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fied by the model.

Abstract. A mathematical model is constructed for the spatial distribution of rocky shore communities,
taking as an example the community of Ancon beach, Lima, Peru, and using the algebraic theory of latti-
ces. The resultant model is displayed algebraically and graphically. Advantages over taxonomical zonation
patterns are described. An ignored property of nature, the inanimate property of living nature, is identi-

Introduction

Rocky shore communities show a characteristic zo-
nation pattern in the spatial distribution of organisms.
This has been observed by many researchers (e.g., Ric-
ketts and Calvin 1968, Hiscock 1985, Norton 1985). The
representation of this pattern has been attempted by
different authors (Stephenson and Stephenson 1949,
Womersly and Edmonds 1952, Southward 1958, Lewis
1964, Ricketts and Calvin 1968, Paredes 1974, Newell
1979), but they rely upon a taxonomical approach as
Hiscock and Mitchell (1980) point out. Here I develop
a mathematical model which represents this zonation
pattern with the algebraic theory of lattices. The mo-
del is time static, but incorporates a property ignored
up until now. I call this the inanimate property of li-
ving nature, because although it is reflected in living
organisms (e.g., Mytilids), it is inert, and is also perfor-
med by stones.

Taxonomical zonation pattern

A rocky shore community is an assemblage of orga-
nisms distributed according to elevation. The distribu-
tion has a characteristic zonation pattern, with some
overlap between zones. Although the species assembla-
ges of this environment change with locality, the ge-
neral pattern remains the same. The zonation described
by Paredes (1974) is an example:

a) Supralitoral fringe from the upper level of Litto-
rina peruviana to the higher level of Chthamalus
cirratus.

b) midlitoral zone from the lower limit of supralito-
ral fringe to the upper level of Megabalanus psittacus;
and

c)infralitoral fringe from the lower limit of the mid-
litoral zone to the mean height of ordinary low spring
tides. In Paredes’ (1974) scheme, however, the overlap

of zones is not elucidated, and from it, it is difficult to
make inferences about essential properties of nature.

The mathematical model

The model uses the algebraic theory of lattices, con-
siders the abundant species, and is related to spatial di-
stributions. Distinct litoral zones are recognized, a
metric is imposed, and an ad hoc conceptualization of
population is proposed. A ‘‘population’’ is considered
to be a group of organisms of the same species that oc-
cupy the same litoral zone, confined by a specific up-
per limit. Accordingly, species are grouped as shown
in Fig. 1. A ‘lattice’ is a partially ordered set in which
every pair of elements has a join (or least upper bound)
and a meet (or greatest lower bound) (Birkhoff, 1940,
and Crawley and Dilworth, 1973). The partial order re-
lation is <. It can be equivalent to set inclusion (<),
such as in the condition, a<b, implying that a is nea-
rer to sea level than b. With the above in mind, the fol-

lowing definition is established: /

Definition 1

Lattice R is the set of all subsets of R, with the con-
dition that every subset should have at least one ele-
ment (population) of a determined level and all the
elements (populations) that are below that level (nea-
rer to sea). R is thus partially ordered by set-inclusion.
The representation of the lattice R in Fig. 2 is displayed
in Hasse’s diagram and some symbols are added to each
node to show its algebraic development, which is dis-
played in Table 1. Lattice R is complete, modular and
distributive; and if one species population is elimina-
ted, or added, the same properties remain. Biological-
ly, this implies that the general zonation pattern
remains constant. The number of species and the den-
sities of each can be changed, but the general zonation
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Fig. 1. Levels of spatial distribution. Each litoral level is represented by a capital letter. A subscript identifies a spe-
cies population. A lower case letter indicates ‘population’ of a given level.

pattern persists.

A property of nature

On rocky shores there are depressions, and where
there is a cover of Mytilids, sand accumulates and Am-
phipods and Lumbrinerids gain a goothold. The same
two types of organisms exist also in other parts of the
shore where sand is covered by stones (Fig. 3).

Using the same metric and characterizations used in
the construction of lattice R, the lattice M for the part
covered by Mytilids and S for the part covered by sto-
nes are constructed. In this case the relation xSy means
that x is lower down than y. The following definitions
are established:

Definition 2

The lattice M is the set of all subsets of M, with the
condition that every subset should have at least one ele-
ment (population) of a determined level and all the ele-
ments (populations) that are beneath that level. M is
partially ordered by set-inclusion.

Definition 3

The lattice S is defined in the same way as the latti-
ce M. The new distribution, lattices M and S, and their
Hasse’s diagrams are shown in Fig. 4. These lattices are
mathematigélly isomorphic and they are complete, mo-
dular and distributive. This leads me to identify a pro-
perty as the ‘inanimate property of living nature’. In
other words, Mytilids are performing the same function
as stones, %.e., protecting the organisms under them
from waves and tides. This has been proved experimen-
tally, R. Paine (pers. comm. 1988).

Discussion

The present model can be used to represent organis-
mal zonation of any rocky shore community. Because,
it may be developed with any number of species and
levels. Based on the Hasse’s diagram, it is easy to reco-
gnize the zonal boundaries at any level, since they are
represented by single nodes.

It is necessary to point out that the apparent sym-
metry might be an artefact, owing to the use of abun-
dant species only. This simplification makes the model
more tractable mathematically and clearer to a non-
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Fig. 2. Hasse’s diagram of lattice R, where a single node
is the upper limit of a level, and it is marked by a Greek
letter. The other nodes are marked by a Greek letter with
a subindex, to show its algebraic development in Table 1.
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Table 1. Algebraic development of lattice R.
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Fig. 3. The inanimate property of living nature. a. Bottom sand with stones, supporting the organisms that inhabit
the sand. b. Depressions with sand accumulation under Mytilids, supporting similar organisms as the conditions in a.
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Fig. 4. Levels of the spatial distribution in the two areas of Fig. 3. Each level is represented by a capital letter (X,
Y) and a function (f) of these. A subscript signifies a species or stone. Lower case letters represent population or sto-
nes on a defined level. Also shown is the algebraic display and the Hasse’s diagrams of lattices M and S. Single nodes
indicate the upper limit of a level.



mathematician. Possible, if the entire community is con-
sidered the symmetry may disappear.

Southward (1958) asserts that it would really be asto-
nishing to detect a static condition given the variabili-
ty of environmental factors on the sea shore. Yet, the
model clearly shows that the general zonation pattern
remains invariant. Since structural properties influen-
ce the dynamics, it is important to take into account
that different individual elements may produce the sa-
me structure. So focussing on species composition (z.e.,
the taxonomic aspect), could lead one to neglect struc-
tural equivalences, and fail to observe how similar pro-
cesses may result from different structural elements.
The living Mytilids, substituted for stones, is an exam-
ple. The inanimate property of living nature may be ex-
tended to the condition of organisms acting as simple
substrates, such as beds of seaweed (Norton 1985), and
in general to any organism serving as substrate to epi-
phytic and epizoic organisms. The use of the algebraic
theory of lattices may permit representation of other
types of spatial distributions and patterns. Extension
of the model to combine it with fuzzy set theory is con-
templated.
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