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DISCUSSION 

 Post-invasion environmental conditions in the Brancheau marsh were stronger 

controls on carbon transformations than the chemical composition of plant litter. The 

prediction that less decomposition of Phragmites litter than Typha litter would occur in both 

sites was not supported, suggesting that differences in chemical composition were not 

controlling decomposition rates. Phragmites and Typha litter lost more mass in the invaded 

site, suggesting that Phragmites may be influencing the physiochemical environment to 

enhance decomposition. Significantly more CH4 was produced in Typha-associated soils than 

Phragmites-associated soils under anoxic conditions as predicted, suggesting that higher 

levels of anaerobic microbial activity occurred in the Typha site. There was no significant 

difference in CO2 production between sites under oxic conditions; therefore, the prediction 

that Phragmites-associated soil microbial communities would be more active than Typha-

associated communities under aerobic conditions was not supported. While both Typha and 

Phragmites leachates were readily metabolized by Phragmites-associated soil microbes, 

significantly less consumption occurred when leachates were introduced to Typha associated 

soil microbes during aerobic incubations. Furthermore, slightly less CO2 was produced in 

Typha soils treated with Phragmites leachates than when treated with dH2O or Typha 

leachates, indicating the potential for microbial inhibition by Phragmites leachate. An 

alternative explanation is that the Typha-associated microbes were not adapted to produce 

enzymes necessary to degrade Phragmites-derived humic compounds.  

 Significantly higher annual plant litter mass loss in the Phragmites site than the 

Typha site, regardless of litter species, suggests that Phragmites invasion can increase the 

rate of carbon turnover and emissions to the atmosphere from the wetland detrital carbon 
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pool. During the 2010 growing season, Phragmites fixed more than two times the amount of 

carbon fixed by Typha and carbon composed 42% of Phragmites biomass and 43% of Typha 

biomass (K. Judd, unpublished data, 2012); therefore, the-Phragmites invaded site served as 

a net carbon sink. Similar mass loss from Phragmites and Typha litter in both community 

types follows the trend of similar decomposition rates from both plant species reported in 

previous studies, suggesting that annual productivity is a major factor in wetland carbon 

accumulation. Higher rates of Typha decomposition during the cold season may have been 

due to a larger proportion of labile (non-humic) organic material in the Typha litter compared 

to Phragmites litter. An alternative explanation is that antimicrobial compounds leached from 

Phragmites litter upon falling to the wetland surface suppressed microbial decomposition. 

During the warm season, decomposition rates were similar between sites and for Phragmites 

and Typha litter. It is possible that differences were not detected during the warm season 

because measurements were indirect (subtraction of the mean cold season loss from the total 

loss), which increased the error in measurement. This error could be reduced by introducing a 

separate set of litter bags into the wetland at the end of the cold season for fall collection. 

While the characteristics of invasive Phragmites that increase decomposition rates (high 

primary productivity, dense growth, high evapotranspiration rates, etc.) were expected to 

have a maximal impact on litter mass loss during the growing season, comparatively more 

labile carbon in Typha litter is biologically available in the spring, and the warm season is the 

peak period for decomposer activity. These factors may have contributed to an equalization 

of decomposition rates. 

  Significantly lower surface water levels in the Phragmites-invaded site may influence 

higher rates of microbial respiration (Figure 8). A difference in water levels may have 
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resulted from increased evapotranspiration in the invaded site. While higher rates of 

evapotranspiration are associated with Phragmites invasion (Herbst and Kappen 1999, 

Goulden et al. 2007, Borin et al. 2011), these rates are strongly influenced by local conditions 

and require further investigation within the study site. Proximity to Lake Erie may have been 

a factor that influenced site specific water level; however, it is unlikely that higher lake 

surface water levels would have caused comparatively lower water levels in the Phragmites 

site because it is nearer to the pelagic zone. Low water levels (field moist vs. saturated) 

increased the rate of soil microbial CO2 production during incubations. Greater CO2 

production in invaded sites with lower water levels may also result from increased methane 

oxidation (Roslev and King 1996). Lower water levels could also explain the significantly 

higher rates of litter decomposition in the Phragmites site. 

 The predicted decrease of soil temperatures resulting from reduced light infiltration 

into the invaded site was not supported (Figure 9). This suggests that soil temperature was 

not a major post-invasion driver of litter decomposition rates. Increased soil temperatures 

during the growing season have been shown to significantly increase the wetland function of 

nutrient storage (Picard et al. 2005). While decreased water levels and increased temperature 

can increase microbial activity, no significant difference between soil temperatures in the 

Phragmites-invaded site and the pre-invaded Typha site was observed during this study, 

suggesting that lower water levels after Phragmites invasion were likely the main driver of 

increased rates of litter decomposition compared to Typha sites.  

 The results of this study did not indicate that Phragmites-associated microbial 

communities were more active than Typha-associated communities under oxic conditions 

because CO2 production was not significantly different in the two soil types. The similar 
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response of soil microbes may be attributable to the high energy yield of aerobic respiration, 

which occurs at a rate that is several times faster than anaerobic carbon mineralization 

(D'Angelo and Reddy 1999). Another possible explanation is that since both plant species 

transport O2 to the root zone, aerobic microbes are constantly active in both soil types. 

Significantly higher rates of CH4 production in saturated Typha soils than saturated 

Phragmites soils suggest that Typha associated microbial communities may be better adapted 

to saturated conditions. A change in the anaerobic microbial community resulting from 

Phragmites invasion would be functionally significant because the beneficial processes of 

denitrification and sulfate reduction require specific anoxic conditions (Faulwetter et al. 

2009). Evidence for inhibited microbial community function, measured as decreased removal 

rates of N and P, was observed when another grass (Phalaris arundinacea) invaded Typha 

sites (Fraser et al. 2004). Other explanations for greater methane production in Typha- 

associated soils, such as substrate availability, less methane oxidation and physiochemical 

characteristics, cannot be eliminated.      

 The results suggest that Phragmites stem and leaf litter leachates may inhibit 

microbial activity during wetland invasion. I predicted that exposure of Phragmites and 

Typha soils to Phragmites leachates would result in less gaseous carbon production than 

exposure to Typha leachates. While not statistically significant, microbial respiration rates in 

Typha soils were lower in response to Phragmites leachate addition than Typha leachate or 

dH2O addition. This contrasted the trend towards greater respiration rates in Phragmites soils 

in response to Phragmites or Typha leachate addition versus dH2O addition. This trend 

occurred despite greater aromaticity of Typha leachates, as measured by specific ultraviolet 

absorbance. This suggests that soil microbial communities associated with Phragmites 
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monocultures may be more adapted to toxic molecules, such as the gallotanin or EMA, 

known to be produced in Phragmites leaves and stems (Anesio et al. 1999, Rudrappa et al. 

2009). Another possible explanation is that these antimicrobial molecules are also 

allelopathic and microbial inhibition is secondary to phytotoxicity.  

 The results of this study indicated that Phragmites-associated soil microbes were 

more active than Typha-associated soil microbes and that CO2 production from invaded 

wetlands was greater on an areal and DOC corrected basis. While areal estimates considered 

gaseous carbon production only to the sampled soil depth of 20 cm and are not estimates of 

total emissions, both the aerobic and anaerobic zones were represented in the analysis. 

Higher respiration rates in Phragmites-associated soils occurred despite less DOC 

availability in Phragmites litter leachates. One possible explanation is that Phragmites-

associated soil microbes were not nutrient limited at the lower DOC concentration, and these 

microbes were adapted to readily metabolize the Phragmites-derived leachate, which was not 

found to be more recalcitrant in SUVA analysis. Greater decomposition and increased 

respiration in the Phragmites-invaded site supports the hypothesis that invasive plants benefit 

from litter accumulation, providing an energy source to microbes that mediate nutrient 

transformations, such as nitrogen fixing bacteria (Tuchman et al. 2009). An increase in 

sample size for each soil x leachate treatment could result in significant differences becoming 

detectable in the trend towards inhibition of Typha-associated microbes by Phragmites-

derived leachates. A future experiment that could be conducted to determine antimicrobial 

properties of Phragmites leachates would be to isolate phenolic compounds found in 

Phragmites leachates and apply them to soil microbial communities under pre-invaded and 

post-invaded conditions.  



27 

 

CONCLUSIONS 

 Post-invasion environmental factors had a strong influence on wetland carbon 

transformations. While the invaded site functioned as a net carbon sink, high rates of litter 

decomposition and CO2 production (with site specific leachate additions) in the invaded 

marsh suggest that the organic matter entering invaded wetlands moves rapidly from both 

plant biomass and soil to the atmosphere through aerobic respiration. These aerobic 

processes may have been enhanced by both lower water levels and potentially increased bulk 

O2 transport to the rhizosphere in the invaded site; however, microbial respiration rates were 

similar in both Phragmites- and Typha-associated soil types when not submerged, suggesting 

that increased oxygen availability may equalize microbial activity. Phragmites invasion may 

result in lower methane emissions from wetland soils. Since methanogenesis was 

significantly lower in saturated Phragmites-invaded soils than saturated pre-invaded soils and 

invasion is associated with lower water levels (likely resulting from higher Phragmites 

transpiration rates and a limiting factor in obligate anaerobe activity), post-invasion CH4 

emission is expected to decrease. Since other environmental factors could influence this 

trend, multiple carbon pathways in a variety of wetlands should be quantified with concurrent 

environmental monitoring. While increased microbial respiration occurred in soils of the 

invaded site, the possibility of microbial inhibition resulting from Phragmites-derived 

leachate additions was observed. This supports the hypothesis that litter chemical 

composition provides a mechanism for invasive plants to store energy in biomass, which is a 

nutrient pathway that is not currently well understood. Microbial inhibition may be 

particularly important at the invasion front, where competition for nutrients is high and 

suppression of decomposition would benefit a rhizomatous invader. While this study focused 
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on short-term carbon fluxes, which vary with annual primary productivity, the results suggest 

that long-term carbon emission potential from invaded wetlands may be enhanced by greater 

carbon storage in invaded soils and greater post invasion O2 availability due to lower water 

levels. 
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Phragmites Typha 

Live Above-ground Plant 

Biomass (g m
-2

) 
3343.7 ± 1510.52 1510.5 ± 632.9 

Litter Mass Loss (%) 49.1 ± 5.1 39.4 ± 17.9 

Annual Litter 

Accumulation (g m
-2

) 
1702 915 

Table 1. Annual above ground biomass production and litter 

mass loss from: Phragmites in the Phragmites site and Typha in 

the Typha site during a 344 d period from Dec 2010 to Nov 

2011, and estimated annual litter accumulation. Live above 

ground plant biomass (n=5) and litter mass loss (n=10) reported 

as mean (± 1 SD). 
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 Phragmites Typha 

Soil Carbon (%) 44.8 ± 1.3 44.2 ± 1.4 

Bulk Density (kg/m3) 405.0 ± 58.6 342.8 ± 80.4 

Total soil carbon (kg/m3) 181.4 151.5 

Table 2. Percent soil carbon, bulk density and estimated total mass of carbon in one m
3
 of soil 

in the Phragmites and Typha dominated sites. Soil C (n=5) and bulk density (n=2) are reported 

as the mean (± 1 SD). 



36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Phragmites Typha 

DOC leaching Rate 
 

(
   (

  

 
)

                 
)  

 

 

2.77 x 10
-1 

 

6.10 x 10
-1 

SUVA 
 

(
 

    
)  

 

 

8.40 x 10
-1 

 

9.64 x 10
-1 

CO2 Production 
 

(
  

     ( )      (
  

 
)
)  

 

 

1.86 ± 0.26 

 

0.49 ± 0.27 

CH4 Production 
 

(
  

     ( )      (
  

 
)
)  

 

 

7.71 x 10
-4 

± 9.49 x 10
-4

 

 

4.83 x 10
-4 

± 4.37 x10
-4

 

CO2 Production 
 

(
  

    
)  

 

 

1.56 x 10
7 

± 2.19 x 10
6 

 

8.16 x 10
6 

± 4.47 x 10
6 

CH4 Production 
 

(
  

    
)  

 

 

 

6474.8 ± 7968.6 

 

 

 

8042.9 ± 7287.3 

 

Table 3. Rates of DOC leaching, specific ultraviolet absorbance and gaseous carbon 

production (standardized for DOC concentration and per m
2 

wetland). Areal estimates 

were based on production when Phragmites leachates were added to Phragmites soil and 

Typha leachates were added to Typha soil treatments in aerobic incubations to 

approximate normal wetland conditions. Values are the mean (± 1 SD) (n=8). 
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Author(s) Site Type Mass Loss (%) 
Phragmites  Typha 

Length 
(days) 

This study (Phragmites Site) Great Lakes coastal 

marsh 

49.1 49.0 344 

This study (Typha Site) Great Lakes coastal 

marsh 

40.7 39.4 344 

(Agoston-Szabo and Dinka 
2008) leaf and culm 

Shoreline of small 

shallow freshwater 

lake 

NA 50 292 

(Agoston-Szabo and Dinka 
2008) culm only 

Shoreline of small 

shallow freshwater 

lake 

50 NA 574 

(Agoston-Szabo and Dinka 
2008) leaf only 

Shoreline of small 

shallow freshwater 

lake 

50 NA 242 

(Findlay et al. 2002) Tidal freshwater 

marsh 

~5 ~30 400 

(Mason and Bryant 1975) Shoreline of small 

shallow freshwater 

lake 

NA 50 368 

(Mason and Bryant 1975) Shoreline of small 

shallow freshwater 

lake 

50 NA 200 

Table 4. Comparison of mass loss from Typha and Phragmites litter in this study to three 

previous studies that reported decomposition rates of litter originating from both plant 

species within a wetland. 
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Figure 1. Conceptual diagram showing the major carbon transformations occurring in a 

Great Lakes coastal marsh. Bold arrows show the pathways investigated during this 

study. Diagram was modified from Brix et al. 2001 and Mitsch and Gosselink 2007. 

Phragmites illustration by Miranda Waugh. 
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Figure 3. Photograph of a 5 mm mesh litter bag secured to 

an angle iron that was anchored to the wetland soil with an 

iron spike. 

 

Spike used to 

secure the angle 

iron in the 

wetland litter 

layer 

Angle iron used 

to maintain the 

position of four 

bags containing 

stem and leaf 

litter 



41 

 

Figure 4. Mass loss (%) from Phragmites and Typha litter in 

sites dominated by each plant species during a) cold season (144 

d from Dec 2010 to Apr 2011) b) warm season (200 d from Apr 

2011 to Nov 2011) and c) annual (344 d from Dec 2010 to  Nov 

2011). Different capital letters above bars indicate significant 

differences (p < 0.05). Bars show mean (± 1 SD) (n=10). 
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Figure 5. Carbon dioxide production during a four day incubation of field 

moist (FM) oxic and submerged (SU) anoxic Phragmites and Typha soils in 

the dark at 21.7 °C. Different capital letters above bars indicate significant 

differences (p < 0.05). Bars show mean (± 1 SE) (n=5). 

Water Level 

FM = Field Moist 

SU = Submerged 
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Figure 6. Methane production during a four day incubation of field moist (FM) 

oxic and submerged (SU) anoxic Phragmites and Typha soils in the dark at 21.7 

°C. Different capital letters above bars indicate significant differences (p < 0.05). 

Bars show mean (± 1 SE) (n=5). 

Water Level 

FM = Field Moist 

SU = Submerged 
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Figure 7. Carbon dioxide produced during a seven day incubation of Phragmites and 

Typha soils treated with dH2O (W), Phragmites leachates (P) or Typha leachates (T) 

in the dark at 21.7 °C for 7 d. Different capital letters above bars indicate significant 

differences (p < 0.05). Bars show mean (± 1 SE) (n=8). 

Leachate 

W = dH2O (control) 

P = Phragmites 

T = Typha 
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Figure 8. a) Surface water depths in the Phragmites and Typha 

dominated sites at the Brancheau marsh during 2010 through 

2012. Points show mean (n=5) b) Inset of surface water depths 

within Phragmites and Typha sites on nine sampling dates 

during the cold (Dec 2010 to Apr 2011) and warm seasons (Apr 

2011 to Nov 2011) of the litter decomposition experiment. 

Water levels were significantly lower in Phragmites sites 

during both the cold and warm seasons (p < 0.05). Points show 

mean (± 1 SE) (n=5). 

a 

b 
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Figure 9. Soil water temperatures within Phragmites and Typha sites on 

eight sampling dates during the cold (Dec 2010 to Apr 2011) and warm 

(Apr 2011 to Nov 2011) seasons of the litter decomposition study. Water 

temperatures were not significantly different in Phragmites and Typha 

sites. during the cold or warm seasons (p > 0.05). Points show mean (± 1 

SD) (n=5). 


