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Above- and below-ground vegetative responses to prescribed fire
regimes in a Chesapeake Bay tidal brackish marsh
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?Chesapeake Marshlands National Wildlife Refuge Complex, Cambridge, MD 21613, USA

The primary purposes for using fire are to enhance marsh vegetation to support waterfowl, and to manage invasive
plant species. The study was conducted for two consecutive years in 2004 and 2005, investigating the effects of pre-
scribed fire regimes on vegetation biomass in tidal brackish marsh areas of the Blackwater National Wildlife Refuge
located on the eastern shore of Maryland, USA, that are under relatively similar environmental conditions. Four differ-
ent burn regimes (i.e., annual burn, 3-5 year burn, 7-10 year burn, and no burn) were applied in the study. Above- and
below-ground vegetation biomass samples as affected by the different burn regimes were harvested in each year for five
plant species native to the marsh; Distichlis spicata, Spartina alterniflora, Schoenoplectus americanus, Spartina cynosur-
oides and Spartina patens. No significant difference was found either in total above-ground biomass or in above-ground
biomass by species between burn regimes in 2004. However, more total above-ground biomass was produced in annual
burn regime in 2005 than in the other burn regimes. There were no consistent effects of burning on vegetative biomass
production by species, but it seemed D. spicata was somewhat benefited by prescribed burning for its biomass produc-
tion. Moreover, the stem density for D. spicata under annual burn regime was significantly higher than that in the other
burn regimes, showing some positive effects of burning on vegetation. The below-ground biomass was significantly
greater in 2004 than in 2005, yet with no significant difference between burn regimes in either year. A longer-term moni-
toring is strongly recommended.
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INTRODUCTION

Fire is a natural and important component of many
ecosystems (Lynch 1941, Komarek 1974, Abrahamson
1984, Pyne 2003, Omi 2005). In ecosystems where fire
occurs frequently plants have developed complex ad-
aptations (Bond and Keeley 2005). Historically, fire has
been used in wetland ecosystems to remove vegetation
to facilitate seasonal hunting and trapping. In Gulf Coast
marshes, fire was used to expose alligators (Alligator mis-
sissippiensis) by making their water holes more visible
(O’Neil 1949). In East Coast marshes, fire was used to fa-

cilitate trapping by making muskrat (Ondatra zibethicus)
lodges more visible to hunters (Lay 1945).

Recently, prescribed fire has become an integral part of
resource management in wetlands and is widely accepted
as a technique to stimulate the growth of wetland vegeta-
tion (Kozlowski and Ahlgren 1974, Main and Barry 2002,
Slocum et al. 2003, Bond and Keeley 2005). For example,
prescribed fire can help maintain the required conditions
for fire-adapted plants species, by promoting the flower-
ing of herbaceous species and fruit production of some
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woody species (Lynch 1941, Main and Barry 2002). Fire
can improve nutritional quality of plants for both wild
and domestic animals, reduce hazardous fuel loads to
prevent ecosystem devastation, and manage competing
vegetation (Slocum et al. 2003, Omi 2005). The removal
of accumulated litter by burning has been found to maxi-
mize the annual production and reproductive effort of
a wetland plant that is a viable food source for wildlife
(Ward 1968, Johnson and Knapp 1995). In addition, the
removal of overshadowing vegetation by burning often
stimulates primary plant production by increasing light
penetration to the ground (Gabrey and Afton 2001). Zon-
tek (1966) found that prescribed fire not only increased
food supplies for wildlife, but improved habitat condi-
tions by controlling tree diseases in coastal. It turned out
that burned wetland areas were effective in attracting a
higher concentration of snow geese (Chen caerulescens)
in the Central Flyway than unburned wetlands (Brennan
et al. 2005). The U.S. Fish and Wildlife Service has been
using prescribed fire in the Central Flyway waterfowl
production areas to provide resting, feeding, and staging
habitat for waterfowl and other migratory birds and also
to reduce the occurrence of late successional and non-
native plants (Brennan et al. 2005).

There can be some negative aspects of prescribed fire,
especially if it is not implemented carefully. Using fire
to reduce vegetation cover will, at least temporarily, in-
crease the risk of soil erosion and, if improperly timed,
fire can actually reduce plant productivity (Omi 2005).
Burning during the wrong environmental conditions (e.g.
high winds or minimal soil moisture) can be dangerous
and harmful to desirable plants (Lynch 1941, Omi 2005),
causing temporary degradation of aesthetic quality un-
til vegetation recovers, temporary reduction of visibility,
temporary displacement of some animal species, along
with the possible negative public health effects from the
increase of particulate matter in the atmosphere during,
and shortly following burning (Bond and Keeley 2005,
Omi 2005).

The studies investigating the effects of prescribed fire
often use above-ground plant biomass as an indicator of
marsh ecosystem production and health, primarily due
to the ability to measure above-ground portions of plants
as a comparable index (Schubauer and Hopkinson 1984,
Turner et al. 2004). But the overall vegetation productivity
may not be estimated correctly based on above-ground
vegetation alone (Whigham and Simpson 1978, Tuner
et al. 2004). Below-ground vegetation biomass plays an
integral role in regulating ecosystem processes includ-
ing soil organic matter accumulation in tidal wetlands,
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and in the ability for these systems to keep pace with sea-
level rise (Turner et al. 2004, Saunders et al. 2006). There-
fore, below-ground biomass production of vegetation
could be a better index for monitoring marsh ecosystem
health than above-ground plant biomass (Turner et al.
2004). Moreover, little information is currently available
on below-ground biomass and their responses to envi-
ronmental variables in coastal wetlands. This is probably
due to the labor required to assess live and dead root and
rhizome biomass, and the lack of a standardized meth-
od. Methods to separate live from dead tissues are time
consuming and the separation of organic material from
the soil matrix can be extremely difficult (Schubauer and
Hopkinson 1984).

The goal of the study is to measure the above- and
below-ground biomass of native marsh vegetation in a
brackish marsh on the eastern shore of Maryland, USA
where prescribed fire has been used as a management
tool. The study attempts to investigate the effects of dif-
ferent prescribed burn regimes on stem density and
above- and below-ground biomass production of five
wetland plants commonly found in Chesapeake Bay tidal
brackish marshes.

MATERIALS AND METHODS
Site description

Field research was carried out at Blackwater National
Wildlife Refuge (NWR, 38.57°N, 76.00°W). The refuge cov-
ers approximately 109.3 km? of fresh and brackish wet-
lands located on the eastern shore, 19.3 km (i.e. 12 miles)
south of Cambridge, Maryland, USA (Fig. 1). Blackwater
NWR has been designated as a waterfowl sanctuary for
birds migrating along the Atlantic Flyway, from Canada
to Florida. Blackwater NWR is recognized as a “Wetlands
of International Importance” by the Ramsar Convention
and has been selected as a priority wetland in the North
American Waterfowl Management Plan. Over 350 species
of birds have been recorded using the Blackwater NWR
and during peak migration in the fall (October through
November) and early spring (February and March), tens
of thousands of geese and ducks rest and feed in the
Refuge. The largest populations of migrating waterfowl
species found at Blackwater NWR are Canada and snow
geese, mallards, black ducks, blue-winged teal ducks,
green winged teal ducks, wood ducks and widgeons (U.S.
Fish and Wildlife Service 2009a, 2009b).

Prescribed fire has been used as a management tool
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Fig. 1. Map of Blackwater National Wildlife Refuge (NWR). Study areas 2 and 3 divided into the different burn regimes, including control site (no-burn).

at Blackwater NWR since the 1970’s to increase and en-
hance marsh vegetation for the waterfowl using the ref-
uge. The NWR consists of freshwater impoundments,
brackish tidal wetlands, open fields, and mixed ever-
green and deciduous forests. The areas used in the study
are brackish tidal wetlands indicated as 2 and 3 in Fig.
1. The areas are dominated by five wetland plants typi-
cal of coastal marshes (Distichlis spicata, Schoenoplectus
americanus, Spartina alterniflora, Spartina cynosuroides
and Spartina patens).

Experimental design

The study was established as a randomized block de-
sign. As illustrated in the inset in Fig. 1, each of the two
study areas was divided into 4 treatments, representing
three different prescribed burn regimes (A = annual burn,
B = 3-5 year burn, C = 7-10 year burn) and control (D =
no burn). Ten permanent north-south transects were lo-
cated through each treatment to ensure representative
coverage. The transects were marked with a fire resistant
fiberglass post at the beginning of the study. Each year
one sample plot was randomly located along each tran-
sect (N = 80) by using a random numbers function on a

scientific calculator to generate the distance in meters
from the transect marker. Each sample location was re-
corded suing a Precision Lightweight Global Positioning
System Receiver (PLGPR, Rockwell Collins, Inc., Cedar
Rapids, IA, USA).

Vegetation sampling and biomass measurement

Above- and below-ground vegetation samples were
collected from each of the 80 plots during the September
through December period in both 2004 and 2005. Note
that in years of burns, the burn occurred prior to and the
vegetative sampling occurred at the end of the growing
season.

Each plot was at least 20 meters from the water, and
visually the total vegetation coverage was at or near
100%. Using a 25 cm x 25 cm (0.25 m?) PVC frame, all
above-ground vegetation within the frame was clipped
at the soil surface. All plant matter was collected and
placed into a large plastic bag, labeled and taken to the
lab. To negate the effects of our sampling on vegetation,
we located each plot randomly every year and recorded
the location with the PLGPR. Above-ground vegetation
analyzed for total above-ground biomass (including lit-
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ter), live above-ground biomass, above-ground biomass
by species, stem density and litter. The stems of plants
harvested were counted and recorded by each species.
Litter was defined as dead plant material that could not
be identified down to species. The litter represented veg-
etative growth from previous seasons.

Once the above-ground vegetation sample was har-
vested, a below-ground vegetation core sample was col-
lected in the center of the 0.25 m? clipped area using a
razor-edged steel Hargis corer (10 cm diameter, 30 cm
depth). Cores were cut in the field into 0-10 cm and 11-30
cm sections, placed in plastic bags, labeled, stored in a
cooler, returned to the lab and placed in a refrigerator. All
below-ground samples were refrigerated until they were
processed. Processing occurred within 30 days from the
date of collection. Below-ground biomass samples were
rinsed over a 1 mm mesh sieve to separate soils from the
plant materials. Live biomass was hand separated from
dead biomass. Live vegetation material was firm and
pliable and typically light yellow to dark reddish brown
in color whereas dead biomass was typically medium
brown to black in color with a flaccid or slimy texture.

All vegetation samples were oven-dried at 60°C to a
constant dry weight. Dried samples were weighed to the
nearest 0.1 g and the dry weight was used for statistical
analysis.

Data analysis

Above-ground biomass data were divided into such
categories as total above-ground biomass (live biomass
+ litter), total above-ground live biomass (without lit-
ter), total live biomass by species, and stem density by
species. For below-ground biomass, we had total below-
ground biomass (live + dead), 0-30 cm live below-ground
biomass, 0-10 cm live below ground biomass, and 11-30
cm live below-ground biomass. To compare samples, the
biomass data were extrapolated to square meter (m?) (i.e.,
above-ground biomass and stem density from g/0.25m?
to g/m? and the below-ground biomass from g/0.008 m?
area of the corer to g/m?), based on consistently dense
vegetation cover (i.e., near 100% coverage of vegetation)
in the field study plots. Data were analyzed by burn re-
gimes in each year. Where there was no significant differ-
ences found between years, data were lumped to com-
pare different burn regimes across the years (i.e., 2004 vs.
2005). Statistical analyses for the effects of burn regimes
on above- and belowground biomass were conducted us-
ing a one-way analysis of variance (SPSS Inc. 2004). Tukey
honestly significant difference multiple comparison tests
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were used to test pairwise contrasts of means for signifi-
cance at P < 0.05. The ratios of below-ground to above-
ground biomass were obtained by dividing 0-30 cm be-
low-ground live biomass by above-ground live biomass.

RESULTS AND DISCUSSION
Burn history and vegetation characteristics

All areas used in the study had been burned, including
control (i.e.,, no-burn) area, in the winter of 1998 to pro-
vide an equal basis for comparison. All burns conducted
were mosaic burns with 5-10 cm of standing water on the
soil surface to protect the below-ground vegetation from
burning. The burn procedure left approximately 30% of
above-ground vegetation unburned (personal commu-
nication, Bill Giese, Blackwater NWR). Since 1998, areas
2A and 3A have been burned annually. Areas 2B and 3B
were burned in 2001 and again in 2005. And, areas 2C and
3C were burned in 2005 to complete a full cycle of burn
regimes. Areas 2D and 3D have remained unburned since
1998 (Table 1).

The study areas are part of the brackish marsh in the
refuge. They are approximately 60-80 cm above mean low
water level, and and are flooded by high tides. The salin-
ity measurements of water in the study areas ranged from
5-16 ppt during the growing season in this study (unpub-
lished data at the Blackwater Wildlife Refuge, Cambridge,
MD, USA). Rainfall at Blackwater NWR was 103.3 cm in
2004 and 94.9 cm in 2005; slightly lower than the overall
historical average rainfall for this area of 110.4 cm (Na-
tional Oceanic and Atmospheric Administration 2009a).

Table 1. Burn history for our study sites (i.e., areas 2 and 3) at Blackwa-
ter National Wildlife Refuge

Year

Are‘;;‘;ig“m 1998 1999 2000 2001 2002 2003 2004 2005
2A X X X X X X X X
2B X X X
2C X X
2D X
3A X X X X X X
3B X X X
3C X
3D X

Burn regimes are annual (A), 3-5 year (B), 7-10 year (C), and control (D). X
indicates the site was burned in the corresponding year.



Tidal ranges were 0.664-1.208 m in 2004 and 0.857-1.218
m in 2005 at the refuge location, with higher and longer
water levels above sea level in 2005 (National Oceanic
and Atmospheric Administration 2009b).

The five plants were studied for response to burning:
D. spicata (saltgrass or seashore saltgrass), S. americanus
(chairmaker’s bulrush, three square), S. alterniflora (salt-
marsh cordgrass), S. cynosuroides (giant cordgrass) and
S. patens (marshhay cordgrass) (Table 2). They are fairly
common to marshes on the Atlantic and the Northern
Gulf coasts and occur in both mixed and monoculture
communities. They provide food and cover for migrating
and nesting wetland birds and waterfowl (Table 2). These
species are native to the site, and are perennial grami-
noids. Moreover, with the exception of S. patens, both the
vegetative parts and the seeds of these plants are con-
sidered viable food sources for waterfowl (Chamberlain
1959, Neely 1962, Hess 1975). However, in the spring af-
ter winter burning, the emerging plant shoots of S. patens
are also considered a preferred food source by migrating
geese. These marsh grass species are all rhizomatous,
warm-season perennials.

Total above-ground biomass with or without litter

Total above-ground biomass with litter ranged from
210 g/m?up to 550 g/m? (Fig. 2). Litter being a fairly small
portion of the total above-ground biomass harvested (<
5%) with no difference between burn regimes (P = 0.38)
the total above-ground live biomass without litter was es-
sentially the same as that with litter (Fig. 2). There was no
significant difference in the vegetation biomass produced
(P =0.63) among burn regimes in 2004 whereas there was
in 2005 (P < 0.05), with more biomass produced in annual
burn regime than in the other burn regimes including the
control (no-burn) (Fig. 2). There was no significant dif-
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Fig. 2. Total above-ground vegetative biomass with and without litter
by burn regime in 2004 and 2005. A = annual burn, B = 3-5 year burn, C =
7-10 year burn, and D = control (no burn). Error bars represent + 1 stan-
dard error.

ference between the two years in above-ground biomass
production (P =0.18).

We found no significant differences among burn re-
gimes for total above-ground biomass, except for the
case of annual burn sites in 2005. Previous studies have
shown increases in vegetative biomass production for
several species in coastal marshes by prescribed burns
(de la Cruz and Hackney 1980, Johnson and Knapp 1995,
Gabrey and Afton 2001, Flores 2003). However, the lit-
erature also reports a wide range of site specific and/or
species-specific biomass responses to fire (de la Cruz and
Hackney 1980, Dudley and Lajtha 1993, Schmalzer and
Hinkle 1993, Gabrey and Afton 2001). Production of Jun-
cus roemerianus and Spartina spp. increased following
marsh fires in coastal marshes (de la Cruz and Hackney
1980, Gabrey and Afton 2001), partially due to increasing
light penetration to the ground by the removal of over-
shadowing vegetation by fire. But burning may not al-
ways stimulate vegetative biomass production. Hackney
and de la Cruz (1981) and Schmalzer et al. (1991) found
areduction in total above-ground vegetation biomass in
the burned areas of a brackish marsh. Live above-ground

Table 2. Characteristics of the five dominate wetland plant species collected for above- and below-ground biomass in areas 2 and 3 of Blackwater

National Wildlife Refuge

Scientific name Common name Growing season Height (m) Traits

Distichlis spicata (L.) Greene Saltgrass, Spring, Summer, Fall 0.6-2.1 Long, hollow rhizomes
seashore saltgrass

Schoenoplectus americanus Olney threesquare, Spring-Summer to2.1 Long, stout rhizomes

P chairmaker’s bulrush pring ’ &
. . . Smooth cordgrass, . .

Spartina alterniflora Loisel. Spring-Summer 0.9-1.5 Long, hollow rhizomes
saltmarsh cordgrass

Spartina cynosuroides (L.) Roth Big cordgrass Spring-Summer 0.9-3 Rhizomes

Spartina patens (Aiton) Muhl. Marshhay cordgrass Spring-Summer 0.3-1.2 Long slender rhizomes

All information is based on USDA PLANTS database (http://plants.usda.gov/).
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biomass was less than 50% of pre-burn biomass one year
after the burn in a Florida marsh (Schmalzer and Hinkle
1993).

Litter

Flores (2003) found significantly less litter in annual
burn sites, but we found no significant difference in lit-
ter among burn regimes (P = 0.47) and no difference be-
tween the two years (P = 0.36). Less litter can be positive
in vegetative biomass production. The removal of accu-
mulated litter by fire maximized the annual production
and reproductive effort of prairie cordgrass (Spartina
pectinata), a wetland plant that is a viable food source for
waterfowl (Johnson and Knapp 1995). Specific tide infor-
mation was not available but there was a substantial lu-
nar tide on October 28, 2004 (personal communication,
Bill Giese, Blackwater NWR) which could have been re-
sponsible for removing excess surface debris, minimizing
the litter measured in our study (Fig. 2).

Total above-ground live biomass by species

The above-ground biomass productions of five spe-
cies were comparable to the findings in previous stud-
ies on wetland plant biomass (Boyd 1970, Whigham and
Simpson 1978, Whigham et al. 1978, Gross et al. 1991).
Our study showed little difference in total biomass pro-
duction for each of five species by different burn regimes
(P =0.14). However, there were some differences found
in above-ground biomass production by species in 2004

(Fig. 3).

In 2004, the species of D. spicata produced more
above-ground biomass in the annual burn site than in
the other burn regimes (P < 0.05), but the difference was
marginal among the burn regimes in 2005 when the 7-10
year burn site produced as much biomass as the annual
site. Regardless, the annual burn sites in both years pro-
duced significantly more biomass than the control site
(i.e., unburned), showing a positive effect of burning on
biomass production. The similar trend was observed in
2004 for S. alterniflora and S. patens, with more biomass
in the burned sites than in the control (Fig. 3). S. patens
and S. alterniflora have extensive long hollow rhizome
systems and are known to outcompete and replace S.
americanus after three years without burning (Sipple
1979, Odum 1988).

No significant difference was found by burn regime
on biomass production by species in 2005 when all three
sites were burned (i.e., D. spicata [P = 0.09], S. america-
nus [P = 0.24], S. alterniflora [P = 0.15], S. cynosuroides
[P =0.79], and S. patens [P = 0.08]). S. alterniflora and S.
patens seemed more productive in 3-5 year burn regime
sites, but the difference was marginal. S. cynosuroides
showed no trend in biomass by burn regimes in either
year. S. alternifloraand S. cynosuroides showed high vari-
ability in their biomass production both by burn regimes
and by year (Fig. 3).

The previous study from 1998 to 2001 at the refuge
(Flores 2003) found a significant increase in biomass in
annual burn sites for D. spicata, which was similar to
the finding in this study, but overall our results failed to
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600 -I-
500 T -I-i
- i : i ;
k: 400 —1 K N
£ / i & A -
= v’ ’ g i ;
2 350 / £y d . d
v ; ; - : :
200 / : : j : o
: M : : 5 : :
100 |- b : : F : :
0 - * T i 4 T 4 T 15 T A lal Alal -

2004 A

D

2005 A

Year and burn regime

Fig. 3. Total above-ground live biomass for each plant species by burn regime in 2004 and 2005. A = annual burn, B = 3-5 year burn, C = 7-10 year burn,
and D = control (no burn). Error bars represent + 1 standard error. D. spicata, Distichlis spicata; S. americanus, Schoenoplectus americanus; S. alterniflora, Spar-
tan alterniflora; S. cynosuroides, Spartina cynosuroides; S. patens, Spartina patens.
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show significant effects of annual burning on the above-
ground biomass responses of other species. Although it
was part of the same refuge the sites sampled for vegeta-
tion biomass in this study were different from the previ-
ous one that may have had difference in elevation and
flooding regime.

The biomass production patterns may be more subject
to local environmental conditions such as tides, salinity
and herbivory etc. year by year than burning, especially
that of long-intervals (i.e., 3-5 year burn and 7-10 year
burn). In addition, the changes that occur in plant com-
munities as a result of burning can be slow (Waldrop and
Lloyd 1994, Bond and Keeley 2005) and the post burning
effects can influence plant species composition, cover
and vertical structure other than biomass production
(Gabrey et al. 1999, Isacch et al. 2004). Many plant com-
munities contain species that have evolved to tolerate
or even require occasional burning. Where burning is
frequent, the plant species have evolved species specific
adaptations to burning which may include persistence of
rhizomes, rhizomes growing deeper in the soil offering
better protection from burning, method and timing of
seed dispersal, or the ability to grow and reach maturity
before the return of the next burning (Abrahamson 1984,
Kirkman et al. 1998).

Stem density

A significant difference was found in stem density for
D. spicata among burn regimes in the data lumped be-
tween the two years (Fig. 4). Annual burn site (P = 0.02)

2,500 1 M D.spicata & S.americanus

S. alterniflora

Vegetative responses to prescribed fire regimes

had significantly higher D. spicata stems than the other
burn sites (Fig. 4), which was consistent with what was
found in the previous study (Flores 2003). No significant
difference, however, was found in stem density among
different burned regimes for S. americanus (P = 0.23), S.
alterniflora (P = 0.55), S. cynosuroides (P = 0.68), and S.
patens (P = 0.41). S. patens produced the highest stem
count averaging 1,211 + 348 stems/m? followed by S.
americanus (253 + 52 stems/m?), S. alterniflora (182 + 73
stems/m?), D. spicata (173 + 52 stems/m?), and lastly S.
cynosuroides (95 + 27 stems/m?). The highest numbers of
stems produced by S. patens (Fig. 4) did not seem to con-
tribute much to the above-ground biomass production
due to that fact that S. patens is low-growing species with
fine, thin stems and leaves, producing smaller biomass
per stem than the other taller, more robust growing spe-
cies (i.e., S. americanus, S. alterniflora, and S. cynosuroi-
des) (Table 2).

Total below-ground biomass (live + dead) and
total below-ground live biomass (0-30 cm)

Root biomass is an indicator of plant health, there-
fore increasing root biomass should increase the over-
all health and stability of the marsh ecosystem (Turner
et al. 2004, Saunders et al. 2006). A study on tidal marsh
productivity in the Chesapeake Bay region (Langley et
al. 2009) found that increase CO, levels stimulated plant
productivity in below-ground biomass, but not in above-
ground biomass, indicating below-ground biomass part
of vegetation productivity can be a sensitive indicator to

O S. cynosuroides & S. patens

2,000
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(Numberof stems/m?)

ouoooooa
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3333333353355533
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Fig. 4, Mean stem density for each plant species by burn regime in the study (e.g., lumped data between 2004 and 2005). A = annual burn, B = 3-5 year
burn, C=7-10 year burn, and D = control (no burn). Error bars represent + 1 standard error. D. spicata, Distichlis spicata; S. americanus, Schoenoplectus ameri-
canus; S. alterniflora, Spartina alterniflora; S. cynosuroides, Spartina cynosuroides; S. patens, Spartina patens.
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environmental changes. In addition, Turner et al. (2004)
showed a direct relationship between vertical marsh ac-
cretion rate and the accumulation of soil organic mat-
ter mostly contributed by the below-ground biomass of
marsh vegetation, which is important in mid Atlantic
costal marshes currently threatened by land subsidence
and sea level rise (Langley et al. 2009).

All below-ground live biomass measurements in 2005
in our study were comparable to those measured for the
same plant species previously (Good et al. 1982, Roman
and Daiber 1984, Gross et al. 1991, Saunders et al. 2006),
whereas the below-ground live biomass measured in
2004 were around or slightly higher than the high end of
the generally reported values (e.g., 3,200 g/m? to 4,200 g/
m?). However, the below-ground biomass values in 2004
were not unprecedented. Good et al. (1982) reported that
the below-ground biomass production ranged from 600
to 6,200 g/m? for S. alterniflora and 2,800 to 3,300 g/m?
for S. patens, respectively. Roman and Daiber (1984) also
reported higher below-ground biomass measured for S.
alterniflora (i.e., 6,500 g/m?) and for S. patens (i.e., 3,300
g/m?) in their study.

There was significant differences found between the
two years in total below-ground biomass both with and
without dead parts of the plants (P < 0.001) with the bio-
mass values of 2004 being significantly higher than those
of 2005 (Fig. 5). It is not clear what caused the higher
biomass in 2004 compared to in 2005. It has been re-
ported that greater root biomass may be a response to
high salinity, high CO, concentrations and/or low water
conditions (e.g. water table depth) (Gabrey and Afton
2001, Langley et al. 2009), but the first two environmen-
tal variables were relatively stable between the two years
of our investigation at the refuge (personal communica-

8,000 1

7,000

tion, Sean Flint, Blackwater NWR). We could not monitor
soil moisture or water table depth changes in individual
study plots in this study. However, it was observed that
our study sites had standing water on the marsh surface
throughout the period of the study in 2005, whereas the
marsh surface was moist with no standing water in 2004
(personal communication and observation, Sean Flint,
Blackwater NWR), which might have been attributed to
the lower below-ground biomass in 2005. Mean high wa-
ter level (MHW) was 18 cm higher in 2005 (MHW = 1.09
m) than in 2004 (MHW = 0.91) at the study site (National
Oceanic and Atmospheric Administration 2009b). Below-
ground biomass productivity of tidal marsh plants (i.e., S.
americanus and S. patens) showed a great sensitivity to
slight variations in water table depth (i.e., across an 8 cm
range) in a nearby (i.e., 38.51°N, 76.32°W) Chesapeake
Bay brackish marsh (Saunders et al. 2006).

Another possible, but meager explanation for the dif-
ference in below-ground biomass between the years can
be attributed to the difference in above-ground biomass.
Although not significant, the above-ground biomass
measurements were relatively lower in 2005 than those in
2004, which might have contributed to higher live below-
ground biomass produced in 2004 relative in 2005. Based
on the above- and below-ground biomass measured pre-
viously for S. alterniflora and S. cynosuroides in a coastal
wetland, the production peaks for below-ground bio-
mass coincided with the lowest level of above-ground
biomass (Schubauer and Hopkinson 1984).

The study showed no difference in the below-ground
biomass measurements by burn regimes (P = 0.24) (Fig.
5). There was a clear positive burn effect observed in a
tallgrass prairie with more below-ground biomass in
burned areas of the study (Johnson and Matchett 2001).

[ 0-30 cm Total biomass (live + dead)

6,000

E 0-30 cm Live biomass

5,000 A

£ 0-10 cm Live biomass

4,000

& 11-30 cm Live biomass

(g DW/m?)

3,000 A

2,000 A

1,000 A

2004 A B

D

Burn regime

Fig. 5. Total below-ground biomass (live + dead, 0-30 cm) and total live below-ground biomass by depth (0-30 cm, 0-10 cm, and 11-30 cm) by burn re-
gime in 2004 and 2005. A = annual burn, B = 3-5 year burn, C = 7-10 year burn, and D = control (no burn). Error bars represent + 1 standard error.
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They attributed the increase of below-ground biomass
to enhanced nutrient availability induced by burning,
which resulted in an increased allocation of biomass to
below-ground. However, it may not be relevant to the
brackish marsh sites of our study which are influenced
by tides and salinity that may affect plant productivity
(Gross et al. 1991, Flores 2003, Saunders et al. 2006).

Total below-ground live biomass by depth (0-10
cmvs. 11-30 cm)

There was no difference between burn regimes in the
amount of live below-ground biomass produced between
0-10 cm (i.e., rhizotomous zone) and 11-30 cm (i.e., root
zone) in either year. It seems the below-ground biomass
was produced and distributed fairly evenly within the
typical rooting depth (i.e., 0-30 cm) of five plant species
studied. Live below-ground biomass produced between
0-10 cm depth was more in 2004 than that in 2005 (P <
0.05), with no difference between 11-30 cm between the
two years (P =0.63).

The ratio of below-ground live biomass to
above-ground live biomass

The ratios of below-ground biomass to above-ground
biomass ranged from 14:1 (i.e., in 2004 for control site)
to 6:1 (i.e., in 2005 for 3-5 year burn) (Table 3). All ratios
were significantly higher in 2004 with the greater produc-
tion of below-ground biomass than in 2005 (P = 0.03).
More specifically, the ratio was highest in annual burn
regime site in 2004. There seemed, however, no appar-
ent effects of burn on the ratio (Table 3). The ratios found
in this study of below-ground to above-ground biomass
are relatively higher compared to those (i.e., 2:1 to 8:1)

Table 3. The ratios of below-ground (BG) live biomass (0-30 cm) to
above-ground (AG) live biomass measured by different burn regimes in
year 2004 and year 2005

Live BG biomass Live AG Ratio of
(g/m? (g/m®) BG/AG
2004 Annual 4,255 300 14
3-5year 3,397 293 12
7-10 year 3,427 291 12
Control 3,842 267 14
2005 Annual 2,572 460 6
3-5year 2,145 323 7
7-10 year 2,171 297 7
Control 2,123 242 9

Vegetative responses to prescribed fire regimes

reported in other studies that ranged for similar species
in brackish or salt marshes (Valiela et al. 1976, Schubauer
and Hopkinson 1984). However, low levels of soil nutri-
ents and soil oxygen and/or high levels of soil moisture
and salinity can result in the ratios of below-ground to
above-ground biomass of common tidal marsh species
from 1.43 up to 50 (Gallagher 1974, Hackney and de la
Cruz 1986).

CONCLUSION

Overall, the outcome of the study did show little effect
of prescribed burn on enhancing vegetative biomass pro-
duction in a tidal brackish marsh. The annual burn did
seem to increase above-ground vegetative biomass, and
influence the plant community by favoring a certain spe-
cies. The study was conducted during a relatively short
two-year period of time, while the burn regimes include
much longer-term scenarios (i.e., up to 7-10 years). A
longer-term, further study on marsh vegetation produc-
tivity is strongly recommended to better assist the pre-
scribed fire program of United States Fish and Wildlife
Service. Since our two-year study indicated that below-
ground biomass may be a little more responsive between
years, it may be a better indicator than above-ground
biomass for correlating with environmental variables
such as water table depth and flooding regime that can
spatially vary in a Chesapeake Bay brackish marsh, and
which might influence biomass production. Moreover,
the results suggest that further investigation is needed on
the influences of salinity and tidal actions on vegetation
responses, to tease out the net effects of long-term burn-
ing to enhance biomass production for waterfowl and
birds. Regardless, the study delivers useful information
on the belowground biomass productivity of five com-
mon brackish marsh plants, filling the gap in literature
for future studies.

ACKNOWLEDGMENTS

Special thanks to all the staff at Blackwater NWR espe-
cially Fred Adams, Sean Flint, Marijo Bogue and Bill Giese
for assisting with the collecting and analyzing of samples
and providing much needed input along the way. Special
thanks to the U.S. Fish and Wildlife Service, especially
Rowan Gould, Paul Schmidt and Sarah Mott for their
support of this project. We also thank David White for re-
viewing the manuscript.

http://jefb.org



J. Ecol. Field Biol. 33(4): 351-361, 2010

LITERATURE CITED

Abrahamson WG. 1984. Species responses to fire on the Flor-
ida Lake Wales Ridge. Am J Bot 71: 35-43.

Bond WJ, Keeley JE. 2005. Fire as a global ‘herbivore’: the
ecology and evolution of flammable ecosystems. Trends
Ecol Evol 20: 387-394.

Boyd CE. 1970. Production, mineral accumulation and pig-
ment concentrations in Typha latifolia and Scirpus
americanus. Ecology 51: 285-290.

Brennan EK, Smith LM, Haukos DA, LaGrange TG. 2005.
Short-term response of wetland birds to prescribed
burning in Rainwater Basin wetlands. Wetlands 25: 667-
674.

Chamberlain JL. 1959. Gulf Coast marsh vegetation as food
of wintering waterfowl. J Wildl Manag 23: 97-102.

de la Cruz AA, Hackney CT. 1980. The Effects of Winter Fire
and Harvest on the Vegetational Structure and Primary
Productivity of Two Tidal Marsh Communities in Mis-
sissippi. Publication No. M-ASGP-80-013. Mississippi-
Alabama Sea Grant Consortium, Ocean Springs, MS.

Dudley JL, Lajtha K. 1993. The effects of prescribed burn-
ing on nutrient availability and primary production in
sandplain grasslands. Am Midl Nat 130: 286-298.

Flores C. 2003. Evaluation of vegetative response to fire ex-
clusion and prescribed fire rotation on Blackwater Na-
tional Wildlife Refuge and Fishing Bay Wildlife Manage-
ment Area. MS Thesis. University of Maryland Eastern
Shore, Princess Anne, MD, USA.

Gabrey SW, Afton AD. 2001. Plant community composition
and biomass in Gulf Coast Chenier Plain marshes: re-
sponses to winter burning and structural marsh man-
agement. Environ Manag 27: 281-293.

Gabrey SW, Afton AD, Wilson BC. 1999. Effects of winter
burning and structural marsh management on vegeta-
tion and winter bird abundance in the Gulf Coast Che-
nier Plain, USA. Wetlands 19: 594-606.

Gallagher JL. 1974. Sampling macro-organic matter profiles
in salt marsh plant root zones. Soil Sci Soc Am J 38: 154-
155.

Good RE, Good NE Frasco BR. 1982. A review of primary
production and decomposition dynamics of the below-
ground marsh component. In: Estuarine Comparisons
(Kennedy VS, ed). Academic Press, New York, NY, pp
183-207.

Gross ME Hardisky MA, Wolf PL, Klemas V. 1991. Relation-
ship between above-ground and below-ground biomass
of Spartina alterniflora (Smooth Cordgrass). Estuaries
14:180-191.

Hackney CT, de la Cruz AA. 1981. Effects of fire on brackish

DOI: 10.5141/JEFB.2010.33.4.351

marsh communities: management implications. Wet-
lands 1: 75-86.

Hackney CT, de la Cruz AA. 1986. Belowground productivity
of roots and rhizomes in a giant cordgrass marsh. Estu-
aries 9: 112-116.

Hess TJ Jr. 1975. An evaluation of methods for managing
stands of Scirpus olneyi. MS Thesis. Louisiana State Uni-
versity, Baton Rouge, LA, USA.

Isacch JB, Holz S, Ricci L, Martinez MM. 2004. Post-fire veg-
etation change and bird use of a salt marsh in coastal
Argentina. Wetlands 24: 235-243.

Johnson LC, Matchett JR. 2001. Fire and grazing regulate
belowground processes in tallgrass prairie. Ecology 82:
3377-3389.

Johnson SR, Knapp AK. 1995. The effect of fire on gas ex-
change and aboveground biomass production in annu-
ally vs biennially burned Spartina pectinata wetlands.
Wetlands 13: 299-303.

Kirkman LK, Drew MB, Edwards D. 1998. Effects of experi-
mental fire regimes on the population dynamics of
Schwalbea americana L. Plant Ecol 137: 115-137.

Komarek EV. 1974. Effects of fire on temperate forests and
related ecosystems: southeastern United States. In: Fire
and Ecosystems (Kozlowski TT, Ahlgren CE, eds). Aca-
demic Press, New York, NY, pp 251-278.

Kozlowski TT, Ahlgren CE. 1974. Fire and Ecosystems. Aca-
demic Press, New York, NY.

Langley JA, McKee KL, Cahoon DR, Cherry JA, Megonigal JP.
2009. Elevated CO2 stimulates marsh elevation gain,
counterbalancing seal-level rise. Proc Natl Acad Sci USA
106: 6182-6186.

Lay DW. 1945. Muskrat investigations in Texas. ] Wildl Manag
9: 56-76.

Lynch JJ. 1941. The place of burning in management of the
Gulf Coast wildlife refuges. ] Wildl Manag 5: 454-457.

Main MB, Barry MJ. 2002. Influence of season of fire on flow-
ering of wet prairie grasses in South Florida, USA. Wet-
lands 22: 430-434.

National Oceanic and Atmospheric Administration. 2009a.
National weather service. http://www.nws.noaa.gov.
Accessed 28 December 2009.

National Oceanic and Atmospheric Administration. 2009b.
Tides and currents: Cambridge, MD. http://tidesandcur-
rents.noaa.gov/data_menu.shtml?stn=8571892%20Cam-
bridge,%20MD&type=Historic+Tide+Data. Accessed 28
December 2009.

Neely WW. 1962. Saline soils and brackish waters in manage-
ment of wildlife, fish, and shrimp. Trans N Am Wildl Nat
Resour Conf 27: 321-335.

Odum WE. 1988. Comparative ecology of tidal freshwater



and salt marshes. Ann Rev Ecol Syst 19: 147-176.

Omi PN. 2005. Forest Fires: A Reference Handbook. ABC-
Clio, Santa Barbara, CA, pp 29-73.

O’Neil T. 1949. The Muskrat in the Louisiana Coastal Marsh-
es. Federal Aid Section-Fish and Game Division, Louisi-
ana Department of Wildlife and Fisheries, New Orleans,
LA.

Pyne SJ. 2003. Introduction: fire’s lucky country. In: Fire in
Ecosystems of South-West Western Australia: Impacts
and Management (Abbott I, Burrows N, eds). Backhuys
Publishers, Leiden, pp 1-8.

Roman CT, Daiber FC. 1984. Aboveground and belowground
primary production dynamics of two Delaware Bay tidal
marshes. Bull Torrey Bot Club 111: 34-41.

Saunders CJ, Megonigal JP, Reynolds JE 2006. Comparison of
belowground biomass in C3- and C4-dominated mixed
communities in a Chesapeake Bay brackish marsh.
Plant Soil 280: 305-322.

Schmalzer PA, Hinkle CR. 1993. Effects of fire on nutrient
concentrations and standing crops in biomass of Juncus
roemerianus and Spartina bakeri marshes. Castanea 58:
90-114.

Schmalzer PA, Hinkle CR, Mailander JL. 1991. Changes in
community composition and biomass in Juncus roeme-
rianus Scheele and Spartina bakeri Merr. marshes one
year after a fire. Wetlands 11: 67-86.

Schubauer JP, Hopkinson CS. 1984. Above- and belowground
emergent macrophyte production and turnover in a
coastal marsh ecosystem, Georgia. Limnol Oceanogr 29:
1052-1065.

Sipple WS. 1979. A Review of the Biology, Ecology and Man-
agement of Scripus olneyi.Vol. II: A Synthesis of Selected
References. Wetland Publication No. 4. Wetlands Permit
Division, Water Resources Administration, Maryland
Department of Natural Resources, Annapolis, MD, pp 85.

Slocum MG, Platt W], Cooley HC. 2003. Effects of differences
in prescribed fire regimes on patchiness and intensity
of fires in subtropical savannas of Everglades National

361

Vegetative responses to prescribed fire regimes

Park, Florida. Restor Ecol 11: 91-102.

SPSS Inc. 2004. SPSS 13.0 for Windows Version. SPSS Inc.,
Chicago, IL.

Turner RE, Swenson EM, Milan CS, Lee JM, Oswald TA. 2004.
Below-ground biomass in healthy and impaired salt
marshes. Ecol Res 19: 29-35.

U.S. Fish and Wildlife Service. 2009a. Blackwater National
Wwildlife Refuge. http://www.fws.gov/blackwater/. Ac-
cessed 10 April 2009.

U.S. Fish and Wildlife Service. 2009b. Wetland restoration:
Blackwater National Wildlife Refuge. http://www.fws.
gov/blackwater/restore.html. Accessed 14 April 2009.

Valiela I, Teal JM, Persson NY. 1976. Production and dynam-
ics of experimentally enriched salt marsh vegetation:
belowground biomass. Limnol Oceanogr 21: 245-252.

Waldrop TA, Lloyd FT. 1994. Forty years of prescribed burn-
ing on the Santee fire plots: effects on overstory and
midstory vegetation. In: Fire and the Environment: Eco-
logical and Cultural Perspectives (Nodvin SC, Waldrop
TA, eds). Proceedings of an International Symposium.
1990 Mar 20-24, Knoxville, TN. Gen. Tech. Rep. SE-69.
U.S. Department of Agriculture, Forest Service, South-
eastern Forest Experiment, Asheville, NC.

Ward P. 1968. Fire in relation to waterfowl habitat of the Delta
marshes. Proc Tall Timbers Fire Ecol Conf 8: 254-267.

Whigham DE Simpson RL. 1978. The relationship between
aboveground and belowground biomass of freshwater
tidal wetland macrophytes. Aquat Bot 5: 355-364.

Whigham DE McCormick J, Good RE, Simpson RL. 1978.
Biomass and primary production in freshwater tidal
wetlands of the Middle Atlantic Coast. In: Freshwater
Wetlands: Ecological Processes and Management Po-
tential (Good RE, Whigham DE Simpson RL, eds). Aca-
demic Press, New York, NY, pp 3-20.

Zontek E 1966. Prescribed burning on the St. Marks National
Wildlife Refuge. Proc Tall Timbers Fire Ecol Conf 5: 195-
210.

http://jefb.org





