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The mode of dislocation of Astropecten aranciacus 

V. FERLIN 

Zoological Museum, University of Zurich; Zurich, Switzerland 

KURZFASSUNG: Die Dislokationsweise vonAstropecten aranciacus. An der Nordkiiste Sardi- 
niens wurden auf einer Sandfl~iche in 8 m Tiefe Exemplare des Seesterns Astropecten aran- 
ciacus einzeln w~ihrend einer 30mini~tigen Beobachtungsdauer verfolgt. Jede Minute steckte ein 
Taucher eine numerierte Steckmarke eine Handbreite hinter dem sich fortbewegenden Seestern 
in den Sand. Nachher wurden die Wege vermessen. Auf diese Weise wurden 23 Seesterne ver- 
folgt. Die Auswertung der Beobachtungsdaten erbrachte Aufsdlliisse tiber Wegrichtung und 
Richtungs~nderung, Geschwindigkeit der Fortbewegung, H~iufigkeit und Dauer des Anhaltens, 
Einflut~ der SandkorngrSt~e auf I-taltefrequenz und Geschwindigkeit der Fortbewegung und 
Einflui~ des Verlaufs und der H~She yon Rippelmarken auf die Wegrichtung. 

INTRODUCTION 

Bm~LA et al. (1972) investigated the mode of dislocation of the echinoderm Astro- 
pecten aranciacus. During the night, they recorded the locations of tagged sea stars 
at two-hour intervals. The animals moved 1.8 m per hour on the average, and they 
changed their direction several times during the night. It remained unknown, how- 
ever, what happened during the two-hour intervals. The present report intends to 
close this gap in our knowledge. We were mainly interested in the actual speed over 
a continuously surveyed track, in changes of the velocity during the period of ob- 
servation, and in the pattern of changes in direction. 

METHODS 

The observations were made in the Golfo Pevero, South of Porto Cervo on the 
NE-coast of Sardinia, by means of SCUBA diving. The study area was on a level 
bottom covered with sand, at 7 to 9 m depth. We followed a total of 23 sea stars for 
30 minutes each. At intervals of one minute, numbered marks were pushed into the 
sand about 10 cm behind the sea star. Afterwards, we triangulated the distances 
between the marks using a known distance for comparison. Following our notes, we 
retraced the path of each sea star. At the end of each observation period, the radius R 
(length of one arm from its tip to the center of the body) was measured for each traced 
s e a  s t a r .  

The sandy area was divided into two parts: one was covered with fine sand 
where the grain diameter was below 1 mm, the other part contained coarse sand of 
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an average grain size of 3 mm. Of the sea stars tracked, 11 were on the fine-grained 
sand, the other 12 on the coarse-grained part. 

The dives were made from 30 December, 1971 to 27 January, 1972, always 
between 15.30 and 16:30 hrs. 

RESULTS 

D i s t r i b u t i o n  o f  s t o p s  a n d  m o v i n g  p e r i o d s  

Figure 1 shows the paths of three sea stars. Squares designate locations where 
the animals remained for one or several minutes (number adjacent to square). The 
pattern is characteristic for all sea stars observed: they do not wander continuously, 
instead they stop here and there. During these stops, they bury their body into the 
sand, of[en one or two arms as well. On fine sand, there were an average of 2.5 stops 
per 30 minutes per animal, 6 stops on coarse sand. On both types of sand, a stop 
lasted about 2 minutes on the average. The longest recorded stop was 8 minutes. 

Subtracting the average stopping time from the 30 minute observation period 
gives the average running time. This was 82 % of the total observation period on fine 
sand, 63 % on coarse sand. 

V e l o c i t y  

On fine sand, the average velocity of 11 sea stars was 12 cm/min. It  was computed 
from the distance that each animal covered in 30 minutes. This includes the periods 
when the animal did not move. The sea stars differed greatly in their average velocity: 
the fastest two animals moved seven times faster than the slowest individuals. Most 
recorded speeds wer.e within 0 and 20 cm/min. The highest instantaneous velocities 
were 50, 80, 120 and 140 cm/min. They were performed by two animals, but these 
speeds were each uphetd for one minute only and at best were registered three times 
within 30 minutes. 

On coarse sand, the mean velocity of 12 sea stars was only 5 cm/min. Most 
animals moved at speeds of 0 to 10 cm/min. One single animal attained a record speed 
of 40 cm/min, but this lasted only for one minute. 

By omitting the periods of no motion, we compute mean velocities of 15 cm/min 
for the 11 animals on fine sand, and 8 cm/min for the 12 animals on coarse sand. 

The smallest sea star had a radius (R) value of 5 cm, the largest R was 15 cm. 
Using a simple linear regression, we checked whether velocity depends on body size. 
For the 1t animals on fine sand we computed a regression coefficient b = 0.79, for the 
12 animals on coarse sand b = 0.04. Both values are not significantly different from 

z e r o .  

D i r e c t i o n  o f  m o v e m e n t  

Most of the sea stars moved in fairly straight paths (A and B in Fig. 1). In three 
animals the track formed a loop, whereby the directions at the beginning and at the 
end were similar (C in Fig. 1). Only 2 sea stars returned to the vicinty of their starting 
point. 
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The directions of the movement were recorded at intervals of 5 minutes. A 
clockwise change in direction was considered positive, a counter-clockwise change 
negative. For each animal we obtained 3 to 6 angles between successive parts of their 
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Changes of direction in sectors of 45 ° 

Fig. 2: Astropecten aranciacus. Change of direction within a tra&; totalled for 23 sea stars. 
Abscissa: angle between two subsequent sections of the tra&s; each section of 5 rain duration, 
grouped into sectors of 45 °. Ordinate: number of observations for ea& sector. An angle of 
0 ° means no change in direction. A clockwise change of direction was called positive, counter 
clo&wise negative. The peak in the middle section of the abscissa means that most sea stars 
maintain their course. The symmetrical shape of the histogram shows that changes of direction 

to the le~ and to the right were about equally frequent 

tra&. Using sectors of 45 °, the zero sector is the most frequent (Fig. 2). The middle of 
this sector represents "no change in direction", the angle of value zero; it is obvious 
that there is a tendency to maintain a direction once &osen. 

On the fine sand, the crests of the ripple marks were 5 to 8 cm high. They did not 
seem to influence the direction of movement.  In the area of coarse sand, however, the 
crests were up to 25 cm high. Five of the sea stars moved along in a ripple mark 
valley without traversing a crest. Four of the animals moved along parallel to a crest 
on its slope. Three of the animals moved diagonally to the ripple mark pattern, and 
changed their direction of traverse a crest at a right angle. 

Summing up the distances covered during e~.ch of the one minute intervals, we 
get the total distance (W) run by a sea star in 30 minutes. On fine sand, the average 
total distance was 3.7 m, 1.6 m on coarse sand. Connecting the start and end positions 
of a sea star's path with a straight line gives the distance (D). W is equal to or only 
slightly larger than D, if an individual moved in a straight line. But W increases relative 
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Table 1 

Astropecten aranciacus. Distribution of the ratio W/D (see text) 
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W/D 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 > 2  >3 ] 

Number of on coarse sand 2 1 2 1 1 - - 1 I 1 
specimens on fine sand • - 3 - - 2 1 1 - 2 2 

to D the more the path deviates from a straight line. Thus the ratio W/D characterizes 
the overall degree to which a sea star maintains a given direction (Table 1). 

The means of the ratio W/D were 1.9 on fine sand, 1.6 on coarse sand. Although 
the animals covered longer average distances on fine sand than on coarse sand, the 
grain size of the sediment does not seem to influence the ratio W/D. We conclude 
that  the movement pat tern is about the same on both types of sand. 

D I S C U S S I O N  

The speed of movement varied mainly between 0 and 20 cm/min for the 23 sea 
stars observed. ROMANES & EwAr,'r (1881) recorded higher speeds (30 to 60 cm/min) in 
the laboratory.  WEBER (1965) estimated 50 cm/min while diving off Sardinia. Ac- 
cording to FEI)EI~ & CHlllST~NS~lV (1966), all these reports probably do not represent 
the average of the cruising speed, but concern a maximum which occurs only "when 
they have scented food or in order to avoid an immediate danger". Such maxima 
speeds, which occur only for a short period of time, were also recorded in our ob- 
servations. The observation on Asterias forbesi by divers in the Long Island Sound is 
characteristic: they recorded speeds of 15 to 20 cm/min (LoosANOFF 1958), while in 
the labora tory  speeds of 25 to 35 cm/min had been measured (GALTSOFF & LOOSANOFF 
1939). I t  is l ikely that  the same phenomenon holds for our observations on Astropecten 
aranciacus as for Asterias forbesi: animals held under artificial conditions move 
faster than under natural conditions. 

The distance W is almost twice as long as D, the distance between the first and 
the last location. BURLA et al. (1972) measured at  two-hour intervals a D value of 
3.6 m. Their investigations were on rather coarse sand. For a D of 3.6 m we would 
expect a value W = 6.3 m. This fits closely with our measurements of 1.6 m/30 rain 
or 6.4 m/2 h. This indicates that  sea stars have a similar pat tern of movement over 
short time periods and over longer ones. 

I t  is l ikely that  both types of sand present different conditions in several respects; 
not only for the mechanics of locomotion of the sea stars, but also with respect to the 
trophic contents of the sediments. 

Several questions remain unanswered. The majori ty  of the animals moved from 
south to north. This means for the part icular  coastal location that  the animals moved 
parallel  to the coastline, parallel  to the crests of the r ipple marks, and within the 
same depth zone. I t  is also possible that there might have been a weak current along 
the coast always at  the same time of the afternoon, and that  it might have had an 
effect. The external conditions -were certainly not as homogeneous as they could 
have been kept in an aquarium. Thus, the animals had several potential possibilities 
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for their orientation. The maintenance of a direction does not have to be due to an 
endogenous factor, but it may be the result of continuous re-orientation by the sea 
s ta rs .  

SUMMARY 

1. The mode of dislocation of the sea star Astropecten aranc&cm was investigated on 
23 individuals at the NE-coast of Sardinia. All were small to medium-sized re- 
presentatives of the species; their radius (R) varied between 5 and 15 cm. The 
observations were carried out on 2 level sediments with different sand-grain 
diameter. Each sea star was followed for 30 rain and its locations were recorded 
every minute. 

2. A. aranciacus does not move continuously. It  stops intermittently for an average 
duration of 2 minutes. On coarse grained sand, stops occur more frequently than 
on fine grained sand. 

3. The average distance travelled in 30 rain was 3.7 m on fine sand, 1.6 m on coarse 
sand. Including the stops, the cruising speed varied mostly between 0 and 20 cm/ 
rain on fine sand, and between 0 and 10 cm/min on coarse sand. 

4. Generally, the observed paths were all or partially straight. In  accord with this, 
the ratio W/D between the distance travelled (W) and the shortest between the 
starting and end position (D) was smaller than 2 for most animals. 

5. Small ripple marks (on fine sand) do not seem to influence the direction of dis- 
location. Single observations indicate, however, that more pronounced ripple 
marks (on coarse sand) may have an influence. 
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