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Stop 2 - Blackwater NWR

Blackwater National Wildlife Refuge, Moneystump Swamp Area E
Dorchester County, MD
Sea Level Rise and Submerging Coastal Environments

At this stop we will examine a series of soils which transition between the upland and the
coastal marsh. A MacCaulay sampler will be used to extract cores from the Honga soil series in
the marsh (Terric Sulfihemist). The official series description for the Honga series is included,
although it was not described at this site. Two pits are also open for examination representing
the Elkton series (fine silty mixed mesic, Typic Endoaquults) and the Sunken Series (fine silty
mixed mesic, Typic Endoaqualfs). The profile descriptions are given for these two pits and the
official series description (OSD) for the Sunken series is also provided. Data from the two pits
are restricted to pH and EC measurements, which are presented in the following figure.
Additional data from other studies in the general area are provided and discussed briefly below.
Waterproof footwear is recommended at this stop.

Background and Supporting Information

At the time of the glacial maximum, sea level is reported to have been 150 m lower than
at present. Subsequently, as a result of glacial melting and ocean warming, sea level has been
rising to the present levels. Initially, the rates of sea level rise to too high to permit establishment
of vegetation in the intertidal zone. As the rates of sea level rise slowed, marsh vegetation was
able to become established. Sea level has continued to rise over the last few thousand years, and
long term rates of sea level rise in the vicinity of Chesapeake Bay are estimated to have been
approximately 0.5 to 1 mm per year. Rates during the last century are higher and have been
estimated to range from 2-4 mm/year, or in some locations as great as 7 mm/yr.

As sea level continues to rise (partially accentuated by coastal subsidence) low-lying
upland areas are gradually inundated by estuarine waters. Initially, this might occur as rare or
occasional instances of inundation by storm tides. Eventually, however, marsh grasses such as
Spartina patens can be seen encroaching upon stands of loblolly pine. With rising sea level, the
pines become adversely affected by high water and brackish conditions, and eventually forests
give way to a dominance of marsh vegetation. Within the marsh, high rates of primary
productivity and slow rates of organic matter decomposition (caused by peraquic conditions)
joined with the trapping of mineral sediment, allows the organic horizons in marsh soils to
accrete vertically.
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Rabenhorst, M. C. 1997. The
chrono-continuum: An
approach to modeling
pedogenesis in marsh soils
along transgressive coastlines.
Soil Science 162: 2-9.
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Thin section showing pyrite framboids forming in a vacant root channel in a
submerged Btg horizons. Iron comes from the soil and sulfide is generated in
the immediate vicinity due to the availability of oxidizable carbon from
senesced plant roots. The framboids are mostly silt sized (plane light).

pez2e 28KV X3,500 18¥m WD16

Scanning electron micrograph (SEM) of pyrite framboid collected from a tidal
marsh soil.
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There are two distinct periods during the gradual tidal submergence. The first period occurs
while the upland soils become progressively affected by occasional tidal inundation with
increasing frequency as sea level rises. This period continues until mhw is approximately at the
level of the soil surface. As sea level continues to rise, the second period begins during which
progressively thickening organic horizons develop which are permanently saturated with tidal
water. In these soils histic epipedons will initially develop, and as the organic materials
continue to thicken, they will eventually develop into Histosols. If these organic soils are
sampled and studied, properties of better drained upland soils are preserved, such as the presence
of argillic horizons. At the same time, properties reflecting the current conditions are also
evident.

100 -
3
0.15kg micyr”
80 2
: Marsh Soils
0.05kg/m2fyr
60 "
kg m 2
40
20 :
- Upland Soil
1
F T AF
0 b I T T 1 T 1
0 200 400 600

yrs

Figure 5. Carbon storage and sequestration in an upland soil (1) under various
natural and managed conditions, and in marsh soils (2 and 3) under two rates
of carbon sequestration, 0.05 and 0.15 kg C m? yr”, respectively. F indicates
fire: CT indicates conventional tillage agriculture; MT indicates minimum tillage
agriculture; AF indicates agro-foresiry.

Rabenhorst, M. C. 1995. Carbon storage in tidal marsh soils. pp 93-103. InR. Lal, J. Kimble, E. Levine, and B.A.
Stewart (eds.) Soils and Global Change. Proceedings of the International Soil Symposium on Greenhouse Gases
and Carbon Sequestration. Columbus, Ohio. April 5-9, 1993. Lewis Publishers, CRC, Boca Raton.
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Increased salinity and ESP over time (with increased frequency of inundation)

Hussein, A. H., and M. C. Rabenhorst. 2001. Modeling the Impact of Tidal Inundation on Submerging
Coastal Landscapes of the Chesapeake Bay. Soil Sci. Soc. Am J. 65:932-941.
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In these systems, as one moves seaward, and downward elevationally, one also is moving along a
chronological continuum. Given the rates of sea level rise, any increment along the geomorphic
surface could be translated into an increment in time, with regard to marsh pedogenesis. The
geomorphic surface itself becomes equivalent to a chrono-continuum (Rabenhorst, 1997).

Two theses have been completed at the Univ. of Maryland over the last couple of years
which have focused on marsh pedogenesis in submerging landscapes. Dr. Ahmed Hussein
addressed the impact of occasional periodic tidal inundation on mineral soil in his dissertation
entitled “Soil chronofunctions in submerging coastal areas of Chesapeake Bay.” Some data from
his dissertation showing the effects of tidal inundation AT ANOTHER SITE are presented. The
work by Melvin Tucker focused on the storage of organic carbon in these transgressive systems.
Because these systems are transgressive and O horizons are accreting vertically and laterally,
coastal marshes are thought to be important sinks for organic carbon
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EC and ESP in pairs of pedons sampled in 1998 and in 2012 . The Elkton is slightly higher on the
landscape than Sunken. The pedon called Elkton in 1998 was sampled as the Sunken pedon in 2012.
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Stop 2 - Blackwater NWR
Soil Series: Elkton Map Unit Name: Elkton mucky silt loam, very wet Sunken

Site Identification #: 98MD019001 Lab Pedon #: 98MD019002 Described as Elkton in 1998:
Soil Survey Area #: 019 MLRA: 153D County FIPS Code: 019 . '
Soil Survey Area Name: Dorchester Co. (Maybe Sunken in 2012)

Location Description: Moneystump Swamp, Area E, 2100 ft. NE of Beaverdam Ck.

Geographically Associated Soils: Honga, Sunken, Othello, Kentuck, Keyport

Classification: fine-silty, mixed, mesic, Typic Endoaquults

Natural Drainage Class: poorly drained

Vegetative Information: Loblolly Pine, wax myrtle, white grass, sweet gum, willow oak, blackgum, holly

Described by: M. Rabenhorst, J. Brewer , 10/07/1998 |

Oe--0 to 6 cm; dark reddish brown (5YR 3/2), rubbed, hemic material; common medium and fine roots throughout; abrupt
smooth boundary.

A--6 to 10 cm; very dark grayish brown (10YR 3/2), broken face, silt loam; moderate fine granular structure; very friable;
common medium and fine roots throughout; 10.0 percent clay; abrupt wavy boundary.

Eg--10 to 19 cm; gray (5Y 6/1), broken face, silt loam; weak coarse platy structure; friable; common coarse, medium, fine
and very fine roots throughout; 12.0 percent clay; common fine threads yellowish brown (10YR 5/4) soft masses of
pedogenic iron accumulation throughout; clear smooth boundary. Iron accumulations occur in channels and pores of live
roots (oxidized rhizospheres).

BEg--19 to 44 cm; gray (5Y 6/1), broken face, silt loam; weak medium and coarse subangular blocky structure; friable;
common medium, fine and very fine roots throughout; 16.0 percent clay; many medium irregular light olive brown (2.5Y
5/4) soft masses of iron accumulation pedogenic throughout and common fine irregular yellowish brown (10YR 5/6) soft
masses of pedogenic iron accumulation throughout; clear smooth boundary. 10YR 5/6 iron accumulations occur in channels
and pores of live roots (oxidized rhizospheres).

Btgl--44 to 73 cm; gray (2.5Y 5/1), broken face, silty clay loam; weak medium subangular blocky structure; friable; common
coarse, medium, fine, and very fine roots throughout; 28.0 percent clay; few faint continuous gray (2.5Y 5/1), moist, clay
films on faces of peds; common medium and coarse irregular light yellowish brown (2.5Y 6/4) soft masses of iron
accumulation pedogenic throughout and common medium irregular strong brown (7.5YR 5/6) soft masses of pedogenic iron
accumulation throughout; gradual smooth boundary.

Btg2--73 to 94 cm; 30 percent grayish brown (2.5Y 5/2), broken face, and 30 percent grayish brown (10YR 5/2), broken face,
silty clay; moderate coarse prismatic structure parting to moderate coarse subangular blocky; firm; common medium, fine
and very fine roots throughout; 41.0 percent clay; common distinct continuous gray (2.5Y 5/1), moist, clay films on faces of
peds; many coarse irregular yellowish brown (10YR 5/8) soft masses of pedogenic iron accumulation throughout and
common fine irregular dark yellowish brown (10YR 4/6) soft masses of iron accumulation pedogenic throughout; gradual
wavy boundary. 10YR 4/6 iron accumulations occur in root channels.

Btg3--94 to 118 cm; 30 percent yellowish brown (10YR 5/6), broken face, and 30 percent light olive gray (5Y 6/2), broken
face, and 30 percent yellowish brown (10YR 5/8), broken face, silty clay; moderate coarse prismatic structure parting to
moderate medium and coarse subangular blocky; firm; common very fine, fine, and medium roots; 45.0 percent clay; few
prominent continuous gray (5Y 5/1), moist, clay films on faces of peds; common fine irregular strong brown (7.5YR 5/8) soft
masses of pedogenic iron accumulation throughout; clear smooth boundary. Iron accumulations occur in root channels.

Btg4--118 to 132 cm; 40 percent pale olive (5Y 6/4), broken face, and 40 percent greenish gray (10Y 6/1), broken face, silty
clay; moderate coarse prismatic structure; very firm; 45.0 percent clay; few prominent continuous gray (5Y 5/1), moist, clay
films on faces of peds; common fine irregular strong brown (7.5YR 5/8) soft masses of pedogenic iron accumulation
throughout; gradual smooth boundary.

BCg--132 to 150 cm; 40 percent greenish gray (10Y 6/1), broken face, and 30 percent pale olive (5Y 6/3), broken face, silt
loam; weak coarse subangular blocky structure; firm; 25.0 percent clay; common medium irregular light olive brown (2.5Y
5/6) soft masses of iron accumulation pedogenic throughout and common fine irregular yellowish brown (10YR 5/8) soft
masses of pedogenic iron accumulation throughout.
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Soil Series: Sunken  Map Unit Name: Sunken mucky silt loam Stop 2 - Blackwater NWR
Site Identification #: 98MD019000 Lab Pedon #: 98MD019001 Described as Sunken in 1998

Soil Survey Area #: 019 MLRA: 153D County FIPS Code: 019
Soil Survey Area Name: Dorchester Co.

Location Description: Moneystump Swamp, Area E, 2100 ft. NE of Beaverdam Ck.
Geographically Associated Soils: Honga, Elkton, Othello, Kentuck

Classification: fine-silty, mixed, mesic, Typic Endoaqualfs

Natural Drainage Class: Very poorly drained

Vegetative Information: Loblolly Pine, Marsh Hay grass, wax myrtle, 3-square
Described by: M. Rabenhorst, J. Brewer, 10/07/1998

Notes: The clay films and structure of this soil has been dispersed and degraded due to the salts from the
inundation of brackish waters.

0i--0 to 8 cm; very dark brown (7.5YR 2/2), rubbed, peat; abrupt smooth boundary. Material made up of
partially decomposed pine needles and grass leaves.

Oe--8 to 13 cm; very dark brown (7.5YR 2/2), rubbed, mucky peat; abrupt smooth boundary.

A--13 to 20 cm; very dark grayish brown (10YR 3/2), broken face, silt loam; massive; 15.0 percent clay; clear
wavy boundary.

Eg--20 to 27 cm; gray (2.5Y 5/1), broken face, silt loam; massive; common very fine and fine roots throughout;
20.0 percent clay; common fine threads reddish yellow (7.5YR 6/8) soft masses of iron accumulation pedogenic
throughout; clear wavy boundary. Iron accumulations occur in channels and pores of live roots (oxidized
rhizospheres).

BEg--27 to 46 cm; gray (N 5/0), broken face, silt loam; weak very fine subangular blocky structure; common very
fine and fine roots in cracks; 26.0 percent clay; many medium irregular yellowish brown (10YR 5/8) soft masses
of iron accumulation pedogenic throughout and common fine threads yellowish red (5YR 4/6) soft masses of iron
accumulation pedogenic throughout; gradual smooth boundary. Thread shaped iron accumulations occur in
channels and pores of live roots (oxidized rhizospheres).

Btg1--46 to 66 cm; gray (N 5/0), broken face, silty clay loam; weak fine subangular blocky structure; common
very fine and fine roots throughout; 37.0 percent clay; few distinct continuous gray (N 6/0) clay films on faces of
peds; common medium irregular yellowish brown (10YR 5/6) soft masses of iron accumulation pedogenic
throughout and common medium irregular light gray (N 7/0) soft iron depletions pedogenic throughout; gradual
smooth boundary.

Btg2--66 to 78 cm; gray (N 6/0), broken face, silty clay loam; weak coarse prismatic structure; common very fine
and fine roots in mat at top of horizon; 33.0 percent clay; common prominent patchy gray (N 5/0) clay films;
many medium and coarse irregular brownish yellow (10YR 6/8) soft masses of iron accumulation pedogenic
throughout and many coarse irregular light gray (N 7/0) soft iron depletions pedogenic throughout; gradual wavy
boundary.

Btg3--78 to 100 cm; 40 percent gray (N 6/0), broken face, and 20

percent gray (2.5Y 5/1), broken face, silty clay loam; moderate coarse prismatic structure parting to weak very
thick platy; common very fine and fine roots in mat at top of horizon; 34.0 percent clay; common distinct
continuous dark gray (N 4/0) clay films on faces of peds and in pores; many coarse irregular dark yellowish
brown (10YR 4/6) soft masses of iron accumulation pedogenic throughout and common fine irregular yellowish
red (5YR 4/6) soft masses of iron accumulation pedogenic throughout. This horizon contains silt loam material
(2.5Y 4/2) associated in the interior of verticle iron accumulations which are 5 to 15 cm. across. This material
also includes iron accumulations of 5YR 4/4 (10%).
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Predicted effect on Chesapeake Bay Tidal Marshes of approximately 1 meter
rise in sea level.

Sea Level Affecting Marshes Model (SLAMM

Initial Condition Cambridge MD, & Surrounding Peninsula
i o -
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Stop 2 - Blackwater NWR

IRIS (Indicator of Reduction In Soils) tubes inserted into a
tidal marsh for 5 minutes. The black color is from the
formation of iron monosulfides (FeS) by soluble sulfide
reacting with the iron oxide coatings on the tubes.
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IRIS (Indicator of Reduction In Soils) tubes inserted into a tidal marsh for 5 minutes.  The black color is from the formation of iron monosulfides (FeS) by soluble sulfide reacting with the iron oxide coatings on the tubes.



Stop 2 - Blackwater NWR

Standards

* |RIS tubes were exposed to known
concentrations of sulfide for fixed
time (5 min) and photographed

* |dentical to field methods
* Image Tool 3.0 software

Mean
200
180 \
160 \
140 y =-32.65In(x) + 276.86
\ R2=0.9773
420
= \
(]
=80
|_
E60
40
20
O T 1 T T
0 100 200 300 400 500
sulfide (ug/mL)

20 59 /8 137 195 254 391
ug/mLS*
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Stop 2 - Blackwater NWR

IRIS tubes used to quantify soluble porewater sulfide in tidal marsh soils. Using IRIS tubes, it was shown
that the porewater sulfide concentration was significantly higher in areas where marsh grasses (Spartina
alterniflora) had suffered dieback, than in areas where the S. alterniflora had healthy growth.
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IRIS tubes used to quantify soluble porewater sulfide in tidal marsh soils.  Using IRIS tubes, it was shown that the porewater sulfide concentration was significantly higher in areas where marsh grasses (Spartina alterniflora) had suffered dieback, than in areas where the S. alterniflora had healthy growth.
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Salinity Influence on Methane Emissions from Tidal Marshes

Hanna J. Poffenbarger & Brian A. Needelman & J. Patrick Megonigal

Abstract The relationship between methane emissions and salinity is not well understood in tidal marshes, leading to
uncertainty about the net effect of marsh conservation and restoration on greenhouse gas balance.We used published
and unpublished field data to investigate the relationships between tidal marsh methane emissions, salinity, and
porewater concentrations of methane and sulfate, then used these relationships to consider the balance between
methane emissions and soil carbon sequestration. Polyhaline tidal marshes (salinity >18) had significantly lower
methane emissions (mean + sd=1+2 gm-2yr-1) than other marshes, and can be expected to decrease radiative forcing
when created or restored. There was no significant difference in methane emissions from fresh (salinity=0-0.5) and
mesohaline (5—18) marshes (42+76 and 1611 gm-2yr-1, respectively), while oligohaline (0.5-5) marshes had the
highest and most variable methane emissions (150+221 gm-2yr-1). Annual methane emissions were modeled using a
linear fit of salinity against log-transformed methane flux ( logdCH4b % 0:056 _ salinity p 1:38;r2=0.52;p <
0.0001). Managers interested in using marshes as greenhouse gas sinks can assume negligible methane emissions in
polyhaline systems, but need to estimate or monitor methane emissions in lower-salinity marshes.
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Estuaries and Coasts (2012) 35:1432—1442
DOI 10.1007/s12237-012-9538-3

Stop 2 - Blackwater NWR
Described as Sunken in 1998

Vegetation Response to Prescribed Fire in Mid-Atlantic

Brackish Marshes

Wesley A. Bickford, Brian A. Needelman, Raymond R. Weil, and Andrew H. Baldwin

Abstract Prescribed fire management generally stimulates plant biomass production in coastal marsh
systems. This study was conducted to understand the interactive effects of the mechanisms of fire on
vegetation production. The effects of canopy removal and ash deposition on biomass production were
investigated in two manipulative experiments at the Blackwater National Wildlife Refuge, Dorchester
County, MD. On non-burned sites, canopy removal increased biomass production above and belowground
(40 and 260 %, respectively), while ash deposition showed no effect on production. On burned sites,
post-burn canopy replacement decreased biomass production above and belowground (41 and 40
%, respectively). Production increased more in response to canopy removal at sites dominated by
Schoenoplectus americanus than at sites dominated by Spartina patens and Distichlis spicata.
Canopy removal was the dominant mechanism through which fire affected biomass production in this
study. If increased biomass production is a desirable outcome, prescribed fire programs may benefit by

maximizing canopy removal.

Fig. 2 Photos of canopy
replacement construction over
burned marsh

600 4

500

400 4

300 4 b

——

200 A

100

Total Aboveground Biomass (g-m-2)

No Canopy Removal Canopy Removal

Fig. 5 Biomass production from sedge-dominated sites (2D and 7D)
of No-Burn study. a Total aboveground biomass production, values
represent the mean of 24 replicates (xstandard error of the mean).
Letters indicate the results of an ANOVA; means with the same letter
were not significantly different from each other (a00.05). b Belowground

400 4 a
b

350 A l
300 4

250 A l

200 A
150 A
100 A

—_—

50 4

Belowground Production (g-m-2yr?)

No Canopy Removal Canopy Removal

production, values represent the mean production to a depth of 30 cm
of 24 replicates (+standard error of the mean). Letters indicate the
results of an ANOVA; means with the same letter were not signifi-
cantly different from each other (a00.05)
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Why do prescribed burns stimulate tidal marsh plant growth?

Burn Study Fact Sheet

The results of a University of Maryland study conducted at the Blackwater National Wildlife Refuge
are summarized in this fact sheet. The study was a field-based manipulative experiment designed
to better understand the mechanisms controlling plant response to prescribed burns in this region.

Prescribed burns

A prescribed burn is a management technique whereby fire is strategically set with the intent to
benefit an ecosystem. This technique is also called a “controlled burn”, and wildlife managers
often employ it in marshlands during the winter, when marsh vegetation is dormant and the
water table is just above the soil surface. The result is a burn that moves very quickly, removing
only aboveground biomass and avoiding detrimental deeper burns that could combust marsh
peat or affect living roots or rhizomes. Fire is used in coastal marshes as an aid in hunting and
trapping, to reduce fuel load build-up, to encourage plant species and structures that are
favorable for target wildlife, and to stimulate the growth of marsh plants.

Possible reasons for the stimulation of marsh growth with prescribed burns

Land managers have long-recognized that prescribed burns stimulate marsh plant growth and
research has provided data supporting this observation. However, the mechanism is not clear: is
this stimulation is due to the deposition of ash, the removal of the plant canopy, or other
mechanisms? Some people think the deposition of ash provides a fertilization effect, by making
nutrients important to plant growth immediately available. Others believe that the removal of the
canopy and/or accumulated litter increases light availability and soil temperatures early in the
growing season. We conducted a manipulative, one-year experiment to test these possible
mechanisms.
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0 1,500 3,000

Experimental design and methods

We conducted our study within the U.S. Fish and Wildlife
Service’s long-term burn rotation plots at the Blackwater
National Wildlife Refuge in Dorchester County Maryland.
We conducted two experiments—one within four No-Burn
cells (1D, 2D, 3D, 7D) and one within three Annual-Burn
cells (1A, 2A, 3A) (Fig. 1a, 1b, 1c).

Pagé 109

Fig. 1 The study was conducted at
three annual-burn cells and four no-
burn cells in the Blackwater National
Wildlife Refuge on the Eastern Shore
of Maryland (a). Close-ups provide
more detail of the cells (b) (c).




Within each burn treatment cell, we established 3X4 meter treatment plots that were monitored and
sampled for a range of environmental variables such as: plant species composition, cover, height, and
aboveground biomass; belowground production; soil temperature; light availability at the soil surface;
water level and chemistry; nutrient availability; and organic matter decomposition (Fig. 2). We had three
replications per cell for each treatment (described on next two pages). The plots were located adjacent to
plots established by the U.S. Geological Survey, who are conducting a long-term study on prescribed
burns and marsh elevation change (Cahoon et al. 2010).

All non-destructive sampling:

* Species inventory

* Percent cover Temperature

*Canopy light availability

Root ingrowth bags

e |

Stem Density
Assessments

--3m -

e --—-———-—-———=

V Water chemistry

Plant Biomass
Harvesting

Fig. 2. Schematic of plot set-up. A temperature logger was installed at a depth of 5 cm. One of the three replicate plots per site was also
equipped with a second logger at 20 cm. Each plot had a non-destructive and a destructive sampling area. All non-invasive data collection,
such as the species composition assessment, was performed in non-destructive area while all invasive data collection, such as biomass
harvest or installing instruments into the soil, was performed outside of the non-destructive zone. At the conclusion of the study, final
biomass harvest was collected from the non-destructive zone, as this area remained relatively undisturbed throughout the field season.
There was a 50-cm buffer around the perimeter where no sampling occurred. A well was established at each plot where water chemistry
and water table height data were collected. Plots were identical in Annual-Burn and No-Burn experiments.
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Our treatments at the No-Burn cells were: a control, canopy
removal (using a hedge clippers), ash deposition (senesced
plant materials removed, combusted, and re-applied), and
canopy removal plus ash deposition (Fig. 3 and 4).

(Right) Fig. 3. Canopy removal at a No-Burn cell

Fig. 4. Biomass was dried at 40°C for 24 hours and ignited in galvanized steel bins (a) (b) (c); After combustion, the ash was homogenized
and spread evenly over the Ash Deposition plots using a 1-mm mesh sifter. This ash was deposited on the soil surface of the Ash
Deposition and Canopy Removal + Ash Deposition plots in April 2009 (d).
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Our treatments at the Annual-Burn cells were a control and canopy replacement. For canopy
replacement, we used poultry fencing and nearby senesced vegetation to recreate the plant canopy
following the burn. The idea behind this treatment was to determine if we could cancel out the positive
effects of burning on plant growth solely by putting the canopy back (Fig. 5).

Fig. 5. Photos of canopy replacement treatment applied at annually burned sites. Poultry fencing was stapled to a wooden frame (a);
artificial canopies were set ~15 cm above of the soil surface (b); senesced plant shoots were placed in mesh hardware cloth (c); new
growth was able to grow through the artificial canopy (d).
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Overall Results

We found that our ash deposition treatment had no effect on plant growth while our canopy removal
and replacement treatments had very strong effects on plant growth. The canopy removal treatment
yielded results that were comparable to

the positive effects often observed on a)

plant growth by prescribed burns,
increasing aboveground biomass 40% and
belowground production 160% (Fig. 6a
and 6b). In contrast, canopy replacement
decreased aboveground biomass 41%

(Fig. 7).
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Fig. 6. Biomass production from No-Burn sites. a) Total aboveground biomass production, values represent the mean of 48 replicates (
standard error of the mean). b) Belowground production, values represent the mean production to a depth of 30 cm of 48 replicates (+
standard error of the mean). Letters indicate the results of an ANOVA; means with different letters were significantly different from each
other (a=0.05).
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Fig. 7. Canopy replacement at annual-burn sites lowered total Fig. 8. Canopy removal increased sedge stem density at both
aboveground biomass. Different letters indicate significant grass and sedge-dominated sites. Different letters indicate
differences (a=0.05). significant differences (a=0.05).

Results by species

Our statistical analysis indicated that the effects of canopy removal were not consistent across our four
study sites in the No-Burn experiment. Two of these sites were dominated by the sedge Schoenoplectus
americanus while the other two were dominated by the grasses Distichlis spicata and Spartina patens.
When we analyzed just the grass-dominated sites, we found that canopy removal had relatively minor
or no effects on plant growth (the average biomass production at these sites was 457 g / m?) . When we
looked at the sedge-dominated sites, the effects of canopy removal were dramatic, including a 92%
increase in aboveground biomass and a 250% increase in belowground production (Fig. 9). We also
observed dramatic increases in the density of the sedges (Fig. 8), but not the grasses.

Sedge-dominated sites

)
o

600 - 400 -

500 +

=

400 +

300 - b 200 -

150 o
200

100 ~

100 ~

—_—

50 -

Total Aboveground Biomass (g:m-2)
Belowground Production (g-m-2yr)

o

No Canopy Removal Canopy Removal No Canopy Removal Canopy Removal

Fig. 9. Biomass production from sedge-dominated sites (2D and 7D) of No-Burn study. a) Total aboveground biomass production,
values represent the mean of 24 replicates (+ standard error of the mean). b) Belowground production, values represent the mean
production to a depth of 30 cm of 24 replicates (+ standard error of the mean). Letters indicate the results of an ANOVA; means with
different letters were significantly different from each other (a=0.05).
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Mechanisms

There are two explanations for why canopy removal may increase plant growth—increased light
availability and increased soil temperatures. Both of these mechanisms are thought to be most
important early in the growing season. We monitored light availability and did find that it increased
dramatically following canopy removal. This effect diminished as the plant canopy was re-established,
but it was present throughout that growing season. We also found that soil temperatures increased with
canopy removals at depths of both 5 and 20 cm. The greatest increase in soil temperatures actually
wasn’t very early in the growing season (March to mid-April), which was probably because the marsh
water levels were high during this period. Rather, we found that the greatest soil temperature increases
were from mid-April to mid-June, when temperatures were about 0.5 to 2 °C warmer at 5 cm with
canopy removal.

Why not nutrients?

Table 1. Elemental standing stocks of senesced vegetation and ash constituents

We measured nutrient availa bility using applied to no-burn study sites along with percent volatilization. Standard error
. bars shown as well.
four different methods — porewater,
soils, resin capsules, and plant nutrient | Element Pre-Burn Biomass Percent Ash Constituents
content — and found no increases in Constituents (g/m’) Volatilized (g/m’)
nutrients in our ash deposition C 137.05+11.73 93.87+1.43 6.12 £ 0.67
treatment. Blackwater is a nitrogen N 3.46 +0.37 90.57 +2.14 0.22 +0.02
limited system. As it turns out, thezash p 0.34 + 0.03 50.55 + 6.70 0.16 + 0.02
nl ntain .22 g nitrogen / m

only conta (.Ed. 0 g nitroge / K 5.13+0.81 6.35+4.51 4.96 £ 0.05
(Table 1). This is probably not a
sufficient fertilizer dose to generate a ca 0.75+0.08 4.67+3.86 0.71+0.06
plant response when applied in the Mg 1.20+£0.12 6.80+£7.36 1.10 £ 0.06
winter or early spring (plants are S 4.06 £ 0.60 84.82 £4.10 0.31+0.03

generally most nutrient-limited at their
peak growth rate). Our combustion method generated relatively high burn temperatures (at least
320°C), which means that we had relatively low nitrogen in our samples. However, based on published
models (Qian et al. 2009), even at lower burn temperatures the nitrogen content of our ash would likely
have been in the range of 1 g Nitrogen / m%; which based on our literature review probably still would
not have generated a plant response (see Geatz, 2012). In general, we found that canopy removal by
itself generated the type of plant growth stimulation that is commonly observed. We were able to
reverse this effect with our canopy replacement treatment (which did have natural ash deposition).
Overall, we found little support for nutrients as an important mechanism controlling plant response to
fire in these systems.

Summary and implications

In a one-year manipulative study, we found that prescribed fire increased aboveground and
belowground biomass production primarily through canopy removal, and not through fertilization by
deposited ash. Biomass increases were greatest and most consistent following canopy removal in S.
americanus-dominated communities. If increased biomass production is a desirable outcome,
prescribed fire programs may benefit by maximizing canopy removal, particularly in S. americanus-
dominated areas.
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