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G uido Chelazzi

IMPROVEMENTS IN THE FIELD STUDY OF ANIMAL
SPATIAL HABITS 

(PARTICULARLY OF LITTORAL MOLLUSCS) (*>

Introduction

The study of animal movements in their natural environment is one of 
the main topics of behavioural ecology. Through the controlled variation of 
their position in space mobile organisms can withdraw from stress sources and 
accede to resources, performing a dynamic habitat selection (Jander, 1975). 
Moreover, differing activity patterns can be an important factor in the coevo
lution of species exploiting separate niches of the same ecological system (Van- 
dermeer, 1972; Partridge, 1978).

Traditionally, most studies on vertebrate spatial habits have been made by 
intercepting previously marked animals by means of traps or nets in the study 
area (Jewell, 1966; Sanderson, 1966). These discontinuous and often tempo
rally random position data led to such important concepts as “ home range ” 
(Seton, 1909; Burt, 1943; Jewell, 1966; Mohr, 1966). Though a useful and 
widely accepted term it is analytically ambiguous as it implies a geometrically 
simple use of space which in many cases does not fit the complexity of the 
observed phenomena.

In fact, it is now known that most animals do not use geometrically simple 
areas but rather a portion of the biosphere divided into complex subunits (Hedi- 
ger, 1942; Adam and Davis, 1967; Leuthold, 1977) each of which often serves a 
different purpose. Moreover, it was soon recognized that the home area also 
needs a temporal definition (Martinsen, 1968; Maza et al., 1973; Randolph, 
1977) since animals modify their spatial habits in time, following short- (diur
nal, tidal) and long-term (seasonal) rhythms and may change their activity pat
tern during ontogenesis.

Shortcomings of traditional methods

An analysis based on a traditional sampling of positions has some impor
tant shortcomings. First, behaviourally heterogeneous samples are usually 
collected as normally no information is available on the activity of animals upon 
interception and second, all the widely used analytical methods imply hypothet
ical short-term movement patterns seldom quantitatively verified.

(*) Conferenza tenuta nella seduta dell’8 maggio 1982.
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One of the most commonly used methods is that based on a “ centre of 
activity ” (Scott, 1947; Hayne, 1949; Harrison, 1958). It admits a circular 
symmetry of the home range and presence of a centripetal tendency which 
increases as long as the animal moves away from the geometric centre of its 
familiar area, but home ranges often lack any definite centre (Jenrich and Turner, 
1969; Dixon and Chapman, 1980). Other methods require the presence of 
sharp boundaries which permit drawing the perimeter of the familiar area by 
hand or with computerized algorithms (Blair, 1940; Dalke, 1942; Mohr, 1947; 
Voigt and Tinline, 1980). Instead, with some exceptions the boundaries of 
familiar areas are very dynamic and positions outside the main cloud of fixes 
are frequently recorded (Burt, 1943; Harvey and Barbour, 1965) making the 
use of these methods incorrect.

The complex methods implying either a circular normal or bivariate distri
bution of fixes (Calhoun and Casby, 1958; Jenrich and Turner, 1969; Mazur- 
kiewicz, 1969; Koeppel et al., 1977)—though being more flexible than the pre
vious analytical methods in fitting the actual shape of the field fixes—implies 
preconstituted hypotheses on movement patterns. Such is the case of the 
“ Ornstein-Uhlenbeck,, model (Dunn, 1977) which assumes that animal move
ments are affected by a centripetal tendency, and follow a basically Markovian 
process in moving around their home range. However, in many applications 
of the method (Dunn and Gipson, 1977) this remains to be demonstrated.

These difficulties partly justify the criticism expressed by some authors 
concerning the use of complex analytical methods in the automatic study of 
the spatial distribution of fixes (MacDonald et al., 1980). Nevertheless, recent 
improvements in sampling procedures through radio-tracking and other long- 
range monitoring techniques have removed some of the shortcomings (Brown, 
1966; Amlaner, 1977).

The point is how to use radio- and sonar-tracking. If simply used to sub
stitute other methods of irregular position sampling, about the only benefits 
derived are to increase the range of monitoring and eliminate continuous hand
ling of the animals under investigation. Instead, the importance of these tech
niques is that they permit sampling in time on a more regular basis, and almost 
continuous monitoring of the animals (Adams and Davis, 1967). Despite the 
widespread use of radio-tracking in the study of animal spatial habits (Amlaner 
and MacDonald, 1980), examples of regular or continuous tracking are rela
tively scanty. Only careful frequent monitoring (Siniff and Jessen, 1969), par
ticularly feasible when automatic recording systems are used (Deat et al., 1980), 
gives information on “ microscopic ” movements and permits building a real
istic model of the animal spatial habits.

Unfortunately, with few exceptions (Wolcott, 1980), radio-tracking is not 
suited to the study of the invertebrates. This is the case of littoral molluscs 
whose ecology is based largely on short- and long-term movements—ranging 
from homing behaviour to zonal migrations (Newell, 1979; Underwood, 1979; 
Chelazzi, 1980)—in phase with diurnal or tidal rhythms. Molluscs are gener
ally too small to be equipped with radio-transmitters, but the presence in many
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species of an external shell, and the graduality of their movements, make them 
an excellent subject for the study of spatial habits. A number of alternative 
techniques can be designed to provide continuous or regular-discontinuous 
tracking which, together with the relatively simple geometry of many coastal 
systems, guarantee the coupling of ethological and environmental data, consti
tuting the basis for an ecological approach to the study of the behaviour of 
intertidal species.

N ew methods for the field study of littoral molluscs and other animals

Most of the quantitative studies on spatial habits of littoral molluscs have 
been conducted at a “ macroscopic ” level, through a scattered sampling of 
positions (Underwood, 1977). Instead, a microscopic analysis of their move
ments is possible only through almost continuous tracking. This can be ob
tained by positioning marked animals relative to a grid placed on the shore 
(Vannini and Chelazzi, 1978) or photographing them at set intervals (which 
reduces the imprecision of the subjective monitoring) as was done with the 
prosobranch gastropod Nerita polita (Chelazzi, 1982); however, the latter meth
od probably disturbs nocturnal animals and does not permit the analysis of 
such important aspects of spatial behaviour as trail-following, typically present 
in many littoral chitons and gastropods (Funke, 1968; Thorne, 1968; Cook and 
Cook, 1975). The trail-following involved in the homing behaviour and 
clustering of rocky shore molluscs (Cook, 1969; Lowe and Turner, 1976) can 
be properly analyzed by using special tracking techniques such as the recon
struction of individual paths from the fecal pellets left by the animals during 
their movements (McFarlane, 1980). A more precise technique with wider 
application was introduced by Chelazzi et al, (in press) on the intertidal tropical 
gastropod Nerita textilis, A red LED lighter powered by a small battery was 
fixed to the shell and photographs were made nightly of the study area. Long
time exposures provided a full reconstruction of the animais’ activity and reveal
ed important details of their feeding excursions, and the occurrence of intra- 
and interindividual trail-following. The resolution of this optical tracking 
is sensibly higher than that obtained by other methods and the technique can 
be applied to many nocturnal species, included those moving in splash zones 
which are inaccessible for direct sampling of positions.

When long-term massive position recording is needed, continuous tracking 
can be substituted by the discrete positioning of several individually marked 
animals. In this case previous information on the temporal activity pattern 
of the animals is crucial in order to plan the temporal schedule of the intermit
tent recording, and distinguish positions relative to different behavioural phases 
of the animals. If properly scheduled, intermittent positioning over long pe
riods gives full information on the spatial strategy of a species, as demonstrated 
by the study conducted on two sympatric chitons of the genus Acanthopleura 
(Chelazzi et al., 1983). Once distinct clouds of fixes—relative to the different
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activities—have been obtained for each animal, these can then be analyzed sep
arately or by combining different samples of co-ordinates. A specific model 
of spatial strategy can then be obtained through computerized algorithms.
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Fig. 1. -  Graphic representation of the method employed to analyze spatial dis
tribution of Acanthopleura fixes. In A. computation of the individual compactness 
index (c )̂ on the basis of the distance between nearest fixes (dashed lines). In B. auto
matic searching for subunits (black and dotted circles) and free points (white circle),

on the basis of c +  SD .

For example, if the positions where the animals retreat during resting phase 
can be extracted from the global sample of fixes a study can be made of the 
structure of their resting distribution rather than simply giving information 
on the amplitude of the home area. This was done with Acanthopleura spp. 
as follows. First an index of compactness was obtained for each animal by simpl., 
computing the mean distance between each fix and the nearest one (c) (fig. 1, A). 
It must be noted that the index is sensible only to this mean distance (fig. 2, 
A, D) and not to either the shape of the cloud (fig. 2, A, B) or division of the 
system in two or more subunits (fig. 2, A, C). Then the number of subunits 
in each system of resting points was obtained by assigning different fixes to the
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Fig. 2. -  Values of the compactness index relative to four different configurations
of clouds of fixes.

B

Fig. 3. — Schematic representation of the method employed to analyze the feeding 
excursions of Acanthopleura spp. An individual system of resting (square) and feed
ing (circles) fixes (A) is resolved in two trios of successive positions (B) to show 

the computation of the rapport t ^ 2 d zl{d1 +  d2).

31. — RENDICONTI 1983, vol. LXXIV, fase. 6.
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same unit when their distance did not exceed the second-order mean distance 
between nearest fixes, relative to the whole sample of animals, plus its standard 
deviation (c -f SD) (fig. 1, B). This resulted in the analysis of subunits rel
ative to the overall mean compactness of rest systems, independent from arbi
trary geometrical criteria. In this way resting habits can be analyzed not only 
in terms of homing performance, but also of spatial pattern of rest systems. 
This permits a comparison between species or different populations of the same 
species, and a better grasp of the ecological determinism of their behaviour 
patterns.

The simple two-phases (resting-feeding) pattern of algal-grazing intertidal 
molluscs also permits the study of a spatial pattern of resource exploitation. This 
was done in Acanthopleura spp. by combining samples of resting and feeding 
fixes using a method (fig. 3) based on trios of successive feeding-resting-feeding 
fixes. Instead of a traditional analysis of the amplitude of the utilized area, 
it was possible to distinguish between random, conservative and dispersive use 
of the feeding area (fig. 4) and take into account the temporal evolution of the 
feed ng strategy (fig. 5).

A  5.  B

Fig. 4. -  Different values of t% relative to a random (A), conservative (B) and dis
persive (C) pattern of exploitation of the feeding ground.
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Both the methods applied to Acanthopleura spp. can be used in space 
utilization studies of species taxonomically very distant from chitons, included 
vertebrates. The only condition is to work from spatial data obtained by 
temporally-assessed position recordings.

Fig. 5. -  Temporal evolution of the t rapport relative to a random (A) and con
servative-shifting (B) exploitation of the feeding ground.

In conclusion, the isolation of single aspects of orientation in space, follow
ed by analysis under simplified and controlled conditions, is a common and 
useful strategy in studying the mechanisms and cues utilized by the animals 
(Schmidt-Koenig, 1975; Pardi, 1979). Still this approach hardly contributes 
to an understand*ng of the true ecological significance of spatial orientation. 
Knowledge of individual or specific strategies of space exploitation basically 
requires a field analysis of the phenomena, which need has brought about the 
creation of techniques for recording and analyzing positions. Moreover, the



444 Atti Acc. Lincei Rend. fis. -  S. V ili, vol. LXXIV, 1983, fase. 6

field study is a necessary complement to laboratory research on the physiolog
ical aspects of orientation, since it gives the proper experimental models and 
suggests new specific problems to the reductive study.

More important than assessing new complex analytical methods based on 
unverified behavioural assumptions in order to elaborate traditionally gathered 
data, is the need to improve field sampling methods so that integral information 
on movement patterns and/or relevant activities can be obtained. These 
methods must ass’gn physiological or behavioural connotations to the positions 
recorded, so that the complex anatomy of utilized areas (i.e. the space exploi
tation strategy used by the animals) will be revealed and not simply general geo
metric information on “ home range Moreover, when such macrophenom
ena as diffusion or competition between species are investigated, mass-inves
tigation should be supported by microscopical studies which may significantly 
improve the euristic value and interpretative capacity of the models obtained by 
analyses conducted only at a macroscopic level.
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