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ABSTRACT

Organic Carbon Flux at the Mangrove Soil-Water Column Interface in thigl&|
Coastal Everglades. (May 2005)
Melissa Marie Romigh, B.S., Texas A&M University

Chair of Advisory Committee: Dr. Stephen Davis

Coastal outwelling of organic carbon from mangrove wetlands contributes to
near-shore productivity and influences biogeochemical cycling of elemensed a
flume to measure fluxes of dissolved organic carbon (DOC) between a mangrate fore
and adjacent tidal creek along Shark River, Florida. Shark River’s hydrology is
influenced by diurnal tides and seasonal rainfall and wind patterns. Samplimgs wer
made over multiple tidal cycles in 2003 to include dry, wet, and transitional seasons.
Surface water [DOC], temperature, salinity, conductivity and pH were isigmily
different among all sampling periods. [DOC] was highest during the drgrsélsiay),
followed by the wet (October) and transitional (December) seasons. Net PO ex
was measured in October and December, inferring the mangrove forest is a source of
DOC to the adjacent tidal creek during these periods. This trend may be aekphaine
high rates of rainfall, freshwater inflow and subsequent flushing of wetlarsddsmihg

this period of the year.
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INTRODUCTION

Background Information

The dissolved organic carbon (DOC) pool in the oceans is one of the largest
exchangeable organic reservoirs on the planet and the transfer of organic n\jter (O
from land to sea is a key link in the global carbon cycle (Hedges 1992, Smith and
Hollibaugh 1993). A major step in defining this link is determining the rates and
direction of carbon flux between wetlands and adjacent coastal waters, as these
ecosystems can serve as both sources and sinks for carbon (Mitsch and Gosselink 2000).
Particulate and dissolved organic matter (POM and DOM) from mangrovendettan
be an important source of energy and nutrition to heterotrophic communities of
surrounding estuarine and marine ecosystems (Odum and Heald 1975). Mangroves
provide food, shelter and nursery habitat for a wide assortment of wildlifepivad sl
or critical periods of their life cycle in these environments (Robertson 1986,Verana
1998, Ley and Mclvor 2002).

Beginning with the outwelling hypothesis in the 1960s, researchers have
attempted a range of sampling techniques to identify and quantify sources and sinks of
carbon and other nutrients in the estuarine and coastal environment (Twilley 1985, 1988,
Lee 1990, Dittmar and Lara 2001a). However, the role and extent that mangroves play in
the coastal microparticulate and dissolved carbon budgets is still not ciarafCand
Lara 2001a). Results from previous research in the Everglades have showe that t

export of DOC to the adjacent ocean may be one of the dominant outputs of material

This thesis follows the style of the journal Wetlands.



from a mangrove wetland, accounting for greater than 80% of total organic carbon
(TOC) export in some cases (Furukawa et al. 1997, Machiwa and Hallberg 2002). It has
been documented that the extent of tidal export depends on amplitude and frequency of
tidal inundation, and may also be related to freshwater inflow, rainfall or seasdnal a
inter-annual fluctuation in sea level (Wolanski et al. 1980, Twilley 1985, 1995, Davis et
al. 2001a, Dittmar and Lara 2001b). Macro-invertebrates can also be an important fact
in regulating the magnitude of organic carbon export from mangroves, as evident in
Australia (Robertson 1986, Camilleri 1992).

A flume sampling method was developed to evaluate how tidally inundated
wetlands process nutrients specifically at the wetland soil-water coluerfaceg and has
since been utilized in determining both carbon and nutrient fluxes in various wetland
systems, including mangroves (Wolaver et al. 1985, Childers and Day 1988, Whiting et
al. 1989, Rivera-Monroy et al. 1995, Davis et al. 2001a). The present study utilized this
flume method to consider possible short-term variability in fluxes over consedaige
by quantifying organic carbon flux between the wetland soil and inundating water
column over multiple replicate tides. Literature on OM export is not consedtent
whether seasonal trends are present in OM flux in mangroves (Dittmaaen@Q01a,
Dittmar et al. 2001, Davis et al. 2001a, Sutula 2003). The present study will also
guantify seasonal variability related to freshwater inflow to understandchff@tance of
seasonal freshwater inflow patterns in regulating carbon dynamics irronarigrests of
the Florida Coastal Everglades.

Litter, mainly leaves and twigs, produced in the canopy of mangroves represents a

significant source of the OM and nutrients available for outwelling to atjacastal



waters (Odum and Heald 1972, Twilley 1995, Davis et al. 2003). Leaching of mangrove
litterfall is a rapid decomposition process and provides an important source of labile
organic material to the water column (Cundell et al. 1979, Benner and Hodson 1985,
Robertson 1988, Davis et al. 2003). The efficiency of microbial conversion of the
leachable portion of mangrove leaves is 30-36%, making a significant amount of
mangrove detritus potentially available to higher trophic levels in the adaat web
(Benner and Hodson 1985).
While leaf litter is typically the main component of mangrove litterfall $500)

(Day et al. 1996, Clough et al. 2000, Twilley and Rivera-Monroy, unpublished data),
twigs and branches may also comprise a significant fraction of the tadhlit(Clough
et al. 2000) and be an important source of leachable organic material. Approxionatel
half of the OM of mangrove leaves are leachable water-soluble compoundsgtandai
sugars) with the remainder consisting of more slowly degrading plant salyotlymers
(lignocellulose; Cundell et al. 1979, Benner and Hodson 1985). Mangrove wood has a
much higher lignocellulose content (83%) than leaves, rendering it a potentiallgrsmal
contributor to the labile DOC pool.

Previous leaching experiments of wetland leaf litter have focused on tigeana
leaf mass lost, bacterial growth and remaining leaf nutrient content (Chale 1893, M
and Wetzel 1996). Rapid loss of labile OM from leaf litter in the initial decayegies
been shown due to leaching of soluble organic compounds, with gradual decrease in
weight loss due to microbial breakdown thereafter (Valiela et al. 1985, Chale 1993).
Both short term (hours-days) and long term (weeks-months) decomposition studies have

addressed changes in nutritional content of the leaf litter (Chale 1993, DavigG&3jl



However, there is a lack of information on carbon available from different asgr
species and litter types (i.e. leaf, wood, reproductive structures). Funidrerare few
studies that budget carbon loss associated with this initial phase of decomposition f
different mangrove species in a forest.

The use of isotopes has been used to trace the source and fate of mangrove OM in
many estuarine environments (Zieman et al. 1984, Dittmar et al. 2001, JaffeG&13!
Typically, mangrove-derived OM ha$’C values between -27%. and -32%o, while
marine phytoplankton have more enrich&iC values between -15%o. and -22%o. C:N
ratios have been used as an indicator of nutritional value of organic matter, and a
decrease in the C:N ratio from senescent leaves to partially decompossidea
Rhizophora mangle has been observed (Newell 1984). Rather than comparing freshness
of the litter types with nitrogen analysis, | expected to identify the staloken isotope
signature of OM leached from several mangrove species to support the hygbtitesis
the OM export from mangrove wetlands in Shark River, Florida is terregtiiatived.

From a laboratory litter leaching study, | report the amount DOC |ddotm
leaf and wood litter during the initial 24-hour decay period of three species of mangrove
Laguncularia racemoséwvhite mangrove)Rhizophora mangléed mangrove) and
Avicennia germinanflack mangrove) and one freshwater se@adium jamaicenst
compare differences in available leachable DOC to the mangrove zone of amestuari
environment. The stable carbon isotope ratios of the dry litter are also reported to
compare the signature of these OM sources to'fivalues of related coastal waters

reported in other mangrove studies. These data may be used to construct a portion of the



mangrove forest carbon budget related to the organic carbon available forfeotport
litterfall through the initial decay process.

Few past studies have quantified mangrove-water column interaction$ydirect
and there have been even fewer mangrove carbon exchange studies in the Everglades
(Twilley 1985, Davis et al. 2001a, 2001b, Sutula et al. 2003) where landscape-scale
hydrologic restoration efforts have begun. Research utilinisgu techniques to
qguantify carbon fluxes at the mangrove soil-water column interface is neeselitiify

our understanding of carbon cycling in these coastal wetlands.

Nature of the Problem

Restoration of the Everglades is mandated by federal and state law. Thé Federa
Settlement Agreement of 1991 and Everglades Forever Act of 1994 establisheebithe ne
to reduce phosphorus in runoff waters and increase flows of freshwater through the
Everglades to restore natural hydroperiods. There are many differeningodel
approaches to assess Everglades hydrology and ecology, and to predict ithes gusit
negative impacts of such a large scale hydrologic restoration (SklaR@04, Bolster
and Saiers 2002).

A result of increased freshwater flow through the Everglades wilylisel
increased water depth and hydroperiod, which are important environmental controls on
vegetation patterns in this low nutrient environment. At the level of the mangrove soil, a
change in the flow and the content of source water can alter microbial pracetbses
soil and thus influence the rate of organic carbon turnover in the soils. Further, soil

accretion rates may be reduced as a result of higher freshwater flietieingmd reduced



sediment inputs from the Everglades. This would negatively affect the abilitg of
mangrove to maintain elevation over the long term. Within the mangrove itself,
aboveground and belowground plant biomass and production may be reduced in the
short-term in response to less saline conditions. Salinity is also importagulatiey

plant zonation patterns, and competitive exclusion of the inland extent of mangroves by
freshwater plant species may occur under low salinity conditions. This siiigyovide

a basis for understanding the temporal variability and the importance of freslfioat

on organic carbon exchange in mangroves.

Solution and Rationale

To better understand the temporal variability in mangrove carbon dynamics and
begin to address how it may be affected by freshwater inputs, this studydfecuse
guantifying the flux of organic carbon between the water column and mangrove soil in a
tidally influenced riverine mangrove wetland in Shark River, Florida. Theradsrece
that net export of DOM reaches the same order of magnitude as litter iexpame
mangrove areas (Twilley 1985). Therefore, this study expected to identifyhieoth t
particulate and dissolved fractions of OM import and export. The study area wasl loca
in a riverine mangrove forest, which, due to high flushing rates, was expected to be a net
source of DOC and TOC to the water column and tidal river for part of the year, in
response to intra-annual variations in freshwater inputs and litter production. Tye stud
was designed to incorporate sampling periods during the characteristieasen, dry
season and ‘Norte’ season (an intermediate between wet and dry seasonsyizledracte

by cold fronts moving through the region).



In addition to the field study, a laboratory litter leaching experiment was
conducted to determine DOC leaching rates for different litter typésed thangrove
species. The DOC leaching rates combined with litterfall data from the stadyere
used to create a small DOC budget indicating the amount of DOC potentiallyobkevaila
for export from the initial 24-hour leaching of mangrove litter. This researalso part
of a larger effort seeking to elucidate net ecosystem exchanges of carbon in the
mangroves of the Florida Everglades. Findings from this study will contribatdetter
understanding of the short-term influence of season and water source (Er®xgad

Gulf of Mexico) on mangrove carbon cycling along the Florida Coast.



METHODS

Site Description

Everglades National Park is located in southern Florida and comprises 610,483
hectares, of which 189,644 hectares are mangrove forest (Lewis et al. 1985).eAverag
annual rainfall in the region is 138 cm, with distinct wet (approximately 60%geer
annual rainfall from June to September) and dry (approximately 25% average annual
rainfall from November to April) seasons (Figure 1) (Duever et al. 1994) k agr is
a mangrove dominated tidal river along the southwest coast of EvergladmsaNaark
and is one of the largest estuaries in South Florida. Discharge of freshwat&Hark
River Slough to the estuary follows patterns of seasonal and inter-annual (@ihéad
and Twilley 1999). Tides in Shark River are predominantly diurnal with a mean
amplitude of 1.1 m.

The flume study was conducted in a riverine mangrove forest along a tidal cree
connected to Shark River (Figure 2), approximately 1.8 km inland from the mouth of the
estuary (25°21.852 N, 81°04.667 W). The width of the tidal creek at the site of the flume
is approximately 2 m. The surrounding mangrove forest is tidally inundated and

dominated by the white, red and black mangroves.

DOC Sampling Techniques
This study was designed to characterize temporal variability in DOC
concentrations and flux from the coastal Everglades mangroves. Flux meassrement

were made during 2003 covering three seasons within a Shark River mangrovelfgrest:



Figure 1. Seasonal pattern of temperature andptaiion in Southwest Florida from 1994-2003. Leng
term pattern of temperature)(and precipitation () represented as mean (xSD) values for 1994-2003.
Precipitation for 2003 alone represented as monlyes (). Data collected by United States Geological
Survey.



Figure 2. Map of South Florida and the experimefitimhe study site (SRS-6) along Shark River
within Everglades National Park.
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(May), wet (October) and the transitional ‘Norte’ season (DecemberhaBge patterns
over multiple tidal cycles (4-6 tides per sampling), were examined duramgseason.

A flume was used to measure organic carbon exchange between the mangrove
soil and inundating water column. The experimental flume was located apprdyitate
m inland from Shark River, in a fringe mangrove along a small tidal creek (2i8tm w
and 1 m depth) draining the area. The flume was open to flow at both ends and measured
approximately 2 m wide and 12.5 m in length, extending from the tidal creek into the
basin mangrove forest (Figure 3). The flume walls were positioned perpenthictiiar
tidal creek and parallel to the direction of flow of the flooding tidal water, so msic
natural flooding patterns in the enclosed area of wetland. Panels on the flumes,
consisting of clear, corrugated fiberglass, were removed after eaphrgata prevent
long-term panel effects such as shading, edge scouring, and detritus acoumulati
(Childers and Day 1988).

During each sampling period, an ISCO autosampler was placed at each end of the
flume and programmed to collect a 1-liter water sample every 30 minutes Bioigie
point inside the flume. Samples were collected simultaneously from each end of the
flume during replicate flood and ebb half tides. Samples were retrieved every 12 hours
packed in ice and transported to the field laboratory for processing.

The temperature, salinity, pH, conductivity and dissolved oxygen concentration of
the tidal creek water were also recorded simultaneously using a Hydrolakomde.
This study was conducted at a monitoring station for the Florida Coastal &lesdlong
Term Ecological Research (FCE-LTER) program where continuous alatariace water

level, salinity and concentrations of total nitrogen and total phosphorus argetbllec



Figure 3. Map of experimental flume layout inclugli@hark River and sampling points.
Flood and ebb tide diagrams illustrate the chandepstream/downstream” designation of
the two flume sampling points.
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Microtopography within the flume was surveyed in August 2003 to build a detailed map

of elevation, which was used in estimating volumetric changes in the flume.

DOC Laboratory Analyses

DOC samples were filtered through pre-rinsed (triplicate 5 mL rinsedeith
ionized water), pre-combusted (4 hours at 500°C) and pre-weighed 47 mm Whatman
GF/F papers. Filtration was performed within 24 hours of collection and botkdilte
and unfiltered samples were refrigerated &€4n 125 ml bottles. Particulate matter
trapped on the filter was dried at°@for 24 hours and weighed for total suspended
sediment (TSS) calculation, then combusted {80@r 4 h) to determine losses on
ignition.

DOC and TOC concentrations in filtered and unfiltered samples were assayed by
high temperature catalytic oxidation (HTCO) and infrared detection ussmgnaadzu
TOC-5000. Carbon concentrations were determined against potassium hydrogen
phthalate standards. Samples were measured in triplicate with a fixed c.v. of 2%;
otherwise, further replicates were automatically carried out by themmsnt. Duplicate
samples were analyzed periodically to check for reproducibility of eeantt to evaluate
the precision of measurements. Fluxes of organic carbon were calculated from the
measurements of water level and concentration change within the flume follbwing t

methods of Childers and Day (1988) and later modified by Rivera-Monroy et al. (1995).
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Flux Calculations and Statistical Analyses

| used formulas described in Childers and Day (1988) to calculate fluxes of
organic carbon (Appendix A). One formula was modified by Rivera-Monroy et al.
(1995) to obtain net areal fluxes of regularly flooded fringe mangroves when antonsta
area of the experimental flume was inundated. 1 also utilized this equatiaakgulated
net areal fluxes for half tides (flood and ebb) only when both ends of the flume were
inundated (Equation 1). Net fluxes were obtained by adding flood and ebb fluxes for

each tide.

Net areal flux (g if h') = total fluxypstrean— total fluxownstream (1)

flume area x total time

Using a hypsometric approach, | inferred fluxes of water from changesstén
level collected at 30-minute intervals during several whole-tides. Diregsunements of
water level within the flume over the course of one complete tidal inundation were
correlated with the continuous water level recorder data supplied by thé& HERE-
station at the bank of Shark River (SRS-6). This correlation was used to calcuéate wa
level within the flume for all additional sampling periods. To best correlater evel in
a system with asymmetrical tides, | developed separate correlatiasdor flood- and
ebb-tides (adjusted?Ralues of 0.999 and 0.997 for ebb- and flood-tide correlations,

respectively).

Paired t-tests between upstream and downstream DOC concentrations over each

half tide were used to determine if fluxes of organic carbon within the flume were
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significant (p<0.05). No difference in concentration between upstream and ceasmstr
pairs was interpreted as no net flux over a given half-tide (net area floxwlés C
mh™Y). For example, higher concentrations during flood tide at the streamside end
(upstream) indicated a net uptake of carbon by the wetland, while lower cotioastaa
the streamside end indicated a nutrient release. Net areal fluxes weitatedlonly
when water was present at both ends of the flume and a significant difference wa
observed.

Seasonal differences in temperature, salinity, conductivity, pH, dissolvedroxyg
and organic carbon concentration were analyzed using a one-way ANOVA Bnd LS
post-hoc analysis to test between sampling seasons (p<0.05). Seasonal dsfiarence
TSS concentrations were analyzed using a one-way ANOVA and Dunnett’s Ti3ogost-

analysis (p<0.05).

Mangrove Litter Analysis Techniques

Senescent leaves and wood litter from each of the white, red and black mangroves
were collected from the surrounding riverine fringe mangrove foresg &bark River.
One freshwater sedg€ladium jamaicensewvas collected approximately two kilometers
upstream as an upstream OM source comparison. Three replicate samabdslittee
type were refrigerated separately in plastic bags at 4°C for one wee& baédysis.
Litter was dried at 60 °C for 72 h and 3.000 g of each sample was weighed for
incubation. Each litter sample was incubated in 150 mL of deionized water in 250 mL

clear glass bottles for a 24-hour period.
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Leachate samples collected from each bottle were filtered througmatn&F/F
glass fiber filters and divided into two separate 60 mL HDPE sample cont@ners
each for DOC content and stable carbon isotope analysis). The samples to be used f
isotope analysis were acidified, each with 1 mL 10% HCI, and both sets of watdesa
were then refrigerated until analyzed. DOC analysis was performedauSinignadzu
TOC-5000 total organic carbon analyzer. Isotope analysis was performed using an
elemental analyzer for dry tissue samples and a new method by Cifuesiteg girep)
with a TOC analyzer interfaced with an IRMS analyzer in order to deterfi@ef the
organic carbon in liquid samples.

Using SPSS, single factor analyses of variance were used to detegnifiessit
difference in DOC leachate content between litter type and species (p<Uré8&
species composition and average monthly litterfall estimates (January 2Q0E t20D3)
for a Shark River mangrove forest were used to calculate the proportion of mangrove
species present and litterfall composition at the study site (TwilléyRavera-Monroy,
unpublished data). | estimated the amount of DOC available from initial (24 h) lgachin
of mangrove litter at the soil-water column interface using a summation grmul
(Equation 2; Appendix A). This formula combined the DOC leaching rates obtained
during the leaching experiment with actual litterfall composition from tetysiite.
DOC (g yr’) = (LLx* Rix) + (WL * Ruix) 2
where LL is leaf litter produced (gfryr?), WL is wood litter produced (g fnyr™?) and
R is the DOC leaching potential of leaf or wood litter (g DOC/g dry tissua)paiticular

species, X.
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RESULTS

DOC Concentrations and Physical Parameters

Water temperature in the flume ranged from 17.9 to 30.6 °C and was significantly
different between all sampling seasons (ANOVA, p<0.05). Highest tempegatur
occurred in May, followed by October and then December [Figure 4(a)]. Satirifig i
flume ranged overall from 6.4 to 29.8 ppt. Lowest salinities were observed in the wet
season when freshwater flow was greatest (October), followed byribeceand highest
salinities in the dry season (May) [Figure 4(b)]. A tidal salinity pattéincreased
salinities during flood tide and decreased salinities during ebb tide was obserakd for
tides sampled. The percent saturation of dissolved oxygen in the water column was
significantly highest during May and lowest during October (ANOVA, p<0.05).

Dissolved oxygen content of the inundating water column also followed a tidahpattter
decreasing % saturation with increasing duration of inundation, indicatingroxyge
depletion of the water column due to respiration. The pH of the inundating water column
was between 7.3 and 7.6 during all sampling seasons.

Mean concentration of both TSS and DOC were significantly different between
sampling seasons (ANOVA, p<0.05). TSS concentrations ranged from 1 to 192 mg |
Significantly higher mean TSS concentrations occurred in May (112'ngyhile
concentrations were very low in both October (22 Mgahd December (24 mg)l
[Figure 4(c)]. DOC concentrations were significantly different betwesasons
(ANOVA, p<0.05) and ranged from 1.7 to 17.9 rifg Dverall, DOC was highest in

May and lowest in October [Figure 4(d)]. DOC concentrations during ebb trge we
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Figure 4. Seasonal patterns of (a) temperaturesgbjity, (¢) DOC concentration and (d) TSS
concentration of water during tidal inundation lod flume at the study site. Sampling periods fedd by
different letters were significantly different froome another (ANOVA, p<0.05).
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higher than flood tide during May, while ebb tide concentrations were lower than flood
tide during October (Figure 5). During December, average DOC concentrati@ns wer
similar for both ebb and flood tide, though highly variable between the flood tides
sampled. Significant changes in DOC concentration within the flume were obsarved f

one-half of the tides sampled.

Fluxes

DOC exchange occurred both vertically between the wetland soil and inundating
water column and horizontally between the tidal creek, fringe and basin mangrove
forests. Total exchanges of DOC were much greater between the telabackfringe
forest than between the fringe and basin forests (Figure 6). There was aarébim
DOC to the fringe forest from both the basin forest and the tidal creek during the dry
season. The highest significant import rate of DOC (0.3227 ihoccurred in the dry
season. The average import rate of DOC to the mangrove soil during the dry season was
0.0908 g rif h, based on significant fluxes during the sampling period. On average,
86% of the DOC imported to the fringe mangrove occurred during flood tide. There was
a net export of DOC from the fringe forest to both the tidal creek and basin foregt durin
the wet season. The highest export rate of DOC to the inundating water column (0.5784
g m? h™) occurred in the wet season. The average export rate of DOC to the inundating
water column during the wet season was 0.0606*dymbased on significant fluxes
during the sampling period. On average, 65% of the DOC exported from the fringe
mangrove occurred during ebb tide. Difficulty in the field due to equipment malfunction

and low tidal inundation at the site



b)

Figure 5. Seasonal flood- vs. ebb-tide mean (x &DEentrations of (a) TSS
and (b) DOC. Sampling periods followed by diffartatters are significantly
different (ANOVA, p<0.05).

20
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Figure 6. Net fluxes of whole tides for DOC in #agerimental flume. Positive flux is import to the
mangrove soil; negative flux is export to the inatidg water column. * Flux not significantly difiemt

(p>0.05). nd, No data.
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only allowed for the calculation of two tidal fluxes in December. These tdigsaie
both import and export of DOC with an average DOC import rate of 0.0265h'm
during the ‘Norte’ season.

Twelve and 60% of the paired t-tests performed on DOC content for the half-tides
were significantly different from zero (p<0.05). Three tides during the &lseason did
not have both upstream and downstream paired samples. Therefore, | could not
determine fluxes for these tides. To calculate an average yearly DQC dked the
average DOC flux rate of significant tides (-0.0403 ghl), the average tidal
inundation period (2 h) and the estimated number of tides at the site during 2003 (696
tides). The result of this was a net annual export of DOC from the fringe mangrove to

both the tidal creek and basin mangrove forest (-56 g DO@ri).

Mangrove Litterfall Leaching Rates

There was a significant difference in the mass of carbon leached over a 24-hour
period between mangrove leaves vs. twigs, and all litter types lost acaghdimount of
mass (ANOVA, p < 0.05). Mangrove leaves of all three species leachedcsigihyf
more carbon than wood litter (ANOVA, p<0.001). A comparison of leaching between
species shows that the black and red mangroves leached the greatest maspef DOC
gram dry mass, followed by the white mangrove and the least by the ss\(AE3VA,
p<0.05; Figure 7).

During this initial 24-hour decay phase, leaf litter leached on average 0.0502 g
DOC/g dry tissue. Wood litter and sawgrass leached less than 15% of this amount

(0.0073 and 0.0064 g DOC/g dry tissue, respectively). This translates to 5% of the dry
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mass of leaves and less than 1% of the dry mass of wood litter and the sawgrass bei
lost as DOC in the first 24 hours of litter decomposition.

Stable carbon isotope ratios of the mangrove dry litter tissue sampled feorge
-26.08 to -28.1 (Table 1), which are consistent with ot values reported for
mangrove carbon (Lin and Sternberg 1992, Dittmar et al. 2001). The sawgrass had a
similar stable carbon isotope ratio (-28.07). Distinction between speciestantyjie

could therefore not be made based solely on ff@ data.



24

0.080
2 0.070-
e
g
©  0.060-
o)

2 0.050-

@

2 00401

o

> 0.0301

(@)

2

> 0.020-

7]

©

= 0010
0.000-

T
L

HH

H

M1

Black Leaf Black Twig Red Leaf

Red Twig White Leaf Whitevig Sawgrass

Litter Type

Figure 7. Comparison of DOC leached by differemetitypes in the 24-hour leaching experiment.



Table 1. °C values and amount of DOC leached over a 24-hetiog
for three mangrove species and one freshwater nsadde.

Litter Type Dry Litter *C
Black Leaf -26.5
Red Leaf -27.19
White Leaf -28.1
Black Twig -26.4
Red Twig -26.08
White Twig -27.32
Sawgrass -28.07

Mean (SD) mass of leached DOC. Letters represenipg of
significantly different leached DOC mass (ANOVA,(p801).
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CONCLUSION

DOC Flux

The magnitude and direction of material fluxes in estuarine systems involve
processes occurring at different spatial and temporal scales. Sahalpsuacesses
occurring directly at wetland exchange interfaces (i.e. water-sdiysagmosphere or
soil-atmosphere) are influenced by short-term variability in environmeaoalitions (i.e.
material concentration, wind and rain events, duration of inundation, flushing time).
Larger spatial scales broadening in area from tidal creeks draimeag exchange
interfaces to the landscape-scale of the entire estuary increasiraglyarate more
general processes of estuarine mixing and long-term climate patteordriolling
carbon and nutrient exchange.

Water flux estimates and paired upstream/downstream measurements gédissol
organic carbon concentration were used to quantify the flux of DOC between the
mangrove soil and inundating water column of a fringe riverine mangrovendetla
Sampling over repeated tides within a season allowed for the examination of the shor
term variability in flux that occurs in the natural environment. | measureidalditix
and found an indication of DOC import to the mangrove soil during the dry season
(May), export to the inundating water column during the wet season (October) and import
to the mangrove soil during the ‘Norte’ season (December) in 2003.

Particulate organic carbon (POC) export can represent a significant amthet of
organic matter leaving mangrove systems, though it most often varies with.seas

Export of POC measured in an Australian riverine mangrove forest was 420°yC' m
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(Boto and Bunt 1981) whereas studies in Florida have measured 64°yiC (Twilley

1985) and 186 g C fyr™* (Heald 1971). For all sampling periods in this study, DOC
accounted for >95% of the TOC in the water column. However, nets were not used in
this study to capture leaf-size particulate matter, which may make upfecaigrportion

of export from mangrove forests (Boto and Bunt 1981, Twilley 1985). Several other
mangrove studies have also measured a high DOC fraction of TOC in the watar.colum
Twilley (1985) estimated that up to 75% of all carbon exchanged in a basin mangrove
forest in Florida was DOC, Dauvis et al. (2001b) estimated >90% of the TOC in mangrove
island enclosures was DOC and Sutula et al. (2003) found that in Taylor River, Florida
approximately 98% of TOC was in DOC form.

Due to the sampling technique and asymmetrical tidal patterns, water sample
could only be collected in the mangrove flume during high tide, and only during those
high tides when the mangrove forest was inundated. Samples at the beginning and end of
a high tide may have been influenced by the resuspension of particulates produced by
stronger currents flowing across the soil surface. However, no significkeredde in
organic carbon content was detected between filtered and unfiltered sampletnodica
very low POC in the water column and little influence of particulate resuspens the
water samples.

Concentrations of DOC in this fringe riverine mangrove system werelglight
higher than reported values for other mangrove systems (Table 2). Actual DOC
concentrations were highest during the dry season, possibly due to the occurpaaie of
litterfall production in May, but freshwater inflow and tidal amplitude were at the

lowest. Tidal amplitude and freshwater inflow to the system play a factegulating



Table 2. Comparison of DOC and TOC concentratidnaoous wetland studies.
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Location Wetland Type Source TOC DOC
Florida Riverine mangrove This study 1.7-17.9
Florida Fﬁzz‘g’fg%& Sutula et al. (2003) 8.4-19.2

Zanzibar Fringe mangrove Machiwa and Hallberg (2002 0.78-1.28
Florida Mangrove creek Davis et al. (2001a) 8.4621
Florida Dwarf mangrove Davis et al. (2001b) 10.8-18 8.4-18
Brazil Riverine mangrove Dittmar and Lara (2001) 207. 4.32

Australia Fringe mangrove Furukawa et al. (1997) 672. 2.21
Bahamas Fringe mangrove Moran et al. (1991) 2.3

Louisiana Freshwater marsh Childers and Day (1988) 10.8-29.1

Louisiana Brackish marsh Childers and Day (1988) .8-48.7

Louisiana Saltmarsh Childers and Day (1988) 2512

Australia Fringe mangrove Boto and Wellington (1988 1-2
Florida Basin mangrove Twilley (1985) 9.4-21

DOC and TOC concentrations reported in g |
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DOC flux from wetland soils by influencing the amount of time the soil has taatter
with the inundating water column and by regulating the amount of water discharged
through the interface. Increased freshwater input has been shown to increadexXDOC f
from estuaries to adjacent coastal waters, sometimes by as much asvaDee4999).
The greater the tidal amplitude and freshwater inflow, the longer the wetland is
submerged and the more water flows through the system. Vertical flux datssituthy
indicate that the highest export of DOC from the wetland soil to the inundating water
column occurred during the wet season. Tidal amplitude and freshwater inflow are
correlated in this study, as tides reached a minimum amplitude of 2.3 feet durilng the
season, a maximum of 2.9 feet during the wet season and 2.6 feet during the ‘Norte’
season. These flux results indicate DOC flux from the wetland is controllegt¢ater
extent by freshwater discharge rather than DOC concentration.

Flux estimates from the riverine fringe mangrove forest in this study swnilar
in magnitude to findings of previous mangrove carbon flux studies (Table 3). Seasonal
fluxes indicated net import of DOC to the wetland soil during the dry season and export
of DOC to the inundating water column during the wet season, with an overall net DOC
export of 56 g DOC fiyr* from the mangrove wetland to the adjacent tidal creek. A
flux study in a fringe mangrove forest in Australia using a ‘eulerian’ appra@s unable
to detect net flux of dissolved materials, including DOC (Boto and Wellington 1988).
Previous estimates of total carbon export from mangroves range from 2 to 403 g C m
yr't with an average of about 200 g Cyr*, while salt marshes typically export about

half this amount (Twilley 1998).



Table 3. Estimates of net annual TOC and DOC fitarmifmangrove wetlands.
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Location TOC DOC Method Source
Florida -56 mangrove flume This Study
Florida -7.1 mangrove creek Sutula et al. 2003
Florida 3.04 mangrove creek flume Davis et al.1200
Florida - 381 mangrove enclosures Davis et al1B00
Florida -64 basin mangrove Twilley 1985

Australia 7.3 mangrove channel Boto & Wellingtcd88

World Average -210 mangroves (review) Twilley 1998

TOC and DOC flux reported in g Cnyr™.
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Generally, terrestrially derived DOM undergoes conservative mixing diogvn
estuarine gradient, forming an inverse linear relationship between salnaity
concentration. A previous study by Jaffe et al. (2004) indicated that fluxes oBEOC
controlled to a great extent by discharge rather than concentration, indicatergdOC
concentration with increasing freshwater input. The wet and ‘Norte’ seasondiatde
an inverse linear relationship of salinity vs. DOC and support previous findings of
conservative mixing of DOC within the Shark River estuary (Figure 8; Jiadfle 2004).
Consistent high salinities (25-30 ppt) due to depleted freshwater input to Shark River
during May coupled with high variation in DOC concentration indicate similar import
and export processes occurring at the wetland soil-water column inteviaceluring the
dry season. Riverine mangrove forests generally have higher flushing thanbasoe
and shrub forests (Lugo and Snedaker 1974), which may help explain why flux results

from this study are higher than in other mangrove systems.

Mangrove Litterfall

The production of mangrove litter and its consequent degradation and
consumption in the coastal environment is considered to be a major pathway of energy
transfer through mangrove systems (Odum and Heald 1975). Main sources of DOM to
the southwest coastal Everglades are from freshwater marsh plantdjiomaagrove
forests and marine organisms (Jaffe et al. 2004).

The magnitude of litterfall in this riverine mangrove forest (12640 Koyid) is
consistent with findings in other riverine mangrove forests, and higher thanegefmrt

basin and fringe mangrove forests (Lugo et al. 1988, Day et al. 1996). Litterfall



Figure 8. Salinity vs. DOC concentration plot ofterassamples during study sampling periods.
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composition varies greatly throughout the year, with leaf litterfallesgnting 40-94%
and wood litterfall ranging from 1-33% of the total litterfall (Twillagd Rivera-Monroy,
unpublished data). Net primary productivity of mangrove forests is generally high
compared to upland forests of the same latitude (Twilley et al. 1992, Saenger and
Snedaker 1993)Laguncularia racemos&L063 trees hi8 andRhizophora mangl€900
trees hd) are the dominant mangrove species present at the study sitAvigigmnia
germinansnterspersed (125 trees BgTwilley and Rivera-Monroy, unpublished data).
Based on these tree densities;tacemosd51%) andR. manglg43%) contribute the
highest amount of litterfall available for leaching. Howe¥ermangldeaves leach
significantly more DOC thah. racemosand therefore provide 55% of the DOC
potentially leached into the water column during the initial decay phaselwhile
racemosgorovides only 37%. Due to higher litterfall and initial DOC leaching rates, leaf
litter represents a much greater source of leachable DOC than wood meadsritlié
riverine mangrove forest. Comparisons made in a deciduous forest also founeistinat fr
leaf litter is a more important source of DOC to the forest floor than lslistrates
(glucose and cellulose), forest floor materials or wood litter (Park et al..2002)
mangrove leaf litter was also a more significant source of labile D@tCthe marsh
grassC. jamaicensewhich leached DOC in an amount similar to mangrove wood litter.
Litterfall studies in both mangrove and upland tropical forests have suggested tha
environmental conditions including low tides, lack of precipitation and high
evapotranspiration due to high temperature may promote leaf senescence and higher
litterfall rates during dry seasons (Duke et al. 1981, Day et al. 1996, Wrighanej&

1990). This higher available litter fall may lead to greater leaching anchicduse
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higher DOC concentrations of the inundating water column during the dry season.
However, there is indication that DOC is imported to the mangrove soil during this
period. It is possible that this imported DOC is flushed out of the soil during the wet
season or that mangrove uptake from the soil serve to control the import of DOC to the
soil during periods of high concentration.

Using tree densities combined with average monthly leaf and wood litterfall data,
the total amount of DOC potentially leached during initial decay at the stel-a@umn
interface is 450 kg DOC Hayr (Table 4). This amount of DOC is around 4% of the dry
weight of total litterfall, and assumes no significant grazing by herbivdiesvever, this
excludes litterfall of reproductive structures, which have the potential to Iddtioaal
DOC. Based on a net annual export of 56 g DOYyrit, the initial 24-hour litterfall
leaching phase could provide 43% of the DOC exported from the forest.

In addition to higher litterfall rates, riverine mangrove forests @gdliydrave a

significantly higher inundation frequency and duration, leading to greater in situ
decomposition than basin and fringe mangrove forests. This high turnover and export of
OM leads to more extensive energy flow pathways to surrounding coastal coremuniti
(Twilley 1985, Lugo et al. 1988). This study provided an interesting comparison of
leaching rates of litterfall between species and litter types in @névmangrove forest.
Combining litterfall rate, composition and a leaching experiment yielded itpisuet
information on the extent to which the initial decay phase of litterfall may gedhie

source of DOC measured as export from this system.



Table 4. Litterfall estimates and DOC availablarirthe initial 24-hour leaching of litter from three
mangrove species in South Florida.
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. . DOC DOC
Mangrove (gLﬁ?Zf )I/':_tgr* (\évﬁq%dylr'.tlt)e,[ (leaf + wood) (leaf + wood)
(g m*yr?) (kg ha' yr)
L. racemosa 507.6 35.8 16.50 165.0
R. mangle 429.7 30.3 24.86 248.6
A. germinans 59.7 4.2 3.68 36.8
Total 997 70.3 45.04 450.4

* Twilley and Rivera-Monroy, unpublished data.
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Overall Conclusion

The present study documents the ability to determine carbon flux at the wetland
soil-water column interface using a flume and provides support to the arguntent tha
productive, riverine mangrove forests are sources of DOC to surrounding eGasts.
The flux of DOC at the mangrove soil-water column interface is seasonad tas
rainfall and freshwater inflow to the system. There is short-term warigt organic
carbon flux, with both import and export of DOC within seasons. Overall, however,
there is a trend of import of DOC to the mangrove soil during the dry season and export
to the inundating water column during the wet season. Seasonal fluxes of DOC were
used in calculating a net annual export of 56 g DOYyrt at the mangrove soil-water
column interface. Import of DOC to the mangrove during the dry season and export
during the wet season indicates that freshwater inflow has a strong iefloerice
direction of organic carbon flux to this mangrove forest. Periods of rainfall arehasz
freshwater inflow facilitate export of DOC at the soil-water column fater. It is
unclear, however, whether atmospheric carbon fluxes mimic these pattasalsdt
unclear whether an increase in freshwater flow to the Everglades wiaddzOC
export, or whether the mangrove forests would suffer from inability to accunpaiatet
a rate comparable to rising sea level.

Based on 24-hour litterfall leaching rates, initial leaching of mangeafeand
wood litter may provide 43% of the DOC exported from the forest. Due to both higher
litter fall rates and higher DOC leaching rates, mangrove leafibtiegreater immediate
source of this DOC to the mangrove environment than mangrove wood litter or

freshwater marsh sedge. Upstream, however, freshwater marsh siggaominant
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vegetation and may represent the significant source of DOM in the freshwater tloae of
Everglades. Different mangrove species leach differing amounts of DOC, agtdticay
species composition determines the ultimate potential amount of DOC available for
leaching to a system.

This study only addressed a one-year period and does not have the power to
identify long-term trends in organic carbon flux from this system. Ongoing stadld
help determine the effect of long-term hydrologic influences (drought ndated
increases in freshwater flow) on carbon cycling in mangroves. Combining the
guantitative flux data from the mangrove soil-water column interface witbsgtheric

flux data will allow a more accurate depiction of the carbon budget in mangrovis fores
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APPENDIX A

Calculations
1. Dissolved Organic Carbon Flux

Dissolved organic carbon flux calculations in this study were based on volurhetric f
calculations from Childers and Day (1988) and Rivera-Monroy et al. (1995).

Note upstream/downstream designation of flume samples.

Flood tide: upstream = creek side of flume; downstream = forest side of flume

Ebb tide: upstream = forest side of flume; downstream = creek side of flume

Steps 1.1 through 1.8 were calculated in order using Microsoft Excel.

1.1 Water level correlations from water level at LTER water levelrdss

A. Flume water level (m) (flood tide) = -40.822386 + 0.0052628.00000475831923x

t Adjusted R= 0.997

B. Flume water level (m) (ebb tide) = -79.788354 + 1.022432x + 0.00000436888977x
t Adjusted R= 0.999

1.2 Flume volume (f) = flume water level * flume argg, (m®)

1.3 Instantaneous volume flux (') = dv/dt = (Vi — Vo)t

* Calculated for both upstream and downstream ends of the flume.
** Timestep (t) for this study was 1800s.

*** An increase in volume in the flume is a positive volume flux.

1.4 Instantaneous DOC Flux (§)ss dDOC/dt= dV/dt * [DOC]
* Calculated for both upstream and downstream ends of the flume.

1.5 Incremental DOC (g) = average instantaneous DOC flux * t

= [(instantaneous flyx- instantaneous flux)/2] * t

* Calculated for both upstream and downstream ends of the flume.
** Timestep (t) for this study was 1800s.

1.6 Total Flux (g) of DOC for entire half-tide
A. Total Flux (g) (flood tide) =S Incremental DOC Flux
* Calculated for both upstream and downstream ends of the flume.

B. Total Flux (g) (ebb tide) § Incremental DOC Flux
* Calculated for both upstream and downstream ends of the flume.
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1.7 Net Flux (g H) of DOC

A. Net Flux (g i) (flood tide)

= (S Incremental DOC Fluxstream- S Incremental DOC Flwunstrean¥'t ()
B. Net Flux (g i) (ebb tide)

= (S Incremental DOC Fluxstream- S Incremental DOC FlwwnstreanV't ()

1.8 Net area flux (g ih™) = total fluxypstrean— total fluXiownstream (1)

flume area x total time

2. DOC Leached from Mangrove Litter During Initial 24-hour Leaching Period

Mangrove litterfall rates were measured at the study site, SRS-6vildgyTand Rivera-
Monroy (unpublished data). Litter leaching rates were calculated base84shour
leaching period. This summation formula utilizes actual litterfalbrictam the study site
and litterfall composition to determine the amount of DOC made available byediff
litter types to the water column during the initial 24-hours of decomposition at the
wetland soil-water column interface.

Table 5. Mangrove litterfall estimates at SRS-6.
Total Total | White Red Black Total White Red Black
Month* Litterfall L_eaf L_eaf L_eaf L_eaf Wood Wood Wood Wood
Litter Litter Litter Litter Litter Litter Litter Litter
1.0044 0.7793 0.396f 0.3359 0.04p67 0.1165 0.05930502 | 0.0070
1.9042 1.6464 0.8382 0.7096 0.0986 0.0829 0.04220357 | 0.0050
2.7900 2.3020 1.1719 0.9922 0.1379 0.2602 0.1826.112 0.0156
2.8734 2.1442 1.0916 0.9241 0.1284 0.3335 0.1p981437| 0.0200
2.9743 2.6025 1.3249 1.121)7 0.1559 0.0982 0.06(D0423| 0.0059
5.5157 48641 2.476 2.0964 0.2914 0.1%71 0.08000677 | 0.0094

2

0

2

4

1

3.8333 2.9305 1.4919 1.263 0.1755 0.1378 0.0Ff@20594 | 0.0083
0.4179 0.2197 0.11090947 | 0.0132
3.6792 2.0496 1.0434 0.883 0.12p8 02715 0.13821170 | 0.0163
1.8433 1.2509 0.6368 0.539 0.0749 0.2690 0.13701159| 0.0161
1.0746 0.6929 0.3528 0.2987 0.0415 0.1934 0.09310791| 0.0110

Average 2.8695 2.6808 1.3645 1.1552 0.1606 0.18920968 | 0.0815| 0.0113
Litterfall estimates (g d") at SRS-6 from January 2001-June 2003.

)
3]
4.9152 3.9240 1.997y 1.69] 0.2360 0.1404 0.07050605| 0.0084
)
L

9.1991 6.9773 3.552 3.007

OZI0|nrlulal >IN

DOC (g m2 h_l) = (I—l—x * Rl,x) + (WLX * Ry x) (2)
* LL is leaf litter produced by a species (giryr'l), WL is wood litter produced by a
species (g yrY) and R is the DOC leaching potential of leaf or wood litter (g DOC/g
dry tissue) of a particular species, x.



45

VITA

MELISSA M. ROMIGH

CONTACT INFORMATION

4913 Park Brook Drive

Fort Worth, Texas 76137

Ph: (817) 428-0192

Email: melissawfsc@tamu.edu

EDUCATION

M.S. in Wildlife and Fisheries Sciences, 2005
Texas A&M University, College Station, Texas

B.S. in Marine Sciences, 2002
Texas A&M University, Galveston, Texas

PROFESSIONAL PRESENTATIONS

Dissolved organic carbon flux at the mangrove soil-water column interface Hihotthea
Coastal Everglades. American Society of Limnology and Oceanography Avieaaihg,
Savannah, Georgia. 14 June 2004.

Tidal and intra-annual variability in fluxes of carbon between a mangrovs fond tidal
creek in Florida. Student Research Symposium in Conservation, Ecology and
Evolutionary Biology, College Station, Texas. 21 February 2004.

Carbon exchange between an Everglades riverine mangrove wetland anatdidjace
creek. Long-Term Ecological Research All Scientists’ MeetingttiBe®Vashington.
Contributed poster. 19-20 September 2003.

Benthic macro-invertebrate communities and habitat characteristiosatédrand natural
marshes in Galveston Bay, Texas. Society of Wetland Scientists’ Annuaihfyjdd¢ew
Orleans, Louisiana. 10 June 2003.

Structural comparisons of created and natural wetlands in Galveston Bay, Wéghfe
and Fisheries Department Lunchtime Seminar, College Station, Texapril2093.



