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Geotactic responses of the field crab Oziotelphusa senex
relation to salinity adaptation
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Abstract. Geotactic responses of male freshwater field crab, Oziotelphusa senex
senex have been studied with reference to salinity adaptation. The crabs exhibited
a stereotyped walking behaviour. The pairs L~Rs, L3R~, L4Rx and/-uP4 comprising
left and right walking legs were used for the movement in reciprocating fashion. The
weight of the crab influenced the orientation angle significantly. Blindingof the eyes
did not affect the orientation. Irrespective of the inclination angle, the salinity adaptation reduced the walking rates. All these results have been discussed in terms of
the greater scope and potential for escape, available in salinity adapted individuals.
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Introduction

Euryhaline species exhibit morphological behavioural and physiological changes
depending upon higher or lower salinities (Kinne 1971). Metabolic and physiological aspects of salinity adaptations have been extensively studied (Florkin 1960 ;
Kinne 1964a, b 1966, 1971). The feeding behaviour of euryhaline species based
entirely on shifts in feeding activities induced by changes in salinity has also been
studied. Salinity changes results in changes in the feeding activity of boring snails
(Hanks 1952), prosobranch gastropods (Manzi 1970), and hydroids (Kinne 1958).
The freshwater euryhaline crab Oziotelphusa s e n e x s e n e x also shows changes in
food preference and consumption depending upon environmental salinity (Krishnamoorthy et al 1976). However, no information is available on the locomotion
and orientation responses of °these crabs with reference to salinity. This paper
describes some of the modifications in the geotactic movement of the field crab
in relation to salinity adaptation.
2.
2.1.

Material and methods
Collection a n d maintenance o f crabs

Male field crabs O. s e n e x s e n e x Fabricius 1798 of 12-22 g size were collected from
paddy fields around Bangalore, stocked in laboratory aquaria and maintained
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at 25 -4- 2 ° C. They were adapted to artificial sea water (Lyman and Flemming 1942)
for 30 days as described earlier (Krishnamoorthy et a11976). The crabs were fed ad
lib on earthworms.

2.2.

Walking rates and postures

Tbe walking posture of the crabs was observed while they moved on a horizontal
drawing board. The movements of their left and right legs when crawling were
recorded. The time taken by the crab to reach a distance of 1 m on the board
was also noted.

2.3.

Orientation on an inclined plane

A rough plywood sheet (49 × 35 am) was fixed to an inclined plane at an inclination angle (a). A crab was placed on the sheet, so that its carapace was parallel
to the base of the plane. The direction of its ascent on the plane was marked with
chalk. The angle of orientation (0) of the carapace of the crab to the horizontal
plane at the start of each experiment was measured.
The changes in 0 with reference to the size of the animal incfinatioa angle, the
direction to which the inclination edge faces and the blindirtg of the eyes were
reaorded. All experiments were aarried out in air under diffused daylight in the
laboratory.

2.4.

Effects of blinding on the orientation of ascending crabs

In order to prevent the use of the eyes in the orientation of ascent, the eyes were
painted with a black paint, as the paint is non-corrosive, and blinds without any
detriment to its physiological function (Ramakrishna and Rao 1970). The painted
animals were studied in the same way as described earlier.
3.

Results

The crab exhibited a stereotyped walking behaviour and always moved sideways,
i.e. lateral to its carapace but not towards the direction of its eye;. On a horizontal
plane (when a = 0°), the crab rotated sideways to about 40 ° in the direction of
movement, and kept up the movement. This rotation was only at the start of
the movement and was independent of adaptation, size and time of the day. In
its movement, the arab made use of its legs in a particular combination. The pairs
L~R3, L3R2, L~R1 and LIR 4, comprising left and right walking legs are t~sed for
the movement in a reciprocating fashion. This cyclic combination of leg movements are independent of the size, the status of the crab and a of its path. The
chelate legs are not ttsed in the locomotory movements.
Fig~e 1 diagrammatically illustrates the positions of the crab before it started
moving on aa inclined plane. At 0 ° inclination, the crab rotated forward to about
40 ° and began moving. 0 increased when ~ increased. Bt~t at inclinations above
15°, the arab would not move at all.
Figure 2 demonstrates the relationship of ~ to 0 in freshwater as well as sea wateradapted arabs. In order to examine the directional responses, the results were
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Figure 1. Orientation of the crab before it starts moving on an inclined plane.
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Figure 2° Relationship of inclination angle with orientation angle of (a) freshwater
and (b) salinity-adapted crabs. Variations in orientation with reference to the direction of inclination are specified in each group of crabs.

recorded, keeping the inclined plane towards south, north, east and west. The
freshwater crabs increased 0 linearly in all directions as a increased (figure 2a).
Westward crawling slightly affected the direction with a greater degree of rotation
(figure 2a) but this difference was not significant. The situation however was
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entirely different in salinity adapted crabs and 0 significantly decreased as a
increased (figt~re 2h). The northward movements in these crabs seemed to have
greater rotation than the westward movements (figure 2b).
Figt~re 3 presents the data on the influence of weight of crab on 0 when the inclination was set at 15°. Obviously there was a greater rotation in freshwater crabs
than those adapted to sea water. In both cases, the body weight showed a greater
effect in increasing the rotation. Crabs weighing 20 g rotated more.
Table 1 presents the changes in 0 with reference to salinity acclimation as well
as blinding. The blinding effect was insignificant but showed a significant difference in rotation between sea water and freshwater crabs.
A comparison of the walking rate of the crabs at different planes of inclination
(table 2) showed that as a increased the average walking rate gradually reduced in
both freshwater and salinity-adapted groups. Irrespective of a, the salinity adaptation redt~o~d the walking rates.
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Figm'e 3. The effect o f size on the orientation angle when inclination angle was
15 ° in freshwater and salinity-adapted crabs.

Table 1. Alterations in the orientation angle with reference to the inclination angle
of the surface in the crab O. s e n e x s e n e x due to salinity adaptation as well as blinding of the eyes.
Painted*
6t

Normal**

Fresh-water

Sea water

Fresh-water

Sea water

0°

42.0-4-0.8

53.0-t-2.2

44.25+2.6

54.2 ± 2 . 6

5°

47.0-f-1.6

47-04.3.4

51.5 4-5.0

45-254-3.2

I0 °

54.010"6

45-04.l.6

57.0 4.3"8

39"2 4.1.2

150

60.04.1"8

39.05_0-8

60.0 + 5 . 0

38.254.3.8

Values are mean 4- SD o f six observations.
* Difference between normal and painted crabs are not significant at 0.001.
** Difference in 0 between freshwater and sea water crabs are significant at 0.001.
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Table 2. Averagewalking rates (km/hr) of O. senex senex (about 14.5 g) with
reference to inclination angles of the surface and salinityadaptation.
Freshwater*

Sea water adapted

0°

0"29574-0"0276**

'0"27664-0"0033

5°

0"2066 4- 0'0239

0"1734 + 0"03

l0 °

0"1732 + 0"0475

0"1269 4. 0"009

15°

0"1894+0'0169

0"10244-0.005

* All differences are significant at 0.001 level.
** Mean 4-S.D. of 6 individual observations.
4.

Discussion

Leg coordination during walking in crabs has boon well-documented. Bowerman
(1975a, b) studied the locomotion of free moving scorpions with the aid of Mgh
speed cinematography. They walk using 2 groups of logs in reciprocating fashion
as has been observed in the present study. It also appears that all arthropods exhibit the same type of leg co-ordination which significantly differs from the alternating tctrapod rhythm of leg movements (Barnes 1975). Barnes also observed
a similar walking coordination in the crab Uca pugnax.
The present study demonstrates that O. senex senex shows negative g¢otaxis.
When this crab is placed on an inclined plane in air, the crab chooses a direction
of ascent which deviates from the horizontal plane by an angle 0, which is related
to the angle of inclination of the plane. It is also known that increase of weight
in the abdomen increases 0 in the gastropod, Limax (Crozier and Fedorighi 1925).
Weight as a drag plays a role in the mechanics of movements in animals (Alexander
and Goldspink 1977). The present observations confirm this phenomenon.
However, in heavier animals, 0 is decreased (figure 3). The changes in 0 related
to weight observed here could not be due to phototactic responses, as the blinded
crabs also behaved as normal ones (table 2). At least in larval crustac arts
positive phototaxis occurred (Latz and Forward 1977). A low 0 when a is greater,
is a characteristic feature of sea water adapted crabs. In a marine environment
this character ensures that the individual would move morg longitudinally than it
would against gravity.
The restflts also showed that salinity adaptation reduced the surface activity in
crabs. Against inclinations, these crabs showed lower rates than freshwater
crabs. Salinity stress therefore reduces the muscle function of the animal (Evoy
and Fourtenor 1973). The walking rate of O. senex senex is very poor (0 "29 km/hr)
when compared with other crabs. Ocypode ceratophthalma moves at 16 km/hr
(Cott 1929) and Ocypode gaudiehaudi at 5"46 km/hr (Koepckke and Koepekke
1953). Recently, Hofcman and Hubbard (1966) estimated that on a sandy beach
Ocypode ceratophthalma runs at a speed of 6"48 km/hr.
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Those results suggest that the reduced walking rates in the salinity-adapted crabs
are responsible for the very low muscle activity and metabolism. The crab also
consumes very little oxygen while in sea water (Ramamurthy •965; Krishnamoorthy et al 1976).
Secondly, the changes in angle with reference to salinity adaptation are due to
the escape responses of crabs. It is known that salinity stress induces escape respomes in marine species (Kinne 1971). Figure 2 shows that, at a horizontal
plane (~ = 0 °) the freshwater crabs had lower orientation angles than the salinity
adapted crabs. Larger angles of orientation initiates the movement quitefartber
away from the point it had started. In a horizontal plane, lherefore, the salinityadapted crabs might have a greater scope and potential for escape due to the greater
angle of orientation. However, the orientation angle decreases as the inclination
angle increases in these crabs, suggesting that this response is feeble when the crabs
climb over an inclined plane.
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