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Summary. The interaction of clonal plants with the environment is strongly
conditioned by their architecture. Despite their success regarding geographical
distribution and capacity of colonization, there are few detailed studies on clonal growth
of “phalanx” species. We analysed intratussock tiller distribution and biomass of the
South American “phalanx” clonal alien, Spartina densiflora, in an invaded salt marsh
located in the Gulf of Cadiz (SW Iberian Peninsula). Appearance of central die-back,
necromass biomass and mean live tiller height showed a direct relationship with tussock
size. Intra-tussock densities of live tillers (10000 tiller m2) and above-ground biomass
(12000 g D W m?) were higher than in other Spartina species with “guerrilla” clonal
growth. However, below-ground biomass values (4800 g D W m?) were similar. Clonal
growth traits, as high densities of live large tiller and high below-ground biomass,
together with an integrated clonal functioning would prevent the colonization by other
species of S. densiflora tussocks in the studied European invaded salt marsh, in contrast
with the facilitation processes described in its original habitat.

Resumen. Las interacciones de las plantas clonales con el medio ambiente estdn
fuertemente condicionadas por sus arquitecturas. Sin embargo, son escasos los estudios
detallados de la arquitectura de especies con crecimiento clonal en “falange”, a pesar
del éxito ecolégico que poseen, reflejado en su distribucién geogréfica y capacidad de
colonizacién. En este estudio analizamos la distribucién de tallos y la biomasa de los
clones de Spartina densiflora, una especie sudamericana clonal con crecimiento en “fa-
lange” invasora del Golfo de Cédiz (Suroeste de la Peninsula Ibérica). La aparicién de
degeneracién en el centro de los clones (“‘dye-back™), la densidad de necromasa y la
altura media de los tallos vivos se relacionaron directamente con el tamafio del clon.
Se registraron densidades de tallos vivos (10000 tallos m?) y valores de biomasa aérea
(12000 g m?) muy elevadas en comparacién con otras especies de Spartina con creci-



62 Intratussock tiller distribution and biomass of Spartina densiflora Brongn...

miento clonal en “guerrilla”. Sin embargo, las altas densidades de biomasa subterrdnea
(4800 g m?) fueron similares a las de otras especies. Caracteristicas del crecimiento
clonal de S. densiflora, como una densidad elevada de tallos altos y biomasa subterra-
nea muy alta, junto con un funcionamiento integrado entre ramets, prevendrian la colo-
nizacién del interior de sus clones por parte de otras especies, lo cual contrasta con los
procesos de facilitacién descritos en su hébitat original.

INTRODUCTION

Clonal plants have a wide geographical distribution and high ability to
colonize very different environments (SILANDER 1985). Their interactions with
those environments are determined -to a great extent- by their architecture
(HARPER 1985, HERBER & HARA 1997). Since their architecture may change
in time, individual plants of different age states may play different roles in a
plant community. Thus, studies about shoot distribution in clonal perennial
plants should pay intensive research, allowing substantial advances in our
understanding of the functioning of these species, and of their roles in plant
community structuration (SUZUKI & HUTCHINGS 1997).

At times, the density of live tillers decreases in the center of clones. This
process has been called “central die-back” and it has been described in
numerous species with a “guerrilla” (LOVETT DOUST & LOVETT DOUSTT, 1982)
growth form (CALDWELL, 1957; ADACHI & al., 1996). Sometimes, central die-
back is associated with the colonization of species that are characteristic from
later succession (CASTELLANOS & al., 1994).

In contrast to “guerrilla”-type clonal plants, the phenomenon of central die-
back has not been demonstrated in clonal plants with “phalanx” growth (LOVETT
DousT & LoOVETT DousT 1982). There have been few detailed studies of clonal
species with “phalanx” growth (GATSUK & al., 1980; BULLOCK & al., 1996),
even though they are common in many ecosystems (GROENENDAEL & al., 1996).

Spartina densiflora Brongn. is a South American clonal perennial species
(MOBBERLEY, 1956), which has invaded some North American marshes
(KITTELSON & BOYD, 1997) and began, probably in the 16th century, the
invasion of the European continent from the Odiel Marshes (SW Spain) (CAS-
TILLO & al., 2000). Nowadays, S. densiflora has colonized ten estuaries in
South-western Europe and it is still spreading to other Spanish and Portuguese
localities. In South-western European salt marshes, S. densiflora grows in very
dense tussocks (FIGUEROA & CASTELLANOS, 1988), covering virtually all the
space available, resulting in vast areas with low species biodiversity (NIEVA &
al., 2001), locally known as “Spartina seas”. This contrasts with the situation
in S. densiflora and §. argentinensis Parodi -two very similar species-
communities in South America, where species as Rumex pulcher L., Solidago
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chilensis Meyen and Neptunia pubescens Benth. are positively associated with
intra-tussock central die-back areas (CARNEVALE & al., 1987; LEwis & al.,
1990).

The main aims of this study are to analyse in detail the intratussock tiller
distribution and biomass of S. densiflora tussocks in a SW European marsh and
to determinate whether central die-back occurs. Finally, we discuss briefly
possible influences of S. densiflora clonal architecture on invaded SW European
marshes, in comparison with the role played by this cordgrass species in South
America.

MATERIAL AND METHODS

The Odiel marshes are extended in 7185 ha on the Gulf of Cadiz, SW Spain
(372 08" - 20"N, 62 45 - 7° 02°W). They form one of the largest salt marsh
complexes of the Iberian Peninsula (LUQUE & al., 2000). These marshes are
located in a coastal area with Mediterranean climate and a mesotidal
semidiurnal character. Mean tidal range is 2.10 m and mean spring tidal range
is 2.97 m, 0.40 - 3.37 m above Spanish hydrographic zero (CASTELLANOS &
al., 1994). The Odiel Marshes were declared a Biosphere Reserve by UNESCO
in 1983, and include a Special Area for Birds Protection declared by the
European Union. Their strategic position, at the Euro-African and Atlantic-
Mediterranean crossroads, accentuates their great ecological interest.

In order to study the clonal architecture of S. densiflora, thirteen isolated
tussocks of different sizes were sampled using a stratified random method at a
low marsh habitat between October of 1996 and February of 1997. Sediment
redox potential at the sampling site was -95 £ 26 mV (n = 5) at surface from
0-10 cm -it was determined with a portable meter and electrode system
calibrated in the field (Crison pH/mV p-506). Sediment interstitial water
conductivity was 2.0 £ 0.1 mS cm™ (n = 5) -it was determined with a
conductivity meter (Crison-522).

The area occupied by a tussock was considered as a circle. Larger tussocks
were close to the maximum size this species reaches in SW European marshes.
Tussocks were removed to a depth of 20 cm with a shovel. Almost all the
below-ground biomass was removed, since 90% of S. densiflora subterranean
biomass is found in the first 20 ¢cm deep layer (NIEVA & al., 2001).

From each tussock, every tiller was cut, one by one, and the following va-
riables were recorded: whether it was alive or dead, flowered or not, height of
live tillers and distance from the tiller base to the geometric center of the
tussock. Tiller densities were calculated in successive 1 cm wide concentric
rings.
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Each tussock was divided in above-ground dead and live biomass and below-
ground biomass and each fraction was weighed with a precision balance (Denver
Company Instrument), after achieving constant dry weight (DW) through a 48
hour treatment with a forced-air heat cabinet at 80 °C,

Pearson correlation coefficient was calculated for correlation analysis
between tussock traits. Outlier values were detected (using a standard residual
method) and removed from data series before correlation analysis. Student’s test
(T-test) for independent samples was used to compare tussocks traits (STEEL
& TORRIE, 1960). Data were tested for variance homogeneity with Levene test,
with a meaning level of 95%, and transformed by square root function when it
was necessary. All statistical analyses were performed using the computer pac-
kage “Statistica” version 5.0 Stat-Soft Inc. (1995).

Determination and nomenclature of plant taxons was carried out following
to TUTIN & al. (1964-1980).

RESULTS

Intra-Tussock tiller distribution

The area of S. densiflora tussocks ranged between 12.6 and 3848.5 cm?.
Alive and dead tillers in S. densiflora tussocks were found in concentric rings
of high and low density, which were alternating along tussock radius. This ramet
distribution pattern reflected a growth way developed through successive tiller
cohorts. In smaller tussocks only one high-density ring of living tillers was
detected, increasing to three in larger ones (Fig. 1).

Alive tillers distribution along tussock radius varied with its size. In smaller
tussocks the highest densities of live tillers were recorded in central areas, with
mean values between 10000 and 30000 tillers m*2. However, in larger tussocks
the highest densities of living tillers, close to 10000 tillers m™, were found in
intermediate areas, decreasing gradually towards central and outer zones (Fig.
1). On the other hand, living tiller density decreased with tussock radius
following a logarithmic response (r = -0.66, p < 0.05, n = 13) (Fig. 2),
oscillating between 1204 and 34843 tillers m™ (Table 1).

Mean living tiller height increased linearly with tussock size (r = 0.89, p <
0.0001, n = 12) (Fig. 2). It was uncorrelated with living tiller density (r = -0.26,
p < 0.39), with maximum values close to 75 cm and little intra-tussock
variations (Table 1).

A distinct central die-back phenomenon was observed in larger tussocks. It
was reflected as a linear decrease, with tussock size, in living tiller density in
central areas — in the first 5 cm of tussocks with a radius larger than 10 cm -
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Fig. 1. Live (-O-) and dead (... tiller density (tillers m) along the radius for three different
sized tussocks of Spartina densiflora in Odiel Marshes.

(r=-0.81, p < 0.05, n = 7). Thus, living tillers were always more abundant than
dead ones (T-test = 5.73, df = 24; p < 0.0001), except in central areas of larger
tussocks where dead tillers densities were higher (Figs. 1 and 2).

Flowered tiller density was not directly related with tussock size, with a
mean of 1630 £ 351 flowered tillers m? (Table 1). Flowered tillers showed the
same distribution pattern with regard to the tussock radius than living tillers did.
Thus, in smaller tussocks highest densities were recorded in the central areas
(1000 and 8000 flowered tillers m™, respectively), whereas in larger tussocks
the greatest number of flowered tillers was observed in intermediate areas (4000
flowered tillers m).
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Tussock Live Dead Flowering Total Live BGB/

area tillers tillers tillers tillers tillers AGB
density density density density height

12.6 34843 0 0 34843 15.7 £ 8.0 0.3
28.3 4708 942 314 5650 123 £ 1.6 0.6
78.5 11649 201 0 11850 21.6 £ 1.7 0.7
113.1 17832 922 1845 18754 30313 0.7
201.1 15131 917 2017 16048 454 + 1.8 0.5
254.5 7388 0 1705 7388 24.8 £ 3.1 0.8
530.9 12219 0 4035 12219 652+ 1.5 0.3
706.9 9071 659 3481 9730 514+ 1.8 0.3
1017.9 9317 5084 1563 14401 497+ 1.1 0.5
1661.9 7100 4757 970 11857 543+ 1.0 0.4
1963.5 7594 2767 1664 10361 64.6 £ 0.9 0.7
2290.2 8314 2155 2858 10469 752 £ 4.0 0.3
3848.5 1204 1758 734 2962 274 £ 1.8 1.1

Table 1. Area (cm?), live, dead and total tiller densities (tillers m-2), live tillers height (cm) and
below-ground/live above-ground biomass ratio (BGB/AGB) of Spartina densiflora tussocks in Odiel
salt marshes. (Mean + SEM).

Dead tiller densities increased linearly with tussocks size (r = 0.57, p < 0.05,

= 13), with a maximum close to 5000 tillers m (Table 1). For all tussocks,

regardless of size, the highest densities of dead tillers were recorded in central

areas -the oldest clone parts. In smaller tussocks dead tiller density was never

above 2500 tillers m2, whereas in larger tussocks it was up to 15000 tillers
m? in central areas (Fig. 1).

As in the case of living tiller density, total tiller density decreased with
tussock size, showing a logarithmic response (r = 0.67, p < 0.05, n = 13), with
values close to 10000 tillers m™ in larger tussocks (Table 1). Maximum total
tiller densities were recorded in central areas in every tussock, decreasing
gradually towards their edge (Fig. 1).

Tussock Biomass

Above-ground dead and live biomass increased linearly with tussock radius
r=0.78,p<0.005,n=12; r=0.72, p < 0.01, n = 12, respectively), reaching
values up to 3000 g DW m in larger tussocks. On the other hand, above-ground
total biomass increased with tussock size following a logarithmic curve (r =
0.79, p < 0.05, n =13) (Fig. 2). Above-ground live biomass was uncorrelated
with living tiller density (r = -0.13, p < 0.66; n = 13) and increased linearly
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Fig. 2. Relationship between (1) live tiller density (tiller m'?), (2) mean live tiller height (cm), above-
ground (3) live, (4) dead and (5) total biomass and (6) below-ground biomass (g DW m?) with
tussock radius (cm) of Spartina densiflora in Odiel Marshes. Regression ecuations: (1) y = 25892.0
~6168.5 log (x); () y = 15.1 +2.1x;(3)y = 24326 + 384.5x; (4) y =-715.0 + 134.0 x; (5) y
= 3751.5 log (x); (6) y = 1440.2 log (x).

with mean living tiller height (r = 0.93, p < 0.0001; n = 12). Above-ground live
biomass was higher than dead biomass in every tussock (T-test = 4.59, df = 24,
p < 0.0001).

On the other hand, below-ground biomass increased with tussock size,
showing a logarithmic response (r = 0.86, p < 0.05, n = 12) (Fig. 2). In larger
tussock, it oscillated around 4000 g DW m?, reaching a maximum of 6234 g
DW m2. The ratio below-ground biomass/above-ground live biomass oscillated
between 0.3, recorded in the smallest and in the second highest tussocks, and
1.1, recorded in the highest one (Table 1).
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DISCUSSION

This study shows in detail that, in a European marsh, S. densiflora grows
in tussocks no bigger than 1 m in diameter, with high densities of large live
tiller and high biomass densities, developing central die-back areas that remain
occupied by high necromass levels.

S. densiflora tussocks colonize surrounding bare sediments by successive
series of short rhizomes, which is reflected in concentric and alternating rings
of live and dead tillers with low and high densities. This clonal growth has been
described before for other species of the genus Spartina with guerrilla growth
(CALDWEL, 1957; CASTELLANOS & al., 1994).

Intra-tussock live tiller densities and above-ground biomass recorded in this
study for S. densiflora are considerably larger than values of other Spartina
species with “guerrilla” growth, such as §. alterniflora Lois. (BERTNESS, 1991;
DAl & WIEGERT, 1996), S. anglica Hubbard (OLIVER, 1925) and S. maritima
(Curt.) Fernald (CARTAXANA & CATARINO, 1997; CASTELLANOS & al., 1998;
COSTA & al., 2001). This clonal trait shows that S. densiflora is able to develop
a more aggressive growth way than the other three Spartina species. Clonal
physiological integration between ramets and stored resources in subterranean
systems may contribute to a great extent to keep these high tiller densities
(Suzuk1 & HUTCHINGS, 1997), as it was pointed out before for Spartina patens
(HESTER & al., 1994).

A clear central die-back has been observed with increased tussock size,
recorded as a decrease in living tiller density in central areas. At the same time,
an accumulation of dead tillers in central die-back areas happened. This
provoked that total tiller density, however decreased with tussock size, showed
always high values, close to 12000 tiller m™.

On the other hand, the high values of below-ground biomass recorded in this
study are in agreement with BEGON & al. (1996) that pointed out the highly
developed below-ground system of the genus Spartina, and they are similar to
values recorded for S. maritima (CARTAXANA & CATARINO, 1997). This
accumulation of below-ground biomass in perennial plants carries out different
functions as store of carbohydrate reserves and fixation to the substrate in high-
energy environments as tidal salt marshes (ADAM, 1990).

Above-ground live biomass was directly and linearly correlated with mean
live tiller height, both variables increasing with tussock size. On the other hand,
live tiller height showed low intra-tussock variation, which reflects allocation
of assimilates to storage organs early in the growing season, avoiding intra-
tussock ramet competition (SUZUKI & HUTCHINGS, 1997). This is supported by
the recorded independence between live tiller density and both live tiller height
and above-ground live biomass. It has been suggested that shoot density in
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perennial clonal species is controlled externally rather than internally (DE
KRrROON, 1993). For example, differences in canopy architecture may regulate
the spectral composition of radiation that filters to the base of tillers (PORTER,
1989), which controls in some grasses the rate of tiller initiation (DEREGIBUS
& al., 1985). However, shoot density may also be restricted internally by the
production of buds. Thus, the high occupation of space by standing necromass
and rhizomes recorded in larger S. densiflora tussocks may affect intra-tussock
ramet emergence, by decreasing buds production. Clonal species behaving in
this way will often grow as dominant stands of vegetation, which can persist
for long periods (GRIME, 1979). Both hypothesis of external and internal con-
trol of intra-tussock tiller density are supported by the fact that during the first
year of sprout after fires, when standing biomass has been eliminated, the net
primary productivity of S. densiflora tussocks is higher than in populations not
disturbed by fire (NIEVA & FIGUEROA, 1997).

Below-ground biomass/above-ground live biomass ratio did not show a clear
pattern regarding tussock size; changes of this ratio with tussock size are
difficult to interpret at the light of this study. The highest value (1.1) was
recorded in the highest tussock that showed low density of short living tiller.
However, most of the tussock registered values close to 50 %, since both, above
and bellow biomasses, increased with tussock size. This value is lower than that
of other Spartina species (CARTAXANA & CATARINO, 1997; ORNES & KAPLAN,
1989). Thus, although S. densiflora below-ground biomass was similar to that
of other species of the same genus, the high above-ground biomass figures made
this ratio to be lower.

In South America, the original region of S. densiflora where it comes from,
it acts as a facilitator for the colonization of several species, enhancing diversity
of communities (LEWIS & al., 1985; CARNEVALE & al., 1987). Clonal traits
described in this study, as high densities of live large tillers -which would favour
necromass accurmulation in central die-back areas- and high below-ground
biomass, together with an integrated clonal functioning, would prevent the
colonization by other species of S. densiflora tussocks. Inside S. densiflora
tussocks would dominate unfavourable conditions to growth, as lack of radiation
and soil depletion (LEWIS & al., 1990). MCCONNAUGHAY & BAZZAZ (1992)
point out that the simultaneous lack of space and light created severe conditions
for development. Similarly, MAULE & al. (1995) described as Tradescantia
fluminensis, an alien weed in New Zealand forests, forms a dense tussock,
preventing survival of native species. MCCONNAUGHAY & Bazzaz (1992)
showed as the intense occupation of the below-ground space in perennial
grasslands is a key ecological factor limiting the growth of potential colonizers.
In general, it has been described as “phalanx” growth results in the occupation
of the original site for long periods and the obstruction of colonization by other
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species (BEGON & al., 1996). The different roles played by S. densiflora in SW
European and South American salt marshes may be related with intra-specific
differences in clonal growth traits and/or to differences in community
composition. So, above-ground biomass values presented in this study and in
others works in European estuaries (FIGUEROA & CASTELLANOS, 1988; NIEVA
& al., 2001) exceed those recorded in South American marshes of S. densiflora
(SORIANO-SIERRA, 1990; SILvVA & al., 1933).

Species combining capability of both, long-distance dispersal and short-
distance spread, are among the most successful invaders (KORNAS, 1990; MAL
& al., 1992). S. densiflora shows an aggressive clonal growth in a South-western
European low salt marsh, which together with its high production of viable
seeds (KITTELSON & BOYD, 1997), denotes a high invasive potential. Thus, S.
densiflora grows covering virtually all the space available in vast areas of
marsh, with very short distance between adjacent tussocks, contributing to
decrease in biodiversity on European marshes (FIGUEROA & CASTELLANOS,
1988).
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