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INTRODUCTION

Seagrasses are clonal plants (Fig. 1) that rely on
asexual reproduction via growth and branching of rhi-
zome apical meristems (RAMs) along with the disper-
sal and recruitment of vegetative fragments for popu-
lation maintenance and proliferation (Tomlinson 1974,
Dawes 1981, Hemminga & Duarte 2000). The ability of
seagrass meadows to recover from disturbance and
expand vegetatively into adjacent areas is determined
by (1) the growth rate of the primary RAM; (2) the fre-
quency of branch formation, branching angle and the
growth rate of branches; and (3) the production, trans-
port and recruitment of clonal fragments (Tomlinson
1974, Marbà & Duarte 1998, Hemminga & Duarte
2000, Kenworthy et al. 2002). Rhizome RAMs are phys-

iologically active tissues that require a supply of solu-
ble carbohydrates and nutrients to support cell divi-
sion, the formation of new plant parts and growth
(Tomlinson 1974, Duarte & Sand-Jensen 1996, Terra-
dos et al. 1997b). Additionally, young ramets (short
shoots and their associated roots and rhizome sections)
that have not yet reached a mature height in the leaf
canopy, where they can gain sufficient light for net
photosynthesis, also require some degree of support
from older parts of the clone. As a result, the young,
growing portion of a seagrass clone (which we refer to
as a rhizome runner, and which is comprised of a RAM,
a section of rhizome and attached ramets [Fig. 1]) may
act as a physiological sink, drawing nutrients and car-
bohydrates from older portions of the clone (Libes &
Boudouresque 1987, Tomasko & Dawes 1989, Duarte &
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Sand-Jensen 1996, Hemminga & Duarte 2000, Marbà
et al. 2002). Therefore, information concerning apical
dominance and clonal integration, 2 physiological pro-
cesses that control RAM branching and growth, are
essential to understanding formation, maintenance
and expansion of seagrass meadows.

Apical dominance is defined as the control of ramet
or lateral branch formation exerted by the RAM, and is
typically thought to function through the release of
hormones translocated from the RAM through the rhi-
zome to suppress branch formation at other growth
sites (Little & Jones 1980, Cline 1991, Salisbury & Ross
1992, Callaghan et al. 1997, Watson et al. 1997). This
hormonal signal is diluted with distance from the RAM
and as a result, branching sites removed from the RAM
may be released from apical dominance. Destruction of
the RAM can also result in loss of the hormonal signal
and release from branch suppression. Since monitor-
ing and measuring hormone production is technically
difficult and expensive, growth response to physical
manipulations is commonly used to infer hormonal
activity (Salisbury & Ross 1992, Terrados et al. 1997a,
Watson et al. 1997).

Environmental conditions can effect the expression
of apical dominance. Increased light availability and
alterations in the red-to-far-red light ratio associated
with canopy disturbances and gap formation have
been reported to release plants from apical domi-
nance, resulting in proliferative branching patterns
(Cline 1991, Salisbury & Ross 1992, van der Hoeven &
During 1997). Plants growing into localized zones of

higher nutrient availability or altered sediment charac-
teristics may also exhibit a release from apical domi-
nance and increased branching (Cline 1991, Duarte &
Sand-Jenson 1996, van Tussenbroek et al. 2000).

Van Tussenbroek et al. (2000) reported evidence for
apical dominance in the seagrass Thalassia testudinum
and documented the existence of dormant meristems
that could be activated by adding nutrients, thereby
significantly increasing branching rates. Terrados et
al. (1997a) demonstrated that apical dominance was
exhibited in the seagrass Cymodocea nodosa and
showed that the probability of branching for the ramet
closest to the RAM increased significantly if the meri-
stem was removed. Their results also indicate that total
plant production decreased with removal of the RAM,
most likely due to wound response and the shunting of
energy from normal growth to the production of new
RAMs. In contrast, Cabaço et al. (2005) determined
that apical dominance was not exhibited in the sea-
grass Zostera noltii.

Clonal integration, defined as the physiological link-
age between individual ramets in a clone, involves the
sharing of resources such as nutrients and carbo-
hydrates, and requires the maintenance of a physical
connection between plant modules (Little & Jones
1980, Salisbury & Ross 1992). Using manipulative field
experiments, Terrados et al. (1997b) reported that both
RAM growth and new ramet formation in Cymodocea
nodosa are dependent on the translocation of
resources from older ramets. By severing or leaving
intact the rhizome connections between shaded and
unshaded ramets, and measuring soluble carbohydrate
levels, Tomasko & Dawes (1989) detected physiologi-
cal integration in Thalassia testudinum. In a subse-
quent study of transplanted T. testudinum clonal frag-
ments, Tomasko et al. (1991) observed higher mortality
and lower growth in smaller fragments compared to
larger fragments and intact runners. Evidence for
clonal integration has been reported for Syringodium
filiforme, as shaded plants connected to unshaded
plants maintained higher concentrations of soluble
carbohydrates in the leaves and rhizomes than did
shaded, isolated plants (Rey & Stephens 1996). Long-
distance translocation of nutrients and carbohydrates
has also been observed in the tropical seagrasses C.
serrulata, Halophila stipulacea, Halodule uninervis,
Thalasodendron ciliatum and Thalassia hemprichii,
and in the temperate seagrasses C. nodosa, Posidonia
oceanica, and Zostera noltii (Libes & Boudouresque
1987, Marbà et al. 2002).

Many seagrass species grow in shallow water and
are subject to both natural and anthropogenic distur-
bances, including grazing by sea turtles, manatees,
rays and sea urchins, excessive water motion and ero-
sion events associated with storms, dock construction,
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Fig. 1. Syringodium filiforme. (A) Location of the rhizome
RAM. (B) Box indicates Number 4 (4th youngest) ramet

(including short shoot) on the rhizome runner
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dredging, commercial fishing using dragged gear, and
propeller dredging. These disturbances are capable of
removing shoots from rhizome sections and cutting
rhizomes, thereby severing the connection of ramets
with the RAM (Zieman 1982, Sargent et al. 1995, Fon-
seca et al. 1998, Hemminga & Duarte 2000, Lefebvre et
al. 2000, Kenworthy et al. 2002, Cabaço et al. 2005).
The degree of apical dominance and physiological
integration exhibited by seagrass species should play a
large role in determining how species respond to these
disturbances. This paper provides experimental evi-
dence for the existence of apical dominance and the
importance of clonal integration to apical growth in the
seagrass Syringodium filiforme, and discusses the
implications apical branching and physiological inte-
gration patterns have on population maintenance,
recovery from disturbance events, and exploitation of
new environments.

MATERIALS AND METHODS

The existence of apical dominance and the impor-
tance of clonal integration to apical growth in
Syringodium filiforme were determined using 2 field
and 2 mesocosm experiments, which manipulated
RAMs, rhizome length and the number of shoots on
rhizome runners. For all experiments the plant mat-
erial was either sampled or collected along the
edges of unvegetated patches in a nearly monospecific
S. filiforme meadow adjacent to Sprigger Bank
(24° 54.73’ N, 80° 56.19’ W) on the western border of
Florida Bay, Florida, USA. The mesocosm experi-
ments were conducted in Sunset Cove (25° 04.46’ N,
80° 27.36’ W) in the northeastern portion of Florida Bay.
Additional evidence for apical dominance was derived
by analyzing morphological differences observed in
plants growing from a dense seagrass meadow into an
unvegetated area, also in the vicinity of Sprigger Bank.

Field experiments. To initiate the field experiments,
several adjacent, soft-bottom unvegetated patches
with a minimum diameter of 2 m were located and
identified. We selected 120 Syringodium filiforme rhi-
zome runners growing into the unvegetated patches
from the bordering meadow and randomly assigned
them to one of 6 treatment groups, with 20 runners in
each group distributed haphazardly along the edges of
the unvegetated patches. Rhizome runners were
tagged with numbered, color-coded plastic cable ties
placed around the rhizome between the first and sec-
ond ramet behind the RAM (Fig. 2). The 6 experimen-
tal treatment groups consisted of (1) Control = tagging
only, with no additional manipulation of rhizome or
ramets; (2) Apical cut = tagged runners with the rhi-
zome RAM removed; (3) 3-Cropped = tagged runners

with the third, fourth and fifth shoots removed by cut-
ting the vertical stems immediately above the insertion
points on the rhizome; (4) 6-Cropped = tagged runners
with the third through eighth shoots removed; (5) 7-
Cut = tagged runners with the rhizome cut behind the
seventh ramet; and (6) 4-Cut = tagged runners with the
rhizome cut behind the fourth ramet. After tagging and
manipulating each runner, the distance between the
RAM and the first ramet was measured and recorded.
The presence, position and length of any branches
within 10 ramets of the RAM were also recorded. Run-
ners were allowed to grow for 5 to 6 wk before being
harvested for analysis.

In 1999, runners from the apical cut treatment were
harvested by following the runner as far back behind
the tag as possible, before cutting the rhizome and
extracting it from the sediments. Runners from the
other treatment groups were harvested by cutting the
rhizomes one ramet behind the tag and collecting the
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Fig. 2. Treatments used in field experiments. See ‘Materials
and methods, Field experiments’ for further details
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new growth. In 2000, runners were harvested collect-
ing as much material behind the tag as possible for all
treatment groups. The number of new ramets pro-
duced by runners during the growth period was deter-
mined by counting the ramets or rhizome internode
scars in front of the tags and subtracting one, since the
tags had been placed behind the first ramet. Rhizome
growth was determined by measuring the length of the
rhizome in front of the tag and subtracting the distance
between the RAM and the first ramet that had been
recorded at the start of the experiment. The number,
position and lengths of branches were recorded and
compared to the data collected at the start of the exper-
iment to determine branch formation and growth. New
biomass produced by the runners during the experi-
ments was rinsed to remove adhering carbonate mate-
rial, dried at 60°C and weighed.

Evidence for apical dominance in Syringodium fili-
forme was determined by comparing the numbers and
positions, relative to the RAM at the start of the exper-
iment, of branches and new rhizome RAMs formed on
runners from the apical-removed and control treat-
ments. The importance of clonal integration for apical
growth was determined by comparing the numbers of
ramets produced, rhizome growth and total new bio-
mass of control and manipulated runners. Data were
tested for normality and homogeneity of variance prior
to using 1-way ANOVA followed by Student-Neuman-
Keuls test (SNK) with an α = 0.05 to test differences
among treatments.

Field monitoring. During the summer of 2001, a field
survey was conducted to collect further evidence of
apical dominance in Syringodium filiforme. Rhizome
runners growing into unvegetated areas were identi-
fied and carefully excavated from the apical end, back
to the edge of the seagrass meadow. As the runners
were excavated, a plastic cable tie was placed around
the rhizome to mark the point where the runner grew
out of the meadow and into the unvegetated area. The
number of rhizome internodes on the primary growth
axis in front of the cable tie was counted and the run-
ner was harvested by cutting it at a point an equal
number of internodes back into the meadow (behind
the tie). On a calm summer day with clear skies a 4-π
quantum photosynthetically active radiation (PAR)
sensor was used to collect 5 replicate light measure-
ments at each site near midday to determine maximum
light levels at canopy height in the meadow and
unvegetated area.

In the lab, the number of branches produced by run-
ners in the meadow and unvegetated area were
counted, and the lengths of rhizome internodes on the
primary growth axis were recorded for internodes in
front of and behind the cable tie. The number of
branches produced by runners in the meadow and

unvegetated area, and the lengths of rhizome inter-
nodes generated inside the meadow and in the un-
vegetated area were compared using t-tests (α = 0.05).

Mesocosm experiments. To further examine the
potential importance of clonal integration to apical
growth, mesocosm experiments were conducted in
2002. Mesocosms used for the experiments consisted
of plastic tubs (80 × 50 × 20 cm) positioned in the cen-
ter of a hard-bottom, bare area in Sunset Cove,
Florida Bay, anchored in place with rebar poles and
filled with carbonate screening sand (Florida Rock
and Sand). Mean grain size of the screening sand was
coarser than that of the sediments at the donor site
where the plants originated, but was similar to sedi-
ments collected from Syringodium filiforme patches
growing on Sprigger Bank, Red Bay Bank and the
Florida Keys Reef Tract (Schwarzschild 2004), indicat-
ing that it was suitable to anchor the plants and sup-
port growth. Water depth, temperature and light lev-
els at the mesocosm site were similar to those
observed around Sprigger Bank during the experi-
mental period (Schwarzschild 2004).

Prior to the initiation of each mesocosm experiment,
rhizome runners with intact rhizome RAMs and a min-
imum of 10 healthy, intact, consecutive ramets were
harvested from soft-bottom, bare areas in the vicinity
of Sprigger Bank and planted in the mesocosms. Fif-
teen runners were planted per mesocosm and allowed
to acclimate for a minimum of 10 d. The first mesocosm
experiment was initiated on June 6, 2000, and used 5
mesocosm tubs. The 9 most robust runners in each tub
were selected for use in the experiment and the 6
remaining runners were removed. Three runners from
each tub were randomly assigned to one of 3 treatment
groups, for a total of 15 replicates in each group. The 3
treatment groups consisted of a runner with a RAM
and (1) the 10 consecutive youngest ramets, (2) the 7
consecutive youngest ramets, and (3) the 4 consecutive
youngest ramets (Fig. 3). Once a runner had been
assigned to a treatment group it was tagged with a
numbered, color-coded plastic cable tie between the
first and second ramet. The distance between the RAM
and first ramet was measured and recorded, and the
runner was trimmed to the appropriate size. Runners
were allowed to grow for 20 d, after which they were
harvested, transported to the lab and analyzed to
determine new growth following the procedures used
in the field experiments. Data were tested for normal-
ity and homogeneity of variance prior to using 1-way
ANOVA followed by SNK with an α = 0.05 to test dif-
ferences among treatments.

A second mesocosm experiment initiated on Sep-
tember 30, 2002, utilized 6 mesocosms and 3 ex-
perimental treatments, which consisted of a rhizome
runner with an intact RAM and (1) 7 consecutive ram-
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ets, (2) a rhizome section of 7 ramets from which the
last (oldest) 4 shoots had been removed, and (3) the 3
consecutive youngest ramets (Fig. 3). Runners were
randomly assigned to treatments such that each tub
contained 3 runners from 2 treatment groups and
4 runners from 1 treatment group providing 20 repli-
cate runners per treatment group. Runners were
manipulated and initial measurements were made as
described above. Following a 20 d growth period the
runners were harvested and transported to the lab for
analysis as described above.

RESULTS

Of the 120 runners tagged at the start of the 1999
field experiment, only 50 were successfully located
and recovered in measurable condition (Table 1). As a
result of vandalism, runner recovery at the end of the
2000 field experiment was lower than in 1999, and only
32 runners were successfully harvested. This low
recovery success reduced the sample sizes and
affected the data analysis (Table 1).

Evidence for apical dominance

Field experiments

Analysis of runners from the 1999 experiment
revealed a substantial increase in branching of the api-
cal cut treatment compared to runners from the control
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TREATMENT

10 ramets

7 ramets

4 ramets

7 ramets

3 ramets with extra rhizome

3 ramets

A

B

Fig. 3. Treatments used in mesocosm experiments. (A) First
and (B) second mesocosm experiment

Runners New branches Branch at P1 (%) New ramets Rz growth (cm) Biomass (g DW)

1999
Control 5 0 0 8.6 ± 0.4 29.3 ± 2.3 0.32  0.03
Apical cut 11 2.7 ± 0.3 100 nd nd nd
3-Cropped 8 0 0 7.4 ± 0.3 24.4 ± 1.3 0.22 ± 0.02
6-Cropped 10 0 0 6.8 ± 0.4 21.2 ± 2.1 0.24 ± 0.03
7-Cut 7 0 0 5.6 ± 0.2 15.6 ± 1.1 0.13 ± 0.01
4-Cut 9 0 0 2.7 ± 0.2 4.3 ± 0.7 0.05 ± 0.00
p 0.000 0.000 0.000

2000
Control 8 1.1 ± 0.5 0 6.6 ± 0.9 26.2 ± 4.7
Apical cut 8 3.6 ± 0.5 100 nd nd
3-Cropped 5 nd 0 3.5 ± 0.6 7.0 ± 1.7
6-Cropped 7 nd 0 5.8 ± 0.5 17.8 ± 2.4
7-Cut 0 nd nd nd nd
4-Cut 4 nd 0 1.0 ± 0.0 3.6 ± 0.8
p 0.001 0.001

Table 1. Syringodium filiforme. Effects of rhizome cutting and shoot cropping on branching and growth of rhizome runners
during field experiments (mean ± SE). Rz: rhizome; nd: no data; p given when statistical analyses were performed. Data are no.,
unless otherwise indicated. Runners: no. tagged and recovered. % Branch at P1: percentage of runners that produced a branch

at the youngest ramet relative to the position of the RAM at the start of the experiment
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and other experimental treatment groups (Table 1). All
of the runners from the apical cut treatment produced
at least one branch during the experimental growth
period. The majority of the runners from this treatment
group produced multiple branches, with 2 runners pro-
ducing 4 new branches, resulting in a mean of 2.7 new
branches produced per runner. All but 1 of the runners
in the apical cut treatment produced a branch from the
ramet in front of the tag, which was the youngest ramet
and was located directly behind the RAM at the start of
the experiment. The youngest ramet was missing from
the 1 runner that did not generate a branch at this posi-
tion. Additional branches tended to be produced by
the next youngest ramet; however, 1 runner generated
a branch 6 ramets behind the position of the RAM at
the start of the experiment. In contrast, no branches
were formed at the ramet in front of the tag, or at any
other position along the new growth of runners from
the control or other treatment groups during the exper-
imental growth period. Since runners from these
groups were only harvested from one ramet behind the
tag forward to the end of the new growth, there was no
way to determine if they produced branches at older
ramet positions during the growth period.

The collection of both old and new growth from the
apical cut and control treatment runners successfully
harvested in the 2000 experiment allowed for a more
detailed analysis and comparison of branch formation
(Fig. 4). As in the 1999 experiment, all of the runners in
the apical cut treatment produced new branches dur-
ing the experimental growth period. In all cases, a
branch was formed by the youngest ramet on each
runner in this treatment group, with 1 runner produc-
ing 3 branches at this location. All but 1 of the runners
also branched at the second youngest ramet, with 1 of
the runners producing 2 branches at this location. On
several runners, branching was also observed further
back, with 1 branch formed 8 ramets behind the posi-
tion of the RAM at the start of the experiment. In com-
parison, only 50% of the control runners
formed branches, and none of these branches
were generated at the ramet in front of the
tag. Instead, branches were formed further
back on the runner, away from the RAM.

Field survey

Due to the difficulty of extracting intact run-
ners from the dense rhizome matrix of the Sy-
ringodium filiforme meadow, only 9 long run-
ners were successfully harvested. However,
even with this limited sample size, we detected
a significant change in growth form as runners
grew from the meadow into the unvegetated

area (Table 2). Both rhizome internode length and
branching increased significantly as runners grew into
the unvegetated area. Mean rhizome internode length in
the unvegetated area was 4.0 cm, compared to 3.6 cm in
the meadow. All but 1 of the runners branched in the un-
vegetated area, with the majority producing multiple
branches and one runner having 10 branches in the un-
vegetated area. In contrast, only 1 of the runners had
branched inside the meadow, producing 2 branches.
Light availability was significantly higher in the un-
vegetated area than in the meadow canopy (Table 2).

Evidence for clonal integration

Field experiments

Apical growth in the 1999 field experiment was
greatest in the control group, with a mean of 8.6 new
ramets produced and a rhizome growth of 29.3 cm dur-
ing the 35 d experiment (Fig. 5). Cropping shoots from
runners caused a significant reduction in ramet forma-
tion, with the 3-Cropped and 6-Cropped treatments
forming 7.4 and 6.8 new ramets respectively. Rhizome
growth was also reduced in the cropped treatments,
significantly so in the case of the 6-Cropped runners,
which had a mean growth of 21.2 cm. Cutting the rhi-
zome caused a greater reduction in growth than did
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Fig. 4. Syringodium filiforme. No. of branches (mean + SE) produced at
each location along the rhizome relative to the position of the rhizome
apical meristem (RAM) at the start of summer 2000 field experiment 

conducted at Sprigger Bank

Light levels Internode Branches
(µE m–2s–1) length (cm) (no. runner–1)

Meadow 531 ± 25.0 3.6 ± 0.1 0.2 ± 0.2
Unvegetated area 847 ± 15.0 4.0 ± 0.1 3.6 ± 1.0
p 0.000 0.001 0.010

Table 2. Syringodium filiforme. Light levels (n = 5) and
rhizome morphology in 9 plants observed growing from a
dense meadow into an unvegetated area during a field

survey in summer 2001(mean ± SE)
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cropping shoots from the rhizome, and smaller frag-
ments (4 ramets) had lower growth than larger frag-
ments (7 ramets). The mean number of new ramets
produced by runners from the 7-Cut treatment was 5.6,
significantly lower than the control and cropped treat-
ments, but significantly higher than the mean of 2.7
new ramets produced by runners in the 4-Cut treat-
ment. Similarly, the mean rhizome growth of 15.6 cm
produced by runners in the 7-Cut treatment was sig-
nificantly lower than that observed in the control and
cropped treatments, but significantly higher than the
mean growth of 4.3 cm determined for runners from
the 4-Cut treatment. Total biomass production fol-
lowed a similar trend, with the control runners gener-
ating the most new biomass, and the 4-Cut runners
generating the least.

Low recovery success of runners from the 2000
experiment reduced the quality of the data generated.
However, the limited data set showed a similar trend to
that observed in the 1999 experiment, with the control
runners having the highest growth. Ramet formation
and rhizome growth were lower in both the 3-Cropped
and 6-Cropped treatment groups, and the 4-Cut treat-
ment showed the lowest growth (Fig. 6).

Mesocosm experiments

Growth rates in the mesocosms were reduced com-
pared to those measured in the field, but the results of
the mesocosm experiments supported the results of the
field experiments. In the first mesocosm experiment,
runners with 10 ramets grew the most, on average gen-
erating 3.2 new ramets and producing 7.9 cm of new
rhizome during the 20 d experiment (Fig. 7). In com-
parison, runners with 7 and 4 ramets formed only 2.4
and 1.4 new ramets respectively, and produced only
6.5 and 2.7 cm of new rhizome respectively. The mean
number of new ramets formed and the rhizome growth
were significantly different among treatments.

Many of the clonal fragments used in the second
mesocosm experiment did not survive to the end of the
monitoring period, with the highest mortality observed
in the smaller clonal fragments (Table 3). Only 7 of the
cropped runners survived to the end of the experiment,
and of these, only 3 retained a RAM. In the cut treat-
ments, 6 runners survived, 5 of which retained a RAM.
Of the 21 runners that survived the experiment re-
taining RAMs, 11 produced new growth, with 8 control
runners, 1 cropped runner, and 3 cut runners generat-
ing new ramets and rhizome material. The low survival
of runners from the cropped and cut treatments re-
duced the sample size available for growth analysis at
the end of the experiment, so that an ANOVA could
not be used to compare the variables of new ramet
formation or rhizome growth. Instead, a chi-squared
test was performed comparing fragment and RAM
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survival. Runner and RAM survival were significantly
higher for the control runners than for either the
cropped or cut treatments, which were not signifi-
cantly different from each other.

DISCUSSION

The existence of apical dominance in the seagrass
Syringodium filiforme was shown by the increase in
branching observed following experimental removal of
RAMs. Further evidence of apical dominance can be
inferred from the locations of branches produced on
manipulated and control runners. Removal of RAMs
from rhizome runners resulted in increased branch for-
mation. Mean branch formation on manipulated run-
ners was more than double that of control runners. In
all cases, RAM removal caused the youngest remain-
ing ramet (the ramet in front of the tag) to branch, gen-
erating a new horizontal growth axis. Branches were
also formed at the second-to-youngest ramet on the
majority of manipulated runners and several runners
produced additional branches from older ramets. In
comparison, none of the control runners branched at
the ramet in front of the tag and no branches were
formed along the length of new rhizomes that grew
during the experiment. The few branches that were
produced on control runners were located well behind

the RAM, with only 1 branch formed at the ramet
located 2 positions behind the RAM at the start of the
experiment. These results suggest that as ramets age
and the RAM grows further away from them, they may
be released from apical dominance and branch sup-
pression. Therefore, on runners with healthy RAMs,
branches will tend to be found on older ramets, away
from the RAM. In comparison, runners with damaged
RAMs may branch profusely at the youngest ramets.

In their study of apical dominance in the seagrass
Cymodocea nodosa, Terrados et al. (1997a) noted that
removal of the RAM resulted in a change in growth
form and branch formation at the youngest ramet.
They did not, however, observe a significant increase
in branching at other locations along the rhizome. The
branching response of C. nodosa resulted in the
replacement of lost RAMs and maintenance of the
whole plant growth form. Tomlinson (1974) termed this
branching pattern, ‘regenerative branching’ and sug-
gested that it would aid a seagrass meadow in with-
standing events that result in the loss of RAMs. Regen-
erative branching would also aid in re-colonization of
disturbance areas where RAMs may be lost due to
physical disturbances or sub-optimal growth condi-
tions. In contrast, Syringodium filiforme exhibited
what Tomlinson (1974) described as ‘proliferative
branching,’ responding to RAM removal by (1) produc-
ing multiple branches generating several new growth
axes; and (2) increasing the number of RAMs, thereby
significantly altering whole plant growth patterns. The
formation of multiple new growth axes should make
species that exhibit proliferative branching more resis-
tant to disturbance events than species characterized
by regenerative branching. Additionally, proliferative
branching should speed re-colonization of proximal
disturbance areas and confer a competitive advantage
to species growing in disturbance-prone habitats.

Further evidence of proliferative branching in Sy-
ringodium filiforme was obtained from the 2001 field sur-
vey. Runners growing from a dense meadow into an ad-
jacent unvegetated area underwent a significant change
in morphology, producing longer rhizome internodes
and multiple branches in the unvegetated area. This

change in morphology could be a result
of differences in the light field, nutrient
availability, sediment characteristics,
energy regime or space occupation
(Cline 1991, Duarte & Sand-Jensen
1996, van Tussenbroek et al. 2000,
Marbà & Duarte 2003). Plants growing
in the dense meadow experience self-
shading and reduced light availability
compared to plants growing in the
unvegetated area (Table 3). The leaf
canopy of seagrass beds can baffle
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Fig. 7. Syringodium filiforme. Effect of fragment size on apical
growth and ramet formation during the first mesocosm 
experiment conducted in Sunset Cove. Data are mean + SE.
Different letters indicate significant differences among

treatments

Fragment Apical New New rhizome
survival survival ramets (cm)

Control 18 13 0.8 ± 0.2 0.7 ± 0.2
Cropped 7 3 0.3 ± 0.3 0.4 ± 0.4
Rz cut 6 5 0.6 ± 0.2 0.6 ± 0.3
χ2 p 0.001 0.01

Table 3. Syringodium filiforme. Survival (χ2 test used to compare clonal frag-
ments and RAMs), ramet production and rhizome growth from the 2nd meso-
cosm experiment (mean ± SE). Low survival of cropped and cut treatments pre-
cluded the possibility for statistical comparisons of runner growth. Rz: rhizome



Schwarzschild & Zieman: Apical dominance and clonal integration

water currents, reducing physical energy and potentially
altering sediment characteristics and nutrient availabil-
ity compared to unvegetated areas (Fonseca et al. 1982,
Fonseca & Fisher 1986). While the results of the field
survey cannot determine which environmental variable
is responsible for the alteration in plant growth form, it is
clear that apical dominance was released when runners
grew from the meadow into the unvegetated area. Plants
that respond to gaps in the vegetation canopy in this way
have been described as using a ‘guerilla’ strategy to
exploit localized areas of resource abundance by rapidly
expanding and occupying the space before other,
slower-growing species (Lovett Doust 1981, Lovett Doust
1987). In contrast, the ‘phalanx’ growth strategy involves
the slow and steady expansion of a species over an area
with constant growth rates through regions of high and
low resource availability (Lovett Doust 1981, Lovett
Doust 1987, De Kroon & Schieving 1991). Increased
rhizome internode length and branching observed in
guerilla species may be an evolutionary response to
disturbance-prone environments (De Kroon & Schieving
1991, Grime 1994). The ability of S. filiforme to alter
growth form in this way may explain why it can become
the dominant species in disturbance environments,
enabling it to out-compete Thalassia testudinum, which
is typically considered the climax species (e.g. Williams
1987).

The results of the clonal integration field experi-
ments indicate that both apical growth and new ramet
formation in Syringodium filiforme are dependent on
resources translocated from older portions of the clone.
The removal of as few as 3 shoots from a runner
reduced the growth potential of the RAM, while crop-
ping 6 shoots had a significantly greater effect. Cutting
the rhizome had a more deleterious effect than did the
removal of shoots from a clone. Growth of clonal frag-
ments comprised of a runner with a RAM and the 7
youngest consecutive ramets was significantly lower
than un-manipulated control runners or those that had
been manipulated by cropping shoots. Smaller clonal
fragments, runners with a RAM and only 4 ramets, had
an even lower growth potential. The results of the field
studies were confirmed by the first mesocosm experi-
ment, in which larger clonal fragments grew faster
than smaller fragments. The fact that cropping the
third through eighth shoots from a runner did not
reduce growth as much as cutting the rhizome behind
the seventh ramet indicates that RAM growth is sup-
ported by resources translocated from ramets located
at least 9 ramets away from the RAM. Since the mean
distance between ramets in this area is 4.1 cm
(Schwarzschild 2004), these results indicate that RAMs
are supplemented by resources translocated from over
35 cm away. The results of the field experiments also
suggest that RAMs require material produced and

transported from older ramets, and not simply the
remobilization of resources stored in the rhizome tis-
sues. This conclusion is further supported by the
results of the second mesocosm study, in which clonal
fragments comprised of a RAM and 7 healthy ramets
had a higher survival and growth potential than frag-
ments comprised of a RAM and a similar length of rhi-
zome, but with only 3 attached shoots. The high mor-
tality and limited growth of the surviving cropped
runners indicate that resources stored in the rhizome
were insufficient to support growth of the RAM and
young ramets. Additional evidence of long-distance
transport of resources in S. filiforme reported by Rey &
Stephens (1996) shows the effects of shading and rhi-
zome isolation on the soluble carbohydrate levels of S.
filiforme leaves and rhizomes. They reported that iso-
lated (rhizomes severed), shaded plants exhibited a
greater decline in soluble carbohydrates than did
shaded plants that retained viable rhizome connec-
tions to unshaded plants. Similar results have also
been reported for Thalassia testudinum (Tomasko &
Dawes 1989).

The degree of clonal integration observed in Sy-
ringodium filiforme falls within the range of patterns
observed for other seagrass species. In Zostera noltii, a
relatively small and fast growing seagrass, no signifi-
cant differences were observed in apical growth or
survival of clonal fragments comprised of 2, 5, or more
ramets, indicating that RAM growth is not dependent
on long-distance translocation of resources (Cabaço et
al. 2005). In contrast, Thalassia testudinum exhibits a
high degree of clonal integration with the survival and
growth of small clonal fragments significantly lower
than those of larger fragments (Tomasko & Dawes
1989). In their studies of Cymodocea nodosa — a spe-
cies similar to S. filiforme in size and growth form —
Terrados et al. (1997b) did not detect any significant
reduction in RAM growth as a result of cropping up to
8 shoots from C. nodosa runners. This would indicate
that C. nodosa RAMs either rely on translocation of re-
sources over a longer distance than do those of S. fili-
forme (which showed reduced growth potential if 3
ramets were cropped from a runner) or are more capa-
ble of supporting growth by extracting resources
stored in the rhizome. Therefore, while there is evi-
dence of long-distance transport of resources in S. fili-
forme, apical growth appears to be more dependent on
resources translocated from ramets close to the meri-
stem. In comparison, RAMs of C. nodosa are more de-
pendent on resources translocated from distant ramets.

The fact that apical dominance is observed in Sy-
ringodium filiforme and that apical growth is dependent
on translocation of resources from older ramets indicates
that clonal integration is an important factor affecting
the growth form and productivity of this species.
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