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T H E  SW IM M IN G  RHYTHM  OF EU RYD IC E PU LCH RA  Leach AND A 
PO SSIB LE EXPLANATION O F INTERTIDAL M IG RA TIO N

J. D . F ish  a n d  S usan  F ish

Department o f  Zoology, University College o f  Wales, Aberystwyth, Wales

A bstract: In tanks containing sediment and sea water Eurydice pulchra Leach has been shown to 
exhibit a sw im m ing rhythm  with maximum activity on the ebb tide. Light suppresses swimming activ­
ity in the laboratory. There is a sem i-lunar com ponent, and maximum activity was recorded on ‘fall­
ing’ spring tides. No activity was recorded in animals collected during neap tides. Swimming behaviour 
is discussed in relation to migrations up and down the beach associated with the spring-neap tidal 
cycle.

In t r o d u c t io n

The behaviour o f the cirolanid isopod, Eurydice pulchra Leach to changes in hydro­
static pressure has been investigated by Singarajah (1966), K night-Jones & Qasim 
(1967) and Jones & N aylor (1970). In addition, Jones & Naylor (toc. cit.) studied the 
effect o f  a range of exogenous components on the swimming rhythm  of Eurydice. 
A com m on finding is that when kept under laboratory conditions in containers p ro ­
vided with sediment. Eurydice burrows into the sediment and  rarely, if  at all, does it 
emerge to swim in the overlying water. Singarajah (1966) and K night-Jones & Qasim 
(1967) found that large pressure increases failed to induce Eurydice to leave the sed­
iment, and  the activity o f the anim als in response to changes in hydrostatic pressure 
was therefore m onitored by recording the number of anim als swimming above m id­
depth in tanks without sediment. The same method was employed by Jones & Naylor 
(1970) who found that adding sea water at the time of high tide to sediment containing 
Eurydice  failed to  induce swimming. These observations are at variance with a series 
of prelim inary results obtained during April and October of 1967 with Eurydice pulchra 
collected from the Dovey estuary, Cardiganshire. The present work was initiated 
to investigate the swimming rhythm  of local populations and to com pare the results 
with published data. An attem pt has been made to explain the spring-neap tidal 
m igrations shown by this isopod (Fish, 1970).

M a t e r ia l s  a n d  M e t h o d s

Samples o f  Eurydice pulchra were collected from  Ynyslas beach which lies within 
the estuary o f the River Dovey. Small quantities o f sediment were passed through a 
0.5 mm mesh sieve, and it was ensured that individual sievings were completed in 
about 30 sec: this precaution was considered necessary because Jones & N aylor (1970)
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induced rhythmicity in an arhythm ic population  by subjecting the anim als to lengthy 
periods of stirring.

In  the laboratory, the anim als were kept in dishes o f 30 cm diam eter which con- 
tained3 cm o f sediment from  the n a tu ra l environm ent and 10cm of sea water (33 ° /00). 
The dishes were placed in an  aquarium  room  where they received natural day-night 
illum ination. In all experiments the anim als were left undisturbed overnight before 
observations on their swimming behaviour. Each dish contained twenty adult Eurydice, 
and during the period of observation the num ber o f animals swimming above the 
surface o f  the sediment was recorded at half-hourly intervals and the results first 
expressed as a percentage o f the to tal, and then as the mean percentage swimming 
activity from  three dishes for each half-hourly reading. Throughout the experimental 
period tem peratures ranged from  11-15 °C, and  during darkness the number of 
anim als swimming was counted under illum ination from a dim red light.

T h e  S w im m in g  R h y t h m  i n  t h e  L a b o r a t o r y

The m ost conspicuous feature o f the swimming rhythm  ín the laboratory is that 
when the animals are collected during neap tides, they do not swim when placed in 
laboratory tanks containing sediment, but that when collected during spring tides 
swimming activity is readily observed both  during day and night. The swimming 
rhythm  in the laboratory shows m axim um  activity on the ebb tide, and greater activity 
during darkness (Fig. 1). This pa ttern  o f swimming behaviour has been repeated on 
m any occasions; if the anim als are observed for several days after collection, the de­
terioration o f the swimming rhythm  is clearly seen (see Fig. 3).

The existence of a tidal rhythm  o f sem i-lunar frequency was investigated by making 
collections o f Eurydice  every second day. These were allowed to  acclimate to  labora­
tory conditions and the swimming behaviour observed during a night-time high tide
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Fig. I. Swimming rhythms o f tidal frequency in Eurydice pulchra collected 25th M arch, 1971 and 
kep t in laboratory tanks with sediment: open arrow s indicate the tim e o f high tides during daylight 

and closed arrow s the  tim e o f high tides during darkness.
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(i.e. a tide between 6 p.m . and 6 a.m .). The anim als were then discarded and replaced 
by fresh ones. Fig. 2 shows the m axim um  swimming activity recorded during each of 
the observation periods together w ith the height o f  the tide, and it is clear that maxi­
mum swimming activity occurred on the ‘falling’ spring tides. No activity was record­
ed during neap tides.
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Fig. 2. Semi-lunar periodicity in the swimming rhythm  o f Eurydice pulchra: arrows indicate the times 
o f  collection of specimens: maxim um  swimming activity ( • )  was recorded on night-time tides. The 

tidal curve was draw n using the  da ta  for Holyhead.
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Fig. 3. Night-tide peaks o f  swimming activity in two sam ples o f Eurydice pulchra. Sample A ( -------- )
collected on the spring tide o f  29th M arch, 1971 and sam ple B (shaded) on the neap tide o f  4th April, 

1971. The tidal curve was draw n using the data  for Holyhead.
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The semi-lunar com ponent o f the rhythm  is further emphasized in Fig. 3 which 
shows the activity o f two samples. One sample was collected during spring tides and 
its activity recorded in the laboratory until the succeeding spring tide, and the other 
was collected on a neap tide and sim ilarly observed. The spring-tide sample shows an 
initial high level o f activity which falls to zero during the neap tides. During the suc­
ceeding spring tides activity was again recorded, but at a much reduced level compared 
with that o f fresh anim als (see Fig. 2). The sample collected on a neap tide showed no 
activity until the spring-tide period but, com pared with fresh m aterial, swimming 
activity was very low.

T h e  In t e r t id a l  Z o n a t io n  o f  Eurydice pulchra

The intertidal zonation o f Eurydice pulchra on Ynyslas beach has been described 
by Fish (1970). The zonation is complex because the species shows both seasonal and 
lunar variations. Fig. 4 shows the num ber of Eurydice collected intertidally at fre­
quent intervals from  24th September to 14th October, 1966. Animals were collected 
from  16 stations situated at 20 m intervals between the levels o f mean high water 
spring tides and m ean high water neap tides. At each station the mean of two 0.1 m 2 
samples was recorded and the total num ber o f  Eurydice present is shown together 
with the tidal height on the day of collection. The increase in numbers o f Eurydice on 
the beach with increase in tidal height shows clearly, and this has been shown to be 
a movement up and down the beach in phase with the spring-neap tidal cycle (Fish, 
1970).
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Fig. 4. The num ber o f  Eurydice ( -------- ) in samples taken between M HW N and M HW S from 24th
September to 14th October, 1966. The tidal curve was drawn using the data  for Holyhead.
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D is c u s s io n

In dishes containing sediment Eurydice shows a well-defined swimming rhythm of 
tidal frequency with activity m axim a recorded on the ebb tide. These results are similar 
to those described for Synchelidium  sp. (Enright, 1963), Corophium volutator (M organ. 
1965), Bathyporeia pelagica (Fincham , 1970) and Bathyporeia pilosa Lindström 
(Preece, in press). Jones & N aylor (1970) investigated the swimming rhythm of Eury­
dice in the absence of sediment and  recorded peaks of swimming activity coinciding 
with the times of high tide.

Light suppresses the swimming activity of Eurydice with the result that smaller 
peaks occur during daylight. This is contrary to the results of Jones & N aylor (1970) 
who found that Eurydice was equally active during day and  night high tides.

A tidal rhythm of semi-lunar frequency exists in Eurydice pulchra with periods of 
maximum swimming activity on the ‘falling’ spring tides. Enright (1963) suggested 
that the deterioration of the swimming rhythm  o f a population o f Synchelidium  kept 
in the laboratory for a few days was caused by the de-synchronization o f individuals. 
This may also account for the decrease in activity of populations of Eurydice kept in 
the laboratory from one spring tide to the next, but the existence of a semi-lunar 
com ponent lends weight to the suggestion o f M organ (1965) that the deterioration 
o f the swimming rhythm in Corophium  may be related to  an endogenous rhythm of 
semi-lunar frequency which caused the anim als to  be less active during neap tides.

The swimming activity o f Eurydice in the presence o f sediment is contrary to the 
findings o f several workers, some o f whom were unable to induce swimming by in­
creasing the hydrostatic pressure, even though Eurydice is sensitive to small pressure 
changes when not provided with sediment (Singarajah, 1966; Knight-Jones & Qasim, 
1967). Even when the experiments were ‘repeated many tim es’, Jones & Naylor (1970) 
found that Eurydice “prom ptly burrowed and never re-appeared” . This observation 
led them  to the conclusion that the main synchronizer of the rhythm , and indeed the 
only factor apparently capable o f  initiating the active swimming phase, was wave 
action (Jones & Naylor, 1970). A sim ilar explanation had been put forward by Enright 
(1963, 1965) for Synchelidium  and  Exocirolana chiltoni. This is unlikely to be the case 
with the estuarine population investigated during the present study. Ynyslas beach is 
sheltered from the prevailing winds and is infrequently subjected to wave action. In 
this context it is significant to note that M organ (1965) concluded that the activity 
rhythm  of Corophium was unlikely to be phased “ to so capricious a factor” as wave 
action. During the present study investigations on a population  of Eurydice from the 
exposed open coast at Borth, Cardiganshire revealed similar swimming patterns to 
the estuarine population, and Salvat ( 1966) has recorded swimming activity in popula­
tions of Eurydice pulchra and E. affinis from  the Bassin d’Arcachon. He recorded high 
levels o f swimming activity in both  species kept in laboratory tanks which contained 
sediment. Activity was highest during night-time high tides, and three days after the 
start o f the experiment there was no clear indication of a swimming rhythm. Salvat
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(1966) did not give further details o f his experiments apart from the dates over which 
they were carried out ( 16th— 19th October, 1962) and from these it is clear that he 
was working during ‘falling’ spring tides.

The intertidal migrations made by Eurydice may possibly be explained in terms of 
the swimming behaviour. The swimming rhythm in the laboratory shows tha t peak 
activity is recorded about 2 h after high tide, and maximum activity is recorded 3-4 
days after the Full or New Moon, with no activity during neap tides. A lthough little 
swimming activity has been recorded during flood tides, field observations have 
shown that Eurydice is active at the edge of the water during flood tide, and  Jones & 
Naylor (1970) have shown by m onthly field collections that Eurydice was m ost active 
at the waters edge for a period o f 2-3 h before high water. It is suggested that during 
this period of activity the animals will be transported up the beach with the incoming 
tide. This process will continue throughout the ‘rising’ spring tides and result in the 
progressive migration up the beach. W ith the onset o f ‘falling’ springtides the increase 
in swimming activity associated with the early ebb will ensure that the animals remain 
in the water column long enough to be transported down the shore. Fig. 4 shows that 
3-4 days after the Full M oon there is a m arked decrease in the num ber o f animals 
taken intertidally.

R e f e r e n c e s

E n r i g h t , J. T ., 1963. The tidal rhythm  o f  activity o f  a sand beach am phipod. Z. vergt. Physiol., Bd 46, 
S. 276-313.

E n r i g h t , J. T ., 1965. Entrainm ent o f a tidal rhythm . Science, bí.Y., Vol. 147, pp. 864—867. 
F i n c h a m , A. A., 1970. Rhythmic behaviour o f  the intertidal am phipod Bathyporeia pelagica. J. mar.

biol. Ass. U. K., Vol. 50, pp. 1057-1068.
F i s h , S., 1970. The biology o f Eurydice pulchra (Crustacea: Isopoda). J. mar. biol. Ass. U. K., Vol. 50, 

pp. 753-768.
J o n e s , D. A. & E. N a y l o r , 1970. The swimming rhythm  o f  the sand beach isopod Eurydice pulchra.

J. exp. mar. Biol. EcoI., Vol. 4, pp. 188—199.
K n i g h t - J o n e s , E. W. & S. Z. Q a s im , 1967. Responses o f  crustacea to changes in hydrostatic pressure.

Proc. Symp. on Crustacea, Pt. III , pp. 1132-1150.
M o r g a n , E., 1965. The activity rhythm  o f  the am phipod Corophium volutator (Pallas) and its pos­

sible relationship to changes in hydrostatic pressure associated with the tides. J. Anim. Eco/., Vol. 
34, pp. 7 3 1 -7 4 6 .

P r e e c e , G. S., The swimming rhythm  o f  Bathyporeia pilosa. (Crustacea: A m phipoda). J. mar.
biol. Ass. U. K. In Press.

S a l v a t , B., 1966. Eurydice pulchra -  Leach, 1815. Eurydice affinis -  Hansen, 1905 (Isopodes Cirola­
nidae) Taxonom ie, ethologie, écologie, répartition verticale, et cycle reproducteur. Act. Soc. linn. 
Bordeaux, T. 103, Sér. A, pp. 1-77.

S in g a r a j a h , K. V., 1966. Some aspects o f  the behaviour o f  plankton animals. Ph. D. Thesis, 
University o f  Wales, 91 pp.


