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Abstract 

 

Aims 

Studies of competition in mangroves are mostly limited to seedlings and artificial settings 

like forestry projects. We conducted the first experimental study of intraspecific competition 

among adult mangroves in a natural mangrove forest to examine how important competition 

is in determining tree size compared with abiotic conditions. 

 

Methods 

We conducted a study near Port Aransas, Texas, USA, which is near the geographical limit of 

mangroves and dominated by monospecific stands of ―scrub‖ form black mangroves, 

Avicennia germinans. We thinned ten plots to create a gradient of mangrove cover, and 

quantified the effects of mangrove cover on the growth of tagged mangroves from 2013 to 

2019, and the mangrove canopy height in 2019. 

 

Important Findings 

The relative growth rate of tagged mangroves declined as mangrove cover increased, and 

plants in the plot with 100% mangrove cover did not grow, indicating that they had attained 

their maximum size. In plots with reduced mangrove cover, plant height increased sharply, 

with plants in the plot with 11% mangrove cover growing ~ 52% taller over six years. 

Canopy height was ~ 30% taller in the plot fringe than in the interior, and canopy height in 

both fringe and interior declined as mangrove cover increased. Measures of leaf chlorophyll 
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concentration and light interception suggested that plants were primarily limited by nitrogen. 

Our results showed that scrub mangroves compete strongly despite being limited by abiotic 

conditions, and that the importance of competition was greater in magnitude than that of 

abiotic differences between the fringe and interior. 

 

Key words: competition; adult mangrove; nutrient limitation; growth response; scrub 

mangrove; geographical limit 
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Introduction 

Competition is an important driver of community structure and dynamics in plant 

communities worldwide (Goldberg 1990; Kunstler et al. 2016). A large number of studies 

have shown that the uptake of limited resources, such as sunlight, water and nutrients, by 

plants can interfere with the growth and vitality of their neighbors (Gurevitch et al. 1992). 

Most experimental studies of competition, however, have been done with small, short-lived 

species, because of the logistical difficulties in working with large, long-lived taxa. For 

example, most studies of competition among trees have relied on correlative approaches 

(Uriarte et al. 2004; Berger et al. 2008; Lasky et al. 2015), experimental studies with 

seedlings (Barot and Gignoux 2003), or experimental studies of adults in artificial contexts 

such as forestry plantations (Forrester et al. 2013). Relatively few studies exist in which adult 

tree density has been experimentally manipulated in a natural setting (but see Meyer et al. 

2008; Rozendaal et al. 2020). 

Competition among adult mangrove trees is likely to be an important driver of 

community structure. Mathematical models of mangrove forests include intense competitive 

interactions among trees (Berger and Hildenbrandt 2000; Berger et al. 2008; Piou et al. 

2008), and correlative studies support the hypothesis that mangrove trees compete strongly 

with immediate neighbors (Krauss et al. 2008; Chen et al. 2013). Experimental studies, 

however, have largely been confined to seedlings and juveniles, and are often conducted in 

the context of afforestation projects rather than natural mangrove stands (Chen et al. 2013; 

Pranchai et al. 2018). Mangrove seedlings can compete strongly with each other (Cardona-

Olarte et al. 2006; Zhu et al. 2020), but in stressful habitats they also often facilitate survival 

of conspecifics (Toledo et al. 2001). To our knowledge, there have been no experimental 

studies of competition among adult mangroves in natural settings. 
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A long-standing debate has focused on the impact of competition in structuring plant 

communities as a function of the severity of the abiotic environment. This debate is complex, 

but opinions generally fall into one of two camps. One perspective is that competition plays a 

similar role in plant communities irrespective of system productivity, but that the 

mechanisms by which plants compete change with abiotic stress (Tilman 1989). The 

opposing view is that competition is a predominant force within plant communities in 

productive environment, but decreases when environmental severity increases and 

productivity decreases (Grime 1979). Some of the disagreement between these views comes 

from a failure to distinguish between the intensity (i.e., absolute magnitude) and importance 

(i.e., magnitude relative to other processes) of competition (Grace 1991; Brooker et al. 2005). 

The debate is relevant to mangrove forests in that the two perspectives differ in their 

predictions about the role of competition among plants in low-productivity stands, such as for 

scrub growth forms of mangroves. 

The geographical limit of mangroves is set by cold temperatures or drought (Osland et 

al. 2017). As a result of cold and drought, mangroves near their geographical range limits 

have are often shorter, wider, and more shrub-like relative to their tropical counterparts 

growing in benign environments (Osland et al. 2014). In addition to this geographical 

variation in height, mangroves also often vary in height within a site. Mangroves are usually 

tall at the water’s edge (the fringe habitat) and shorter in the interior of mangrove stands, a 

pattern that reflects spatial differences in environmental factors, including nutrient dynamics, 

salinity, and tidal inundation (Feller et al. 2003; Lovelock et al. 2004). For example, in South 

Africa, the height of Avicennia marina plants varies between fringe and interior habitats due 

to nutrient (N and P) limitation in the interior (Naidoo 2009; Anton et al. 2020). 

Many studies have documented how abiotic conditions affect mangrove size across 

elevational gradients (McKee et al. 2012; Krauss et al. 2014) and geographically (Osland et 
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al. 2017) but none have compared this with competition. We experimentally studied 

competition among adult mangroves near the high-latitude and high-salinity end of their 

geographic distribution in Texas. Mangroves here occur in monospecific stands and typically 

exhibit scrub morphology, rarely exceeding of two meters in height. The north-west coast of 

the Gulf of Mexico is an arid region with periodic hard freezes, and it is generally thought 

that the range limit and small size of mangroves in this area is set by a combination of cold, 

drought, and salinity stress (Madrid et al. 2014; Osland et al. 2014). The scrub growth form 

of mangroves in the western Gulf of Mexico may also reflect nutrient limitation, as suggested 

by strong responses of mangroves to experimental nutrient inputs (Weaver and Armitage 

2018). We asked whether intraspecific competition was important in structuring the size 

distribution of plants at this site. Alternatively, given the abiotic context, mangrove size 

might be primarily controlled by abiotic conditions. We addressed this by quantifying the 

effects of mangrove cover on mangrove growth in a long-term experiment near Port Aransas, 

Texas. We experimentally manipulated mangrove cover in 10 plots at a relatively large 

spatial scale and measured growth as a response variable. In addition to measuring growth, 

we measured an index of plant nitrogen concentration and available light, since competition 

among plants would most likely be for either nitrogen or light, and we also measured the soil 

porewater salinity and soil water content. We tested two hypotheses. 1) Reducing mangrove 

density will reduce competition, leading to increased growth rates. However, if plants 

facilitate each other, growth rates might decline at low mangrove cover. 2) Alternatively, if 

plant growth is primarily limited by abiotic conditions, competition will be weak, and 

responses to mangrove density manipulations will be minor. 
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Methods 

Our manipulative field experiment took place on Harbor Island, Port Aransas, Texas 

(27.86° N, 97.08° W; Fig. 1a). Harbor Island is located within a tidal delta (Sherrod and 

McMillan 1981), in a microtidal setting (0.27 m mean tidal range) that receives an average of 

900 mm precipitation per year. Harbor Island tidal wetlands are currently dominated by black 

mangroves (Avicennia germinans), but vegetation has fluctuated between salt marsh and 

mangrove dominance over past decades, with mangrove and marsh vegetation coexisting 

across a patchy landscape. Black mangroves were known from Harbor Island as early as the 

1930s (Sherrod and McMillan 1981). The population was severely damaged by hard freezes 

in 1983, 1987 and 1989 but rapidly recovered (Sherrod and McMillan 1985). More recent, 

less-severe freeze events (2010, 2018) have damaged leaves but not stems, and plants regrew 

leaves within a growing season (Osland et al. 2020). Thus, mangroves were common in the 

area for at least two decades before our experiment start, and had been present for at least 

seven decades. 

In 2012, we demarcated ten large plots (Fig. 1b), each 42 m (perpendicular to the 

water’s edge) × 24 m (parallel with the water’s edge). Before we manipulated vegetation 

cover, all plots had similar elevation, soil characteristics and vegetation communities 

dominated by black mangrove with ~ 10% salt marsh vegetation that was predominantly 

Batis maritima, Sarcocornia sp., Salicornia bigelovii, with small patches of Spartina 

alterniflora (Guo et al. 2017). In summer 2012, plot-level mangrove cover was manipulated 

by removing all aboveground mangrove biomass from appropriate numbers of 3 × 3 m cells, 

mimicking the scale of patchiness in the natural environment (authors’ personal observation), 

to create plots ranging from 0% to 100% nominal mangrove cover (0%, 11%, 22%, 33%, 

44%, 55%, 66%, 77%, 88%, and 100%). Below-ground biomass was not directly 

manipulated, and we observed live pneumatophores extending into cleared cells throughout 
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the duration of the study, indicating that mangrove below-ground biomass was present in 

some ―cleared‖ cells. Plots were arrayed in three blocks, with a wide range of mangrove 

densities represented in each block. In total there were 14 × 8 = 112 cells in each 

experimental plot (Fig. 1c), and each cell was either cleared of mangroves or left intact to 

facilitate maintenance. We maintained the cover treatments with periodic clipping and 

weeding of the cleared 3 × 3 m cells each year. We defined the first four rows of cells at the 

front of the plot, where plants tended to be taller, as the ―fringe‖, the back four rows of plots 

as the ―back‖, and the remaining six rows of plots as the ―middle‖ of the plot. The middle and 

back together made up the plot ―interior‖. 

In June of 2013, we tagged four individual mangroves in each plot except for the 0% 

mangrove plot. Each tagged plant was in the middle of a 3 × 3 m cell. The tagged plants were 

all in the interior habitat—the middle and back of each plot (Fig. 1c). We measured their 

height and canopy dimensions (the widest crown section, CD1, and the widest section 

perpendicular to the first section, CD2). The two crown diameter measurements were used to 

calculate crown area via the equation for an ellipse: crown area = [(CD1)/2)*(CD2)/2)]*π. 

Crown area and height were integrated into a single estimate of volume via the following 

equation: volume = crown area*height (Osland et al. 2014). We repeated the measurements 

annually through November 2019. 

Because mangroves were taller at plot fringe than in the interior, we supplemented the 

measurements of tagged plants with measurements of the overall canopy height at the fringe 

and back of each plot. We measured canopy height (defined as the height of the tallest plant 

in each cell) on May 2012, before mangrove cover in the plots was manipulated, and again on 

November 2019, measuring the height of the mangrove vegetation in six cells in the fringe of 

each plot (except for the 0% mangrove plot) and six cells in the back of each plot. We 
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averaged the readings to give a single value from the fringe and a single value from the back 

of each plot for each date. 

To gain an understanding of what abiotic factors and resources might be limiting to 

mangroves at the site, and how these resources changed with mangrove density, we measured 

porewater salinity, soil water content, chlorophyll content of leaves and light interception by 

the canopy. We measured soil water content and porewater salinity of surface soils (top 10 

cm) on eleven dates between June 2012 to March 2015, using standard gravimetric and 

rehydration techniques (Supplementary Fig. S1). We measured chlorophyll content of leaves 

on each tagged plant in October 2017, August 2018 and November 2019 using a CCM-200 

meter (Opti-Sciences, Tyngsboro, Massachusetts, USA); the unit-less values obtained from 

this type of meter correlate well with leaf nitrogen content (Richardson et al. 2002). We 

measured three leaves per tagged plant and averaged these values to give a single value per 

plant; we then averaged values from replicate tagged plants to give a single value per plot. 

We measured light intensity on 29 November 2019, using a SunScan Canopy 

Analysis System SS1, Delta-T Devices Ltd, Cambridge, UK. This unit has a 1 m wand with 

multiple PAR sensors whose readings are averaged to give a single integrated value. We 

measured light above and below (~ 10 cm above the ground) the canopy in five mangrove 

cells in the fringe of each plot and five mangrove cells in the back of each plot. We calculated 

the proportion of light intercepted by the vegetation for each cell using the formula: 

proportion of light intercepted = (light intensity above the canopy-light intensity at the soil 

surface) × light intensity above the canopy × 100%, and averaged replicate values to give a 

single value from the fringe and a single value from the back of each plot. 
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Data analyses 

We calculated relative growth rate (RGR) of tagged mangroves based on plant canopy 

height, canopy area and plant volume, as RGR = [Ln(final size)-Ln(initial size)]/(t1-t0), where 

t0 and t1 are the time in years when the experiment started and ended. We averaged RGR 

values for the replicate plants from each plot, omitting six plants that died, to give a single 

RGR value based on each measurement for each plot. We similarly calculated RGR of 

canopy height, using average final and average initial canopy heights in the fringe and back 

of the plots. In both cases, we used linear regression to evaluate the effect of mangrove cover 

on the relative growth rate (RGR) of tagged mangrove trees in each plot. 

We calculated the relative neighbor interaction intensity (RII) based on the RGR 

values for the mangrove trees using the formula RII = (RH+N – RH-N) / (RH+N + RH-N), where 

RH+N and RH-N were the RGR of plant height (or canopy area, or volume) for mangrove trees 

in the presence (+) and absence (−) of mangrove neighbors. Because we were interested in 

how RGR varied across the gradient of plot-level mangrove cover, we used the RGR of the 

single fastest growing tree in the 11% plot as the control or ―without neighbor‖ value. 

Similarly, for canopy height, we calculated RII based on the RGR of canopy height, using 

data from the 11% plot as the ―without neighbors‖ value. Negative RII values indicate 

competition and positive values indicate facilitation. 

To evaluate the effect of abiotic factors on the growth of mangrove trees in the fringe 

versus the back of each plot, we calculated an abiotic effect index using the same general 

formula as RII, based on the canopy height in the fringe and back: abiotic effect index = (Hb 

– Hf) / (Hb + Hf), where Hb and Hf are plant height for mangrove trees in the fringe and back. 

We did not calculate this index using the tagged trees, because none of them were located in 
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the fringe zone. Negative values indicate conditions are more stressful in the back of the plot 

and positive values indicate the reverse. 

We used one-way analyses of covariance (ANCOVA) to compare plot-level 

mangrove cover (covariate) and location effects (fixed factor) on mangrove canopy height, 

RGR, RII and light interception. We ran all statistical analyses with R 3.5.2. 

 

Results 

The relative growth rate of tagged mangroves declined linearly as mangrove cover 

increased (Fig. 2). A. germinans plants in the unmanipulated plot (100% mangrove cover) 

were stable, with little to no growth over the six-year period between 2013 and 2019. In plots 

with reduced mangrove cover, plant height increased sharply (Fig. 2a, R
2
 = 0.80), with plants 

in the 11% mangrove plot growing ~52% taller over six years, and plot-level mangrove cover 

explaining 80% of the variation in RGR. In contrast, RGR of canopy area was not 

significantly related to mangrove cover (Fig. 2c, R
2
 = 0.26). Plant volume, estimated as 

canopy area × height, decreased with increasing mangrove cover (Fig. 2c, R
2
 = 0.64). 

Relative interaction intensity (RII) values based on plant height and volume were smallest 

(closest to zero) at low mangrove densities, and greatest (most negative) at high mangrove 

densities (Fig. 2b, f). RII based on canopy area did not differ as a function of plot-level 

mangrove cover (Fig. 2d). 

Canopy height was ~ 24-30% taller in the fringe than in the back of plots (Fig. 3a). 

Canopy height declined as mangrove cover increased in both the fringe and back of the plots, 

with plot-level mangrove cover explaining 69-75% of the variation in canopy height. In the 

plot fringe, canopy height declined from ~ 245 cm at low mangrove cover to ~ 160 cm at 
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100% mangrove cover. In the back of the plots, canopy height declined from ~ 185 cm at low 

mangrove cover to ~ 110 cm at 100% mangrove cover. Thus, plants growing at low densities 

in the back of the plots grew as tall or taller (185 cm) as plants growing at normal, high 

densities, in plot fringe (160 cm). Relative growth rate (RGR) of canopy height and relative 

interaction intensity (RII) based on RGR of canopy height both declined as mangrove cover 

increased, with no difference between the fringe and the back of plots (Fig. 3b, c). The abiotic 

effect index was negative, indicating that conditions were more stressful in the back of the 

plots than in the fringe, did not vary as a function of mangrove cover (Fig. 3d), and was 

smaller than the RII based on RGR of canopy height (Fig. 3c). 

Soil porewater salinity was higher in the interior (63-85 PSU) than in the fringe (52-

66 PSU), but soil water content did not differ between zones (Supplementary Fig. S1, Table 

S1). Plot-level mangrove cover had no significant effect on soil porewater salinity and soil 

water content (Supplementary Fig. S1). Leaf chlorophyll concentration of mangroves was ~ 

23% higher in plots with low mangrove cover than in plots with high mangrove cover, with 

plot-level mangrove cover explaining 59% of the variation (Fig. 4a). Light interception by 

vegetation did not differ between the fringe of plots and the back of plots (Fig. 4b). Light 

interception by mangroves increased by ~ 83% from ~ 88% in plots with high mangrove 

cover to ~ 96% in plots with low mangrove cover, with plot-level mangrove cover explaining 

39-49% of the variation (Fig. 4b). Although the effect of mangrove cover on light 

interception was highly significant in the ANCOVA analysis, the less-powerful individual 

regressions for each zone considered separately were significant in only one case (Fringe, P = 

0.07; Back, P = 0.03). 
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Discussion 

We conducted the first experimental study of intraspecific competition among adult 

mangroves in a natural mangrove forest. Our results indicated that, at our study site near the 

range limit of A. germinans in Texas, the size of mangrove plants was strongly limited by 

competition, and also in the forest interior compared to the fringe by abiotic conditions. 

Mangroves in the study plot that we did not manipulate (100 percent mangrove cover) 

showed no growth over the six-year period, indicating that they had reached their maximum 

size under ambient levels of intraspecific competition and abiotic stress. A. germinans has 

occurred at our study site since at least the 1930s, and increased in areal extent from then 

until large patches were killed by several hard freezes in the 1980s (Sherrod and McMillan 

1981, 1985). Since those freeze events, mangrove areal extent has rebounded and now 

surpasses that recorded in 1979 before the freezes (Montagna et al. 2011; Armitage et al. 

2015). In particular, almost all of Harbor Island was either dominated by mangroves in 1990 

or had transitioned from marsh to mangrove by 2004-2010 (Montagna et al. 2011; Armitage 

et al. 2015). Thus, the areal extent of mangroves on the Texas coast is limited primarily by 

hard freezes, and increases in the absence of such events. In contrast, the size of individual 

plants must be limited by other factors, such as salinity and nutrient availability, and plants 

attain their maximum size of ~1-2 m in height within a few years or at most a decade. 

When we reduced the cover of mangroves within our experimental plots, plants at low 

densities grew rapidly, increasing in height by ~52% after 6 years. To our knowledge, this is 

the first experimental study of intraspecific competition among adult mangroves in a natural 

setting. Observational studies from natural forests, however, have long indicated that 

mangroves are likely competing with conspecifics in dense stands (Pranchai et al. 2018). 

Similarly, experimental plantings of mangroves in afforestation projects find more rapid 
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growth at low density (Gedan and Silliman 2009), and models of tree growth in mangrove 

forests assume both intra- and inter-specific competition (Berger and Hildenbrandt 2000; 

Berger et al. 2008). 

Our results showed that mangroves grew taller rather than wider when plot-level 

mangrove cover was reduced. Height increased up to 52% at low densities, but canopy area 

only 23%. This was a consequence of our experimental design. We did not isolate individual 

plants, but instead progressively freed up more and more 3 × 3 m patches of mangroves from 

competition. Thus, the individual tagged plants that we monitored were surrounded by 

multiple neighbors, even if overall mangrove cover in the 42 × 24 m plot was as low as 11%. 

Since all the plants in a particular 3 × 3 m cell likely grew larger when mangrove cover at the 

plot scale was reduced, the tagged plants were constrained by their neighbors to grow taller 

rather than wider. This result is consistent with previous findings that A. germinans plants 

with dense neighbors tended to be taller but had a smaller crown (Pranchai et al. 2018). 

The height gradient within each plot was probably explained by variation in abiotic 

stress, but variation in mangrove growth and size among plots was probably explained by 

resource availability. Porewater salinity was higher in the interior of the plots than in the 

fringe, but did not vary among plots as a function of mangrove cover. The measured salinity 

values were hypersaline (up to 85 PSU averaged over 11 sampling dates), consistent with the 

notion that this site is stressful overall for mangrove growth. High soil porewater salinity is 

one factor that often correlates with differences in plant height between fringe and interior 

zones of mangrove forests (Cintrón et al. 1978; Lovelock et al. 2005). Soil water content did 

not differ between the interior of plots and the fringe, or among plots. Air and soil 

temperature in these plots showed a hump-shaped relationship with plot-level mangrove 

cover (Guo et al. 2017), but growth responses to mangrove cover were linear, not hump-

shaped. We conclude, therefore, that the growth response to thinning was due to increased 
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resource availability. We did not measure the availability of resources such as soil nitrogen in 

the plots, and did not separately manipulate the availability of different resources. As a result, 

we can only speculate about which resources were most affected by competition among A. 

germinans plants. Leaf chlorophyll concentration, a proxy for leaf nitrogen concentration 

(Croft et al. 2017; Li et al. 2018), decreased as mangrove cover increased, suggesting that 

plants growing at high densities were nitrogen-limited. We note, however, that leaf 

chlorophyll content can reflect a number of factors in addition to soil nitrogen availability, 

such as climate (drought, precipitation), soil characteristics and soil microbes (Li et al. 2018); 

however, we have no reason to believe that these confounding factors might have varied 

systematically across the study plots. Consistent with this hypothesis, a fertilization 

experiment near our study site found that nutrient enrichment (Nitrogen plus Phosphorus, 

0.342 g N m
-2

 day
-2

 and 0.108 g P m
-2

 day
-1

) increased mangrove height by ~ 46% over four 

years (Weaver and Armitage 2018). Moreover, this hypothesis is consistent with our 

observation that mangrove root systems (as indicated by visible pneumatophores) extended 

far beyond the plant canopies, suggesting that plants were vigorously foraging for below-

ground resources. In our experiment, mangroves in low-density plots blocked more light than 

mangroves in high density plots. Presumably this reflected an increase in leaf area index, 

although we did not measure this. In any case, it suggests that growth of plants in high 

density plots was not primarily limited by light, because plants in low density plots were able 

to thrive despite creating more shade. 

We worked with relatively short, scrub mangroves. Mangrove scrub (or ―shrub‖) 

morphologies can result from various abiotic conditions, including drought stress, freeze 

stress, salinity stress, nutrient limitation, and hydrological isolation (Lugo and Snedaker 

1974; Feller et al. 2003; Lovelock et al. 2004). In the absence of freeze events and where 

freshwater and nutrients are abundant, A. germinans trees can grow to 30 m in height (Suárez 
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and Medina 2005; Menezes et al. 2008). However, A. germinans plants at our study site, near 

the geographic range limit of mangroves, are shorter, wider, multi-stemmed, and more shrub-

like than their tropical counterparts growing in resource-rich environments (Osland et al. 

2014). Moreover, plants in the interior are more stunted than plants growing in the fringe, a 

pattern commonly seen elsewhere and usually attributed to nutrient limitation in the interior 

of the forest (Feller et al. 2003; Naidoo 2009; Anton et al. 2020). The Western Gulf of 

Mexico is an arid region with periodic hard freezes, and it is generally thought that the range 

limit and small size of mangroves in this area is set by cold and drought stress (Osland et al. 

2013, 2014; Gabler et al. 2017). Our results, and a past fertilization experiment (Weaver and 

Armitage 2018), however, show that nutrient limitation also constrains mangrove growth in 

our study area. Although these results don’t address the factors setting the range limit of 

mangroves, they do show that nutrient availability interacts with cold and drought stress to 

affect the growth of mangroves near their geographic range limit. 

Ecologists have long argued about how the importance of competition should vary 

along productivity gradients, with Grime (1979) suggesting that competition should decrease 

as environmental severity increases, and Tilman (1989) arguing that competition should play 

a similar role in all plant communities irrespective of system productivity. At least some of 

this debate was due to a failure to clearly distinguish between the intensity of competition and 

its importance relative to other factors (Grace 1991; Brooker et al. 2005). Later theories of 

facilitation posited that interactions among species might switch from negative to positive as 

abiotic stress increased (Bertness and Callaway 1994). Our experiment was not designed to 

address these issues because we only worked at a single site; however, we did find that 

mangrove plants competed strongly in our study site in Texas where they were severely 

stunted by abiotic stress. Moreover, abiotic stress (inferred from tree canopy height, and 

measured soil porewater salinity) was higher in the interior of the plots than in the fringe, but 
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the intensity of competition was similar in the interior and the fringe. At the same time, the 

value of the abiotic effect index was considerably smaller than the value of RII based on 

canopy height, showing that competition was greater than the abiotic effect index. The most 

negative value of the abiotic effect index was not a statistical outlier, but even if it is dropped, 

the relationship between the abiotic effect index and mangrove cover is still not significant. 

Thus, our results show that competition among mangroves can be intense even when plants 

are severely stunted, that the intensity of competition does not change across a local stress 

gradient near the geographic range limit of the plants, and that at this site, the intensity of 

competition was greater than the effect of the local abiotic stress gradient between forest 

fringe and interior. 

Within mangrove forests, conspecific and interspecific neighbors can act as 

competitors or facilitators following disturbances; the nature of the interaction depends on the 

species identity and the nature of the disturbance (Uriarte et al. 2004). Some evidence exists 

that mangrove seedlings may facilitate each other’s survival under harsh conditions (Toledo 

et al. 2001), leading to the suggestion that mangrove afforestation projects could be more 

successful if seedlings were planted in clumps to maximize survival rather than evenly 

spaced to minimize competition (Gedan and Silliman 2009). We found no evidence for 

facilitation in our experiment. Our methods were not ideal to test facilitation because our 

design did not isolate single plants, but only small groups of plants in 3 × 3 m cells; however, 

at this spatial scale we found no evidence for net facilitation (i.e., RII was never positive). 

Previous studies have typically found facilitation when comparing single plants to small 

groups of plants (Toledo et al. 2001; Gedan and Silliman 2009), and it may be that we did not 

observe it because we worked at the wrong spatial scale. Alternatively, facilitation in 

mangroves may be most important at the seedling stage (McKee et al. 2007; Huxham et al. 

2010), which was bypassed in our experiment. 
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One caveat to our results is that the measurements of leaf chlorophyll content and 

growth of tagged trees were conducted only in the interior of the plots. The measurements of 

the abiotic stress effect, then, were based only on the canopy height of the 3 × 3 m mangrove 

cells. However, measurements of RGR based on height of tagged trees and on canopy height 

of the 3 × 3 m cells were almost identical in the interior (compare Fig. 2a with Fig. 3b), so we 

don’t think conclusions would have changed if we had also measured growth of tagged trees 

in the fringe. 

In conclusion, we conducted the first experimental study of intraspecific competition 

among adult mangroves in a natural mangrove stand. Although our finding that mangroves 

compete is perhaps not surprising, it is somewhat unexpected that mangroves compete so 

strongly at a site where they are severely stunted by abiotic stress. Moreover, the importance 

of competition was greater in magnitude to the importance of the abiotic stress difference 

between the fringe and interior of the habitat. These results emphasize that mangrove forests 

are strongly structured by competition, even in locations where plants are severely stunted by 

abiotic stress. 
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Figure Legends 

Figure 1. The study site was located a) in the Gulf of Mexico, near Aransas Bay, Texas, 

United States. The 42 m × 24 m study plots (demarcated with dashed lines) were located b) 

on Harbor Island, in three blocks (demarcated with solid lines); percent values indicate 

maintained mangrove cover in each plot. The image was taken in 2013 shortly after the study 

began. c) Schematic of a representative plot depicting mangrove (gray) and marsh (no 

shading) patches (3 m × 3 m), X symbols indicate four tagged trees. 

 

Figure 2. Relative growth rate (RGR) of tagged mangrove trees from June 2013 to 

November 2019 based on (a) height (R
2
 = 0.80, P = 0.001), (c) canopy area (no significant 

pattern), and (e) volume (R
2
 = 0.64, P = 0.01); and RII (relative interaction intensity) based 

on RGR (b) RII (RGR of height, R
2
 = 0.81, P = 0.001), (d) RII (RGR of canopy area, no 

significant pattern), (f) RII (RGR of volume, R
2
 = 0.62, P = 0.01) as a function of nominal 

plot-level mangrove cover (grey shadow represents 95% confidence interval). 

 

Figure 3. (a) Height of the mangrove canopy (ANCOVA: Mangrove cover, F1, 98 = 102.7, P 

< 0.001; Location: F1, 98 = 110.3, P < 0.001; Mangrove cover × Location: F1, 98 = 1.1, P = 

0.30), (b) relative growth rate (RGR, based on canopy height, ANCOVA: Mangrove cover, 

F1, 96 = 16.8, P < 0.001; Location: F1, 96 = 0.14, P = 0.71; Mangrove cover × Location: F1, 96 = 

3.0, P = 0.09), (c) RII based on RGR of canopy height, (d) abiotic effect index based on the 

height difference between canopy height of mangrove in the fringe and back of each 

mangrove plot as a function of nominal plot-level mangrove cover (ANCOVA comparing 
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abiotic effect index with RII based on RGR of canopy height: Mangrove cover, F1, 21 = 19.2, 

P = 0.0002; Index: F2, 21 = 6.1, P = 0.008; Mangrove cover × Index: F2, 21 = 5.4, P = 0.013). 

 

Figure 4. Effect of nominal mangrove cover on potentially-limiting resources. (a) leaf 

chlorophyll content of tagged mangrove trees (R
2
 = 0.59, P = 0.02), (b) light interception by 

mangrove canopy in the fringe and the back of plots (ANCOVA: Mangrove cover, F1, 86 = 

26.4, P < 0.001; Location: F1, 86 = 1.7, P = 0.19; Mangrove cover × Location: F1, 86 = 0.0, P = 

0.98). 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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