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The Upper St. Johns River Basin (USJRB) is one of ten major watersheds within 

the St. Johns River Water Management District.   Appropriate understanding and 

management of wetlands in the USJRB has direct implications on soil subsidence and 

is vital to achieving the District’s core missions of flood protection, water supply, water 

quality, and protection of natural systems.  

Net litter production and decomposition was estimated in three USJRB 

conservation area marshes using clip plots (n=3).  The roles of species community and 

site characteristics in determining decomposition of litter were examined.  Sites 

represented varied hydrologic disturbance. St. Johns Marsh Conservation Area 

(SJMCA) is highly altered, Blue Cypress Marsh Conservation Area (BCMCA) is 

intermediately altered, and Fort Drum Marsh Conservation Area (FDMCA) represents 

historical conditions.  Litter material was characterized by fiber quality and nutrient 

content over the course of one year of decomposition in the field.  Results show quality 

of litter was correlated with decomposition rate for low quality material (%lignin >40), 

while hydrology may by more influential for higher quality material.  Using annual litter 

production estimates in conjunction with observed decomposition rates, annual 
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contribution to soil elevation was found to be 0.20 0.06 cm in BCMCA, 0.18 0.07 cm 

in FDMCA, and 0.06 0.09 cm in SJMCA.  Subsidence has resulted in the loss of 

organic soils and is not quickly reversible due to the slow rate of accretion. 
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CHAPTER 1 
INTRODUCTION 

Soil organic matter (SOM) in wetlands is an important reservoir of global carbon 

(C) (Kayranli et al., 2010; Marín-Muñiz et al., 2014).  Drainage of wetlands results in 

significant soil subsidence and loss of C to the atmosphere (Morris et al., 2004; Ewing 

and Vepraskas, 2006; Van Dam, 2012).  Subsidence occurs via two mechanisms.  

Primary subsidence is the compaction or settling of soil, and secondary subsidence is 

the oxidation of SOM.  Oxidation of SOM results in the transfer of carbon from soil to the 

atmosphere, and may be caused by microbial decomposition or fire (Ewing and 

Vepraskas, 2006).  Together, primary and secondary subsidence lower the elevation of 

the soil following drainage (Ewing and Vepraskas, 2006; Vam Dam, 2012).  

Accumulation of SOM is the opposing process that builds soil and raises elevation.  

Input of SOM is often derived from decomposing vegetative material, except in cases 

such as treatment wetlands that receive external OM inputs (Kayranli et al., 2010).  

Accumulation of SOM is therefore a function of litter production from plants and 

subsequent decomposition (Mitch and Gosselink, 1986; Kayranli et al., 2010).  Organic 

soils are threatened and C stores are released when drainage causes subsidence to 

occur at a faster rate than can be counterbalanced by accretion (Vam Dam, 2012).   

Wetlands are well known for accumulating organic matter over time (Reddy and 

DeLuane, 2008).  The reasoning for this can be summarized in two points: 1) wetlands 

are highly productive systems and 2) saturated conditions reduce the amount of oxygen 

available for microbially mediated decomposition, resulting in slower decomposition of 

detritus as compared to uplands.  When soils are saturated, the water displaces air from 

pore spaces resulting in a reduced environment after dissolved oxygen in the water is 
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used up.  Additionally, standing water on the surface of the soil significantly reduces the 

rate of oxygen diffusion (approximately 10,000 times slower through water than through 

air) (Reddy and DeLaune, 2008).  Any dissolved oxygen in the water is quickly used up, 

necessitating alternative, less efficient electron acceptors instead of oxygen to be 

utilized by microbes in catabolism of OM, which slows down the decomposition process 

(McLatchey and Reddy, 1998; Reddy and DeLaune, 2008).  This results in the buildup 

of OM over time in wetlands, and explains the rapid loss of OM due to oxidation in 

cases where wetlands dry and oxygen is abundant.  

Background Information on Biogeochemical Processes 

One of the many functions of wetlands is to store, release, and transform 

nutrients.  The elements of interest for this research are carbon (C), nitrogen (N), and 

phosphorus (P).  Carbon is a foundational element, creating complex chains and rings 

and bonding with other key elements to facilitate the processes and form structures that 

are required for life (Wade, 2006).  Not only is it essential for life, C also plays a 

significant role in affecting global climate.  The soil carbon pool represents a substantial 

fraction of global C, approximately 1500-1600 Pg, which is over twice the amount found 

in the atmosphere (approximately 700 Pg) (Raich and Potter, 1995; Bolin et al., 1979; 

Kayranli et al., 2010).  Wetland soils account for approximately 68% of the soil C pool, 

despite representing a much smaller surface area of the earth compared to terrestrial 

systems (Schlesinger, 1991).  On the global scale, living and dead plant biomass 

includes approximately 700 Pg and 150 Pg of C, respectively (Bolin et al., 1979).  The 

flux of C between pools is important to understand because the various forms and 

amounts of C in each reservoir have drastic impacts on global climate.  The focus of this 

research is on the transfer of C from the atmosphere to the biosphere (in production of 
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plant biomass) and from the biosphere to the soil (in decomposition of detrital material).  

As decomposition occurs, respiration also contributes C back to the atmospheric pool. 

Nitrogen and P are also required for life and are essential parts of DNA and other 

nucleic acids, proteins, amino sugars, and other compounds.  Because of the direct 

linkages of N and P to C in complex compounds, the fates of these elements are 

directly tied to C.  In addition to those organic forms of N and P, both elements have 

inorganic components to their cycles.  In order for plants to utilize N or P, they must be 

in their inorganic forms.  These elements are cycled in wetlands by microbes which 

decompose organic matter (OM), transforming organic N and P into bioavailable forms 

which can then be utilized in primary production by plants.  Seasonal cycles of dead 

plant material inputs to the soil continue to provide the microbial community with OM to 

sustain the cycle.  Depending on the amount of N and P available, wetlands systems 

can be described as either N-limited or P-limited.  Excess of either or both of these 

elements can cause eutrophication of a wetland (Westlake et al., 1998). 

Decomposition of Detritus 

It is well recognized that the breakdown of detrital material in ecosystems is an 

important pathway of energy flow and transformation of material to other forms 

(Webster and Benfield, 1986; Davis, 1991).  Dead plant material which accumulates on 

the surface of the soil contributes C to microbial communities, which catabolize the C 

compounds for energy (McLatchey and Reddy, 1998; Reddy and DeLaune, 2008).  The 

catabolism of C by microbes also effects the N and P cycles by breaking down organic 

molecules containing these elements.  Under anaerobic conditions, organic N is 

mineralized to ammonium in an oxidative process regulated by microbes (Reddy and 

DeLaune, 2008). The ammonium may then be either immobilized and taken up into 
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living biomass converting back to organic N, or leave the system by entering the 

atmosphere either by volatilization, forming NH3, or by undergoing subsequent 

nitrification/denitrification, forming N2 and NO2 (Reddy and DeLaune, 2008).  

Phosphorus, on the other hand, does not have a significant gaseous form.  It remains in 

the system, either accumulating in the soil, taken up as new biomass, or leached into 

the water column. 

A significant factor in determining the fate of N during decomposition is the 

amount of C available and the microbial requirements for assimilation of C and N.  

Microbes maintain a C:N ratio of 10; since they obtain C and N for cell synthesis from 

detrital material, the C:N ratio of the detritus will determine if ammonification outweighs 

immobilization or vice versa in the C cycle (Reddy and DeLaune, 2008).  If the C:N ratio 

of detritus is greater than the critical C:N ratio needed by microbes to maintain their ratio 

of 10, then net immobilization occurs (inorganic N will be assimilated by microbes).  If 

the C:N ratio is lower than the critical ratio, net ammonification occurs and organic N is 

released.  The critical C:N ratio is dependent on the conditions; aerobic decomposition 

by microbes requires a C:N ratio of 25, while anaerobic conditions require a C:N ratio of 

100 because the efficiency of C assimilation is lower (Reddy and DeLaune, 2008).   

Phosphorus storage or release similarly depends on the C:P ratio of detrital 

material and microbial requirements.  Critical C:P ratios under aerobic conditions are as 

follows: C:P <200 will result in net mineralization (organic P transformed to inorganic 

and released), C:P between 200 and 300 yields no gain or loss of inorganic P, and 

C:P>300 results in net immobilization (inorganic P transformed to organic P and 

incorporated in biomass) (Reddy and DeLuane, 2008).  Organic P from detrital material 
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has a number of possible fates depending on a variety of factors.  It may leach from the 

plant tissue and enter the water column as dissolved organic P, become buried in the 

soil over time stabilize as soil OM, adsorb to mineral and clay surfaces, breakdown to 

inorganic forms through mineralization, hydrolysis, or photolysis (Reddy and DeLaune, 

2008).   It can be expected that during decomposition, some organic P will be released 

and some will be stored long-term. 

As with any environmental research topic, there are many factors that influence 

the process of decomposition and nutrient cycles, and therefore make it impossible to 

develop one universal model that holds true for all circumstances (Webster and 

Benfield, 1986).  Different models of vascular plant breakdown have been described, 

though there are trade-offs between them.  Selecting a model which gives good 

precision may not be generally applicable across different locations, and a model that 

may have the advantage of generality is less precise or realistic (Webster and Benfield, 

1986).  In order to obtain site-specific data for the USJRB, the decomposition rates of 

various wetland vegetation litter were recorded and the relationship between variables 

that may influence those rates were analyzed.   

Upper St. Johns River Basin 

The north-flowing St. Johns River (SJR) headwaters begin with expansive 

floodplain marshes at the southern end of the system.  The low-laying freshwater 

marshes, settled between the Atlantic Coastal Ridge to the east and the Osceola Ridge 

to the west, supply water that gradually flow north and become the headwaters of the 

longest river in the state.  Today, the marshes have been drastically reduced in area 

following conversion of the marshes to agricultural land uses and other development 

(Brenner et al., 2001, SJRWMD, 2007; SJRWMD, 2008; SJRWMD, 2009).  Like much 
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of Florida throughout the first half of the 20th century, the region was drained with the 

construction of dikes and ditches in order to provide flood protection and create usable 

land for agriculture and development.  The drainage resulted in 62% of the 100-year 

floodplain and 42% of the annual floodplain being converted to agricultural land by the 

1970s (SJRWMD, 2009).  These modifications to the natural system significantly 

changed the hydrology and ultimately caused a shift in the vegetative species 

composition in the mosaic of headwater wetlands that makeup the upper basin of the 

SJR.   

After decades of drainage, the importance of floodplain marshes for the 

ecosystems services they provide began to be recognized.  Beginning in the late 1970s, 

land in the Upper St. Johns River Basin (USJRB) marshes was acquired in parcels by 

the St. Johns Water Management District (SJRWMD) to be protected.  The SJRWMD 

manages these conservation area marshes with multiple purposes in mind: flood 

control, restoring hydrology, improving water quality, protecting habitat for native flora 

and fauna, protecting cultural resources, and providing educational and recreation 

opportunities for the public (SJRWMD, 2007; SJRWMD, 2008; SJRWMD, 2009).  

Hydroperiod and fire regime are the two factors that most influence the characteristics 

of the marshes.  The land management plans prepared by the SJRWMD use these 

factors as tools to restore or maintain the flood plain marshes; by controlling the water 

and fire regimes.  In addition to regular monitoring and chemical treatments of exotics, 

they can encourage the health of certain species and habitats and help restrict the 

spread of invasive species (SJRWMD, 2007; SJRWMD, 2008; SJRWMD, 2009).  

However, past alterations of the hydroperiod have already affected the species 
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composition, which has in turn resulted in changing the fuel type available for fires 

(SJRWMD, 2007).  Salix caroliniana has established communities in the USJRB where 

historical drainage and compartmentalization of marshes has favored the shrub over the 

native herbaceous species (Quintana-Ascencio et al., 2013).  Fire alone is not a 

sufficient management tool in controlling Salix because it resprouts prolifically and 

within two years recovers stem density (Lee et al., 2005).   Fuel type is a factor the 

effectiveness of fire as a management tool in maintaining the floodplain marsh, and 

mechanical treatment of shrub species is necessary to encourage herbaceous growth 

and preferred fuel before fire can be effective (SJRWMD, 2007). Additionally, prescribed 

burns are challenging to schedule and carry out due to the proximately of highways and 

developments nearby, and the danger imposed by smoke.  In general, changes to 

hydrology and lack of fire have facilitated the invasion of shrub species in these areas 

(SJRWMD, 2007; SJRWMD, 2008; SJRWMD, 2009).  Therefore, the management of 

the hydroperiod of these marshes as well as invasive species control plays an important 

role in the restoration and conservation of native habitats in this area.  Quintana-

Ascencio et al. (2013) found that hydrologic manipulation with the correct timing can 

help control the establishment and growth of Salix in early stages of its life cycle.  They 

recommend targeting seedlings and small saplings with extended periods of complete 

inundation to ensure mortality followed by drawdowns lasting for weeks to months to 

limit seed germination and establishment. 

Research by Brenner et al. (2001) has been done in the Upper St. Johns Basin 

(USJRB) to quantify historical trends of sediment and nutrient accumulation using 

paleoecological methods.  They found that sediment accretion rates in the USJRB were 
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on average 0.33 ± 0.05 cm yr-1 since around the year 1900, and since around 1963, the 

mean peat accumulation rate was 0.53 ± 0.11 cm yr-1 (Brenner et al., 2001).  The higher 

rate in recent years was attributed to two factors: an increase in mass accumulation in 

recent years and compaction of older deposits (Brenner et al., 2001).  They also found 

that since the 1970s, P accumulation rates are approximately 2-17 times higher and C 

and N accumulation rates were 1-3 times higher compared to 1920 rates.  They 

concluded that increased P loading to the system drove increased rates in primary 

productivity, resulting in higher C and N burial since the 1970s.  The differences were 

more pronounced for P rates than C or N since both C and N are lost from the system 

by means of soil respiration and denitrification while P remains in the sediment (Brenner 

et al., 2001). 

Soil subsidence and respiration in the USJRB were studied by Van Dam in 2012.  

Using soil cores retrieved from the sites in a laboratory study, he found that subsidence 

occurred at a rate of 4.7 cm yr-1 after drainage.  Results from an in situ study of C flux 

showed total C respiration, including both CO2 and CH4, equal to 447 ± 79 g C m-2 yr-1 

under flooded conditions and 2603 ± 338 g C m-2 yr-1 under drained conditions (Van 

Dam, 2012), with CO2 being the main form of gaseous loss.  Soil characteristics were 

analyzed in 11 sites, three of which correspond to the same sites sampled in SJMCA for 

this research and are listed below in Table 1-1.  Nutrient flux from soil cores was 

measured in the laboratory and showed a significant increase in flux for N and P after 

cores were drained for 215 days, and no significant difference in dissolved organic C 

flux after drainage (Van Dam, 2012).   
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Table 1-1.  Soil characteristics for sites in St Johns Marsh Conservation Area (Mean ± 
Std Error). 

Site Mean Bulk 

Density (g cm-3) 

TC (%) TN (%) TP (g kg-1) 

SJM-WIL 0.13 ± 0.004 50.1 ± 1.3 3.19 ± 0.06 0.63 ± 0.13 

SJM-SAW 0.17 ± 0.08 47.8 ± 1.0 3.13 ± 0.08 0.76 ± 0.14 

SJM-TYP 0.15 ± 0.004 45.5 ± 1.1 3.2 ± 0.04 1.26 ± 0.10 

Source: (Van Dam, 2012) 

Objectives 

The objectives of this research are to determine the litter production of different 

vegetative communities in the USJRB and to determine to what extent they contribute to 

SOM.  Both litter production and decomposition were measured to quantify the input of 

organic matter from vegetation to the soil.  Communities from sites with varying levels of 

disturbance were studied to determine to what extent different vegetation types 

contribute to the SOM pool and nutrient turnover. Species sampled are listed in Table 1-

2. 

Table 1-2.  Species of interest for this study.  

Scientific Name Common name Type 

Cladium jamaicense  Sawgrass Sedge, emergent  

Panicum hemitomon Panic grass Grass 

Polygonum species  Knotweed  

Typha domingensis Cattail  Emergent 

Salix caroliniana Carolina willow Shrub or small tree 

Cephalanthus occidentalis Buttonbush Shrub or small tree 
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CHAPTER 2 
 LITTER PRODUCTION 

 
Wetlands are among the most productive ecosystems on the planet (Mitsch and 

Gosselink, 1986; Keddy, 2000; Rocha and Goulden, 2009).  Primary producers, which 

are able to build biomass using sunlight and atmospheric C, are the basis on which 

entire ecosystems depend for energy.  The main factors which limit productivity in plants 

are often water and available nutrients; however in wetlands both of these resources 

are often abundant, which explains why productivity in wetland systems is so high 

(Keddy, 2000; Rocha and Goulden, 2009).   

Influential Factors  

Vegetation Community 

Vegetation communities are the defining feature of wetland types and determine 

many of the characteristics of a wetland. For example, a shift from a sawgrass 

dominated herbaceous marsh to woody shrubs such as willow, which has already 

occurred in the northern part of SJMCA, will affect the wildlife niches present, affect 

biodiversity, increase the level of evapotranspiration, change the way fire is carried 

through the marsh and its effects, and potentially change the soil characteristics over 

time (Quintana-Ascencio et al., 2011).  Primary productivity is also expected to differ 

amongst communities.  Due to inherent differences between the photosynthetic parts of 

different species, such as surface area and positioning of leaves, primary production will 

naturally depend on the vegetation communities present (Keddy, 2000, Rocha and 

Goulden, 2009).  With shifting communities in the USJRB, it is important to understand 

the potential effects and feedbacks that may result from a change in community 

structure.  Figures 2-1, 2-2, and 2-3 show the distribution of wetland habitat types 
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across each conservation area marsh.  These maps are useful to gain a general 

understanding of the greater region surrounding the individual study sites.  Of the five 

sites sampled, four were herbaceous marsh (light green on the maps) and one was 

shrub dominated (yellow on the maps). 

 
Figure 2-1: Wetland habitat types in St. Johns Marsh Conservation Area. 

 
Figure 2-2: Wetland habitat types in Blue Cypress Marsh Conservation Area. 
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Figure 2-3: Wetland habitat types in Fort Drum Marsh Conservation Area. 

 
Hydrology 

The hydrologic regime of a wetland includes the flow pattern, duration, depth, 

and frequency of flooding, and seasonality.  The flow of water through a wetland 

generally has a positive relationship with the productivity.  Greater flows yield higher 

productivity while stagnant wetlands generally have lower productivity (Brinson et al., 

1981; Mitsch and Gosselink, 1986).  This may be due to flowing water contributing 

nutrients to the system, while nonflowing wetlands may rely more on rainwater and 

therefore have lower nutrient inputs.  In addition to flow, the hydroperiod offers insight to 

potential effects on productivity.  A study by Mitsch and Ewel (1979) on cypress 

productivity found that sites with the most difference in water level between wet and dry 

season yielded the highest productivity, likely due in part to aeration of the roots during 

the dry season.  The hydrology also may indirectly affect net primary productivity by 

controlling the species composition, with certain species adapted for particular 

hydrologic regimes.  In the Everglades, Cladium jamaicense productivity was found to 
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have a strong negative correlation with water levels (Childers et al., 2006).  One year 

following a decline in Cladium productivity, Eleocharis sp. increased in stem density, 

indicating that a hydrologically driven decline in productivity for one species may result 

in a shift to another species more adapted to the hydroperiod (Childer et al., 2006). 

Other Factors 

Ecosystems such as wetlands and marshes are inherently complex.  In addition 

to species diversity/richness and hydrology, primary productivity is also a function of 

climate, nutrient input and availability, light availability, herbivory, interactions with 

micorrhizae, biogeochemistry in the soil (affecting respiratory requirements for plants), 

wind (involved in seed dispersal and pollination), fire frequency, among others (Mitsch 

and Gosselink, 1986; Westlake et al., 1998; Rocha and Goulden, 2009).  As a product 

of the interactions of all these factors, wetland productivity is inherently site-specific and 

therefore should be determined for studied marsh systems. 

Research Questions 

 This study aims to answer the following: 
 

1) What are the annual contributions of litter material to the soil elevation? 
2) How much C is contributed to the soil by litter? 

  
Methods 

Site Descriptions 

The research was conducted in Fort Drum Marsh Conservation Area (FDMCA), 

Blue Cypress Marsh Conservation Area (BCMCA), and St Johns Marsh Conservation 

Area (SJMCA) (Figure 2-4). The three areas combined encompass a total of 294 km2 of 

mixed habitat types, with the majority consisting of floodplain marsh (SJRWMD 2007; 

SJRWMD, 2008; SJRWMD, 2009).  Three locations in SJMCA, and one each in 
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BCMCA and FDMCA were used in this study.  The three sites in SJMCA have differing 

vegetation communities and are denoted as SJM-WIL (a Salix Caroliniana dominated 

site), SJM-SAW (a Cladium jamaicense site), and SJM-TYP (a Typha domingensis 

site).  The sites in BCMCA and FDMCA were mostly comprised of sawgrass, shrubs 

including willow and buttonbush, and a variety of other emergent wetland plants.  Sites 

were selected to represent historically natural vegetation communities (Cladium) and 

communities resultant from hydrologic disturbance (Salix and Typha), with SJMCA 

representing the most disturbed sites, BCMCA representing an intermediate hydrologic 

disturbance, and FDMCA representing the most pristine condition.    
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Figure 2-4: Location of Upper St. Johns River Basin Conservation Area Marshes.  
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Figure 2-5: Study site locations.  Map data © 2013 Google, SIO, NOAA, U.S. Navy, 

NGA, GEBCO. 

St Johns Marsh Conservation Area 

Each of the three sites sampled in SJMCA are relatively close to the C-40 canal, 

the primary drainage canal for the US Army Corp of Engineers Upper Basin Flood 

Control Project, which runs north-south adjacent to the eastern berm containing the 

area.  The SJMCA is bordered by agricultural lands to the west, and Three Forks Marsh 

Conservation Area (TFMCA) to the east.  East of TFMCA is more agricultural land 

which quickly transitions to suburban and urban development, including I-95 

approximately 16 km east of SJMCA.  The northernmost and lowest elevation site 

sampled was dominated by Salix caroliniana (SJM-WIL).  The tree line of Salix began 

approximately 20 m from a side canal going west from the main C-40 canal, and the 

sampling location was several meters past the beginning of the tree line (Figure 2-6). 

The remaining two sites within SJMCA were dominated by Cladium jamaicense (SJM-
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SAW) and Typha domingensis (SJM-TYP), located approximately 5.6 km and 7.6 km 

south of SJM-WIL, respectively.  Both sites were similarly west of the C-40 canal, but 

without proximity to any smaller side canals (figure 2-7).  Cladium at SJM-SAW was 

present in thick pockets with clearings of other herbaceous plants in between.  Typha at 

SJM-TYP was sparse with a dense cover of Polygonum and would be best described as 

a mixed herbaceous community.  Of the three conservation area marshes studied, SJM 

is the most disturbed from its natural state due to hydrologic alterations. 

 
Figure 2-6: Location of the SJM-WIL study site.  Map data © 2013 Google. 

C-40 
canal 
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Figure 2-7: Location of SJM-SAW and SJM-TYP sites.  Map data © 2013 Google. 

Blue Cypress Marsh Conservation Area 

Blue Cypress Marsh Conservation Area (BCMCA) is located approximately 31.5 

km south of the SJM-WIL site, and is situated at a slightly higher elevation (Figure 2-8).  

The sampling location within BCMCA is adjacent to an infrequently used airboat trail, 

but no major canals.  The vegetation community is very dense sawgrass (Cladium) 

punctuated with mixed shrubs including willow (Salix) and buttonbush (Cephalanthus) 

next to a smaller open area of floating and submerged aquatic vegetation.  Sampling 

was conducted several meters into the stand of sawgrass.  Around February/March of 

2013, there appeared to be a new airboat trail that was not previously there running 

through the BCMCA site, and possibly running over one of the clip plots.  The PVC 

poles were still in place, but it should be noted that there may have been disturbance to 

the plot.   

 

C-40 
canal 
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Fort Drum Marsh Conservation Area 

Fort Drum Marsh Conservation Area (FDMCA) is the southernmost and highest 

elevation site in this study (Figure 2-8).  The sampling location at this site is the most 

remote compared to the other four, located near an infrequently used airboat trail and 

not close to any canals or boat ramps for visitor access.  The vegetation community at 

the sampling site is very diverse and includes mixed woody shrub species (willow, 

buttonbush, wax myrtle), emergent vegetation (arrowhead, pickerel weed, false nettle, 

sawgrass), and submerged vegetation (bladderworts).  The Fort Drum site represents 

the most natural hydrologic regime and vegetative community. 

 

Figure 2-8: Location of BCMCA and FDMCA sites.  Map data © 2013 Google. 
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Biomass Harvest 

Above-ground plant biomass was collected from the five study sites using direct 

harvesting methods.  At all sites except for SJM-WIL, three replicate 1 m2 plots were 

randomly located.  Above ground vegetation and the litter layer within the plot were 

collected and brought back to the lab for analysis.  Below ground biomass was not 

accounted for in this study.  Plants were clipped down to near the soil surface, leaving 

roots and rhizomes intact.  Biomass from each plot was sorted by species and 

separated by standing live, standing dead, or litter.  Vegetation was dried, and weighed.  

Three replicates from each site were averaged to find the mean production per m2.   

Due to the density of trees at the willow site, three 0.25 m2 plots were used to 

collect biomass.  The concentration of tree trunks at the site prohibited the use of 1 m2 

plots.  When litter material was collected, there was standing water over the soil 

surface.  With each scoop of leaf litter, water was disturbed and more flowed into plot.  

Litter material was abundant but may be slightly over estimated in plots because of the 

uneven distribution of litter due to movement by water.  Clipped material included 

overhanging branches above the plot, as if a vertical column extended above the plot.  

Branches within reach were included, higher branches out of reach were estimated by 

clipping lower branches to compensate.  It is important to note that entire trees were not 

harvested for this study, and a large proportion of the biomass at this site is in trees.  

Therefore it is difficult to compare this site with the four others using the same methods. 

Additional biomass at the willow site (standing live and standing dead willow) was 

collected in addition to the three plots, to ensure enough material for use in the litter 

decomposition study (Chapter 3).  The additional biomass (not included in plot weights) 

came from several nearby broken branches with an abundance of dead leaves that had 
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not yet dropped.  Entire branches (no greater than 3 cm diameter, some much smaller) 

were collected to efficiently gather the hanging dead leaves, though the woody material 

was not used in the litter decomposition study. 

After one year, plots were revisited and vegetation was collected again from each 

plot.  Plots from BCMCA, FDMCA, and SJM-SAW were reharvested.  Plots from SJM-

TYP were lost, and permanent plots were not installed at SJM-WIL due to the drastically 

different vegetation community.  The biomass collected included regrowth of the clipped 

plants over one year, as well as any other plants growing into the plot including new 

plants that may not have been rooted in the plot the first year.  Biomass was again 

sorted by standing live or standing dead and by species, dried, and weighed to estimate 

the annual net primary productivity. 

Since the collected vegetation was bagged in the field by plot and sorted upon 

return to the lab, some of the vegetation collected in both 2012 and 2013 was difficult to 

identify, and may contribute to some error.  The category marked “other” included 

smaller pieces of material that were of unknown species as well as species that 

contributed a very small proportion of the total biomass in the plot. 

To reduce the risk of losing plots in future studies, a more permanent marker 

should be installed indicating the area which was clipped, such as rebar which can be 

inserted into the soil in each of the four corners of the plot, and a more visible flagging 

method (perhaps something taller that airboaters would avoid).    

  Regrowth after that level of cut back may not represent the same amount of 

new growth an intact plant has on a given year.  Also, the destructive technique used in 

clipping and collecting vegetation created 1m2 gaps in the wetlands, which may have a 
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different amount of growth and regrowth within a year than an undisturbed 1m2 plot 

would have due to light and space availability opening up opportunities for different 

species to move in.  In future studies, a comparison of methods in addition to direct 

harvest including leaf area index, gas exchange, and/or mean shoot density might be 

helpful in providing a better estimate of the true net production (Westlake et al., 1998; 

Brinson et al., 1981).   

Contribution from vegetation to soil elevation was estimated by dividing the 

production of litter biomass (g cm-2) by the mean bulk density of the soil (g cm-3).  The 

resultant volume (cm) is the maximum increase in soil elevation that can be expected if 

the total net production of litter became soil.  Decomposition of litter will be accounted 

for in chapter 3.   

Results 

Figure 2-9 shows the mean biomass (g m-2) collected at each site, including 

standing live, standing dead, and litter material.  Blue Cypress Marsh Conservation 

Area had the most biomass, with approximately 2433 g m-2 of total combined weight, 

most of which was comprised of Cladium.  Figure 2-10 shows the relative amounts of 

the different species of above ground biomass collected at each site.  The standing 

dead material collected is an estimate of litter input for the following year.   
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Figure 2-9: Standing live, standing dead, and litter biomass at each site in 2012. n=3.   

 
Figure 2-10: Relative amount of different species collected at each site in 2012. 
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In July 2013, plots were harvested again in BCMCA, FDMCA, and SJM-SAW.  

Vegetation harvested was brought back to the lab, sorted by species, dried and 

weighed.  The totals for each site are shown in Figure 2-11.  In 2013, BCMCA had the 

highest total combined biomass weight at approximately 635 g m-2.   

   
Figure 2-11: Standing live, standing dead, and litter biomass at each site in 2013. n=3 

for BCM and FDM, n=2 for SJM. 

 
Table 2-1: Above ground biomass (g) collected from clip plots in July, 2012 and July, 

2013.  n=3. 

 2012 2013 

 Total g collected g m2 Total g collected g m2 

BCMCA 4896 1632 669 1541 514 151 

FDMCA 2166 722 8.29 1535 511 194 

SJM-SAW 2227 742 345 1214* 404 87.7 

SJM-TYP 1551 517 299 No data 

*Value adjusted based on two of the three clip plots (one was lost in the field).  The total 
above ground biomass in the two clip plots re-harvested was 809 g. 
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Potential input from the vegetation communities at each site based on annual 

production and a mean soil bulk density of 0.173 (Van Dam, 2012) are listed in Table 2-

2.  Litter contributions of C to soil were calculated using annual litter production and the 

%C in the standing dead material.  This is an estimate of C input before decomposition.   

 

Table 2-2: Annual litter production contribution to soil.  Note: decomposition not 
included.  

 BCMCA (n=3) FDMCA (n=3) SJMCA-SAW (n=2) 

Elevation (cm) 0.297 0.088 0.296 0.067 0.234 0.051 

C (g m-2) 94.4 53.0 44.8 2.0 20.5 4.6 

 

 
Figure 2-12: Annual litter contribution of C to soil. BCMCA and FDMCA n=3, SJM n=2. 

Discussion 

Litter production estimates based on the annual production in clip plots give 

insight to the rate at which OM in soil is accreted in the USJRB.  Though the standing 

dead material represents the next input to the litter later, for this study the total annual 

production was used to calculate input because it is assumed that all of the biomass 
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produced in a year will eventually transition to standing dead and ultimately litter 

material.  The most hydrologically disturbed site (SJMCA) had the slowest soil building 

potential (Table 2-2).  These rates do not take into account subsequent decomposition 

(Chapter 3).  Surprisingly, the amount of biomass collected in 2013 was similar across 

sites despite the sites having very different initial harvests in 2012.  It was expected 

BCMCA, which had the highest biomass density in 2012, would have similarly high 

biomass production in 2013 when compared with the other sites.  However, BCMCA 

was similar to FDMCA in 2013, with 514 151 g m-2 and 511 194 g m-2 respectively.  A 

possible reason for this observation is light availability.  Plots at the FDMCA site were 

scattered throughout the mixed marsh, and most had ample light reaching them.  Plants 

in this site were of mixed heights and types with varied spacing and in general seemed 

to allow more light to reach the water/soil surface.  The site at BCMCA had clip plots 

located in a very dense stand of sawgrass.  Once clipped, the plants within those plots 

were shaded on all sides by the tall sawgrass, which may account for the lower amount 

of biomass in 2013 than expected.  Additionally, biomass collected at FDMCA was more 

diverse which may account for why regrowth after clipping was more substantial than at 

BCMCA, where Cladium dominated.  The data between 2012 and 2013 indicate that 

BCMCA has greater overall storage of C in biomass than FDMCA or SJMCA, but that 

storage does not necessarily translate to greater inputs of litter to the soil.    

It is also important to note that three randomly selected 1 m2 plots may give a 

good representation of the immediate area, but a wider radius at each site would 

include a more diverse selection of biomass.  Wetlands are known for being difficult to 

sample due to the clumped or gradient nature of the populations present (Westlake et 
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al., 1998).  Therefore, the data presented here are noted to be representative of the 

immediate area for each site, and not the entire conservation area marshes which are 

comprised of a variety of wetland types and may have differing levels of litter 

production.
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CHAPTER 3 
 LITTER DECOMPOSITION 

The process of decomposition of litter material can be divided into three main 

components: the initial leeching of labile C to the water column, the microbial 

processing of the material, and the physical breaking of the material into smaller and 

smaller pieces (Webster and Benfield, 1986).   

Rate Influencing Factors  

Characteristics of the litter material that affect the rate of decomposition include 

the nutrient content in the plant material, the fiber quality, and the presence of chemical 

inhibitors (Webster and Benfield, 1986).  This research effort will address the former two 

by analyzing nutrient content and fiber fractionation over time during decomposition. 

Environmental factors including temperature and flooding regime are further sources of 

variation in rates (Mitsch and Gosselink, 1986).  Conant et al. (2008) found that more 

recalcitrant OM has greater temperature sensitivity than labile OM in litter and soil.  

Differences between sites in this study should give insight to some of the effects of 

hydrology.  The relative importance and interactions between these factors is not a 

constant, but rather depends on the unique set of variables for a given site and litter 

type (Meentemeyer, 1978).  Synergistic effects on decomposition in a mixed species 

sample may also affect the rate (Schmidt, 2002).  In a recent study in an upland 

environment, mixed types of litter material were found to have different microbial 

communities and chemical characteristics (specifically, phospholipid fatty acid 

concentrations) in the first 10 months of decomposition compared with single litter types 

(Chapman et al., 2013).  The researchers concluded that a mixture of litter type 

contributes to synergistic decomposition by influencing the microbial community 
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development (Chapman et al., 2013).  Accordingly, this study incorporates both 

individual and composite litter bags. 

Nutrients 

Of the litter characteristics, N in particular may have a strong effect on 

breakdown rates, and species with high initial N concentrations in the leaves typically 

break down faster than others (Melillo et al., 1982; Webster and Benfield, 1986; Serna 

et al., 2013).  When comparing Typha and Cladium, both of which are present at the 

sites in this study, Davis (1991) found that although Typha was better able to 

concentrate nutrients in biomass during growth than Cladium, both species had similar 

nutrient content in dead tissue because Typha did not retain those accumulated 

nutrients as well as Cladium during senescence.  Along a nutrient gradient in the 

Everglades, Typha averaged 2.7 times the allocation of P to leaves and twice the N 

allocation compared to Cladium (Davis, 1991). Cladium’s adaptations to living in low 

nutrient environments include longer leaf longevity, smaller growth, and lower turnover 

rates of leaves.  Being adapted to low nutrient conditions make Cladium likely to leech 

less nutrients in comparison with Typha (Davis, 1991.)  Serna et al. (2013) also found 

strong linkages between nutrient content and decomposition rates.  They found that 

between three Everglades plants, Cladium jamaicense, Eleocharis cellulosa, and 

Nymphaea ordorata, comparatively high initial TN and TP levels in N. ordorata 

correlated to a rapid rate of decomposition, while the other two species had lower 

nutrient contents and slower rates.  They suggest that the higher nutrient species better 

supported microbial decomposers, and that P content in litter may be a good indicator of 

decomposition rate. 
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Fiber Quality 

The quality of the litter material, which describes the relative amount of lignin and 

other carbon fractions, is well recognized as a significant indicator of the decomposition 

rate (Meentemeyer, 1978; Roberts and Rowland, 1998; Osborne, 2005).  Quality of the 

litter can also be described as the “susceptibility of the substrate to attack by the 

specialized decomposers” (Meentemeyer, 1978).  This refers to the relative 

recalcitrance of the material, with highly recalcitrant components such as lignin being 

the most resistant to decomposers.  In this study, the groups of interest in reference to 

fiber quality are: soluble fiber, hemicellulose, cellulose, and lignin. 

The soluble fiber group contains a variety of compounds which are easily 

leeched and include cellular components such as sugars, fatty acids, and amino acids, 

while the hemicellulose and cellulose fractions are important for structural components 

of plant cell walls (Reddy and DeLaune, 2008).  Cellulose, which is not found in algal 

tissue, gives structure to vascular plants with its stable β-1,4’ glycosidic bonds and 

cannot be catabolized by mammals (Wade, 2006).  Microbes do the work of hydrolyzing 

cellulose for energy, and the resulting carbohydrate products are able to be digested by 

consumers (Wade, 2006).  Lignin is also an integral part of the structural material in 

vascular plants.  Its structure is comprised of phenol groups linked in random branches 

with other C groups, and it does not have regular intervals of linkages (Reddy and 

DeLaune, 2008).  Because of its low degradability, lignin content of litter material is a 

main factor in predicting decomposition rates (Meentemeyer, 1978; Roberts and 

Rowland, 1998). 
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Hydrology 

The environment in which litter material decomposes can fluctuate between 

aerobic and anaerobic conditions depending on the changing water regime.  The 

inhibition of decomposition under anaerobic conditions has been established 

(McLatchey and Reddy, 1998; Wright and Reddy, 2001).  However, due to the variability 

in litter type and other factors, the relationship between decomposition and hydrology is 

not always clear or as expected.  For example, in a study on the effects on variable 

hydrology in a re-created Everglades, researchers predicted that a decrease in water 

table depth would yield more rapid decomposition due to the more favorable aerobic 

environment, but did not see this effect in their experimental results (Serna et al., 2013).  

They found that under dry conditions, the percentage of dry mass remaining over time 

was greater than or equal to the amount remaining under wet conditions, and concluded 

that the chemical characteristics of the species was a better predictor of decomposition 

rate.  Wright et al. (2013) found that for some litter types, the lowering of the water table 

may result in 10% more mass loss over timescales greater than 15 months.  Their data 

also supported the idea that litter type is a more important factor in predicting 

decomposition rates than changes to the water table.  Freeman et al. (1996) found that 

lowering of the water table in a peatland did not increase microbial respiration, but did 

result in increased enzyme stimulation resulting in increased mineralization.  They 

conclude that the lowering of the water table does not stimulate synthesis of new 

enzymes by microbial activity but instead reduces the inhibition of existing enzymes, 

stimulating mineralization.   
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Research Questions 

This study focuses on the following questions for the USJRB: 

1) How does litter quality vary between species? 

2) How do decomposition rates vary across sites with different hydrologic regimes? 

3) What factors are most strongly related to decomposition rate? 

Field Methods 

Litter bag and leaf pack studies have been used for decades as a method to 

monitor and quantify the mass loss (and sometimes leaf area loss, depending on the 

study) as litter decomposes (Schmidt, 2002).  Litter bags can be made of a variety of 

materials, often sewn or stapled together, which ultimately encase the plant material in 

some kind of net or mesh so that they can be left in the field and incorporated in the 

litter layer and exposed to the environmental conditions at the site (Schmidt, 2002).  

This technique is well established and provides a relatively good way to retrieve 

material left in the field for monitoring over time, because the mesh bag or net prevents 

the sample from being lost (or outside material from being added) while still allowing for 

exposure to the elements.   

There are several caveats to consider when collecting decomposition data from 

litter bags.  The bag can protect the plant material inside from processing by detritivores 

(which contribute to decomposition) by excluding any grazers which are larger than the 

size of the mesh (Schmidt, 2002).  Invertebrates contribute to decomposition by direct 

consumption of the material as well as promoting more active microbial decomposition 

by breaking it down (which increases the surface area) and inoculating the litter 

(Schmidt, 2002; Webster and Benfield, 1986).  This leads to underestimating the true 
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decomposition rate.   However, for inland marsh systems such as those in this study, 

herbivory is considered to be a minor factor in decomposition (Mitsch and Gosselink, 

1986).  If the mesh size is increased to allow access for invertebrates it would result in 

more particulate loss from the bag, possibly overestimating decomposition (Schmidt, 

2002). 

Litter bags used in this study were made using vinyl coated window screening.  

Screen was cut into 25 cm by 36 cm rectangles, folded in half and heat sealed on the 

two short sides to create a 25 cm by 18 cm “envelope” with one side remaining open.  

Samples were weighed, placed in the bag along with a label, and the final open end 

was heat sealed using an impulse sealer resulting in a closed packet of litter material 

(Figure 3-1).  Two different species of vegetation were used at each site, each species 

bagged separately in individual bags and also together in a composite bag.  The 

composite bag is meant to represent the natural litter layer.  

 
Figure 3-1. Heat sealing final edge of litter bag after filling with sample and label using 

an impulse sealer.  Photo courtesy of author. 

Vegetation material used in the litter bags came from the vegetation previously 

collected in July 2012  in the productivity clip plots (Chapter 2).  Standing dead material 

was used for most bags, except for some leaf material from the woody species.  The 
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Salix and Cephalanthus leaves were a mixture of standing live and standing dead 

leaves.  This was due to the limited amount of standing dead leaves available at the 

time of collection for those species (BCMCA site).  All vegetation was thoroughly dried 

before weighing.  The litter material used in each bag at each site varied depending on 

the species abundance of material collected.  For all sites, labels “A”, “B”, and “C” were 

used to reference the material used in each bag.  “A” and “B” refer to the two species 

which were most abundant at the site, and “C” refers to a composite bag containing a 

50/50 mixture of species “A” and “B”.    The Salix/Cephalanthus bag (BCM-B) was a 

mixture of leaf litter from both of these shrub species which were about equally present 

and scattered at the BCMCA site, but is considered an “individual” litter bag for the 

purposes of this study; the composite bag at BCMCA was these two shrubs plus 

Cladium.  This was done in order to have enough leaf litter to use in the bags, and 

because it was representative of the site.  For material that was very abundant, 10 g 

samples were used for each bag.  For everything else, 5 g samples were used.  Table 

3-1 describes the detailed contents of each bag at each site. 
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Table 3-1 Litter bag contents. 

Site Label Contents of bag 

SJM-SAW A 10 g Cladium 

B 10 g Panicum 

C 5 g composite (2.5 g Cladium+ 2.5 g Panicum) 
 

SJM-WIL A 5 g Salix 

B 5 g Polygonum 

C 5 g composite (2.5 g Salix + 2.5 Polygonum) 
 

SJM-TYP A 10 g Typha 

B 5 g Polygonum 

C 5 g composite (2.5 g Typha + 2.5 g Polygonum) 
 

FDMCA A 10 g Cladium 

B 5 g Polygonum 

C 5 g composite (2.5 g Cladium + 2.5 g Polygonum) 
 

BCMCA A 10 g Cladium 

B 5 g Salix/ Cephalanthus 

C 5 g composite (2.5 g Cladium + 2.5 g Salix and 
Cephalanthus ) 

 
The litter bag decomposition study began in January 2013 at each of the five 

study sites.  Four strands of litter bags were deployed at each site, one for each 

subsequent sampling time over the course of the following year.  Each strand consisted 

of three types of litter material (A, B, and C bags), in triplicate, for a total of nine litter 

bags per strand.  Bags were wired together and attached to a 1 m pvc pole that was 

inserted into the soil to mark the location of the bags.  When deployed, bags were 

spaced out radially from the center PVC pole and placed so that they were lying flat at 

the soil surface next to each other, not overlapping (Figure 3-2). 
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Figure 3-2.  Schematic of the litter bag deployment at each study site. 

 
Litter bags were collected four times per site over the course of a year.  Table 3-2 

summarizes the sampling dates for each site.  Some variation on collection dates 

between sites is due to inclement weather preventing access to every site on each 

given trip.   All bags were recovered except for TYP-A1, TYP-A2, and TYP-B1 from the 

4th sampling time, which were lost in the field.  Mass remaining over time was defined 

by the material left in the bag after gentle rinsing with DI water upon retrieval from the 

field.  Over time, the bags became well incorporated with the litter layer at the soil 

surface, and some bags contained soil that had passed through the mesh (Figure 3-3).  

Several bags had living vegetation growing through them, and a few were torn and 

appeared chewed on.  Any material that was obviously not part of the original sample 

was removed (such as living vegetation and small invertebrates) and the litter was 

gently rinsed of soil.  The litter material was completely dried and weighed to determine 

the mass lost. 
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Figure 3-3.  Top and bottom view of a litter bag after being incorporated in the litter layer 

(SJM-WIL site).  Photos courtesy of author. 

 
Table 3-2: Sampling timeline.  The total number of days left in the field is in parentheses 

below the sampling date. 

 SJM-WIL 
 

SJM-SAW SJM-TYP BCM FDM 

All samples 
deployed 
 

1-16-13 
(0) 

1-16-13 
(0) 

1-16-13 
(0) 

1-17-13 
(0) 

1-17-13 
(0) 

1st strand 
collected 
 

4-11-13 
(85) 

4-11-13 
(85) 

4-11-13 
(85) 

4-11-13 
(84) 

4-11-13 
(84) 

2nd strand 
collected 
 

7-11-13 
(176) 

7-11-13 
(176) 

7-11-13 
(176) 

7-24-13 
(188) 

7-11-13 
(175) 

3rd strand 
collected 
 

11-20-13 
(308) 

12-17-13 
(335) 

11-20-13 
(308) 

11-20-13 
(307) 

11-20-13 
(307) 

4th strand 
collected 

1-31-14 
(380) 

1-27-14 
(376) 

1-27-14 
(376) 

1-31-14 
(379) 

1-31-14 
(379) 

 
 

 

 

 



 

49 

To describe the decomposition rate using the measurement of the mass lost over 

time, the following exponential decay formula was used (Brinson et al., 1982; Westlake 

et al., 1998; Bärlocher, 2005). 

   
  
  
  ⁄

 
      or,            

    

 

where: 
xt= dry weight of remaining litter after period of time 
x0=dry weight of initial sample of litter 
t= duration of experiment 
and 
k = the rate coefficient constant 
 

The rate constant, k, was calculated using an exponential trend line.  This 

incorporated data points from each collection time over the course of a year, rather than 

just the final weight and initial weight.  The reported k is the mean of three replicates for 

each species at each site. 

Lab Methods 

Retrieved samples were analyzed for C, N, and P content as well as C quality.  

Carbon quality was determined using methods from Ankom Technology, which have 

been established for approximating the various fiber fractions of the sample (Roberts 

and Rowland, 1998; Osborne, 2005).  The method is borrowed from the feed and forage 

industry where it is used to determine the quality of forage for digestion in livestock.  

The fractionation of neutral detergent fiber, acid detergent fiber, acid detergent lignin, 

and crude fiber are approximations for soluble fiber, hemicellulose, cellulose, lignin, and 

ash components of the sample (Osborne, 2005).  Therefore, the percentage of each for 

the samples in this study should be considered an estimate rather than a precise 

number.  A potential source of error could be that particles did not fully rinse out of the 
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bag after each digestion, but because the method includes standard rinsing times and 

procedures, any error is expected to be consistent across samples.   

Dried samples were ground with a Wiley mill and passed through as size 20 

mesh.  For each sample, 0.5 ±0.05 g was weighed and placed in an F-57 Filter bag 

from Ankom Technology and heat sealed using an impulse sealer.  Samples were 

rinsed, dried, and weighed after each step in a series of digestions to estimate the 

relative proportions of soluble fiber, hemicellulose, cellulose, lignin, and mineral content 

in each.  Figure 3-4 represents a schematic outline of the process.  Digestions were 

performed using the Ankom 200 Fiber Analyzer and required chemicals from Ankom 

Technology.  In the final step, samples were ashed in a muffle furnace at 550°C for 4 

hours. Ankom Technology protocol indicated to ash the entire filter bag with the sample 

inside, using a blank bag for a correction factor.  After one round of ashing, it was 

determined by laboratory staff that the filter bags should not be placed in the muffle 

furnace due to the filter bag material.  For all samples presented here, the ashing step 

was modified.  Instead of placing the entire bag in the furnace, bags were cut open and 

the sample was transferred to a pre-weighed crucible for ashing.  However, because of 

the porous nature of the bags, there was a very small amount of sample that was lost 

during this transfer.  Therefore, mineral content is slightly underrepresented and lignin 

content slightly overrepresented in this study. 
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Figure 3-4: Schematic of the fiber analysis process. 

 
Samples were further ball-milled and passed through a size 40 mesh before 

analyzing for nutrients.  Phosphorus content was analyzed using the ascorbic acid 

method and spectrophotometer at the Wetland Biogeochemistry Lab, University of 

Florida.  Carbon and N were analyzed by Waters Agricultural Laboratories, Inc. in 

Camilla, Ga. 

Results 

Decomposition Rates 

Cladium jamaicense at the BCMCA and FDMCA sites had the slowest annual 

decomposition rates (k=0.21 0.04 and k=0.22 0.02 respectiviely).  Cladium 

jamaicense at the SJM -SAW site decomposed faster (k = 0.57 0.04) than at BCMCA 

and FDMCA.  Individually bagged Salix litter also had a slow decomposition rate with k= 

0.26 0.03.  The fastest decomposition rates occurred at the SJM-TYP site with 

Polygonum with k=1.2 0.29.  Polygonum also had fast decomposition rates at other 

sites (k= 1.09 0.09 and 0.83 0.09 at SJM-WIL and FDMCA sites, respectively).  

Individually bagged Panicum as well as composite bags of Cladium/Panicum, 
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Cladium/Polygonum, and Salix/Polygonum had mid-range decomposition rates 

(k=0.65 0.05, 0.56 0.02, 0.50 0.03, and 0.58 0.03, respectively).  Table 3-3 

summaries the mean k for each set of samples.   

Table 3-3: Mean annual decomposition rate constants. n=3 

Sample ID Species k 

WIL-A Salix caroliniana 0.26 0.03 

WIL-B Polygonum species 1.09 0.09 

WIL-C Salix caroliniana and 

Polygonum species mix 

 

0.58 0.03 

SAW-A Cladium jamaicense  0.57 0.04 

SAW-B Panicum hemitomon 0.65 0.05 

SAW-C Cladium jamaicense and 

Panicum hemitomon mix 

 

0.56 0.02 

TYP-A Typha species 0.85 0.09 

TYP-B Polygonum species 1.2 0.29 

TYP-C Typha species and 

Polygonum species mix 

 

1.01 0.24 
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Table 3-3 Continued: Mean annual decomposition rate constants. n=3. 

Sample ID Species k 

BCM-A Cladium jamaicense  0.21 0.04 

BCM-B Salix caroliniana, 

Cephalanthus 

occidentalis 

0.59 0.06 

BCM-C Cladium jamaicense, 

Salix caroliniana, and 

Cephalanthus 

occidentalis mix 

 

0.38 0.05 

FDM-A Cladium jamaicense  0.22 0.02 

FDM-B Polygonum species 0.83 0.09 

FDM-C Cladium jamaicense and 

Polygonum species mix 

0.50 0.03 

 

Figure 3-5 summarizes the mean decomposition rate constants of the individually 

bagged species.  Samples from composite bags are not included in this figure.  Typha 

and Polygonum decomposed the fastest, while Cladium and Salix were the slowest.  

Surprisingly, the rate of the Salix/Cephalanthus decomposition was faster than Salix 

alone.  Recall that the Salix/Cephalanthus bag was a mixture of leaf litter from both of 

these shrub species but considered an “individual” litter type for the purposes of this 

study.  Figure 3-6 summarizes the average decomposition rate constant for each site.   
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Figure 3-5: Mean annual decomposition rate constants by species.  Means were 

calculated using individually bagged samples. There was not a statistical 
difference between the rates of Cladium and Salix (p =0.7695).  Rates 
between other species were statistically different. 

 

Figure 3-6: Mean annual decomposition rate constants by site. n=9. 

 

Fiber Analysis 

The results of the fiber analysis for each site and each sampling period are 

summarized in Figure A-3 in the appendix.  The mineral component of the litter was 
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near negligible for all samples (<1%).  For almost all sites and species, the placement of 

litter in an individual bag or a composite bag did not influence the proportion of soluble 

fiber, hemicellulose, cellulose, and lignin over time.  The only exception was at the 

BCMCA site with the “B” species, Salix/Cephalanthus.  When mixed with Cladium in the 

composite bag (labeled Cb), the Salix/Cephalanthus had a 7-15% higher proportion of 

lignin, and 9-13% less soluble fiber than the Salix/Cephalanthus in the individual bag 

(labeled B) across the first three sampling times (Figure A-4).  Table 3-4 shows the p-

values for fiber quality comparisons between individual and composite bags. 

Table 3-4: Evaluation of difference between composite and individual samples of each 
species. Listed p-values (non-parametric, Steel-Dwass method, α=0.05). The 
only sample that had significantly different results between composite and 
individual bags was Salix/Cephalanthus.  

 

 soluble fiber hemicellulose cellulose  Lignin 

Cladium (n=71) 0.184 0.0641 0.0855 0.0562 

Panicum (n=24) 0.1749 0.4705 0.5834 0.4025 

Polygonum(n=68) 0.4766 0.8753 0.7824 0.6334 

Salix (n=24) 0.4705 0.9310 0.7075 0.7075 

Salix/Cephalanthus 

(n=24) 

<0.0001 0.0003 0.0004 <0.0001 

Typha (n=22) 0.1213 0.1985 0.3068 0.4098 

 

Of all samples, litter material containing the highest proportion of soluble fiber 

was Typha material in both the individual and composite bag from the last sampling 

period at the SJM-TYP site, with approximately 48% soluble fiber.   The least amount of 

soluble fiber was in Cladium at the BCMCA and FDMCA sites at the third sampling time, 
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with approximately 15%.  Cladium at the BCMCA site across the first three sampling 

periods had the highest proportion of hemicellulose ( 38%) while Salix from both the 

composite and individual bags from the first two sampling times had the least with less 

than 3%.  Polygonum (from individual bag, 1st collection time and composite bag, 2nd 

collection time at FDMCA) and Panicum (from individual bag, 2nd collection time at SJM-

SAW) had the highest proportion of cellulose at  43%.  The lowest cellulose was found 

in Typha from the last collection at the SJM-TYP site, in both the individual and 

composite bag with between 11% and 12% cellulose.  Lignin, a component of most 

interest in relation to decomposition rates, was highest in Salix at the SJM-WIL site at 

the 3rd collection time, with 61% lignin.  The smallest proportion of lignin was found in 

Polygonum ( 9.5%) from the composite bag at SJM-TYP from the last collection time, 

Cladium ( 10%) from the individual bags at BCMCA and SJM-SAW, and the composite 

bag at SJM-SAW all from the first collection time, and Polygonum from the FDM site 

composite bag from the 2nd collection time ( 10.5%). 

For detailed graphs showing the change in soluble fiber, hemicellulose, cellulose, 

and lignin over time for each species at each site, refer to Figures A-4 and A-5 in the 

appendix.  

Because lignin content is of particular interest in predicting decomposition rates, 

the percentage lignin of the different species sampled was compared using one-way 

ANOVA.  Species were significantly different in their lignin content (p<0.0001) except for 

the following: Typha and Cladium (p=0.5562), Salix/Cephalanthus  and Salix (p=0.1381) 

and Typha and Polygonum (p=0.0619).   
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Figure 3-7:  Comparison of mean % lignin content in different species.  Species with 
different letters have significantly different lignin content (Steel-Dwass, 
p<0.05). Cladium n=71, Polygonum n=67, Panicum, Salix, and 
Salux/Cephalanthus n=24, Typha n=22. 

 
 
Nutrients  

Percent totals 

Total C content of all samples ranged from approximately 38% to 53%, with the 

lowest %C in Polygonum and Typha samples and the highest %C in the Salix and 

Salix/Cephalanthus samples.  Total N ranged from approximately 0.5% to 3.4% with 

Cladium at the low end with the least %N and Salix, Cephalanthus, Polygonum, and 

Typha all with higher N content.  Total P ranged from <0.01% in Cladium to 0.22-0.23% 

in Polygonum and Typha. 
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Percent C increased over time for all species of litter material except Typha and 

had a moderately significant correlation with time for Cladium, Panicum, Polygonum, 

and Salix but no significant correlation for the Salix/Cephalanthus sample or Typha 

(Figure 3-8, Table 3-8).  Over time, %N increased in the litter material for all species 

(Figure 3-9).  Correlation coefficients were significant for all species, but most significant 

for Typha with r= 0.96 (Table 3-5).  Percent P increased over time for all samples 

except Salix and was most strongly correlated with Typha (r=0.93) (Figure 3-10, Table 

3-8). 

Table 3-5:  Coefficients of correlation between %nutrients and time. 

 Cladium Panicum Polygonum Salix Salix/Cephalanthus Typha 

%C vs time 0.59 0.53 0.62 0.42 0.36 -0.31 

%N vs time 0.55 0.79 0..59 0.67 0.71 0.96 

%P vs time 0.45 -0.07 0.06 -0.26 0.73 0.93 

 

  

Figure 3-8: Percent C in litter over time. 
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Figure 3-9: Percent N in litter over time. 

   

Figure 3-10: Percent P in litter over time. 
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Mass difference 

The change in mass over time of C, N, and P in the litter material was calculated 

using the measured weight of the samples after each retrieval and the corresponding 

percent nutrient content for that sample.  Although for many samples the nutrient values 

became more concentrated (higher percentage over time), the mass difference 

indicates that overall, nutrients were released from some of those samples.  Figures 3-

10, 3-11, and 3-12 show the overall change in mass of C, B, and P over time.  As 

expected during decomposition, C steadily declined over time for all samples.  Nitrogen 

had mixed results, with about half of the samples losing nitrogen over time (Polygonum, 

Panicum, and Salix) while the others generally gained nitrogen over time (Cladium and 

Typha).  Phosphorus was generally lost from the litter material as decomposition 

occurred, with the exception of Typha and some of the Cladium samples, which gained 

P. 

Overall, treatment of litter in an individual bag or composite bag did not have a 

significant impact on nutrient content of the litter (using student’s t-test, α=0.05).  For P, 

there was no significant difference between the treatments for any species.  For N, the 

only sample that showed a significant difference was the Salix/Cephalanthus bag, which 

also differed in fiber quality between the individual and composite treatments.  Percent 

N was higher for Salix/Cephalanthus in the composite bag than when bagged 

individually.  For C, placement in mixed or individual bag made a difference for 

Panicum, Polygonum, and Typha but not for Cladium, Salix, or Salix/Cephalanthus.   
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Figure 3-11:  Change in mass of C over time; A) SJM-WIL site, B) SJM-SAW site, C) SJM-TYP site, D) BCMCA site and 

E) FDMCA site .  Data used was from individually bagged samples only (composite samples excluded).  
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 Figure 3-12:  Change in mass of N over time from each litter bag type.  Data used were from individually bagged samples 

only (composite samples excluded).  Positive change in mass (gain in N) indicates net immobilization and 
negative change (loss of N) indicates net mineralization.  Sets represent different collection periods over the 
course of 1 year.     
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Figure 3-13:  Change in mass of P over time from each litter bag type. Data used were from individually bagged samples 

only (composite samples excluded) Positive change in mass (gain in P) indicates net immobilization and 
negative change (loss of P) indicates net mineralization.  Sets represent different collection periods over the 
course of 1 year. 

  B 
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Ratios 

The change in C:N ratio over time for each species is depicted in Figure 3-13  

Panicum and Typha showed the strongest correlation with r values of -0.93 and -0.84. 

 
Figure 3-14: Carbon to N ratio over time for each species. 

Multivariate Analysis 

For all comparisons related to the decomposition rate, data from individually 

bagged samples were used.  Composite bags were not included in these statistics 

because the rate calculated for those bags does not necessarily reflect the rate of each 

species within the bag, but rather the overall rate of the two.  Percent lignin content, 

percent N content, and the C:N ratio were chosen as factors to analyze based on a 

literature review of their potential influence on decomposition rates.  For Cladium and 

for Salix/Cephalanthus, there was moderate correlation between the rate constant and 
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each of the three variables.  Table 3-6 lists these coefficients of correlation highlighted 

in green; all other samples showed weak or no correlations. 

Table 3-6: Coefficients of correlation between decomposition rate constants (k) for each 
species and different variables.   

 

Figure 3-15 shows the general relationship between litter quality and 

decomposition rate.  In low quality samples (%lignin >40), the lignin content was 

moderately correlated with the decomposition rate (r= -0.374).  For higher quality 

samples, the %lignin was not correlated with the decomposition rate. 

 % lignin %N C:N 

Cladium k 0.4043 0.6300 -0.6248 

Panicum k -0.1377 -0.0868 0.1047 

Polygonum k 0.0287 0.1514 -0.0435 

Salix k -0.0942 0.2605 -0.3242 

Salix/ Cephalanthus k -0.5866 -0.5496 0.6333 

Typha k 0.1008 0.2116 -0.2353 
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Figure 3-15: Relationship between litter quality and decomposition rates. 

Discussion 

Field Decomposition 

In comparing the many factors that influence decomposition processes, it is 

important to note that the species used in litter bags at each site was determined by 

what was present at each site.  Fortunately Cladium and Polygonum were common at 

multiple sites, so there was some opportunity for comparison across sites.  However, 

Typha was only used at the SJM-TYP site, which makes it difficult to discern whether to 

attribute differences in decomposition rate to the species qualities or the conditions at 

the site.  In reality, it is expected to be a combination of these factors.  For the purposes 

of characterizing each site, this study is useful because the data collected represents 

the natural condition and species present at each site.  However, for better analysis on 
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the relative influence of species type and environmental conditions on the rates of 

decomposition, it would be helpful to use all the same species of litter across all sites.  

As a substitute for species type, litter types were grouped by % lignin for comparison 

across sites. 

A future lab study utilizing the consistent litter material, soil cores from each site, 

and controlled temperature and various hydrologic conditions would be useful in 

understanding the role of water level fluctuation on decomposition rate, such as in 

Wright et al. (2013).  There are tradeoffs to the focusing on fewer variables by doing a 

lab study; the advantage is more control on the particular variable of interest, but a 

major disadvantage is removing so many of the factors and complex interactions that 

occur in situ including wind, sun, detritivores, additional inputs on litter and subsequent 

burial, and more.  Some of these may be simulated as best as possible in a lab study, 

but results will still likely differ from an in situ study. 

Influential Site Conditions  

Biotic influence 

Invertebrates are a natural part of the decomposition process and contribute by 

shredding litter material into smaller pieces, which increases the overall surface area 

available for microbial activity.  It was observed from the first collection trip to the TYP 

site that an ant mound had built up around the center PVC pipe that the litter bags were 

attached to.  Ants were very active in and around the bags, and had chewed through 

some of the screen material.  Though this case was the most obvious, invertebrate 

activity and damage to the screening material was not unique to this site; many samples 

experienced some small tears or holes in the bag and virtually all bags had evidence of 

invertebrate presence.  Because these animals help to break up the detrital material into 
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smaller pieces, this influence is not considered a problem with the experiment but rather 

a part of the natural processes being studied.  However, in order to better represent 

these factors amongst the samples, the design of the litter bag layout should have been 

randomized rather than in orderly strands.  For example, the ant mound situation was 

mainly experienced by the composite bags which were closest to the PVC pipe, and not 

by the individual species bags which were further out radially. 

Litter bags were also impacted by vegetation growing directly through them, 

gradually creating a hole in the screen which it could push through.  This was most 

common at the SJM-WIL site, where the bags became incorporated into the litter layer 

the fastest and most thoroughly of all the sites, but also occurred occasionally at other 

sites.  Not only did plants grow through the screening, they also grew directly into the 

litter material inside the bag.  Figure 3-16 shows a piece of litter material, peeled open 

longwise, which became substrate for roots of other vegetation to grow in and on.  As 

much as possible, any plants which grew into the bags were removed before measuring 

the final weight, including the small roots growing through the litter.  Therefore, any 

impact new plant material had on the final weight of the bags should be negligible.  

However, it is possible that the live plants in the bags play a role in nutrient cycling 

occurring within the litter bag.  This could provide a direction for further research at 

these sites in regards to nutrient pools and bioavailability. 
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Figure 3-16: Roots growing into litter material.  Photo courtesy of author. 

Abiotic influence 

Due to the efficiency of oxygen as an electron acceptor in microbial processes, it 

is expected that the status of an environment as either aerobic or anaerobic will 

influence decomposition processes.  Of the five study sites, only BCMCA had inundated 

conditions for the entire duration of the study.  Fort Drum Marsh Conservation Area was 

inundated for most of the study, a total of 357 out of 379 days.  Exact hydrologic data is 

not available for the three sites in SJMCA, however based on observations during 

sampling trips those sites appeared to be consistently drier than both BCMCA and 

FDMCA.  This may partly explain why Cladium decomposition rates were much faster at 

the SJM-SAW site than at BCMCA and FDMCA.  The SJM-TYP site, which had the 

highest decomposition rate constant on average of all sites (k=0.95), was very dry at the 

first collection time. 

Exposure to sunlight may also play a role in influencing decomposition.  

Photochemical reactions are a known mechanism that influences the breakdown of 

dissolved organic P in lakes, but less is known about its significance in wetlands (Reddy 

and DeLaune, 2008).   In this study, vegetation provided complete or near complete 
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shade at three of the sites (SJM-WIL, BCMCA, and FDMCA) while SJM-SAW and SJM-

TYP had partial shade or more seasonal changes that impacted amount of shade.  

Direct sunlight might also contribute to accelerated decomposition by raising the 

temperature and promoting biological activity.  Although quantitative data was not 

collected, observations of each site indicate that sunlight was probably not a major 

factor at any of the sites except possibly for SJM-TYP, which had litter bags in direct 

sunlight for part of the year. 

Fiber Analysis 

In general, the relative proportion of lignin for each species increased over time 

(Figure A-4-D).  This is expected due to the highly recalcitrant nature of lignin; during 

the course of decomposition, other components are catabolized and the remaining 

lignin is proportionally greater.  The soluble fiber fraction had mixed results depending 

on species but most surprising was the clear increase over time in Typha litter.  As the 

most labile fraction, it was expected that the soluble fiber would significantly decrease 

early on, but instead it shows an increase or stable percentage for many of the species 

sampled (Figure A-4-A).  One possible explanation is the addition of new material to the 

litter bags, such as biofilm growing on the litter and/or algae, which would contribute 

primarily to the soluble group.  If this is the case, it explains why there is an increase 

over time as the litter becomes more “contaminated”.  Additionally, if this is the case, the 

proportions of each of the other fractions are off set as these were calculated as parts of 

a whole; if the soluble fraction has outside inputs, it will dilute the calculated relative 

proportions of each of the other fractions.  This is important to keep in mind when 

comparing data from this study with other studies.  Hemicellulose either remained fairly 

constant or decreased slightly over time, while cellulose had a general trend of 
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decreasing, indicating that the microbial communities are utilizing cellulose as their main 

energy source (Fig. A-4 C &D).   

Surprisingly, Salix litter had a fairly consistent breakdown of fiber quality 

throughout the decomposition period.  It was expected that the leafy litter would be the 

fastest to break down, but instead it had one of the highest lignin contents and slowest 

decomposition rates.  Cladium at BCMCA and FDMCA also had little change in the fiber 

quality over time, which is not as surprising as Cladium is known for having very slow 

rates of decomposition.  However, Cladium at the SJM-TYP site showed a clear 

decrease in %cellulose over time (Figure A-5-C) which corresponds to the higher rate 

found at that site as well.  A probable explanation for the accelerated rate for Cladium at 

SJM-TYP is the hydrology; this site was generally drier and fluctuated between wet and 

dry much more than BCMCA or FDMCA, which were inundated for all or most of the 

study. 

Nutrients 

Based on the C:N ratio and the mass differences in N over time, net 

immobilization/net mineralization should be predictable.  For high C:N ratios (>25) in 

litter, net immobilization typically occurs.  At that level, microbes are unable to meet 

their N requirement from the litter material alone and they must take up nitrate and 

ammonium ions to build biomass (Brady and Weil, 2008; Reddy and DeLaune, 2008).  

The critical C:N ratio in determining net immobilization/net mineralization  is very 

different for anaerobic conditions.  Poor energetic efficiency under anaerobic conditions 

requires less N and therefore a much higher C:N ratio (up to 100) can yield net 

mineralization during decomposition (Reddy and DeLaune, 2008).  Cladium and Typha 

had high C:N ratios (Figure  A-6), and therefore should have net immobilization occur.  
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Figure 3-12 supports this, indicating a gain in N over time in the litter of Typha and most 

Cladium samples.  Salix had amongst the lowest C:N ratio, and based on this would 

likely have net mineralization occur.  This is not clearly supported by Figure 2-11, 

indication that other factors are involved in determining  the fate of N for Salix litter.  

Figure 3-12 shows the difference in N (g) over time, with negative numbers indicating a 

loss in N over time (net mineralization) and positive n.  Since aerobic/anaerobic 

conditions may quickly change based on water level, and that significantly changes the 

critical C:N ratios required to predict immobilization/mineralization, the calculated mass 

differences in N in the litter is a better indicator of net immobilization or net 

mineralization. 

It is interesting that at most sites, one litter type appears to be undergoing net 

mineralization while the other experiences net immobilization.  Further investigation is 

needed on what causes this; it does not appear to be related to C:N ratio of the litter 

types or the fiber quality. 

Multiple Variables 

Figure 3-15 shows that for samples with high lignin content, the quality of the 

litter is likely an influential factor in determining the decomposition rate, but for those 

samples with moderate to lower lignin content (higher quality litter), other factors may 

determine the rate.  This is evident in the wide range of decomposition rates for 

samples with lignin content in the 10%-25% range.  A logical explanation for this spread 

is that for those samples, hydrology may be the driving factor in determining 

decomposition rate.  Of that group, the far left samples (smallest k) were from the sites 

with the longest hydroperiod.  Moving toward the right, samples are from sites that were 

generally drier throughout the year. 
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Summary 

Cladium and Salix decomposed slowest of the species sampled, while Typha 

was the fastest.  Though the expectation was that each species would have a unique 

rate constant, Cladium and Salix were statistically the same.  Rates were fastest at the 

SJM-TYP site (k=1.02 0.23), followed by SJM-WIL (k=0.63 0.3) and SJM-SAW 

(0.58 0.05).  The slowest rates occurred at BCMCA (k=0.39 0.14) followed by FDMCA 

(k=0.53 0.22).  In general, the most natural sites (FDMCA and BCMCA) had the 

slowest rates of decomposition and the most hydrologically altered sites (SJMCA) had 

faster rates.  This may be the result of both the difference in water levels as well as the 

shift in species composition, especially at the SJM-TYP site where both species 

sampled decomposed quickly.  Under the assumption that hydrologic regime is a factor 

in determining decomposition rates, results here suggest that if disturbance similar to 

the SJMCA occurs at other sites in the USJRB, a side effect may be faster 

decomposition of litter.  While the impact to N and P cycles is more difficult to predict, 

the impact to the C cycle is clear.  Faster decomposition results in more of the detrital C 

being released annually and less input to the SOM pool.  Alternatively, hydrologic 

restoration of SJMCA to a more natural state may decrease the decomposition rates to 

reflect rates similar to those found for BCMCA and FDMCA, thereby enhancing C 

storage.   

Factors that relate to the rate constant were not consistent for all samples.  For 

Salix and Cladium, lignin content and C:N ratio were correlated with decomposition rate, 

but for other species there was no correlation.  Findings suggest that for species with 

higher lignin content (low quality), the quality may play a larger role in determining the 
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decomposition rate.  This has implications for the spread of Salix in the USJRB.  With 

surprisingly poor litter material, Salix litter will accumulate over time and may provide 

better C storage in detrital material compared with other species.      
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CHAPTER 4 
CONCLUSIONS 

 
This research aimed to characterize the litter production and decomposition rates 

in three conservation area marshes in the USJRB.  In conjunction with other research 

efforts in recent years, the data collected in this study will be useful for SJRWMD in the 

development of a subsidence prediction model for the USJRB.  Accumulation of OM in 

a wetland, which counteracts subsidence, can result from both increased primary 

production and decreased decomposition in wetlands (Mitsch and Gosselink, 1986).  

The net result depends on whether or not C loss through subsidence is outweighed by 

accumulation of soil built by litter fall. 

Utilizing annual production estimates (Chapter 2) and decomposition rates 

(Chapter 3) for USJRB marshes, the annual net input of biomass to the soil was 

determined with the exponential decay rate formula.   

       
    

 

Where: 

    = the litter production in one year (estimated by biomass collection after one 

year post-harvest) 

k = the mean k determined for each site 

t = one year 

and    is the remaining biomass that contributes to the soil 
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  Table 4-1: Calculated values of vegetation input to soil. 

 k    (g m-2) 

Annual Litter Production 

   (g m-2) 

Annual Soil Input 

BCMCA (n=3) 0.39 203 114 138 77 

FDMCA (n=3) 0.52 98 4.5 58 2.7 

SJMCA-SAW (n=2) 0.58 46 10 26 5.7 

 

Annual addition to soil elevation can now be more accurately estimated using the 

biomass of detrital material remaining after one year of decomposition.  Results are 

summarized in table 4-2.  Rates found for the USJRB are similar compared to rates 

recorded for comparable systems.  Glaser et al. (2012) found that over the past 4000 

years, the sediment accretion rate in the Everglades was 0.2 mm yr -1.  Van Dam (2012) 

found that the potential subsidence rate for SJMCA following drainage was 4.7 cm yr-1.   

Table 4-2:  Annual litter contribution to  soil elevation after decomposition. 

 BCMCA  FDMCA  SJMCA-SAW  

Elevation (cm) 0.201 0.059 0.176 0.067 0.055 0.078 

 

One of the current issues in the USJRB is the spread of Salix.  With a shift in 

vegetation community such as this, the litter inputs to the soil will also change.  This 

research effort sheds light on the characteristics of different litter types that will aid in 

predicting some of the effects of any future changes in species composition.  Based on 

the findings from this research, Salix has a very poor litter quality and relatively slow 

decomposition rate.  This held true for Salix at both the BCMCA site, which was 

inundated throughout the study, and at SJM-WIL, a more hydrologically variable site.  
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This indicates that expansion of Salix in these marshes will contribute high lignin litter to 

the soil persist longer relative to other species.  To understand the full potential of the 

amount of litter Salix contributes, further study is needed due to the inapplicability of the 

clip plots at the SJM-WIL site in this study.  Measuring annual litter contributions using 

litter fall traps would be useful for this species.  It was observed that the SJM-WIL site 

had the most new litter accumulation occur on top of the bags over the course of the 

year, by far.  The bags became completely incorporated into the soil surface due to 

burial by new litter fall, while at the other sites the bags were generally still laying on top 

of the soil surface.  Based on this observation and the data on Salix’s slow 

decomposition rate, it can be anticipated that an invasion of Salix would be highly 

productive and result in a greater increase in marsh elevation relative to herbaceous 

communities.  In terms of water level management, it appears that a shortened 

hydroperiod may increase rates of litter decomposition for material with lignin content in 

the 10% to 25% range, but may not affect material with higher lignin content.  This 

indicates that for Salix, litter decomposition will be slow regardless of inundation 

frequency.   

The slow rate of accretion found for USJRB marshes indicates that the 

restoration of soils which are lost through oxidation will be a very slow process.  This 

reinforces the importance of Van Dam’s findings (2012) that water tables should not be 

lowered past 10 cm below the soil surface to protect against soil oxidation.   
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APPENDIX 
ADDITIONAL FIGURES 
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Figure A-1: Mass loss over time of litter bag sample at each site, with corresponding exponential decay equations. A) 
SJM-WIL, B) SJM-SAW, C) SAW-TYP, D) BCM, E) FDM. 
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E

  B 
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Figure A2: Percent mass loss over time by species (data from sites combined; composite bag rates excluded).   
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Figure A3:  Fiber fractions of each sample. 
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Figure A4:  Change in quality over time, comparing composite bags and individual bags.  The only obvious difference 

between a composite bag and an “individual” bag was for the Salix/Cephalanthus  sample in regards to soluble 
fiber and lignin (yellow line in first and forth graphs).  Recall that this “individual” bag was actually a mix of 
leaves from two shrub species, and the composite bag was a mix of three species total (Salix, Cephalanthus, 
and Cladium)   This sample was located at the BCMCA site.  The added complexity of two and three species 
may account for the difference, whereas the other bags contained only one and two species.   
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Figure A5:  Change in quality over time for in each species at each site. 
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Figure A6: C:N Ratios.
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