Oecologia

«9 Springer-Verlag 1992

Interpretation of metameric architecture
in dominant shrubs of the Chilean matorral

it. Ginocchio and G. Montenegro

Departamento de Ecologia, Pontificia Universidad Catdlica de Chile, Casilla 114-D Santiago, Chile

Keceived May 18, 1991 / Accepted in revised form January 29, 1992

“ummary. The seasonal progression of phenophases in
1 shrub species of the Chilean matorral was analyzed.
i-ive “modules” or basic units that are responsible for the
2boveground architecture of the plants were charac-
i-nized. These modules appear to be organized in seven
Aillerent spatial arrangements. In drought-deciduous
pecies @ module type with an “absolute short shoot”
~ith limited apical growth, leafy or spiny, predominated.
In evergreen species “long shoot™ and “temporal lealy
hort shoot” module types were more frequent. The
patial arrangement of morphologically different mod-
ules und the temporal sequence of their formation allow
.+ dynamic interpretation of the modular architecture of
the plants.

ey words: Modular organisms — Mectameric growth —
vichitecture — Long shoot — Short shoot

In mediterrancan environments growth and plant bio-
mass are limited to a great extent by water availability
(beozlowski 1972; Mooney et al. 1977; Miller 1981,
Montenegro et al. 1989), temperatures (Mooney et al.
1977: Aljuro and Montenegro 1981; Miller 1981; Di
Castii 1981) and soil nutrients (Beadle 1966; Specht
1919; Mooney 1981; Lamont and Kelly 1988). These
cuvironmental factors display seasonal vanations limit-
/2 biological activity in plants to certain periods of the
ycar (Mooney et al. 1974) generating growth patterns
with a clear seasonal cycle (Montenegro 1987; Mon-
tcnegro et al. 1989), as has been observed for a variety
ot growth forms already described for dominant species
i mediterrancan plant communities of southern France
(Floret et al. 1989), Israel (Orshan 1989a), southern
Africa (Le Roux et al. 1989) and central Chile (Mon-
tenegro et al. 1989). These growth cycles result from an
interaction between the timing and type of development
ol renewal buds and organs that fall periodically due to
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senescence, in relation to the type of organs that remain
on the plant throughout the year (Brown 1971; Orshan
1989b). The dynamic sequence of these events allows the
interpretation of plant architecture and leads to the de-
termination of the diflerent module types responsible for
the specific type of architecture (Harper and Bell 1979,
Bell 1986).

Growth in woody plants has two components: incre-
ment of biomass - resulting from physiological processes
leading to net carbon, water and nutrient uptake — and
the orderly arrangement of this biomass in space (Kuppers
1989). This second component, resulting from branching
patterns, is generated by the addition of new components
to an existing framework (Bell 1986; Franco 1986). Brun-
ching patterns follow an intrinsic order of growth even
in the most complicated architectural system. A thor-
ough understanding of this sequence requires a knowl-
edge of the nature of the bulding blocks for a given
plant; in other words, the module types.

In this work a “module™ is the result of the develop-
ment ol an axillary or terminal bud: a branch or shool
unit (Halle and Oldeman 1970; White 1984; Watkinson
and White 198§6).

The purpose of this work was to identify the ditferent
module types responsible for the branching patterns of
the dominant species in the matorral of central Chile,
throughout their annual life cycles, and to determine the
timing and frequency of these different modules during
the growing season.

Materia! and melhbds

The study area was located along an cast-west altitudinal gradient
extending from sea level to the Andean foothills (1500 ma.s.l.) at
33° S latitude, within the central zone of Chile, with a semi-and
mediterrancun climate (Di Castri 1981; Quintanilla 1985). The
plant community structure corresponds in general to the “matorral”
type. Summer-deciduous shrubs, evergreen sclerophyll or mala-
cophyll shrubs, and herbaceous species are found umong the domi-
nants (Mooncy ct al. 1970, 1977, Montenegro ct ul. 1979, 1981).

The spocics analyzed are listed in Table 1 along with their
growth form and lcal phenology.
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Table 1. Classification and growth form of

specius studied E[’fchlf._s—"__“ o FAMILY GROWTI FORM
EVERGREEN .
Baccharis linearis Compasitie Malacophyll Shrub

Cestrum parqui
Colliguaja odorifera
Cryptocarya alba
Escallonia pulverulenta
Gutierrezia resinosa
Kageneckia angustifolia
K. oblonga

Lithrea caustica
Luma chequen
Maytenus boaria
Peumus boldus
Quillaja saponaria
Sophora macrocarpa
Tetraglochin alutum

SUMMER DECIDUOQUS
Bridgesia incisifolia
Flourensia thurifera
Fuchsia lycioides

Satureja gilliesii

Talguenea quinquinervia
Treuvaa (rinervis

‘Solanaceae

Euphorbiaceac
Lauraceae
Saxifragaceae
Compositac

Malacophyll Shrub
Scierophylt Shrub
Sclerophyll ‘Yree or Shrub
Malacophyll Shrub
Sclerophyll Shrub

Rosaceiae Sclerophyll Tree or Shrub
Rosaceae Sclerophyll Tree or Shrub
Anacardiaceac Sclcrophyll Shrub
Myrtaceae Sclerophyll Shrub
Celastraccac Malacophyll Tree or Shrub
Monimiaceae Sclerophyll Shrub
Rosaccae Sclerophyll Shrub
Leguminosac Malacophyll Shrub
Rosaccac Malacophyil Shrub
Sapindaccac Malacophyll Shrub
Compositac Malacophyll Shrub
Onagraceae Malacophyll Shrub
Labiataca Malacophyll Shrub
Rhamnaccace Spiny Malacophyll Shrub
Rhamnaceae Spiny Malacophyll Shrub

The seasonal progression of phenomorphological’ events was .
!*termined by random sclection of 10 individuals of each specics.
. ten shoots per shrub were marked at the level of the last feaf formed
«uring the previous growth period (Montencgro et al. 1979). The
poition of renewal buds, the flushing period, and the type of shoot
anwing from each bud were noted. Observations were carried out
once a week during the growth period apd each month during the
1est of the year. The annual cycles analyzed here are partly based
on information that has already been published clsewhere (Hofl-
mann 1972, 1981 Hut\'ma}m and Hoffmann 1976; Montenegro et
al. 1980, 1988, 1989). o
The module types formed by each species were obtained through
the analysis of the species growth cycles. A %2 test of homogenity
1£<0.05) was uscd to compare frequency of different modules
fetween evergreen and summer-deciduous species.

K’esults

'The modules found in the species analyzed allow us to
identify five basic structural units, originating from the
development of cither a terminal or an axillary bud (Fig. 1 ;
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nomenclature as in Orshan 1989b). Terminal buds were
lound to diflerentiate into either an inflorescence, or a,
vepetative long shoot (Fig. 1A and B) which has the
potential to continue growing vegetatively in the next
. -ason from its apical meristem. Axillary buds showed a
acater ontogenctic plasticity: they were able to differen-
tate into any of the five different module types found.
i3esides the modules already described, a temporal short
shoot may be developed, which may or may not flower
from its axillary buds (Fig. 1E). These temporal short
shoots will clongate producing a long shoot in the next
Lrowing season. .
Axillary buds may also give rise to an absolute short
<hoot with limited growth, in which casc their terminal
Fud produces an inflorescence (Fig. 1F), and an absolute

Fig. 1. Module types originating from the development of cither an
terminal or axillary bud. Mod-1ies 4 and ¢, inflorescences; Modules
8 and D, long shoots; Module E, temporal short shoot; module F,
absolute short shvot; Module ¢, ihurn. Nomenclature follows
Orshan ( 1989b)

short shoot that lignifics and diflerentiates into a thorn
(Fig. 1G).

The frequency of occurrence of the different modules
is shown in Fig. 2. Modules A and D appear more
frequeniiy and secn o be responsible for the -basic
metameric architecture of the plant. The less frequent
modules generate the principal differences observed in
the architecture of the matorral shrubs.
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Fig. 2. Frequency of occurrence of module types for all species
analyzed (1= 58)
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tig. 3. I'iequency of occurrence of module types for evergreen
shrubs (n=40) (durker shading). and summer-deciduous shrubs
(n=18) (lighter shading)

When evergreen and summer-deciduous shrubs are
compared in terms of the different modules found the
lollowing patterns emerge (Fig. 3). In evergreen specics
inflorescences or long shoos in apical position (modules
A and B respectively), and temporal short shoots in
axillary position (imodule E), predominate. In summer-
deciduous species axillary inflorescences (module C) and
absolute short shoots, both leaty (module F) and spiny
(module G), predominate.

The spatial arrangement of these basic modules ap-
pear to form seven different combinations. Four different
modules were the maximum found in any one particular
arrangement (Fig. 4).

The first modular combination or arrangement
(Fig. 4A) is shown by species whose terminal buds dif-
ferentiate into a reproductive structure, limiting vegeta-
tive development of the plant to axillary buds, which grow
directly into long shoots. Another type of arrangement
occurs when flowers develop only from axillary buds,
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Fig. 4A—G. Spatial arrangement of module types and the spec
that show each type of arrangement. Basal branch is heavily shad.
Figures show pereentage of species analyzed with that type

architecture. For full species names see Table |

and vegetative growth of the plant occurs from bo
axillary and terminal buds, developing long shoo
(Fig. 4B). These two types of arranigement appear to |
the most frequent; they are found in the architecture |
67% of the species analyzed. A variation of the sccon
arrangement is observed in Fuchsig:Jycioides (Fig. <

which, in addition to generating vegetative growi
throughout the development of both axillary and apic.
long shoots, can also differentiate absolute short shoo:
in an axillary position.

Another modular arrangement is seen in Sarure,
gilliesii and Gutierrezia resinosa (Fig. 41)), in which U,
formation of a long shoot occurs only by the clongatio
of a temporal short shoot; these long shoots have limitc
growth duce to apical lowering,

‘The arrangement shown in Fig. 4E is formed by th,
combination of temporal and absolute short shoots in «
axillary position, along with the formation of long shoot
by elongation of the temporal short shoots.

The last two modular combinations include plani
that devclop absolute short shoots, transformed int.
thorns by lignification. Talyuenea quinguinervia und 11
voa trinervis (Fig. 4F) both develop long shoots directl
from axillary buds which, in turn, will form two types «
short shoots: absolute Iealy shoots flowering at the ape:
and spines. The most complex architecture found wa
that of Tetraglochin alatum (Fig. 4G), in which lon.
shoots may originate from the growth of temporal sho



Y

Table 2. Frequency of formation of the different modules for (a) all
species analyzed, and (b) for each growth form; right half, evergreen
shrubs; left half, summer-deciduous shrubs

a

A B C D E F G
Autumn - - - - - - -
Winler 0.19 037 028 048 025 075 -
Spring 0.28 0.6 044 0.52 050 - 1.00
Summer 0.55 - 0.28 - 025 025 -
b

A B C D E F G

Winter 022 0.7 020 033 033 - =
(1.00) ()

(=) (1.00) (0.50) (U.83) (-)
Spring 022 083 040 067 033 - 1.00
0.50) (-) (0.50) (0.17) (1.00) (=)  (1.00)
Summer 0.56 - 040 -

033 100 -
0.50) (=) ©) (o T C T I

shoots, or from the apical meristem of the basal long

shoot. Some axillary buds produce spines; the plant
flowers from axillary buds located on temporal short
shoots. _

The overall frequency of formation of the different
modules in all species analyzed showed a marked sca-
sonality (Table 2a). Most of the modules are formed in
spring — apical and axillary long shoots, axillary in-
florescences, temporal short shoots and thorns — while
absolute short shoots and apical inflorescences are formed
gi winter and summer, respectively. Growth doces not
take place during autumn.

Diflerences were also found between evergreen and
summer-deciduous shrubs. In evergreen specics (Table
2b) the peak formation of absolute short shoots occurs
in summer, at the end of the growing season, while in
deciduous shrubs growth begin with the formation of ab-
solute short and long shoots. Temporal short shoots in
deciduous species appear in spring, while in evergreens
they are formed regularly throughout the growing sca-
son.

Discussion

The development of terminal and axillary buds may
gencerate different growth modules which could also rep-
resent a specific adaptation to the environment. The
module units that produce vertical vegetative growth are
the long shoots and the temporal short shoots, in cither
terminal or axillary position (Fig. 1). Temporal short
shoots do not allow plants to grow as tall as long shoots,
because little or no internodal clongation occurs during
development (Brown 1971). Species that produce only
shoots with short internodes have slower vertical growth
than those species that also develop shoots with long
internodes.

Given that the most important environmental re-
source for plants is probably hight (Horn 1971), the occu-

pation of a higher stratum above ground may give a
competitive advantage over shorter plants (Lovell and
Lovell 1985), because the capture of space is a means ol
gaining access to more resources (Franco 1986).

Terminal and axillary inflorescences represent a dif-
ferentiation of basic modules into structures with a spe-
cific function, i.e. sexual reproduction. Temporal and
absolute short shoots permit rapid replacement of leal
arca 1o increase photosynthetic capacity  with  low
amounts of resources and eflfort expended in the forma-
tion of internodes. The development of thorns has been
interpreted as (undamentally an adaptation apainst
mammalian herbivores (Cooper and Owen-Smith 19806)
or as a mechanism to reduce transpiration in arid zones.
(Orshan 1954).

This partitioning of functions into specialized basic
architectural units gives more plasticity to the plant, and
the proportion of modules assigned to different roles is
strongly dependent on interactions with their environ-
ment (Lovell and Lovell 1985; Barthclemy 1986; Got-
tliecb 1986; Hardwick 1986). Specics able to increase
photosynthetic capacity within the constraints imposcd
by the mediterrancan climate will be able to allocate
more energy for reproduction as well as defense against
herbivores -two important aspects in the species com-
petition (Solbrig and Orians 1977).

The differences found in distribution of various mod-
ules among different growth forms (Fig. 3) can be related
to the type of cnvironment wherce cach of them predomi-
nate. Corrclations between growth habit and environ-
ment have long been known, suggesting that particular
architectures and their fundamental branching patterns.
are adventageous in particular habitats (Mcenges 1987,
Kippers 1989).

In general summer-deciduous species, which d
nate at the xcric edge of the environmental grac.
(Armesto ct al. 1979; Montencegro et al. 1985), show
predominance of absolute short shoots that origmatc
from basal long shoots at the begining of the growing
season. These absolute short shoots produce most of the
foliage during the “short period in which vegetative
growth can occur (Brown 1971; Montencegro ct al. 1988,
1989) — when optimum soil moisture and temperature
conditions prevail. The majority of reproductive struc-
tures in summer-deciduous species develop from both the
terminal and axillary buds of the absolute short shoots
making abundant flowering possible. Because resource
investment in the formation of internodes is low, more
resources can be assigned to the formation of reproduc:
tive organs. At the end of the vegetaitive and reproduc-
tive periods, the plants shed their absolute short shoots
and their long shoot leaves, lowering maintenance cos
of these structures (Orians and Solbrig 1977; Lovell and
Lovell 1985).

Temporal short shoots were associated predominant-
ly with the cevergreen habit (Fig. 3), which dominatet
the mesic edge of the environmental gradient (Armeste
et al. 1979; Montencgro ct al. 1985). This module main-
tains the leaves in evergreens towards the end of the
growing scason, when environmental conditions become
hmiting. In the next growing scason, when precipitation



and temperature conditions are adequate, the internodes
ol these short shoots elongate, increasing the vertical
stratification of the system.

The growth habit of long shoots, with a rapid elonga-
tion of internodes followed by dormant periods, predo-
minated in evergreen species (Fig. 3), apparently re-
presenting an adaptation to the stress period but also
producing a wide range of vertical stratification, allowing
the association of different species within the community
(Brown 1971; Kuppers 1989).

Besides the differences found in the distribution of
module types between evergreen and summer-deciduous
species (Fig. 3), the dissimilar peaks of modular forma-
tion (Table 2b) are a sign of the way in which each
growth form exploits the environmental resources.

Architecture and growth dynamics in matorral shrub
species are determined by the spatial and temporal or-
ganization of the different modules described. The dif-
ferent spatial arrangement of the modules permits the
construction of a great variety of plant architectures
(Fig. 4), and the variability in architectural construction
is greater if the sequence and temporal formation of each
of these modules is also considered (Montenegro and
Ginocchio 1991). ‘
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