t h p a r t s ,  w h ic h  a r e  
m u c h  w e a k e r  t h a n  t h o s e  o f  r e a l ly  c a r n iv o r o u s  c r u s ta c e a n s ,  e .g . ,  
c r a b s . T h i s  r a t h e r  u n t i d y  w a y  o f  f e e d in g  w o u ld  s e e m  t o  b e  o f
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g rea t advan tage  to the sym bionts o f the herm it and  especially 
to Hydractinia. But also shreds o f larger pieces o f food, which are 
to rn  ap a rt, m ay easily fall to the share o f the symbionts, es­
pecially w hen Eupagurus fights w ith or flees for contesting 
congeners.

I t  seems p robab le  to m e th a t the herm it will specially seek 
for anim al particles am ong the detritus, and  O r t o n  him self 
used Pecten-]\iicc as a  m eans o f m aking them  eat again when they 
had  stopped scooping detritus.

B r o c k  ( 1 9 2 6 )  has also observed this pecu liar w ay of feeding 
in  Pagurus arrosor (H erbst) bu t treats m ore specially of the  m anner 
in w hich the herm it perceives and  finds its food by means of 
chem oreception. T h e  arising o f a  “chem osector” (m ade visible 
w ith carm ine), w ithin w hich the  anim al seeks the food it  has 
scented, was also observed in the  course o f m y experim ents.

B r o c k  noticed the particu la r behaviour of his anim als when 
the m eat, used in the  experim ents, was no t altogether fresh and  
called it “V erm eidungs-reaktion” (avoiding-reaction) : the
herm its w ere chem ically stim ulated  by the food and  sought for 
it  b u t com ing nearer they were repelled and  gave it  a  wide 
berth . This is the ir reaction  to repellen t b u t innocuous m atters. 
I t  occurred several times d u rin g  m y experim ents.

As for the food o f Hydractinia, next to no th ing  is known about 
it. M a r t h a  B u n t i n g  ( 1 8 9 4 )  states th a t Hydractinia “lives upon 
anim al food” and  often captures the young Eupaguri as they 
swim ou t o f the  shell.

B r o c h  ( 1 9 2 8 )  calls H ydroids in general: “arge R aub tie re” ; 
so they are  typically carnivorous and  presum ably  Hydractinia 
will no t be an  exception to this rule.

M e t h o d .

T o ascertain  w hether Hydractinia shares in  the  food o f Eupa­
gurus, the la tte r  was fed w ith coloured food, particles o f which 
w ould be visible w ithin the  hydran ths in  case Hydractinia had  
ingested them . T h e  food consisted o f freshly opened mussel 
coloured du ring  some hours w ith  m ethylene b lue or carm ine in 
am m oniacal solution. In  the la tte r  case i t  was thoroughly rinsed 
for some hours in  runn ing  w ater to rem ove each trace of 
am m oniac. Mussel coloured w ith  neutral red  was always p ro m p t­
ly  rejected.
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This coloured food was cut in pieces o f a  suitable size for the 
herm it to work upon w ith its pincers, or it was very finely 
divided by means of a  dom estic instrum ent w ith  six circular 
rolling knives, so th a t the food could be handled  by the  herm it 
like detritus. V ery soon it becam e evident th a t no t all parts of 
the  mussel were accepted w ith  the sam e eagerness: liver and  
kidneys seldom find favour bu t m an tle  and  muscles generally 
are readily accepted.

T he experim ents proceeded as follows. A herm it crab  w ith 
a  well developed Hydractinia-colony on its shell was placed in 
the  same basin as was used for the experim ents on moving, 
on a bottom  o f clean sand, w hich was rinsed or renewed 
before each experim ent. W hen the  an im al sat still or walked 
calmly, I looked through a  binocular microscope in w hat con­
dition of expansion the hydran ths o f Hydractinia found them ­
selves. A t a  suitable m om ent a  portion o f coloured mussel 
was brought very cautiously in to  the basin betw een two small 
glass spoons and  spread on the bottom  a t some distance from 
the herm it, which generally  took not the slightest notice of 
these proceedings. A fter a  shorter or longer tim e, however, it 
“sm elt” the food and  began to walk and  seek for it. After some 
tim e the mussel was found and  eventually eaten.

W hen the anim al had finished, I counted  th rough  the bino­
cu lar microscope how m any hydranths o f Hydractinia contained 
a  particle o f the coloured m eat. I t  was no t always possible to 
give exact num bers because often several hydranths had  fastened 
themselves on the sam e morsel and  they were no t individually  
discernible. So the num ber could be estim ated only and  i t  was 
always kept on the low side. O nly  the hydranths on the  upperside 
were taken into account, because the low er ones, w hich were 
dragged through the food, collected so m uch o f it  th a t their 
condition seemed unnatu ra l. Nevertheless exactly these lower 
hydranths, w hich generally are  longer and  stu rd ier th an  the 
others, will be of g rea t im portance for the  collecting o f food.

In  two or three experim ents Eupagurus was p u t upon  a  layer 
o f  silt (which had  settled on the  bottom  o f one o f the  seaw ater- 
tanks), in  order to observe the  scooping of detritus on a  n a tu ra l 
substrate. This, however, always proved a  failure: the  anim als 
seemed to be so very uncom fortable on this com pletely soft 
bottom  th a t they staggered wildly against the b rim  o f the basin 
and  would not calm  down. This tallies w ith several faunistic
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d a ta , which show th a t Eupagurus does no t occur on completely 
soft bottom . W herever this species was found on silt this was 
always m ixed w ith stones or shells, w hich p rocure a firm  hold 
for the legs.

E x p e r i m e n t s .

O bviously the course o f these experim ents depended very 
m uch on the appetite  o f the herm its and  it proved ra th e r a 
h an d icap  th a t they seemed to like the coloured mussel less th an  
the  n a tu ra l product. Som etim es they  refused to ea t or they 
sought eagerly for the food b u t gave it a w ide berth  when they 
cam e in the neighbourhood (B r o c k ’s “V erm eidreaktion” ) or 
recoiled as soon as they touched it. In  these cases the  m eat 
“sm elt” a ttrac tive  from a  distance b u t repelled w hen “sm elt” 
(or “ tasted” ) from near by.

Also the curious case occurred th a t a herm it rejected a morsel 
a fter grasping it w ith its pincers b u t a te  from  it w hen I pu t the 
sam e morsel betw een its m outhparts. This m ight indicate th a t 
the  m eat “sm elt” bad  bu t “ tasted” good (perhaps due to the 
am m oniac no t being entirely  w ashed out). T he sam e th ing -  
b u t less sharply  defined -  was visible, w hen the anim al, though 
ea ting  o f the  food, m eanw hile kept pushing aw ay the sand w ith 
its pincers. This pushing aw ay o f the  sand is a  sure sign, th a t the 
h erm it does no t like the “ sm ell” o f the  m eat and  curiously 
enough the  m ovem ent is the  exact reversal o f the  scooping up 
o f  detritus. Pushing aw ay the  sand is often accom panied by 
stroking o f the  an ten n ae  an d  an tennu lae  as if  they needed 
cleaning.

H ere follows a  description o f some selected examples which 
represen t a  fa ir  average o f  these experim ents.

E xperim en t 3. 23. V I. 1933.
A large Eupagurus, densely grow n w ith  Hydractinia, sits quietly  w hen a 

po rtio n  o f  finely d ivided m ethylene b lue mussel is spread  on the bottom . 
T h e  blue colour is d raw n  to th e  an im al in  a  “chem osector.”  After about 
five m inutes, w hen th e  colour reaches it, th e  herm it stirs up  an d  walks alm ost 
s tra ig h t to th e  food. First it  finds a few scattered  particles, then  the bulk and  
eats g reedily  o f it. A fter a while th e  h e rm it walks aw ay w ith  qu ite  a  lum p 
betw een its m o u th p arts from  w hich it eats steadily.

T h e  h y dran ths o f Hydractinia a re  very well expanded  an d  five or six are 
filled w ith  blue m eat.

E xperim en t 6. 29. V I. 1933.
T im e  5.25. Some finely divided m ethylene blue mussel thoroughly m ixed
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w ith  sand is spread on th e  bottom  o f th e  basin opposite a  large  Hydractinia- 
covered Eupagurus. V ery  soon th e  h e rm it sits in  th e  m iddle of th e  blue patch  
an d  starts scooping u p  the sand w ith  bo th  pincers a lte rna tely . U nfortunately  
it stops very soon.

5.37. Hydractinia is well expanded  a n d  several h y d ran th s are blue with 
th e  coloured m eat.

D uring  the m eal suddenly a  Nereis fucata  comes ou t o f the shell, creeps 
along the branchiostegite  (just above th e  coxae o f th e  legs) o f  Eupagurus 
to the  m o u thparts, w here it  takes its share  from  th e  food.

E xperim en t 14. 4. V I I .  1933.
A m iddlesized Eupagurus, w hich refused m inced blue mussel m ixed with 

sand , is given a  new  supply w ithou t sand . In  a m om ent it  has found the 
food an d  greedily eats a g rea t deal o f  it.

T h e  h ydran ths of Hydractinia, w hich w ere ra th e r  con tracted  a t the  beginning 
o f the experim ent, are very  well expanded  a n d  actively m oving b u t none 
have caugh t a  blue particle .

E xperim ent 16. 5. V II . 1933.
4.35. A  sm allish Eupagurus is p laced  into th e  basin on clean sand. T h e  

h ydran ths o f  Hydractinia a re  fairly  well an d  very equally  expanded.
Finely m inced m ethylene blue mussel is sp read  on the bo ttom  of the basin. 

V ery  calm ly the h e rm it walks over to it  and  eats eagerly. I t  rem ains in the 
sam e place bu t shifts fore- and  backw ards in  its shell an d  gropes backwards 
w ith  legs an d  an tennae . By a n d  by it penetrates fa rth e r in to  th e  blue 
a rea  an d  keeps eating  for some tim e. A t last it  walks aw ay  w ith a  lum p 
o f m eat betw een its m outhparts.

4.55. T h e  h y dran ths o f Hydractinia a re  beautifu lly  expanded  an d  actively 
m oving b u t only  two con ta in  some blue m eat. T h e  sm allness o f this n um ber 
is p robab ly  ow ing to th e  very calm  d em ean o u r o f Eupagurus, w hich m ade 
b u t little  stir in  the  w ater.

E xperim ent 20. 6. V II . 1933.
3.30. A  large Eupagurus is p laced  in to  th e  cleaned basin. I t  sits quietly 

w ith  m oving m outhparts. T h e  h y d ran th s o f Hydractinia a re  m oderately 
expanded .

3.35. F inely m inced carm ine mussel m ixed  w ith  som e fresh musseljuice 
is sp read  on th e  bo ttom , a t  som e d istance from  the he rm it. A fter one or 
tw o m inutes th e  an im al starts walking.

3.40. I t  has found th e  food a n d  sits eating  a t  th e  edge o f th e  red  area, 
b u t w ill no t p enetra te  fa rth e r in to  it; a t  first it  even re tires a little. T he 
herm it keeps g roping for food though  its m o u th p arts a re  c ram m ed w ith  it. 
O n  the w hole its d em eanour is very  calm .

4.25. T h e  h y dran ths o f  Hydractinia a re  well expanded  a n d  four or five 
have  red  contents.

E xperim en t 29. 8. V II . 1933.
Tw o ra th e r  large pieces o f  carm ine  mussel a re  la id  opposite  a  herm it-crab . 

Presently  th e  anim al finds one o f th em  an d  starts tearing  it u p  and  eating 
from  it. V ery  soon, how ever, th e  an im al leaves off an d  tosses the m eat
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aw ay. After this the h e rm it keeps walking round  an d  round , passing several 
tim es over th e  pieces of mussel, w hich som etim es are b rough t to the m ou th ­
parts bu t never eaten. I t  does not seem to like th e  food very m uch.

T h e  h ydran ths of Hydractinia a re  very well stretched bu t none have caught 
som e red  particles.

E xperim ent 33. 11. V II . 1933.
T h e  basin is rinsed an d  a  large Eupagurus p laced in to  it, w hich sits quietly  

w hen the  m inced carm ine mussel is spread on the bottom . A fter a m om ent 
th e  h e rm it walks calm ly in th e  d irection  o f  th e  m eat, bu t suddenly it  alters 
its course as if  to avoid the red  area . Som ew hat later, arrived  am id  the  red 
particles, it  pushes th e  sand aw ay an d  quickly walks on w ithout eating.

N ext tim e w hen it reaches th e  food the an im al again  refuses to eat. Never­
theless w hen I p u t som e of th e  sam e m eat betw een its m ou thparts the herm it 
accepts it.

T h e  h y dran ths o f  Hydractinia a re  well expanded an d  though Eupagurus 
d id  no t ea t, ten  o r  fifteen polyps have caught some red  particles owing to 
its ru n n in g  about.

E xperim en t 36. 12. V I I .  1933.
4.45. A fter th rice  rinsing the sand  a  herm it is p laced into the  basin. W hen 

it sits quietly , finely m inced carm ine mussel is added. T h e  anim al begins 
to  walk before th e  particles have com pletely settled. Presently it  runs very 
excitedly in to  th e  red  a rea  an d  eats w ith  m uch bustling, g roping right and  
left w ith  its pincers an d  cram m ing  its m ou thparts w ith  th e  m eat.

4.50. T h e  upperside o f  th e  shell is qu ite  scattered  w ith  red  particles: a t 
least twenty-five o r  th irty  hydran ths o f Hydractinia a re  coloured w ith  it.

Q uick m oving on the p a r t  o f  th e  herm it app aren tly  favours Hydractinia?s 
chances o f  cap tu rin g  som ething o f the meal.

E xperim ent 37. 12. V II . 1933.
T h e  sand in  th e  basin is rinsed an d  a  sm all Eupagurus p laced into it. 

T h e  an im al walks ab o u t calmly.
4.55. M inced carm ine mussel is spread on the bottom . A “red  cloud” 

is d raw n  tow ards th e  anim al an d  as soon as this has reached  the  herm it, 
th e  m ou thparts o f the an im al sta rt m oving actively. A fter a m om ent Eupagurus 
walks calm ly, now  an d  again  “sam pling”  th e  sand, and  guided by some 
scattered  particles, to th e  red area , w here it keeps eating  for som e time.

5.10. T h e  h y d ran th s o f Hydractinia a re  m axim ally stre tched  and  actively 
m oving in  search  o f food; eight or nine con tain  red  morsels.

E xperim ent 46. 19. V I I .  1933.
A  larg e  Eupagurus, densely covered w ith  Hydractinia, is placed in to  the 

basin on a  fresh layer o f sand. I t  sits qu ietly  an d  the hydran ths a re  well 
expanded.

M inced m ethy lene b lue mussel is laid  on  th e  bo ttom  an d  after some 
m om ents th e  h e rm it walks in  the d irection o f the  food, feeling in fron t of 
itself w ith  an ten n ae  an d  sm all pincer. W hen it has found the m eat it  eats 
calm ly for some tim e. Suddenly  it  starts pushing aw ay the sand an d  walks 
aw ay  w ith  its m o u th p arts  c ram m ed w ith  m eat. W hen th e  lum p  has been 
ingested, one h y d ran th  o f Hydractinia a t  the  edge o f th e  m ou th  o f the  shell 
has blue contents. I t  is rem arkable  th a t all hydran ths a t  the edge o f the
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m outh  a re  hanging  dow n so as to touch or nearly touch th e  back o f Eupagurus. 
A ll are m axim ally expanded an d  searching actively.

E xperim ent 47. 19. V II . 1933-
A  small herm it is placed into the sam e basin w ithou t a lte ring  anything 

in  it. W hile Eupagurus seeks for the m eat, th e  h y dran ths o f  Hydractinia stretch 
them selves. As soon as th e  an im al has reached the  b lue  area  it turns back 
an d  sits qu ietly  w ith  actively m oving m ou thparts bu t pushing aw ay th e  sand 
w ith  its p incers: a sign th a t it does no t like the “sm ell” o r “ taste”  o f  the food.

W ith a  th erm o m eter I “s ta r t” the herm it again  in  th e  d irection  of the 
blue a rca  an d  again  it starts back on reaching th e  spot. F o r the third 
tim e it is pushed to th e  very edge o f th e  blue pa tch  a n d  this tim e it starts 
eating . P resently  it  walks aw ay  w ith a lum p betw een its m ou thparts from 
w hich it eats though it keeps pushing aw ay the sand. I t  seems th a t the blue 
m eat “ tastes”  b e tte r th an  it “sm ells” .

T h e  hydran ths a t  th e  edge o f the  m ou th  o f th e  shell a re  hanging  down. 
All a re  very well expanded  an d  four o r five have blue contents.

E xperim ent 49. ig . V II. 1933.
A ra th e r  sm all Eupagurus is p laced on th e  rinsed sand  in  th e  basin; it sits 

qu ietly  w ith  m oving m outhparts. T h e  h ydran ths o f Hydractinia are well 
stretched.

M inced m ethy lene blue mussel is added. A fter a m om ent the herm it 
m akes a bee-line for it an d  eats greedily, cram m ing  its m outhparts with 
th e  m eat. T h e  an im al shifts fore- an d  backw ards in its house an d  conse­
qu en tly  som e blue particles on its back are  pushed against th e  hydranths, 
w hich are  hanging  dow n from the edge o f  the shell. T h e  hydran ths a re  very 
well stre tched  b u t only two sm all groups a t  the edge o f th e  m ou th  — obviously 
th e  m ost advantageous position -  h ave  caught some blue morsels.

E xperim ent 55. 21. V II . 1933.
A fter rinsing th e  sand  a sm all Eupagurus in  a  WahVa-shell is placed into 

th e  basin, w here it  walks ab o u t very actively. T h e  h y d ran th s o f  Hydractinia 
a re  ra th e r  well expanded.

W hen m inced carm ine mussel is ad d ed , th e  h e rm it becom es so lively 
th a t it  has to be checked w ith  a  therm om eter. W hen released it walks right 
in to  th e  red  area  an d  starts eating  voraciously, g rasp ing  w ith  bo th  pincers 
an d  cram m ing  its m o u th p arts w ith  th e  m eat. T h en  — eating  steadily — it 
re tires against the  b rim  o f the basin. A t last it  has only  a tough  piece of 
m uscle left, o f  w hich it eats h a lf  an d  drops th e  rest.

T h e  h y dran ths o f Hydractinia a re  beautifully ex p an d ed  an d  th e  upperside 
o f  the shell is en tirely  scattered  w ith  red  particles, as a  consequence of the 
h e rm it’s liveliness.

In  this w ay 57 experim ents were carried  out.
In  6 cases no hydranths contained coloured food.

33 3 6 I-IO 33 33 33 33

33 4 » ïö - 20 33 33 33 33

33 i „  25-30 33 33 33 33

33 IO „  m any 33 33 33 33
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So in the m ajority  o f cases (nearly 2/3) ten hydranths a t most 
h ad  cap tu red  a  partic le  o f the food of Eupagurus. T he  experim ents 
in w hich fifteen or m ore polyps were coloured, do not am ount 
to V3 of the  to tal num ber.

F rom  these experim ents it is evident tha t:
1. the same chem ical stimulus th a t rouses Eupagurus, is also 

adequate  for Hydractinia, for whenever Eupagurus starts searching 
for a  meal it has scented, the hydran ths of Hydractinia stretch 
themselves and  m ove ab o u t in search of food. So they consume 
the  same kind o f food, w hich is essential for a  “tab le-partner- 
ship” .

2. Hydractinia certainly profits to some extent by the meals 
of Eupagurus. H ow  m uch food it collects depends very m uch from 
the m ovem ents o f the herm it. W hen Eupagurus feeds calmly, 
Hydractinia will no t have m uch chance o f a  considerable share 
in the m eal, bu t w hen the herm it is excited and  makes qu ite  a 
stir, Hydractinia will generally have m any opportunities o f catch­
ing a  morsel. I t  is im m aterial in  this connection, w hether 
Eupagurus h im self is eating o r not; only the stirring up o f food- 
particles is essential. Yet it  seems to m e th a t the quan tity  o f m eat 
cap tu red  du ring  each experim ent was not sufficient to justify 
the view th a t the meals o f Eupagurus yield a regular supply for 
Hydractinia on w hich it can depend for its dayly nourishm ent. 
P robably  the H ydroid  profits m ore, and  m ore regularly, by the 
w anderings o f the herm it, during which it is dragged along over 
the  bottom  and  has m any a chance o f cap tu ring  small anim als, 
aroused by the passing o f the crab. I am  the m ore inclined to 
this view because I think th a t Hydractinia is a  regular carnivore 
an d  less o f a detritus-eater th an  Eupagurus is said to be.

In  this connection the  result o f a  few experim ents can  be 
b rough t forew ard, w hich are the coun terpart o f the foregoing 
series. P lankton was sieved through plankton-gauze and  to the 
dim inished q u an tity  o f “crow ded”  seaw ater neutral-red  (a very 
strong brow nish solution in tapw ater) was added  till the sea­
w ater was coloured ab o u t orange. T h e  plankton -  especially 
the  Copepods -  becam e dark  red in  a  very short tim e. I t  was 
poured  out in to  a basinful of fresh seaw ater in w hich one or two 
Eupagurus were placed and  kept during  the night. N ext m orning 
Hydractinia was coloured slightly red  an d  in about ten  or fifteen 
hydran ths dark  red  contents were visible. In  ano ther experim ent, 
w hen Eupagurus was kept for two nights and  a  day  in the
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solution o f neutral red , a t least forty or fifty hydran ths had 
caught some coloured plankton-organism s.

Looking through the b inocular microscope it was directly 
visible th a t Hydractinia captures living plankton. Several times 
I could sec how a  Copepod swam  against the Hydractinia- 
covered shell and  alm ost instan tly  sank paralysed am ong the 
hydranths, w hich then proceeded to ingest it. Also M egalopas 
were noticed sitting am ong the  polyps as if  unab le  to get aw ay 
though they w ere still m oving the ir legs. O n  ano ther occasion 
a  small worm , possibly a  N em atode, was overpowered by 
several hydran ths notw ithstanding its frantic wriggling.

So Hydractinia is undoubted ly  an eater of living p lank ton  and 
probably this is its ch ief source o f nourishm ent, though it  takes 
a  share in the meals o f the  herm it-crab . Especially when 
Eupagurus is consum ing anim al food Hydractinia will be stim ulated 
and  stretch its hydran ths in  search o f some stray  morsels: its 
movements and  its reaching  down to the back o í Eupagurus are 
ifnm istakable in the ir m eaning. Y et I am  convinced th a t Hydrac­
tinia is perfectly well able of securing enough food w ithout the 
help o f Eupagurus, provided th a t it is living in m oving w ater, 
which constantly supplies fresh p lankton. T h e  g rea t advantage 
o f its position on the shell of the  herm it-crab  lies in the  la tte r’s 
m obility (which can be substituted for the m otion o f the w ater) 
ra th er than  in the  chance o f an  occasional share in the food 
of Eupagurus.

T H E  S E T T L IN G  O F  T H E  PL A N U L A E  O F  H Y D R A C T IN IA .

W hen inquiring  in to  the na tu re  of the association between 
Eupagurus bernhardus (L.) and  Hydractinia echinata (Flem .), one 
o f the m ost im portan t questions will be: in  w hich w ay is the 
association established? H ow  do the p lanu lae find the shells o f 
herm it-crabs? A re they a ttrac ted  either by a  chem ical stim ulus 
or by w ater-currents caused by Eupagurus, or do some o f  them  
happen  to be picked up by chance w hen a  herm it-crab  crosses 
their way, while the g reater p a r t  perishes after some tim e for 
the lack o f a  suitable substrate? T he first case would be an  a r­
gum ent in  favour of the sym biotic na tu re  o f the association, 
whereas the la tte r agrees better w ith the view th a t Hydractinia 
is merely an  epizoön on Eupagurus.
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L i t e r a t u r e .

T hese questions have never been treated  from this point of 
view , bu t there a re  a  few papers on the developm ent o f Hydrac­
tinia, w hich furnish some useful da ta .

M a r t h a  B u n t i n g  (1894) reared  p lanulae from the eggs of 
Hydractinia and described the segm entation and  fu rther devel­
opm ent. O n  the w hole I adopted  h er m ethod. T hough  the 
tem pera tu re  a t W oods H ole  m ust have been several degrees 
h igher th an  at D en H elder du ring  m y experim ents — B u n t i n g  
once m entions a tem p era tu re  o f  240 C. when the  eggs were 
deposited, whereas the  average tem peratu re  in the L aboratory  
a t D en H elder was 15—17° C. -  the  developm ent took about 
the sam e tim e in e ither case: in 36-48 hours the eggs would 
have developed in to  m obile p lanulae. But the tim e o f discharge 
o f  the ova seems to be different: B u n t i n g  m entions 9.30-10.30 
p .m ., bu t in m y dishes the  young stages of tw o and four cells 
w ere found a t  9.00 or 9.30 in the m orning, so the eggs m ust have 
been deposited some hours earlier a t about 6 or 7 o’clock, at 
least w hen we assum e, th a t  the first cleavages proceed in the 
sam e way. As a  m a tte r o f fact according to H a r g i t t  (191 i ) ,  
whose p ap er also contains the useful inform ation th a t the eggs 
o f  Hydractinia sink to the bottom  an d  therefore can be kept in 
ru n n in g  w ater, the  ova can  be discharged a t  several different 
tim es o f the n igh t, sometimes a t  m idnight, sometimes a t 5  or 6  
o ’clock in the m orning.

Curiously enough i t  took the  fixed p lanulae in B u n t i n g ’s 
experim ents twice as long (4 days) to develop in to  polyps as in 
m ine: after two days tw o or four tentacles w ere visible. I t  is 
tru e  th a t I  did no t look w hether the  m outh  had  been formed.

A u r i v i l l i u s  (1891) em phasizes the fact th a t the colonies of 
Hydractinia always begin the ir developm ent on the colum ella lip 
o f  the shell’s m outh  rig h t u n d e r the herm it-crab  and  he regards 
the  choice o f this advantageous spot as an  ad ap ta tio n  o f Hydrac­
tinia to the sym biotic life w ith Eupagurus. T his is no t in  accordance 
w ith  the result o f m y experim ents and  a different sta tem ent is 
also m ade by M a r g a r e t  C o l l c u t t  ( 1 8 9 8 ) :  “a  sm all colony is 
usually  situated  n ear the edge o f the  shell” (the edge presum ably 
being the ou ter lip).
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M e t h o d .

W ith the purpose o f experim enting upon this question p lanulae 
w ere reared  from the  eggs in  the following sim ple m anner.

O ne or two shells covered w ith pink fem ale colonies of 
Hydractinia (with o r w ithout Eupagurus) and  one o r two w ith 
pale-coloured m ale colonies were placed together in a  shallow 
glass dish w ith a diam eter o f abou t tw enty cm  and  a dep th  of 
five to seven cm. T h e  dish was filled to the brim  w ith seaw ater 
and  pu t under a very feeble je t  o f seaw ater, runn ing  constantly  
(night and  day) from  a tapering  glass tube fixed w ith ru b b er 
tubing to the seawater-system. Four experim ents could be 
conducted sim ultaneously as there  were four je ts  available.

W hen the dishes were p repared  in  this way in the  afternoon, 
a g rea t m any eggs would have been deposited as a  ru le by next 
m orning, most o f them  already  cleft in two or four blastom eres. 
A fter tw enty-four hours these w ould have developed in to  
p lanulae, some of them  still re ta in ing  an oval shape, the m ore 
advanced already broadened and  truncated  a t the fore-end. 
D uring the next tw enty-four hours the p lanulae stretched them ­
selves to one and a  h a lf  or twice their original length  and  becam e 
mobile. In  three m ore hours m ost o f them  w ould have fixed 
themselves to some substrate. So presum ably the m obile phase 
will last for tw enty-four hours a t  least. D uring the  m obile phase 
the p lanulae could be used for the following purposes:

A, to w atch their dem eanour d irectly  through the  b inocular 
microscope, the optic p a rt o f w hich was m ovable along two 
horizontal axes, so th a t a m oving p lan u la  could always be kept 
w ithin the field o f vision.

B, for some experim ents concerning their settling on shells.

A. Behaviour o f the planulae.

W hen observing the p lanulae o f Hydractinia echinata (Flem.) 
through a  binocular microscope, the first th ing  th a t strikes one 
(and which seems significant for their m ode of life) is, th a t they 
are never swimming freely in the w ater b u t always crawl on 
the bottom . T hey glide along in  the  m anner o f Turbellaria ,, 
now  and  again raising their fore-ends and  m oving i t  to  and  fro, 
after which they often change the d irection o f the ir course.

A t the end of the  m obile phase the  p lanulae fix themselves 
w ith the truncated  fore-end to the  substrate, while the “ ta il”
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points m ore or less perpendicu larly  upw ards, so th a t it looks 
exactly like a nail standing on its head. A fter some tim e the 
p lanu la  contracts to a  round  shape, hard ly  bigger than  the 
blástu la from w hich it  arose. In  due course the little ball 
stretches itself again and  tentacles grow out a t the top: the pink 
p lan u la  has developed in to  a w hite polyp. T h e  first settling with 
the fore-end to the substrate, however, need no t be conclusive: 
m ore th an  once such a  “nail-form ed” p lanu la  was observed 
to unfix itself again an d  craw l along for some tim e till it settled 
dow n once m ore. Perhaps the p lanu lae “hold on” like this when 
stim ulated  by a  sudden m ovem ent o f the herm it or a w ater- 
cu rren t, w hich threatens to carry  them  away.

Several times I w atched the  behaviour o f the p lanulae when 
a  young Eupagurus had  been placed in to  their dish. A n actively 
craw ling p lanula  was kep t in sight w ith  the purpose o f seeing 
w hether it was a ttrac ted  by  the herm it. O n  the first occasion 
this seemed indeed to be the case: m y first p lanula  was jo ined 
by three others and  after some tim e the young Eupagurus appear­
ed in to  the field o f  vision o f the b inocular microscope. I t  sat 
quietly  eating from  a  piece o f mussel. O ne  o f the p lanulae fixed 
itself on the bottom  before it  h ad  reached the herm it bu t three 
d isappeared u n d er the  shell o f Eupagurus.

O n every o ther occasion, however, no trace of a  directing 
influence o f the herm it on the course o f  the p lanu lae was dis­
cernible: they craw led in  every possible direction, even in  the 
close vicinity o f  the crab  and  w hen a  p lanula  was “followed” 
w ith  the  b inocular microscope, it  hard ly  ever “guided” the 
field o f vision to Eupagurus. As a m a tte r o f fact this seems hard ly  
possible in  view o f Eupagurus’ m obility: the  p lanulae proceed 
so slowly, th a t the  h erm it will alm ost always have altered its 
position before they have reached it.

N either did the  p lanu lae  show a  very definite reaction when 
a  w alking herm it passed them . O nly  once or twice the m ovem ent 
in the w ater caused them  to con tract and  a lter the direction o f 
the ir course.

A gathering  o f p lanu lae  ju s t  beside a  small mussel suggested 
the though t th a t this L am ellib ranch  m ight be used to test the 
p lan u lae ’s reaction to w ater-currents. Several (six or seven) 
tim es I p u t a  sm all mussel in to  a  dish w ith  p lanulae and  looked 
after some hours w hether the  p lanulae had  been attrac ted  by 
the w ater-cu rren t and  h ad  assembled on or near the mussel.
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T he result was always negative: only once o r twice two or three 
planulae had  settled on the  shell, w hich is ju s t sufficient to 
prove th a t there  is no chem ical stim ulus, w hich drives the
planulae aw ay from  it.

N either was any  directing influence o f the w ater-currents 
visible w hen the  behaviour o f the p lanu lae  in  the neighbourhood 
o f a mussel was w atched  th rough  the  b inocu lar microscope.

W hen neither a  chem ical stim ulus from  Eupagurus no r w ater- 
currents have any  directing influence on the p lanu lae, it  looks 
as if they m ust find the  suitable substrate purely by chance. So 
I w atched their behav iour w hen th ey  encountered a shell. One 
valve o f a mussel-shell was la id  in to  a  dish w ith m obile p lanulae 
with its convex side upw ards. W hen reaching  it, a few p lanulae 
stayed huddled  against the  edge an d  perhaps these crep t u p ­
wards later on, b u t m ost p lanu lae  con trac ted  for a  m om ent and 
then continued the ir course in  a different direction, usually a t 
about right angles to the form er. G enerally  they altered  their 
course even before they  touched  the  obstacle, so it  seems th a t 
the shell m ust be m oving and  overtaking the  p lanu la  for the 
la tter to be picked up. A nd here the  profile o f the shell p robably  
plays a  part. For, w hen I gently  shoved the m ussel-valve to­
wards a  group o f p lanu lae , so th a t they  w ere ju s t touched by 
the silt-particles in  fron t o f the  shell, m ost oí them  contracted  
bu t directly afterw ards raised the ir fore-ends w ith  searching 
movements. In  the case o f the  flat mussel-valve they did not 
find any “foothold” and  dropped  on the bottom  again , bu t if 
it  had  been a  G asteropod-shell, the  searching heads w ould have 
touched the round  overhanging profile and  could have fixed 
themselves to it. I t  is conceivable, th a t  this is the w ay in  which 
planulae are gathered  upon  the  shells o f w alking herm it-crabs. 
Though m ore th an  once a  p lan u la  was observed craw ling 
upw ards along the  legs o f Eupagurus, i t  is very im probable , th a t 
they should ever reach  the  shell in  this way. ^ ^

T here is also a  possibility th a t the  p lanu la  becomes “aw are 
of the passing herm it by the  shadow  the  la tte r  casts over it. 
W hen à shell is gently  pushed across the p a th  o f a m oving 
p lanula  so th a t its shadow  does n o t fall over the  larva, the la tte r 
will not or hard ly  react to it. B ut w hen the  shell casts its shadow  
over the p lan u la  its reaction  is definite: i t  contracts and  alters 
the direction o f its course, generally  a t  r igh t angles to the 
previous. This and  th e  fact th a t  the  p lanu lae often gathered
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a t  one side o f the  glass dish in  w hich they were reared , seemed 
an  ind ication  th a t  they m ight be sensitive to light. T he following 
series o f experim ents was carried  ou t to  test this point. A  glass 
bell was entirely covered w ith  b lack  paper w ith the  exception 
o f  one vertical stripe tw o cm  b road  and  eigh t cm long. U nder 
this bell a  dish w ith  m obile p lanulae was placed w ith  its b rim  
against the  open stripe, w hich was d irected tow ards the window. 
In  this w ay only one com paratively  th in  beam  o f ligh t fell in to  
the dish. W hen after one or tw o hours the  bell was rem oved, 
th e re  was usually a  gathering  o f p lanu lae against the “w indow ” , 
w hich sometimes was qu ite  p ink w ith  them . M ost of the p lanulae 
in  the  vicinity w ould be d irected  w ith  their fore-ends tow ards 
th e  light. T h e  result of these experim ents can  be seen from  the 
following synopsis.

no.
U n d e r glass-bell 

from  to R esult Rem arks

I 12.30-2.15 M any p lan u lae  against the
“ w indow ” ; m any  m oving tow ards it

2 3.30-4.30 Several against th e  “ w indow ” A pparently  no t 
very m obile

3 9.00-10.30 N early  all against th e  “ w indow ”  or
before it  on th e  bottom . In  the vi­
cinity  a ll heads d irected  to the  light

4 12.30-2.30 N o g a thering  a t  th e  “w indow ” Young Eupagurus
in  the dish

5 3.00-5.00 “ W indow ’ ’p ink  w ith  p lanu lae . Sever­
al m obile  p lanu lae  m oving in  the 
d irection  o f th e  light

6 9.30-11.30 N o ga thering  a t  th e  “ w indow ” ; m o­ Y oung Eupagurus
bile p lanu lae  m oving in  diverse 
directions

in  the dish

7 9.30-11.30 Several against th e  “w indow ” ; some
craw ling tow ards it, o thers in  d i­
verse directions

8 1.00-3.00 Definite g a thering  o f p lanu lae  a t  the
“ w indow ” . M obile p lanu lae  m oving 
in  several directions

9 12.00-3.00 Definite ga th e rin g  o f p lanu lae  against
th e  “ w indow ; nearly  a ll mobile 
p lanu lae  n e a r it

IO 3-45- 5-45 No g a thering  a t  th e  “w indow ” Young Eupagurus

19
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no.
U n d e r glass-bell 

from  to
R esult R em arks

11 6.15-8.45 p.m . Definite ga th e rin g  o f p lan u lae  a t  the 
“w indow ”

12 11.00-12.30 No ga th e rin g  of p lanu lae  a t  the 
“ w indow ”

13 12.30-2.30 M any p lanu lae  a t  th e  “ w indow ” ; the 
o thers craw ling in diverse directions

14 IO.OO(?)-I2. I 5 “W indow ”  pink w ith  p lanu lae  and 
m any  assem bled in  the ne ighbour­
hood, though  no t d irec ted  towards
the light

15 10.30-12.30 No p lanulae  against th e  “ w indow ” 
yet, b u t a g reat m an y  m oving to ­
w ards it

16 9.45-11.30 Definite ga th e rin g  o f p lanu lae  on the 
bo ttom  before th e  “ w indow ”

M ussel in  the 
dish has no d i­
recting  influ­
ence. Perhaps 
th e  m obile 
phase was n e a r­
ly a t  a n  den : 
m any  already  
fixed

17 12.15-2.15 Definite g a thering  against the 
“ w indow ”

O nly  four ou t of seventeen experim ents had  a negative result! 
tw o (Nos 2 and  15) w ere doubtful and  in  eleven the result was 
positive. So they undoubted ly  prove the  p lanu lae’s sensitiveness 
to light, though they are insufficient to  allow  any  fu rther con­
clusions: w hether the p lanu lae  are  positively or negatively 
photo tactic  will p robab ly  depend  on the  intensity  o f  the  ligh t 
and  on in ternal and  external conditions. Perhaps the  in tensity  
o f diffuse ligh t is o f m ore im portance  th a n  the  direction o f the  
rays: a  lighted a rea  m ight w ork as a  “physiological tra p ” , the  
p lanu lae being unable to leave it  because they start back a t a 
certa in  m inim al light-intensity . T his w ould explain the ir 
craw ling in  sundry  directions though they  had  assembled n ear 
the  “w indow ” .

O ne experim ent, in  w hich p lanu lae  th a t looked distinctly 
m obile h ad  hard ly  m oved from  th e ir spot, presum ably  because
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th e  ligh t was in tercepted by a  screen, suggests th a t light may be 
necessary to stim ulate them  to any  activity . T o  settle these 
questions, however, o ther experim ents w ould be required.

In  th ree of these experim ents a  young Eupagurus was pu t in to  
the  dish, because I thought it possible, th a t the p lanulae and  
Eupagurus seek the  same optim al light-intensity, in w hich case 
light could be the agent, w hich guided the p lanulae to their 
su itable substrate. Eupagurus, however, was never a ttrac ted  by 
the “lighted  w indow ” and  seems phototactically  indifferent. 
R em arkable  is the fact th a t in all of these th ree experim ents the 
p lanu lae  also failed to g a ther before the  w indow, w hich is 
perhaps due to a  d isturbing influence o f the  herm it-crab , though 
this is puzzling in  view o f the p lanu lae’s indifference to its 
presence during  form er observations.

I t  is impossible to see any  biological significance in  this po ­
sitive phototaxis o f the p lanulae beyond the fact, th a t it  prevents 
the ir m oving in to  deeper and  deeper w ater and keeps them  
w ith in  the lighted littoral zone.

B. E xperim ents concerning the settling down of planulae.

T h e  first series of experim ents served to ascertain w hether a 
g rea te r num ber o f planulae settles on shells inhabited  by Eupa­
gurus th an  on em pty ones (conditions being the  sam e in every 
o ther respect).

Some young Eupagurus in  clean shells (mostly Littorina or 
Natica) an d  an  equal num ber o f em pty shells (if possible o f the 
sam e kind) were p u t in to  a  dish w ith  m obile p lanu lae and  kept 
over n igh t under the feeble je t  of seaw ater. N ext m orning the 
n um ber o f p lanulae settled on each shell was counted. I t  is 
true, th a t by m oving in to  one of the em pty shells the young 
herm its sometimes spoiled the experim ents to some extent. B ut 
if  this inconvenenience should be elim inated by pu tting  the  
young Eupagurus and  the  em pty shells in to  separate  dishes, the  
objection could be raised, th a t the  conditions, e.g., the  num ber 
o f p lanu lae, had  no t been the  sam e in  e ither dish. In  any case 
the  result in m y opinion leaves no doub t as can be seen from  
the  following synopsis.
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n o . Objects
P lanulae  fixed on shells 
inhab ited  an d  em pty Rem arks

i In h ab ited  and  em pty 4 —  5 O ne Eupagurus has been
Purpura, inhab ited  and 0 0 m oving
em pty  Natica, 3 in ­ 6 i
hab ited  an d  3 em pty 3 0
Littorina 2 0

2 In h ab ited  Littorina and 25-30 i o  a n d
em pty  Natica 8 still

craw ling

2 3 inh ab ited  Littorina 12-14 4 P erhaps th e  sm ooth Na­
0

an d  3 em pty  Natica 15-16 i tica is som ew hat less
20-22 I favourable th an  the

m ore rugose Littorina

4 4 em pty  an d  1 in h ab ­ 30-40 5 Probably  one Eupagurus
ited  Natica, 3 inhab ited 30-40 6 has been m oving
Littorina 30-40 i

2 52

5 2 inhab ited  an d  1 em p­ countless 5 T h ree  shells were pink
ty Littorina-, 1 in h ab ­ countless 2 w ith  p lanulae
ited  and  2 em pty  N a­ i -<— countless O ne Eupagurus m oved?
tica

6 3 inhab ited  an d  2 em p­ countless !5 O ne Eupagurus m oved?
ty  Littorina-, 2 em pty countless io
Natica countless 42

countless

7 In h ab ited  an d  em pty 16-18 0
Buccinum

8 4  inhab ited  and  3 em p­ 17-18 — -  56-57 Eupagurus been  moving?
ty  Littorina 39-40 22-23

3 0 -3 1 22-23
13-14

9 In h ab ited  an d  em pty countless 25
Buccinum

m eans th a t Eupagurus has m oved.

I t  is evident th a t generally a  g rea ter num ber o f p lanulae 
settles on shells inhab ited  by Eupagurus th an  on em pty ones. So 
a  second series o f experim ents was carried  ou t in order to settle 
the question, w hether this is due to the  m oving abou t of the 
herm it-crabs or to the ir presence as such. In  the  first case a 
higher num ber of p lanu lae fixed on in h ab ited  shells, could be 
explained sim ply by the m uch g reater chance o f a p lanula
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m eeting w ith  a shell w hen the  la tte r  is m oved about. O n  the 
o ther h an d , if  the  presence o f Eupagurus alone proved to be the 
cause o f the difference in num bers o f settling  p lanulae, this w ould 
be a  strong ind ication  th a t the  p lan u lae  are  a ttrac ted  either by 
a  chem ical stim ulus or by the  w ater-curren ts caused by the 
brea th ing  o f Eupagurus.

W hen i t  proved im possible to  fix the  shells o f young herm it- 
crabs to stones by m eans o f  sealing-w ax and  ceresinum , the an i­
m als w ere “chained”  to the  glass dish by m eans of a  double or 
quad ru p le  horsehair, passed th rough  tw o holes drilled in  the 
shell an d  fastened to the  b rim  o f  the basin  by m eans of a  clothes- 
peg. T h e  horsehair was ju s t long enough to allow  o f the herm it’s 
sitting in  a  norm al a ttitu d e  against the  b rim  o f the dish. O f 
course the  possibility of a  little  m ovem ent rem ained, bu t the 
herm it could no t do m ore th an  one or tw o paces in either 
direction. I f  the m oving ab o u t o f the  h erm it is essential, the 
difference in  num bers o f p lan u lae  settling
on the ir shells and  on the em pty  controls Diagram of the arrangementforex- 

, . ,  ,  .  1 • • • 1 j  pcriments with fastened Eupagurus.
ough t to have considerably dim inished.
In  each dish two young herm its w ere 
“chained” to the b rim  w ith  a  q u arte r 
o f the circum ference betw een them  and  
the  tw o controlshells were placed op ­
posite to them . T h e  dish was orien tated  
so, th a t its division in to  q u ad ran ts  (by 
the  four shells) was sym m etrical w ith  
respect to the d irection of the  ligh t falling 
th rough  a window.

H ere  again  the  young herm its sometimes proved themselves 
up  to the  situation: th ey  often cu t the  horsehair w ith  their 
pincers (before I  took the  p recau tion  to double or quadrup le  it) 
or they left their houses and  w alked over to the  em pty controls 
(w hich accordingly they m ust have recognised from  a  distance). 
T hough  a num ber o f experim ents w ere rendered  valueless in  
this way, I  th ink  the  rem ain d er is sufficient to p e rm it the  
draw ing  o f a  conclusion w ith  a t least a  passable am o u n t of 
p robability . A  synopsis o f them  is given on the  next page.

A =  Eupagurus 
O  =  empty controll shells 

=  direction of the light
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Planulae fixed on shells

n o .
i n h a b i t e d e m p t y

i 1 5  o r  16 4 2 - 4 7

4  — —  15

2 2 3 2 7

9 6

3 11 I O - I I

3 3

4 i 3
2 IO

1 8 - 2 0

1 8 - 2 0

5 0 7
0 I 3- ! 4

6 2 - 3 7-8
9 - 1 0 8

7 0 13
0 8

8 0 2 7 - 2 8

0 8 - 1 0

9 33-35 1 3 - 1 4

6 0 - 7 0 2 1 - 2 2

IO i I O - I  I

1 2 - 1 3 6 - 7

never in h ab ­
ited  by 

Eupagurus

R em arks

16
4

5
4

2

3 _
on exuvium  

o

3 -4

on stone 
4

O ne Eupagurus has m oved into 
a  control-shell an d  collected 
15 p lanu lae. T h e  g reat n u m ­
ber on the  o th er contro l is 
perhaps d u e  to the light.

O ne  Eupagurus has cut itself 
loose an d  collected 23 p la ­
nulae. T h e  con tro l w ith  27 
was a Buccinum larger th an  
th e  o ther shells.

Eupagurus has m oved from  the 
house w ith  2 p lanu lae  into 
th e  one w ith  io .

T h e  Littorina w ith  13 p lanu lae  
was a t  th e  rig h th an d  side of 
th e  dish: no t nearest to the 
light.

Eupagurus has m oved from  the 
shell w ith  2 p lanu lae  in to  the 
one w ith  5.

T h e  shell w ith  27 p lanu lae  
was nearest to  th e  light. Eupa­
gurus has m ou lted , b u t re ­
tu rn ed  to  its ow n house in 
bo th  o f these exp. Eupagurus 
w ith  60 p lanu lae  was a t  the 
rig h th an d  side.

T he num ber o f p lanulae on the shells is so varying, th a t they 
seem to have d istributed themselves a t random , an d  it  is evident 
th a t the inhabited  shells are by  no m eans always the  m ore 
favoured. In  experim ent 3 th e re  is one w ith  a  h igher and  one
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w ith  a  low er num ber o f p lanu lae am ong both  the inhabited  
and  the  em pty  shells and  in  experim ent 6 the num ber on all 
shells a re  no t very different. P robably  the light has had  some 
d irecting  influence and as a  consequence of the uneven dis­
trib u tio n  o f the p lanulae on the bottom  o f the dish, each o f the 
shells m ay have been reached by a different num ber of p lanulae.

In  the  fourth  colum n o f the synopsis are recorded the num bers 
o f p lanu lae fixed on Littorina-ûidh  th a t have never been 
inhab ited  by Eupagurus and  (in experim ent io) on stones. These 
controls were added because an  eventual chem otactical influence 
m igh t show itself by h igher num bers of p lanulae fixed on shells 
th a t  h ad  been inhabited  by Eupagurus th an  on shells, w here only 
Littorina itself had  dw elt in. T hough  the num bers are generally 
som ew hat lower I do no t th ink  them  conclusive of a chem ical 
stim ulus. In  experim ent 3 the  highest num ber of p lanulae was 
fixed on a  shell never before inhabited  by Eupagurus. M oreover 
in  two cases, in w hich Eupagurus m oulted, respectively 0 and  
only 3 or 4  p lanulae had  settled on the exuvia, w hich certain ly  
is no t indicative o f a  chem otactical influence.

T h e  th ird  series of experim ents was the coun terpart o f the 
form er, in  w hich the inhab ited  shells were “chained” to the 
b rim  o f the dish. Now the em pty controls were m ade m obile 
by ty ing them  with a double horsehair to the  shells of the young 
herm it-crabs. (O f course sm all holes had  been drilled in to  both  
shells). So practically  every m ovem ent o f the herm it’s shell was 
im ita ted  by  the em pty shell it h ad  “ in tow ” and  if  the num ber 
o f  larvae settling on a  shell is entirely (or chiefly) dependent on 
th e  chances o f a p lanu la  m eeting w ith a  shell, the num bers ought 
to  be ab o u t equal or a t least less different th an  in the first series 
o f  experim ents. As im m obile controls were added the same 
n u m b er o f em pty shells th a t had  form erly been inhab ited  by 
Eupagurus and  such as h ad  only belonged to Littorina. These 
controls were filled w ith ceresinum  to prevent the herm its from  
m oving in to  them . W ith the  “ tow ed” shells this precaution was 
no t taken , because I feared th a t  they w ould becom e too heavy. 
T h e y  w ere chosen so as to be sm aller o r considerably larger 
th a n  the  shell of the “ tow ing”  herm it-crab .

A  synopsis o f these experim ents follows on the  next page.
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no.

N um bers o f p lan u lae  fixed on  shells:

R em arks
inhab ited “ tow ed”

form erly
b

Eupagurus

inhab ited
y

Littorina

i 4 1-2 O n e  Eupagurus has cu t th e
0 7 horsehair, y e t th e  abandoned

shell has 7 p lanu lae.
N um bers too small.

2 2 i 3 i O ne Eupagurus has m oved.
i 7 3 0

3 0 i 0 0 N um bers too sm all.
0 0 0 0

4 9-10 3 0 i
13-14 9 0 i

5 r3 3° 2 5 O n e  Eupagurus has been eaten;
27 23 9-10 2 on its house a re  13 p lanu lae .

6 66-68 62 7 3
47-48 58-59 7-8 0

55 26-28

7 0 12-13 3 Eupagurus has m oved from  the
12 i 4 -!5 2 shell w ith  12 p lanu lae  in  the
12 7 2

T
one w ith  2.

8 2 3
I
O

7 11 O
i 6 O

9 16 8 17
11 26 O

29-30 39-40 5
6

IO 47 95-97 17-18
24 36 35
26 48-49 35

27-28 26 12-13

Perhaps the  n u m b er o f  experim ents is too sm all and  the 
num ber o f fixed p lanu lae  too low  for any  inference to be m ade 
w ith  absolute certain ty . Y et in  four experim ents (no. 5, 6, 9, 
and  io ) the result leaves no d o u b t th a t  the  “ tow ed”  shell general­
ly collects ab o u t the  sam e n u m b er o f p lanu lae  (and  som etim es 
m ore!) as the  inhab ited  one. A n d  in  th ree  experim ents (no. 4, 
7, and  8) th e  num bers a re  equal enough b u t som ew hat too low 
to be qu ite  satisfactory. In  any  case they  are  h igher th an  the
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num bers on the im m obile controls in the same experim ents. 
T h e  difference in  num bers o f p lanulae fixed on the mobile shells 
and  on the im m obile controls is striking in  all of these seven 
experim ents. O nly  two im m obile shells in  experim ent io  (with 
35) and  one in  experim ent 9 (with 17 planulae) have collected 
an  exceptionally h igh num ber o f p lanulae, w hich m ust p robably  
be a ttrib u ted  to the influence of the ligh t or to some other 
unknow n factor.

F rom  the result of the last two series of experim ents it  can be 
inferred w ith g rea t probability , th a t  the  p lanu lae of Hydractinia 
echinata (Flem.) do not actively search for the ir optim al substrate 
b u t arrive there  purely  by chance w hen they happen  to m eet 
w ith  a herm it-crab . M oreover there  is ano ther observation m ade 
during  these experim ents, w hich fits in  w ith  this conclusion. In  
each experim ent a  g rea t num ber o f p lanu lae finished w ith fixing 
themselves on the bottom  of the  dish w hen their mobile phase 
was a t an  end. Now  in  such confined surroundings every single 
p lanu la  ought to have located the  shell o f a Eupagurus if  there 
h ad  been a  d irecting chemo- or rheotactical influence originating 
from  the  herm it-crabs.

Incidentally  these experim ents offered an  opportunity  to 
observe, w hether the p lanu lae w hen fixing themselves show any 
preference for special parts o f the shell. T h e  m ost striking feature 
seems the ir gregariousness: w henever a  considerable num ber of 
p lanu lae  has settled on a  shell, they are  always packed closely 
together in  dense groups in  w hich the  individual polyps are 
hard ly  discernible. I f  there  is any  preference for special places 
on the  shell, it  is no t very m arked. W hen the  shell has a  sm ooth 
surface, like Natica, nearly  all p lanu lae ga ther in  the suture, 
often n ea r the top. O n  Littorina, and  especially on Buccinum, they 
are  m ore evenly d istribu ted  because the  surface of these shells 
is m ore or less sculptured. A ny unevenness like lines of growth, 
siphonal canal, um bilicus, cracks, the  edge o f holes o f boring 
Polychaeta, the  circum ference o f an  eventual Balanus, etc., are 
generally used as a  “foothold” . Also there  is often a  series of 
p lanu lae  fixed m ore or less closely along the  outerlip and  almost 
invariab ly  one or two or a sm all group  o f planulae have settled 
in  the corner o f the  m outh  opposite to the siphonal canal. A n­
o ther favourite site is the colum ellar m outhedge right under the 
m outh  and  legs o f Eupagurus. A ccording to  A u r iv i l l i u s  ( 1 8 9 1 )  
the  young colony invariably  begins its developm ent a t this place
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o f  the shell, b u t this does no t tally  w ith m y facts, unless it  m ust 
be assum ed th a t as a rule most o f the young polyps fixed at 
o ther points of the  shell are rubbed  off or perish, while only 
those righ t under the protecting  herm it-crab  have a chance of 
fu rther developm ent.

T hough no special observations were m ade on this point, I 
go t the im pression th a t the  p lanulae, once they have reached 
the shell of a  Eupagurus, settle dow n for good in  a shorter tim e 
th an  they do on an  em pty shell, w here they keep craw ling about 
som ew hat longer. T his m ust be due to the m ovem ents o f the 
herm it.

T H E  S P IR A L Z O ID S .

A special feature of Hydractinia-colonies grow ing on houses of 
Eupagurus is the fringe o f spiralzoids along the lip o f the shell. 
By their struc tu re  and  functioning they a re  obviously “organs 
o f  defence o r offence” as the ir original describer S t r e t h i l l  
W r i g h t  (1857) called them . T h e  only one to take a different 
view, was A g a s s iz  (1862), w ho sim ply identifies the spiralzoids 
w ith sterile blastostyles and  denies their being a special kind of 
individuals. Because o f their special situation the spiralzoids were 
often considered an  ad ap ta tion  o f Hydractinia for the benefit of 
the herm it-crab: they guard  the en trance of the house and  prevent 
small anim als from  entering. So they  constitute a strong a rgu­
m ent in  favour o f the  view th a t the  relations betw een Hydractinia 
and  Eupagurus are tru ly  symbiotic.

Especially A u r i v i l l i u s  (1891) enlarges upon this po in t (as 
will be seen later) and  sim ilar views have been repeated  m ore 
recently, a.o. by  B a l s s  (1924), who classifies the  association of 
Eupagurus and  Hydractinia under true symbiosis.

H in c k s  (1868) does no t call the  relations betw een the two 
organism s sym biotic ( “there  can  be no d oub t th a t its alliance 
w ith the crustacean, though  not essential to its well-being, is a t 
least the source o f m ateria l advantage to it” ) b u t he is explicit 
on the function o f the spiralzoids as defensive polyps and  
especially on the close coordination  o f the ir m ovements. H e also 
rem arks th a t the fringe o f spiralzoids is often absent and  occurs 
in  m atu re  colonies only.

M ore recent authors, especially B r o c h  (1928), generally call 
the spiralzoids organs o f defence ( “W ehrpolypen” ), b u t do not 
com m it themselves to any view on the ir significance for Eupagurus.
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I t  is rem arkable, th a t the tentaculozoids, described by 
S t r e t h i l l  W r i g h t  (1857) and  observed by H in c k s  (1868 and  
1877), A u r iv i l l i u s  (1891) and  C o l l c u t t  (1898) are never 
m entioned neither by B r o c h  (1916, 1928) nor by N u t t i n g  
(1901), who like A l l m a n  probably  regard  them  as identical 
w ith the spiralzoids.

M a r g a r e t  C o l l c u t t  (1898) rem arks th a t they “are p rin ­
cipally situated  tow ards the outskirts o f the colonics” , and 
believes th a t they a re  a  special kind of polyps different from  the 
spiralzoids.

So the views expressed o f late in  literatu re  on the n a tu re  of 
the  spiralzoids are no t very definite and  ra th e r guarded  especially 
concerning their relation  to Eupagurus.

In  order to get an  insight in to  this m atte r I exam ined a t  least 
eighty shells w ith living colonies o f Hydractinia echinata (Flem.) 
and  paid  special a tten tion  to the  borders o f the colonies. I t  is 
true, th a t both edges o f the  m outh  -  over and under the herm it- 
crab  -  are the only places, w here the spiralzoids occur almost 
w ithou t exception, bu t the developm ent o f the fringe is very 
variable. Sometimes there  are  hard ly  any  spiralzoids, especially 
on the outer lip. In  o ther cases they  stand  in  a single row  and 
are too short to coil up. T h en  the  fringe thickens to tw o or 
th ree rows bu t still the spiralzoids are  ra th e r short. W hen m axi­
m ally developed there  a re  ab o u t tw o or th ree rows o f long 
spiralzoids. Sometimes the  spiralzoids are  long bu t stand in  a 
single row : the fringe seems past its prim e. T h e  best developed 
fringes were always found on m atu re  reproducing colonies, b u t 
this m ay not be reversed into: every m atu re  colony has a  well 
developed fringe o f spiralzoids. In  one case there was a  row  of 
tentaculozoids instead o f spiralzoids along the outer lip o f the 
shell. Probably  the  grow ing border o f the colony h ad  ju s t 
reached  the edge o f the shell, for inspection o f the m argins of 
m any colonies leads to the conclusion, th a t tentaculozoids gene­
rally  stand along the young grow ing borders o f the colonies. 
As in  these m ature  colonies, w hich entirely  cover the shells, the 
relations betw een Hydractinia and  Eupagurus m ust be the same 
in  all these cases, this divergence in  the  developm ent o f the 
fringe of spiralzoids suggests th a t they are no t a  special ad ap ­
tation  for the benefit o f  the  herm it-crab . M ore p robably  a  
special in ternal condition o f the colony -  possibly in connection 
w ith  reproduction  -  is the  cause o f the ir form ation.
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M oreover there is ano ther fact, w hich points to this same 
conclusion. O ften  the colony does no t stop grow ing a t the edge 
of the m outh  b u t continues its grow th on the inside of the  lip. 
In  these cases the row of spiralzoids follows the edge o f the colony 
where it curves inw ards and  p a r t  o f the m outh-edge is devoid 
of them . In  one shell a separate little colony had  developed on 
the inside o f the  lip and along its borders there  were spiralzoids. 
A t last I found a shell bearing two colonies, and  along the line 
of dem arcation , w hich was a t nearly  righ t angles to the m outh- 
edges, one o f them  -  a ripe m ale colony -  had  developed typical 
spiralzoids over some distance (about 3 cm) across the last 
whorl, both  on the upper- and  the underside (as Eupagurus wears 
the shell). T hough  connected w ith  the fringe along the m outh- 
edge, this row  deviated entirely  from  the  lip. In  all these cases 
the border of the colony and  not the lip o f the  shell was essential 
for the d istribution  o f the spiralzoids.

W hen the spiralzoids are short they bear a  strong resem blance 
to sterile blastostyles: the “heads” w ith their knob-like rud im en­
tary  tentacles are  ju s t the sam e and  the spiralzoids a re  only 
longer and  m ore m uscular. W hen exam ining the edges o f  the 
bare pa tch  on the underside o f the shell, w here Hydractinia is 
worn aw ay because the  shell is dragged over the bottom , one 
always finds there  short sterile blastostyles. B ut often they are 
som ewhat longer, even so th a t in some cases one is tem pted  to 
call them  short spiralzoids. In  tw o or th ree  cases there  was 
hardly any  difference and  in  th ree  or four o ther cases a few 
regular spiralzoids were found n ear the  edge of the bare  patch . 
So there seems to exist a very g radual transition  from  blasto­
styles to spiralzoids and A u r i v i l l i u s  (1891) is undoubted ly  
right, w hen he says: “ bei Berücksichtigung d er verschiedenen 
hier angezeigten M erkm ale der Spiralpolypen bei Hydractinia 
echinata kann ich  schliesslich n ich t um hin  sie als den Geschlechts­
polypen ( =  Blastostyles) am  nächsten verw andte B ildungen an 
zu sehen” .

As already stated I  looked for spiralzoids along the m argins 
of the colonies. Except in  the few cases m entioned above they 
were never found  there, and  it  is notew orthy th a t they never 
occurred in  colonies grow n on o ther substrates th an  the  shell of 
Eupagurus. A m ong my m ateria l were twenty-five specimens of 
Hyas araneus (L.) partly  covered w ith Hydractinia b u t on none 
o f them  a single spiralzoid could be discovered. But very often
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the  edges of the  colonies were m arked by tentaculozoids, w hich 
are m uch longer and  som ew hat th inner, tapering  to a  fine po in t 
and  devoid o f ru d im en ta ry  tentacles. T hey  a re  less m uscular 
and  seem alm ost en tire ly  passive. I found them :

1. often ro u n d  the  b are  pa tch  on the underside of the shell, 
w hen the edge seem ed well alive and  growing.

2. in several cases along the  line of dem arcation  betw een 
two colonies, w hich h ad  developed side by side on the sam e shell.

3. ro u n d  the  upper-edge o f an  overgrow n Balanus.
4. along a line a t  th e  h in d  side of the spire and  ending in 

a  tu ft on the  top o f the  shell. P robably  this was the line, w here 
the  m argins o f the colony grow ing round  the shell h ad  m et 
each other.

5. along the  edge o f colonies grow ing on Hyas araneus (L .), 
especially rou n d  the  eye-sockets, on the articulations of the legs 
and  on the jo in t betw een carapax  and  abdom en.

I go t a d istinct im pression, th a t the tentaculozoids are  best 
developed along the  young grow ing borders o f the colony. 
G radually  as the colony spreads, they disappear from  the older 
parts bu t they seem to persist along free edges, e.g., articulations 
o f legs and  the like. W hen the  grow ing border of the colony 
reaches the edge o f  the  substra te , e.g., .the lip o f the herm it’s 
shell, its progress is stopped or a t least very  m uch slackened and  
the  m argin  of the colony rem ains in the same place for a m uch 
longer tim e. M eanw hile the  developm ent of blastostyles and  
sporosacs proceeds from  older to younger parts o f the  colony 
an d  in due course m ust also reach  the alm ost stationary  border. 
Possibly u n d er these conditions the  outerm ost blastostyles take 
the place o f the  tentaculozoids, rem ain  sterile and  develop in to  
spiralzoids. T h e  correlation  o f  rep roduction  and  the  form ation  
o f spiralzoids w ould have found a  n a tu ra l explanation . A ccord­
ing  to this view the  p rinc ipa l condition for the developm ent of 
a  fringe o f spiralzoids w ould  be an  obstacle, w hich keeps the 
grow ing border alm ost sta tionary , and  the  fact th a t no spiral­
zoids occur in  colonies grow ing on Hyas and  other substrates is 
readily  explained by  th e  circum stance, th a t in these cases the 
grow ing bo rder is n o t checked by  any  such im pedim ents. O f  
course all this is p u re  hypothesis, bu t perhaps it  is plausible 
enough to be w orth  considering, and  the  fact th a t S t r e t h i l l  
W r i g h t  found spiralzoids ro u n d  hollows in  the shell, can  be 
adduced  in its favour.
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T o  test this hypothesis experim entally  I m ade square holes 
of abou t one cm  diam eter in  the youngest w horl of two Buccinum- 
shells densely grow n w ith m ature  Hydractinia and  inhab ited  by 
Eupagurus ( 2 3  Aug. 1933)- T hey  were then  kept for several 
weeks in one of the large basins of the  Zoological S tation’s 
aquarium . I f  spiralzoids developed along the free edges of these 
gaps, this w ould be a strong argum en t in  favour o f the above 
hypothesis. T h e  result, however, was no t satisfactory. O ne o f 
the herm its died in  less th an  four weeks and  of course on the 
un  tenan ted  house Hydractinia did no t thrive: there  was hard ly  
any  trace o f regeneration visible a t the edges o f the  hole. T he 
second shell was exam ined twelve weeks ( 1 7  Nov.) after the 
operation. T hough the colony was in good health  there  were 
only gasterozoids and  no spiralzoids ro u n d  the hole. O f  course 
no conclusion can be draw n from  so sm all a  num ber o f ex­
perim ents. M oreover in  a narrow  regenerating  m argin, qu ite  
surrounded  by m ature  parts o f the colony, conditions m ay be 
different from  those in the free grow ing border.

In  order to observe the conditions of the spiralzoids’ function­
ing, I stim ulated them  in several ways.

1. the spiralzoids themselves, or the border o f the  colony 
n ear them , were touched or even pricked w ith a needle; the 
spiralzoids did no t lash ou t b u t only contracted  in some cases.

2 .  a  sm all piece of the skin o f a fish was applied to the sp iral­
zoids. A gain the result was negative: no uncoiling.

3 .  m inute  crabs (1 or i \  cm  in  diam eter) were forced to walk 
along the m outh-edge of the shell, tied to a  horsehair or con­
ducted  by light touches of forceps or needle. T h ough  this was 
repeated  w ith different colonies o f Hydractinia and  different 
crabs, the spiralzoids hard ly  ever responded w ith lashing out 
sim ultaneously. A  few o f them  con tracted  and  sometimes one 
o r two would uncoil m ore or less accidentally, b u t as a  ru le they 
d id  no t react. In  one colony the spiralzoids reacted  properly  
th ree o r four times, b u t the m ovem ent d id  no t follow instan tly  
every tim e when the crab  touched the edge o f the  m outh . I t  
m ay have been caused by my inadverten tly  m oving the  shell.

4. w hen an  Idothea walked over the shell w ith  Hydractinia, the 
gasterozoids contracted  bu t the spiralzoids d id  no t move.

5. a small Ophiothrix was held  n ear the  fringe o f spiralzoids 
so th a t one arm  travelled searchingly along the m outh-edge o f
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the shell. Every tim e it  touched Hydractinia the arm  recoiled 
instantly: it seems sensitive to the nematocysts. T h e  spiralzoids 
did no t show any reaction.

6. the  sam e applies to Asterias: it  avoids the touch of Hydrac­
tinia and  the oral side w ith the tube-feet seems m ore sensitive 
th an  the  aboral side. T h e  spiralzoids never lashed out.

In  fact the only stim ulus, to w hich the spiralzoids almost 
invariab ly  reac t w ith lashing out sim ultaneously, is a m ovem ent 
of the shell (e.g., a  ro ta tion  ro u n d  its axis) or the sudden re trea t 
of Eupagurus in to  its house. Perhaps o ther movem ents o f the 
herm it-crab  can ac t as adequate  stim uli, bu t I did no t record 
anyth ing  of the kind. I t  is difficult to observe the spiralzoids, 
w hen Eupagurus is in  its norm al w alking-position: one has to 
tu rn  the shell w ith its m outh  upw ards to see the fringe properly.

These facts do no t seem consistent w ith the view th a t the 
spiralzoids a re  special organs for the defence of the entrance of 
the shell. Especially one misses the coordination, w hich H in c k s  
( 1 8 6 8 )  emphasizes, w hen he says: “i t  has been noticed ( S t r e t h i l l  
W r i g h t ) th a t if  any  p a rt o f the  com m on base be irritated , 
the  spiral appendages uncoil sim ultaneously and  lash themselves 
violently backw ards and  forwards and  then quickly roll them ­
selves u p  again. I  have seen a whole com pany discharge them ­
selves w ith  rem arkab le  energy and  w ith the precision of a 
reg im ent on d rill” . Indeed  this reaction  occurs, bu t only when 
the  whole shell is m oved and  not instan tly  after every tactile 
stim ulus.

N either can  A u r i v i l l i u s ’ description ( 1 8 9 1 )  be based on 
actual observations. A ccording to h im  the spiralzoids lash out 
as soon as the colony is touched and  so they betray  to Eupagurus 
the  presence o f an  in tru d e r long before the  herm it could become 
aw are of it. H e even describes tactile  hairs on the back of the 
crab as special receptors to be stim ulated  by the  uncoiling 
spiralzoids.

M y observations do no t p o in t to such close relations.
T hey  ra th e r  lead  to the  following conclusions: though their 

struc tu re  an d  functioning obviously denotes the spiralzoids as 
organs o f  defence, i t  is no t evident th a t they are a  special 
ad ap ta tio n  o f Hydractinia for the benefit o f Eupagurus: their 
form ation is p robab ly  conditioned by in ternal factors ra th er 
th a n  by  the  association o f Hydractinia w ith  the herm it-crab.



3°8 K A A T JE  SCHIJFSM A.

CONCLUSION.

In  the  foregoing chapters the  following facts have been 
dem onstrated:

1. Eupagurus bernhardus (L.) has no m arked  preference for 
shells covered w ith  Hydractinia echinata (F lem .): psychologically 
the H ydro id  has no t the  sam e biological significance for it as 
sym biotic anem ones have for the ir bearers.

2. though  Hydractinia echinata takes a  (varying) share in  the 
meals o f Eupagurus bernhardus, this p robab ly  canno t be considered 
to constitute the reg u la r supply o f its daily  nourishm ent. Hydrac­
tinia is m ainly  an  ea ter o f living p lankton.

3. the p lanulae o f Hydractinia echinata do no t actively search 
for shells carried  by herm it-crabs: they reach  this optim al 
substrate purely  by chance w hen a Eupagurus happens to cross 
their way during  the ir m obile phase.

4. though the  spiralzoids occur only on Hydractinia-colonies 
fixed on houses o f Eupagurus, they a re  no t strictly confined to 
the borders of the  ap e rtu re  of the  shell. T his, and  the fact th a t 
they are found only on w holly m atu re  colonies, suggests th a t 
their form ation depends on in te rn a l conditions of the colony 
ra th e r th a n  on the  association o f  the H ydro id  w ith  a  herm it- 
crab . T he spiralzoids a re  organs o f defence, b u t no t specially 
for the benefit o f Eupagurus.

These four groups of facts all p o in t to the  conclusion th a t the 
association o f Hydractinia echinata and  Eupagurus bernhardus cannot 
be qualified as tru e  symbiosis: the  H ydro id  is m erely an  epizoön, 
which shares to some ex ten t in  the food o f the  C rustacean, bu t 
is no t dependent on it. . . . .

Considering in  this connection the  geographical distribution 
o f bo th  anim als, (which ough t to  coincide w hen their relations 
a re  really  sym biotic), i t  m ust be born  in  m ind  th a t by  fa r the 
m ajority  o f d a ta  on the  occurrence o f Hydractinia concern colonies 
fixed on the  houses o f Eupagurus: these w ere m ost likely to be 
brough t up  in  the  nets and  it  was on these shells th a t Hydractinia 
was expected to be found and  consequently  was looked for. So 
it  can hard ly  be said th a t the  geographical d istribu tion  of H y­
dractinia echinata has been sufficiently investigated independently  
from  th a t o f Eupagurus bernhardus. Y et there  is one point w orth 
m entioning in this connection: Hydractinia echinata can  live under
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tru ly  arctic conditions and  Eupagurus bernhardus cannot. A ccord­
ingly Hydractinia echinata has been found on the N orth-coast of 
Iceland (on the operculum  o f Balanus hameri (Asc.), W i n t h e r , 
1880, cited by S a e m u n d s s o n , 1902 and  B r o c h , 1916), and on J a n  
M ayen ( L o r e n z , 1886, cited by J ä d e r h o l m , 1909 and  B r o c h , 
1916), where Eupagurus bernhardus does no t occur ( H a n s e n , 1908). 
Eupagurus bernhardus has only been recorded from  the West-coast 
and  the western p a rt of the South-coast of Iceland. Perhaps this 
is due to a  b ranch  o f the G ulfstream , the Irm inger stream , which 
passes along these shores, while the N orth- and  East-coasts are 
washed by a  b ranch  o f the  colder G reenlandstream , the East-
Icelandstream . .

Probably the  W est-coast o f G reenland affords a sim ilar 
instance. Hydractinia echinata was recorded from U pernivik by 
L e v i n s e n  (1893) and  by B r o c h  (1916), whereas Eupagurus 
bernhardus has never been found on G reenland ( S e l b i e ,  1921) 
and  though Eupagurus pubescens K röyer occurs there, H a n s e n  
(1908) does no t m ention its being associated w ith Hydractinia on 
this coast ( S c h e l l e n b e r g i  statem ent (1928): “das von Eupagurus 
bernhardus ü b e r sein Zusam m enleben m it Hydractinia Gesagte, 
trifft auch a u f diese A rt zu”  seems to apply  to more southern 
regions only). So p robably  G reenland  belongs to those areas, 
w here Hydractinia is m ore often found on the  shells of living 
snails ( B r o c h ,  1928). As a  m atte r o f fact L e v in s e n  s  specimen 
was fixed on a  living Buccinum hydrophanum (H anc.).

F rom  these facts i t  is evident th a t Hydractinia, ranges farther 
to the north  qu ite  independen t from  the  herm it-crabs.

H ow closely the d istribution  o f Hydractinia echinata was 
connected in  the  m ind o f investigators w ith  the occurrence of 
Eupagurus bernhardus, m ay be illustrated  by the following two
quotations. _ „ .

B r o c h  ( 1 9 2 8  a), trea ting  o f the bathym etrical distribution of 
Hydractinia, writes: “die A rt leb t an  Schneckenhäusern, die von 
E insiedlerkrebsen (besonders von Eupagurus bernhardus ( L . ) )  
bew ohnt w erden; sie ist d e s w e g e n  in  den  Küstengewässern 
E uropa’s häufig von der S trandregion bis ziem lich tief h inu ter” 
O u g h t no t this to  be reversed in to : because Hydractinia occurs 
in  p a r t  o f the  bathym etrical range o f Eupagurus it has m any 
opportunities of securing the  favourable situation on the shells 
of the herm it-crabs, w hich consequently appear to be their usual 
substrate, especially on sandy  coasts and  the like, w here other
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suitable objects for the p lan u lae  to  settle upon  are  scarce? 
O bviously the  result is conform  to B r o c h  s statem ent.

A n d  A l l e n  (1899), allud ing  to Hydractinia and  tw o other 
H ydroids, states: “ the d istribu tion  o f such species depends upon 
th a t o f suitable hosts and  since the  hosts are all w andering 
anim als, the  n a tu re  of the  bo ttom  deposits, w hen i t  is once 
sufficiently firm to support them , has little  d irect effect on their 
d istribu tion” . In  the  case of Hydractinia this can  hard ly  be true, 
because the eggs sink to the  bo ttom  and  the p lanulae rem ain  
there, craw ling b u t never sw im m ing freely in  the w ater. T he 
bottom -deposits m ust be a factor o f  some im portance in  the 
developm ent and  consequently in  the  d istribution o f Hydractinia, 
for though Eupagurus can  carry  the  ad u lt colonies safely over 
every kind o f ground, the  H ydro id  will no t be able to propagate 
in  areas, w here the  bottom -deposits are unsuitable, e.g., too 
soft or too badly  aera ted  for the eggs and  planulae. Hydractinia 
m ust invade these regions again  an d  again  by m eans o f the 
herm it-crab .

A s  a  m atte r of fact from A l l e n ’s own careful study on the 
fauna and bottom -deposits n ear E ddystone (1899) it can be 
seen th a t the quality  o f the bo ttom  is no indifferent factor in 
th e  d istribution of both  Eupagurus and  Hydractinia. T h e  synopsis 
(of w hich the p a rt th a t concerns o u r objects has been copied 
on  the  next page shows th a t Eupagurus is “com m on” o r “present 
in  m oderate  num bers” only on “ fine sand grounds” (grounds 
I - V I I I ) ,  whereas on the  “coarser grounds”  (gravel and  shell), 
w hich incidentally  often contain  m ore m ud, only “few” or “no” 
herm its w ere found. T h e  only exceptions are g round  V I I I ,  a 
fine sand ground (though contain ing  ab o u t 12 % gravel and  
coarse sand) w here Eupagurus and  Hydractinia are both  absent, 
an d  ground  IX , a  c o a r s e  gravel g round (but w ith only 1,2 % 
m u d ), w here Eupagurus was “plentiful and  associated w ith 
Hydractinia” .

Possibly (am ong other factors) the  am o u n t and  the na tu re  of 
the  silt contained in  the  bottom -deposit determ ine its suitability 
as a  h a b ita t for Eupagurus and  Hydractinia, for bo th  are  notably 
clean anim als. B r o c k  (1926) rem arks on the cleanliness of 
Pagurus arrosor H erbst, w hich im m ediately  rubs its legs and 
an tennae  as soon as some siltparticle adheres to them . Eupagurus 
bernhardus (L.) has the  sam e hab it. A nd  B r o c h  (1928) states: 
“die H ydroiden müssen als durchaus reinliche T iere bezeichnet
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w erden, die durchwegs sauberes W asser und  
m eist strom reiche Stellen bevorzugen. Schon 
hieraus erhellt in Bezug a u f die Fazies der 
H ydro iden , dass die weitaus überw iegende 
Z ahl der A rten  a u f “h artem ” Boden ange­
troffen w ird” . This applies as well to H y­
dractinia in  particular.

T hough  the d a ta  on Hydractinia in  A l l e n ’s 
p ap er only concern specimens fixed on shells 
o f Eupagurus and  therefore canno t give com ­
plete inform ation on the influence o f the 
bottom  on the distribution o f this H ydro id , 
these d a ta  clearly show th a t the occurrence 
o f Hydractinia does no t ru n  parallel w ith  th a t 
o f Eupagurus. T here  are several grounds where 
Eupagurus was present (though in some cases 
scarce) and  Hydractinia absent, and  others 
w here Eupagurus was “com m on”  or “present 
in  m oderate num bers” and  Hydractinia scarce 
or only present in  one or two o f the  hauls. 
So in  the area covered by A l l e n ’s inves­
tigations Hydractinia seems to have a  m ore 
restricted range th an  Eupagurus and , judg ing  
from  faunistic literature , this applies to other 
regions as well.

W hen com piling from  faunistic lite ra tu re  
d a ta  concerning the  na tu re  of the  seabottom  
a t places from  which Hydractinia has been 
recorded, the result is a varie ty  o f facts, from 
w hich a general ru le can hard ly  be deduced 
(so p robably  several o ther factors p lay  a  p a r t) . 
Perhaps this m uch can be presum ed:

1. a t  m any  o f these localities Hydractinia 
was com paratively scarce, so perhaps i t  was 
carried  th ither by Eupagurus b u t cannot p ro ­
p ag a te  there.

2. a t  several places, w here Hydractinia has 
been found in  greater num bers, the  seabot­
tom  proved to be rocky or consisted o f clean 
firm  m aterial, often for the g reater p a r t  o f sand
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( A g a s s iz . 1862; D u P l e s s is , 1888: V illefranche; H a r t l a u b , 1896: 
H elgoland; B i l l a r d , 1904: St. V a a s tla  H ogue: abondan te  -  lieu 
de récolte: banc de sable; B r o c h , 1905 and  191 i  : coast o f Norway, 
L am inaria-region a t D roeback). These m ay be localties, where 
the bottom  is suitable for the eggs to develop upon. O f course 
these points m ust be more closely studied before anyth ing  can 
be inferred w ith certainty. Especially com parative d a ta  on the 
abundance of Hydractinia and  Eupagurus a t the  sam e locality and 
records of Hydractinia on o ther substrates th an  the shells of 
herm it-crabs w ould be useful. Probably  the  result will be this: 
Hydractinia has m ore special requirem ents and  therefore a more 
restricted range th an  Eupagurus. As far as the ir distributions on 
different bottom -deposits coincide, Hydractinia will often fix 
itself on shells inhabited  by herm it-crabs. Subsequently  Hydrac­
tinia’s range can be m aterially  extended by m eans o f Eupagurus. 
O n  coasts, w here the houses o f herm it-crabs provide (prac­
tically) the only opportun ity  for the p lanu lae to settle down, the 
H ydro id  will be found (almost) exclusively on this peculiar 
substrate. O n rocky coasts, however, and  a t places, w here piles 
and  moles and  the like procure firm  substrates for Hydractinia 
to fix itself upon , its indépendance from  Eupagurus becomes 
apparen t.
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A C A R T IA  (A C A N T H A C A R T IA ) T O N S A  D A N A  E IN  
N E U E R  C O P E P O D E  D E S  N I E D E R L Ä N D I S C H E N  

B R A C K W A S S E R S

V O N

H . C . R E D E K E

In  einer kürzlich erschienenen A rbeit h a t K l i e  (1933) den  
Fund eines ihm  bis d ah in  unbekann ten  C opepoden aus dem  von 
Brem en bis Brem erhaven reichenden A bschnitt der Weser er­
w ähn t, bei dem  es sich alsbald herausstellte, dass es sich um  die 
seinerzeit von J a m e s  D . D a n a  beschriebene, bei P ort Jackson 
(Neusüdwales) gesam m elte A rt Acartia tonsa h a n d e lte 1). Das 
T ie r w urde von R e m y  (1927) zum  ersten M al in  E uropa ge­
funden, un d  zw ar in  dem  von C aen  ins M eer führenden K anal 
un d  K l i e  selbst entdeckte es zufälliger Weise in  einer ihm  zur 
U ntersuchung  überlassenen Probe aus dem  Ringkjöbing Fjord, 
wo es, wie sich nach träg lich  herausstellte, schon in Fängen 
vom  J u l i  1921 en thalten  w ar.

D ie A usführungen K l i e ’s h ab en  m ich  veranlasst, das m ir zur 
V erfügung stehende einheim ische A cartien-M aterial aus früher 
un d  später Z eit e iner erneuerten  U ntersuchung zu unterzie­
hen , wobei sich herausgestellt h a t, dass A . tonsa zum  m indesten 
schon seit dem  J a h re  1916 bei uns vorkom m t und  heutzutage

i )  D ie T ie re  w u rd en  von Professor St e u e r , d em  K l ie  einige der Bre- 
m erh av en er E xem plare  zu r B egutach tung  vorlegte, als zu  A. tonsa gehörig 
erk an n t. K l ie  selbst g ib t keine B eschreibung; es genügte nach ihm , „ u n te r  
H inw eis a u f  d ie  ausführliche D arstellung  u n d  d ie vorzüglichen Abbildungen 
von R e m y  festzustellen, dass d ie in  d e r W eserm ündung  gefundenen E xem ­
p lare  g en au  m it d enen  aus d em  K a n a l von C aen  übereinstim m en. ’ ( K l ie  
I.e., S. 275). D a  n u n  auch  d ie  n iederländ ischen  E xem plare  den  französischen 
seh r ähn lich  sind , h ab e  ich  kein  B edenken, bis a u f  w eiteres auch  jen e  als zu 
d e r  A rt A . tonsa gehörig  zu  b e trach ten . D ie M öglichkeit scheint m ir jedoch  
n ich t ausgeschlossen, dass es sich h ie r wie d o rt u m  eine andere, A. tonsa 
seh r n ah e  stehende  A rt, h an d elt. In  e iner spä teren  A rbeit hoffe ich h ier­
ü b e r  ausführlicheres m itteilen  zu  können.


