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Coastal Louisiana is at the latitudinal limits of the black mangrove, Avicennia germinans. Salt marshes
dominated by Spartina alternifiora form ecotones with this mangrove species at Bay Champagne, Louisiana. Plant species zonation is distinct with a bay-edge zone dominated by A. germinans, an inland
zone dominated by S. alterruflora and an intermediate (transition) zone containing both species. Avicennia
germinans is occasionally found in the higher elevation areas of the Spartina zone (Spartina high), but
never in the lower areas (Spartina low). Analyses of diameter growth, height growth, and above and
below-ground biomass showed that A. germinans could grow in soils permanently flooded for 13 months
in a greenhouse, and that growth inhibition of A. germinans by S. alierniflora occurs under these conditions. In a field experiment, A. germinans seedlings were transplanted into randomly located plots in
the Avicennia, Spartina high and Spartina low zones. Survival was marginally lower in the Spartina low
zone than in the other zones, but almost half of the plants survived there. However, diameter and biomass
of the surviving transplants were significantly lower in both Spartina zones than in the Avicennia zone,
possibly due to growth inhibition by S. alterniflora in combination with a greater hydroperiod in the
Spartina high and low zones.
ADDITIONAL INDEX WORDS: Avicennia germinans, Spartina alterniflora, ecotone, zonation, greenhouse, transplant, survival. growth, wetlands.

INTRODUCTION

Plant species zonation has been studied by plant
ecologists in many different communities. Intertidal communities, such as salt marshes and mangrove swamps (mangals) have been of particular
interest because they often exhibit distinct zonation even when they contain few species (CHAPMAN, 1976). Earlier studies have usually focused
on environmental influences on species zonation;
however, more recently interest has shifted to the
role of biotic factors, such as competition, methods of propagation and herbivory in combination
with environmental factors (SNOW and VINCE,
1984; PIDWIRNY, 1990; BERTNESS, 1991a).
A noteworthy example of plant zonation in the
coastal communities occurs at the latitudinal limits of mangroves (determined by the number of
freezing events per year (CHAPMAN, 1976»), where
their boundaries constitute an ecotone with salt
marshes (CLARKE and HANNON, 1969, 1971; DETWEILER et al., 1975; LOPEZ-PORTILLO and EZCUR-
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RA, 1989). At latitudes from 26 to 30 N in the
western hemisphere, the black mangrove, Avicennia germinans, is the prevalent species probably
because it has a greater chilling tolerance than
other mangroves (LuGO and ZUCCA, 1977; JOHNSTON, 1983, SHERROD et al., 1986; McMILLAN and
SHERROD, 1986). In southeastern Louisiana as well
as Florida and Texas, A. germinans swamps intergrade with salt marshes dominated by Spartina alterniflora. Avicennia germinans usually
dominates higher elevation sites, such as creek
banks, bay shores and barrier islands at higher
elevations, while S. alternifiora occurs at lower
elevations where we would expect greater depth
and duration of inundation (PATTERSON and
MENDELSSOHN, 1991).
Factors controlling the distribution of mangroves and salt marsh plants in intertidal communities have received little attention. In an experimental study in Australia, CLARKE and
HANNON (1969) concluded that salinity and waterlogging influenced zonation in a mangal/salt
marsh ecotone. In North America, PENFOUND and
HATHAWAY (1938), LOPEZ-PORTILLO and EZCURRA
(1989), and KANGAS and LUGO (1990) hypothe0
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sized that competition and interaction of soil
physicochemical characteristics were important
factors in plant zonation of mangal/salt marsh
communities; however, they did not present experimental evidence to support these hypotheses.
In this study, we determined the potential role
of interspecific interactions and environmental effects on the distribution of A. germinans along a
mangal/salt marsh gradient. Specifically, we used
a combination of greenhouse and field transplant
experiments to investigate: (1) the possible growth
suppression of A. germinans by S. alternifiora,
(2) the ability of A. germinans seedlings to grow
under permanently-flooded conditions and (3) the
ability of A. germinans seedlings to grow in areas
dominated by S. alternifiora. We did not test hypotheses concerning the success of S. altemifiora
growth and survival in areas dominated by A.
germinans because we have often observed robust
growth of S. alternifiora in A. germinans-dominated zones when light gaps became available.

five pots per treatment and all plants within a pot
were members of the same size class with a total
of 10 plants per pot (five of each species in the
50% species mix). On 15 sampling dates over a
I3-month period, height (em) and diameter (mm)
of A. germinans plants were measured. On these
same sampling dates, the total number of S. alternifiora stems and heights of all stems were
recorded. At the termination of the experiment,
above- and below-ground biomass of both species
were harvested, washed of all soil, dried at 65°C
to a constant weight and weighed.
Field Transplant Experiment

This experiment was conducted to determine:
(1) if A. germinans can survive in the low lying

areas of a mangal/salt marsh community, usually
dominated by S. alternifiora and (2) if A. germinans can survive in those areas and exhibit
increased growth when above-ground competition
from S. alternifiora is removed.
Study Site

METHODS
Greenhouse Experiment

This experiment was designed to determine if
A. germinans seedlings can survive and grow under controlled, permanently flooded conditions
and if S. olternifiora inhibits the growth of A.
germinans under these conditions. Experimental
units were 56.6-liter pots, 40 em deep, which were
filled to about 25 em with a homogeneous soil
mixture of equal proportions of sand, loam, salt
marsh clay, and a commercial potting soil (Jiffy
Mix, Jiffy Products of America, Inc.). The pots
were permanently flooded with at least 10 cm of
water overlying the sediment surface. The pots
were exposed to ambient temperatures (4°-37°C)
except during the winter, when they were not allowed to experience temperatures below 4°C, and
ambient light levels. The seedlings of both species
(A. germinans and S. alternifiora) used in this
experiment were purchased from a nursery in
Florida and were less than one year old. Upon
receipt of the plants, we observed a relatively large
variation in the heights of plants of both species
and subsequently divided them into 3 size classes.
Plants were randomly assigned to one of three
possible treatments, A. germinans monoculture,
Avicennia/Spartina 50% species mix or S. alternifiora monoculture. The A. germinans seedlings
were numbered so that growth increments on an
individual plant could be monitored. There were

We investigated a mangal/salt marsh community located on the edge of Bay Champagne on
the southeastern coast of Louisiana at 29°6'35"N,
89°11'1"W, at the northern limit of the range of
A. germinans in Louisiana. Avicennia germinans
and S. alternifiora are the dominant plant species
in this community with sparse occurrences of Batis maritima, Distichlis spicata, and Salicornia
sp. Three plant zones can be delineated at the
study site: (1) an A. germinans-dominated zone
starting at the edge of the bay and extending 2060 m inland, (2) a transition zone of mixed species
composition (A. germinans and S. alternifiorai
further inland and ranging from 30-60 m wide,
and (3) a S. alternifiora-dominated zone starting
at the inland border of the transition zone and
extending several hundred meters inland.
Experimental Design

Avicennia germinans propagules were collected from trees at the study site in the fall of 1989
and grown in a greenhouse under saturated soil
conditions until the time of transplantation to the
field (May 10,1990). Seedlings in the greenhouse
were selected so that the sizes of the plants were
as homogeneous as possible. The plants were then
randomly selected for each treatment, measured
(height and diameter) immediately below the first
node and tagged with an adhesive tape.
Experimental units were 1 x 1 m plots ran-
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domly located for each treatment combination and
containing four equally spaced seedlings. The experiment was designed as a 3 x 2 factorial design
with three plant zones (Avicennia, Spartina high,
Spartina low) and two competition treatments
(clipped or control) in a completely randomized
design with four replications per treatment combination. The higher part of the Spartina zone
(Spartina high) and the Spartina low zone differed primarily in elevation by about 5 em although occasional plants of A. germinans were
also present in the former. The Spartina high was
chosen as a treatment instead of the transition
zone because it represents the most extreme conditions (high sulfides and Eh) in which A. germinans has been observed at the study site. In
both Spartina zone treatments, half of the plots
were clipped to remove all above-ground S. alternifiora. In the Avicennia zone, clipped plots
were located in areas where there was little or no
shading from older A. germinans plants. Control
treatments were plots in which we planted seedlings with no clipping of the surrounding vegetation. Repeated measures of height (em), diameter (mm) and interstitial water quality
variables (Eh, P, Mg ' ", Ca : -+ ,Fe++, Mn, S) were
recorded on individual plants on the starting date
(0) and at 90 and 184 days after the imposition
according to methods in PATTERSON and
MENDELSSOHN (1991). Above-ground biomass of
each surviving A. germinans seedling was determined at harvest.
Water Level Measurements

A tide gauge was installed on a bulkhead over
a canal about 250 m from the study site. Water
levels and time of measurement were recorded in
each plot during a high tide. These water level
measurements were then related to their simultaneous hourly tide gauge readings which were
taken throughout the time of the experiment. From
these data, we were able to determine the depth
and duration of flooding in each plot by methods
similar to those of ELEUTERIUS and ELEUTERIUS
(1979).

Survivorship of Seedlings

On four sampling dates (time = 11, 40, 90 and
184 days) after the beginning of the experiment,
all plots were monitored for survival of seedlings.
Data Analysis
Height and diameter of A. germinans seedlings
in both experiments and total height and total

number of stems of S. alternifiora (greenhouse
experiment only) were analyzed by a repeated
measures analysis of variance (GUREVITCH and
CHESTER, 1986). Where treatment differences were
found, the rate of growth in height and diameter
of A. germinans seedlings was compared by regression. Biomasse of above- and below-ground
material (greenhouse experiment only) of both
species were analyzed using a split-plot randomized block design with size class as the main plot
and above/below-ground biomass in the sub-plot.
Least squares means were compared to remove
size class (block) variation.
Survival counts were analyzed by a categorical
modelling procedure (Proc Catmod, SAS, 1985).
Where treatment differences were found in CATMOD, Fisher's Exact Test was used to determine
the probabilities of the differences between individual treatments and times because it gives
more accurate and robust values when some treatment cell counts are zero (AGRESTI, 1990).
All soil interstitial water variables and Eh were
analyzed in the same design used for the growth
variables.
Mean and maximum flooding along with percent of time flooded were analyzed with the three
zones as treatments and comparisons based on
monthly levels of the above-mentioned variables.
RESULTS AND DISCUSSION
Greenhouse Experiment

The above and below-ground biomass per plant
of A. germinans were significantly lower (P =
0.025) in the 50% Avicennia-Spartina mix than
in the Avicennia control suggesting growth suppression of A. germinans by S. alterniflora under
permanently flooded conditions (Figure 1).
Avicennia germinans exhibited highly significant increases in height and diameter in both
treatments over the course of the experiment
(Figure 2a), as shown by highly significant effects
with the passage of time in the repeated measures
analysis (P = 0.0001) and regression rates significantly greater than zero (P > IT I = 0.0001). The
growth in height of Avicennia was significantly
greater in the control (0.40 em/week) plants than
those (0.16 em/week) in the 50% Avicennia-Spartina species mix. The growth in diameter over
time did not differ between treatments (Figure
2b), as indicated by non-significant treatment effects and interactions and equal growth rates.
There were no significant differences of be-

~

l

803

Journal of Coastal Research, Vol. 9, No.3, 1993

804

Patterson, Mendelssohn and Swenson

8

-

7

c::

6

Q.

5

co

:§
en
en
co
E
0

m

..J

:]

~

~

2

..
~

I

Treatment

I

II

~

Control
50% mix

1

0
Above

Below

Figure 1. Above and below-ground biomass of A. germinans grown in monoculture and a 50% mix with S. alternifiora in the
greenhouse experiment. Error bars indicate standard errors of the means (n = 5).

tween S. alternifiora plants growing in the Spartina monoculture and the 50% species mix in
above-ground and below-ground biomass per
plant. Total stem height per plant and number
of stems m " (data not presented) indicates that
A. germinans did not inhibit growth of S. alternifiora under permanently flooded conditions.
The above results show that A. germinans can
grow under permanently flooded conditions.
However, the growth of A. germinans was inhibited by the presence of S. alterniflora, because
both above and below-ground biomass per plant
and height growth per plant were significantly
lower in the 50% species mix than in the Avicennia control. The conditions of the greenhouse experiment, however, were not identical to field conditions. Sulfides, which are potentially toxic to
wetland plants (KOCH and MENDELSSOHN, 1989),
were much lower in the soils of the greenhouse
experiment than in the Spartina zone at the study
site (PATTERSON and MENDELSSOHN, 1991). Also,
the permanently flooded conditions of the greenhouse experiment represent an extreme in flooding duration which would not likely occur in the
field.
Transplant Experiment

The effect of clipping plots on the survival of
A. germinans seedlings was different among the
zones (zone clipping interaction is significant at
P = 0.0045). All other interactions were non-significant.
Survival differences were observed between un-

altered and clipped treatments in the Spartina
low zone 11 days after the experiment started
(Table 1), and all seedlings died in the clipped
treatment after 90 days. In the Spartina high,
there were highly significant differences in percent survival between unaltered and clipped
treatments at 184 days (Table 1). However, in the
Avicennia zone, there were no significant differences in percent survival between clipped and unaltered treatments throughout the experiment
(Table 1).
There were no differences in sulfide or Eh levels
between unaltered and clipped treatments which
could explain the high mortality in both S partina
zone clipped plots. The high mortality of A. germinans seedlings probably occurred due to direct
effects of cutting S. aiternifiora in the clipped
plots. The soils of the Spartina zones have lower
bulk density than the Avicennia zone soils
(PATTERSON and MENDELSSOHN, 1991). In most
of the clipped plots in the Spartina zones, the S.
alterniflora did not grow back. The below-ground
material of the plants may have died and begun
decomposing. Decomposition of the below-ground
S. alternifiora could cause the sediments to become less stable. The seedlings were pushed over
(a situation observed in the field) by the tides due
to removal of above-ground plant material and
reduced sediment stability.
In the unaltered plots, there were no significant
survival differences among zones on any sampling
date (Table 1). However, even though the percent
survival tended to be lower in the Spartina low
unaltered treatments, the percent survival of
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Figure 2. Height (a) and diameter (b) growth of A. germinans seedlings grown over a 13-month period in monoculture and a 50%
mix with S. alternifiora in the greenhouse experiment. Error bars indicate standard errors of the means (n = 5).

43.75% in the Spartina low is ecologically significant considering the fact that A. germinans

does not naturally occur in that zone. Also, this
value is much higher than percent survival of A.
germinans in other transplant studies, even in
zones where it is naturally found (DAVIS, 1940;
RABINOWITZ, 1978a).
Based on the greenhouse results, we expected
A. germinans to have higher survival rates in the
Spartina high and low clipped plots than in the
controls. However, the physical effects of the tides,
which probably caused the mortality in the clipped
plots, were not simulated in the greenhouse experiment.
Because one clipped plot treatment had no survivors and another had minimal survival at har-

vest (Table 1), only the unaltered treatments were
analyzed for zone differences in growth rates and
biomass of the A. germinans seedlings.
Growth Differences

The A. germinans seedlings exhibited a significant (P = 0.0001) increase in height and diameter
over the course of the transplant experiment (Figure 3a and b). Growth rates were also significantly
greater than zero (P > IT I = 0.0001). Growth
rates by height were similar among all three zones
(Figure 3a) with rates of 0.768, 0.602 and 0.613
ern/week in the Avicennia, Spartina high, and
Spartina low zones, respectively. Similar results
were seen in a study by RABINOWITZ (1978a) in
which mangrove seedlings showed similar height
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Table 1.

Zone differences in percent survival over time within clipped and unaltered treatments.
Percent Survival

Days

Zone

Clipped

Unaltered

P of Significant
Clipping Effect

11

Avicennia
Spartina High
Spartina Low

100.00 a
100.00 a
50.00 b***

100.00 a
93.75 a
93.75 a

n.s,
n.s.
0.0150

40

Avicennia
Spartina High
Spartina Low

93.75 a
93.75 a
37.50 b***

100.00 a
93.75 a
81.25 a

n.s.
n.s,
0.0290

90

Avicennia
Spartina High
Spartina Low

68.75 a
62.50 a
0.00 b*"'*

81.25 a
87.50 a
62.50 a

n.s,
n.s.
0.0002

184

Avicennia
Spartina High
Spartina Low

50.00 a
12.50 b*
0.00 b**

75.00 a
81.25 a
43.75 b

n.s,
0.0002
0.0070

Survival percentages among zones on each date of measurement followed by the same letter are not significantly different (n = 4)
'" Significant at 0.05; ** Significant at 0.01; *** Significant at 0.001

growth in all zones of a mangal. Diameter growth
rates were similar in the Spartina high and low
(0.081 mm/week and 0.076 mm/week, respectively), but were approximately half the rate seen in
the Avicennia zone (0.156 mm/week, Figure 3b).
Above-ground biomass of A. germinans seedlings in the transplant experiment showed similar
trends to diameter growth rates and was consistent with a study (CLOUGH and SCOTT, 1989) which
noted a log-log relationship between above-ground
biomass and diameter in mangroves. Mean biomass per plant in both Spartina zone treatments
was approximately half of the value of the Avicennia zone (Figure 4). These results are consistent with those of the greenhouse experiment and
indicate that A. germinans has reduced growth
in the Spartina zones relative to the Avicennia
zone. Similar results were reported in a mangal/
salt marsh community in Australia (CLARKE and
HANNON, 1971).
Flooding Regimes

There were highly significant differences in
flooding regimes for all zone comparisons. The
mean and maximum water levels and percent of
time flooded were highest in the Spartina low
zone, intermediate in the Spartina high, and lowest in the Avicennia zone (Figure 5). It is known
that elevational differences of a few centimeters
can cause different flooding regimes in mangals
(CARLSON et al., 1983) and salt marshes (ELEUTERIUS and ELEUTERIUS, 1979). At Bay Champagne,
even though the zones differ in elevation by only

approximately 5 em, each 5 em decrease in elevation from the Avicennia to the Spartina high
and from the Spartina high to the Spartina low
represents an increase of 15 % time flooded (Figure 5c). Percent of time flooded is important, since
the plants would have less photosynthetic tissue
above water and decreased photosynthetic rates
when submerged and low root oxygen concentrations (McKEE and MENDELSSOHN, 1987). Moreover, the areas which are flooded for longer durations are more reduced and have higher levels
of sulfides than those flooded for shorter periods
(GAMBRELL and PATRICK, 1978). We observed
some A. germinans seedlings in both Spartina
zone treatments which had all of their leaves completely covered with sediment after being submerged, and these plants died within a short period of time. This is consistent with the findings
of TEAS (1977), in which mangrove seedling transplants in Florida were intolerant of mud and silt
deposition.
Sulfides

Within the unaltered treatments, sulfide levels
were similar in the two Spartina zone treatments
(means of 1.49 mM and 1.88 mM sulfide for the
Spartina high and Spartina low zones, respectively) and lower in the Avicennia zone (0.21 mM
sulfide). This may have lowered diameter growth
rates and biomass accumulation in the Spartina
zones as compared to the Avicennia zone. High
concentrations of sulfides (similar to those in the
Spartina zones) have been shown to reduce the
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growth of salt marsh plants (KOCH and MENDELS1989; BRADLEY and DUNN, 1989).

SOHN,

CONCLUSIONS

Results of the greenhouse experiment demonstrated that A. germinans seedlings can grow under permanently flooded conditions, and that S.
alterniflora may inhibit the growth of A. germinans under these conditions.
In the transplant experiment, A. germinans
survived in the low areas of the Spartina zone,
where it has not been observed naturally. This is
consistent with the results of the greenhouse experiment where A. germinans seedlings survived
under permanently flooded conditions in the presence of S. alternifiora. However, only half of the
seedlings survived in the Spartina low compared
to 81 % in the Spartina high and 75% in the
Avicennia zone (Table 1). In addition, the diminished growth rate and biomass of A. germinans
seedlings in the presence of S. alterniflora in the
greenhouse experiment and in both Spartina zone
treatments in the transplant experiment suggest
that physicochemical conditions, competition, or
both may reduce its ability to exist in the Spartina zone over a number of years. This hypothesis
can only be tested if a transplant experiment lasts
over several growing seasons.
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