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SUMMARY



SUMMARY

Because of the increasing human occupancy of coastal areas and
the potential uses of some marsh vascular plants, varied and conflict-
ing demands are being placed upon the coastal zone and its wetlands.
Efforts must be made to find ways to manage coastal marshes without
decreasing their productivity or damaging their value to man and wild-
life, In this study, several management tools (i.e. fire, harvest and
fertilization) were considered and their effects on the structure
and productivity of the vegetation, on decomposition and microbial
processes, and on the benthic faunal community were investigated.

Two marsh communities each in St. Louls Bay, Mississippi and
Dauphin Island, Alabama were utilized during 1977 and 1978 to evaluate
the effect of fire, fertilizer and a simulated harvest, on the pro-
ductivity of both aboveground (leaves and stems) and belowground

(rhizomes and/or roots) portions of Juncus roemerianus, Spartina

alterniflora and S. cynosuroides. The elemental composition of the

dominant plant species were examined to determine if any of the tech-
niques influence the chemical composition of the plant tissues. Natural

stands of the three preceeding species and §. patens and Distichlis

sEiéata were studied for seasonal patterns of productivity, elemental
composition and decomposition.

Within the natural communities annual aboveground net primary
productivity during the 1977 growing season were: Alabama J. roemerianus,

460 g/mz; Mississippi J. roemerianus, 530 g/mz; S. alterniflora 240 g/mz;

§. cynosuroides, 1740 g/mz; and Distichlis spicata, 100 gmfmz. During

the 1978 growing season, productivity of Alabama J. roemerianus was

63 g/mz, Mississippi J. roemerianus 750 g/mz,_§. alterniflora 110 g/mz,




and S. cynosuroides 1988 g/mz. Except for 5. cynosurcoides, these
productivity estimates are all lower than values reported previously
for similar type marshes. Productivity could not be determined of
belowground materials although the standing crop down to 20 cm depth
was consistently high for all species: 2-4 kg/m2 for Alabama J.
roemerianus, 5-7 kg/m2 for Mississippi J. roemerianus, 3-7 kg/m2 for

5. alterniflora, 6-9 kg/mz for $. cynosuroides, 1-3 kg/m2 for D.

spicata and 5-8 kg/mz for S. patens. Belowground biomass includes both
live and dead materials which could not be realistically separated.
No periodic or seasonal pattern was found for S. patems. Thus no
productivity estimate could be made.

Annual decomposition of aboveground material was 867 for Spartina

alterniflora, 44% for Juncus roemerianus, 38% for Distichlis spicata,

36% for S. patens, and 26% for 5. cynosuroides. There was a general

decrease in carbon and hydrogen, and a slight increase in nitrogen,
phosphorus and caloric content of decomposing aboveground material
during the study.

Annual loss of belowground biomass due to decomposition was most
consistent with depth for J. roemerianus, losing a maximum of 25Z at
depths of 11~20 cm. Juncus rhizome materials decomposed faster (26.5%)
than roots (17.3%). The greatest annual lose belowground was 31Z%

in the 11-20 cm depths for S. alterniflora, but only 14% was loss in

the upper 10 cm. Loss rates for S. cynosuroides were 21% and 7% in the

upper and lower 10 cm, respectively. Decomposing belowground material
did not exhibit any discernable patterns of change in tissue nutrient

or caloric content.
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Commercial NH4N03 (34% N) fertilizer was applied once at the
beginning of the 1978 growing season to simulate a farm—plantation
operation at a dosage (136 gfmz) estimated to return to the soil
approximately the same amount of nitrogen contained in the plants.
Annual aboveground net primary productivity increased by 59% in

the Alabama J. roemerianus, 76% in the Mississippi J. roemerianus,

82% in the S. alterniflora and 24% in the S. cynosuroides. It

appears that short form or high marsh macrophytes responded more to
nitrogen enrichment than tall form or low marsh plants.

A single harvest of aboveground material resulted in an
increase In annual net productivity of as much as 50% in the Missis-

sippi J. roemerianus and 140% in S. cynosuroides. When the species

were reharvested, net productivity increased up to 100% in Mississippi

J. roemerianus, 457 in S§. cynosuroides and 250% in S. alterniflora.
Alabama J. roemerianus showed consistently lowered levels of pro-
ductivity in harvested plots.

The effects of fire on two tidal marshes in Missiésippi was studied
for two growing seasons following a fire. Burning the marsh during
winter enhanced the productivity (19-27% over control) of the vascular

plant community dominated by Spartina cynosurocides during the following

growing season. Productivity and the biomass of dead and live material
returned to normal levels at the end of the second growing season. On

the marsh dominated by Juncus roemerianus, productivity was also higher

during the next growing season following a fire (11-33% over control).
Associated minor species did not increase their importance significantly
relative to the dominant plant species after burning in either marsh

community.
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Plate counts of microfloral components were developed from sub-
samples of detritus taken from each litter bag sémpling during the
decomposition study. Counts were made on four media for bacteria,
molds, yeasts and Actinomycetes. In general, all counts were higher
than previously thought. All microbial counts were lower for Spartina

alterniflora belowground detritus than from other marsh grass species.

Obligate anaerobes were not detected, since counts were carried out
under aerobic conditions. Bacterial and actinomycete counts were
depressed from August through December, but began recovery in
March. Mold and yeast counts were erratic throughout the study.

Pure cultures of over 60 representative microorganisms were
isolated and archived for later atudy.

Gas analysés of decomposition of Juncus roemerianus and Spartina

alterniflora demonstrated evolution of consistently high levels of

C02 while half of the Juncus samples and two-thirds of the Spartina
samples also produced large quantities of methane (indicative of
anaerobic decomposition),

All pure cultures readily decomposed both plant species under
both aerobic and anaerobic conditions. There was a wide range of
decomposition rate and a high degree of variability in end products.
Protein production in 4 weeks reached as high as 2.2 mg protein/gram
of substrate in the Juncus, and as high as 2.4 mg protein/gram of
substrate for Spartima.

Only 4 of 20 pure cultures demonstrated any appreciable cellulose
utilization; two primarily aerobically, one gssentially anaerobic and

one equally well under either oxygen condition.
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The faunal communities of three natural marshes (Spartina alterni-

flora, Juncus romexianus and Distichlis gspicata) were jnvestigated over

a two year period. Species diversity (yearly and 2 year total) and
biomass values of both meio- and macrofaunal components were determined;
total reactive carbon, grain size distribution, salinity and temperature

were measured on a monthly basis.

The S. alterniflora marsh has the highest macrofaunal and the lowest

melofaunal biomass. Overall meiofaunal diversity is low with lows in
spring and fall and highs in summer. Macrofaunal diversity is also low
and a decrease is seen over the two years. A total of 11 meiofaunal taxa
(esp. Nematoda (72%) and Harpacticoida (25%) and 17 macrofaunal species
(esp. Oligochaeta (80%)) were found during the two year period. From a
trophic viewpoint this marsh would be characterized as having rich higbhly
fluctuating resources.

The J. roemerianus marsh is characterized by high biomass (both macro—
and meiofaunal) and high diversity, (both macro—~ and meiofaunal). Fluctu-
ations are predictable with summer lows and fall-winter-spring highs. A
total of 10 meiofaunal taxa {esp. Nematoda {55%), Harpacticoid Copepoda
(26%), Oligochaeta (10%) and 19 macrofaunal species (esp. Dligochaeta

(54%) , Nereis succinea (13%) and unidentified Capitellidae (10%) ) were

encountered. The marsh is characterized by a moderate, semistable resource
regime.

The D. gpicata marsh is characterized by the lowest macrofaunal and
moderate meiofaunal biomass. Diversity of both, however, ig high with no
seasonal trends in variation. Eleven meiofaunal taxa {esp. Nematoda (6274)

and Harpacticoid Copepoda (25%) and 17 macrofaunal species (esp. Oligochaeta
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(53%Z) and Neritina reclivata (252)) were encountered. This marsh is

characterized by a poor (low), constant resource regime.
The fauna found within these marshes represent only a few highly
specialized forms, however, the abundance of these specialized forms

is often high., Biomass values are well within ranges presented for

other marsh ecosystems.



Evaluation of the Ecological Role and Techniques for the

Management of Tidal Marshes on the Mississippi and Alabama Gulf Coast

OVERVIEW

The measurement of the primary productivity of coastal marsh macro-
phytes is one of the principal means of estimating the potential pro-
duction of coastal estuarine systems. Such studies are abundant and
have been reviewed by Keefe (1972}, de la Cruz (1973), Turner (1976).
Because of the increasing human occupancy of coastal areas and the
potential uses of some marsh vascular plants (de la Cruz 1976), increased
demands are being placed on the coastal zome and its wetlands. Federal,
state, and local agencies are beginning to address the question of how
best to manage coastal marshlands without decreasing thier productivity
or damaging their value to man and wildlife. Several methods of manag-
ing marshes and other types of wetlands have been suggested by various
studies (e.g., Chabreck 1976, Weller 1978), 1In this study, burning,
harvesting and fertilization were considered as management tools and
the effects of these alterations on the structure and productivity of
the vegetation, on the decomposition and microbial processes, and on the
benthic faunal community were investigated.

Fire is a traditional management technique. Large portions of the
marshes along the Gulf Coast are burned regularly by trappers and wild-
1ife managers. The practice is particularly widespread in Louisiana
where most of the tidal marshlands are burned annually. Burning the
dead vegetation during winter supposedly enhances the growth of marsh
plants the following spring which means more food resources for pelt

mammals like nutria (Myocastor coypus) and muskrat {Ondatra zibethica)
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and for migratory birds (Myers 1956; Hoffpauir 1961; McNease and Glasgow
1970; Chabreck 1976; Whipple and White 1977); and may even provide the
proper nesting habitat for some resident ducks (Hackney and Hackney 1976).
The ecological effects of fire on marshlands have not been thoroughly
studied. Marsh fauna, particularly those specles inhabiting the sub-
strate may be susceptible to increased temperature generated immediately
near the marsh soil surface, In addition, they are subjected to variable
temperatures and humidity as a.result of exposure.during the .regrowth

of plant cover. Hoffpauir (1961) found that the temperature 2.79 cm
beneath the mud surface increased by 93°C during a fire. This increase
in temperature would destroy many of the resident infauna (e.g., marsh

clam Polymesoda carcliniana) which play an important role in the ener-

getics of the marsh (Duobinis 1978). Fire generally increases the net
primary productivity of a2 marsh although some marsh communities require
more tham two years to return to the prefire condition (Hackney and

de 1a Cruz 1977).

Fertilization has been used to promote the growth of marsh piants
experimentally (Marshall 1970, Nixon and Oviatt 1973, Sullivan and
Daiber 1974, Valiels et al., 1975, 1976, Payonk 1975), and to aid in
the establishment of marsh communities on spoil banks (Woodhouses et al,,
1974, 1976). Although no large scale application of fertilizers to ti-
dal marshes are known, the possibility of fertilization as a management
tool looks promising in the light of low nitrogen and phosphorus con-
centration in marsh soils,

Various marsh plants are grazed by cattle along the eastern and
Gulf coasts (Chabreck 1968). No other regular harvest of marsh. plants

are employed in the U.S. although the roseau cane or common reed



Phragmites communis is harvested annually in Europe for its cellulose

(de la Cruz 1978a). If any of the current works on chemical deriva-
tives (Miles and de la Cruz 1976) and on the pulping potential {(de
la Cruz and Lightsey, Unpubl. ms.) of marsh plants proves to be of
economic value, the prospect of regularly harvesting certain mar sh
plants for chemicals, cellulose, and other by-products, and employing
silviculture techniques to farm marsh grass in plantation fields exists.
This study evaluates the effect of fire, fertilizer and a simulated
harvest by clipping on the productivity of both aboveground (leaves and
stems) and belowground (rhizomes and/or roots) portions of Juncus roe-

merianus, Spartina alterniflora and S. eynosuroides in two marsh com-

munities each im St. Louils Bay, Mississippi and Dauphin Island, Alabama.
The elemental composition of the dominant plant species were examined
to determine if any of the above mentioned techniques influence the
chemical composition of the plants. The decomposition rates of both’
the aboveground portion of the plant (leaves and stems) and belowground
portion (roots and rhizomes), and the nutritional changes accompanying
decomposition of plant parts to detrital particles were also determined.

Natural stands of Spartina patens in Mississippi, and Distichlis gpicata

in Alabama, were studied for seasonal patterns of productivity, ele~
mental composition and aboveground decomposition.

Macrobenthic, meiobenthic and microbial density and diversity were
examined in the natural and selected altered marshes. Their roles in
the decomposition processes and other metabolic pathways in the system
are integral to the dynamic nature of marshes and their environs.

The various aspects of this research project were conducted in the

Gulf Coast marshes of Mississippi and Alabama (Figure 1). The Missis-~



sippi study area was located on a marsh island on the western side of
St. Louis Bay in Hancock County, Mississippi (Figure 2). The plant
communities on this island were previously described by de la Cruz

(1973) and Gabriel and de la Cruz (1974). The Juncus roemerianus marsh

was located on the southwestern side of the island approximately 100 m

south of a small tidal creek, The Spartina cynosuroides community was

located on the eastern side of the island. The two marshes are not
monotypic communities and each harbors at least three minor associated

species.

In Alabama, a Juncus roemerianus marsh and Spartina alterniflora

marsh, each on the leeward shore of Dauphin Island, Mobile County, were
used as study areas. An additional study site at Point aux Pins on the
mainland just east of the Mississippi-Alabama line was utilized for the

study of Distichlis spicata. Specles composition and envirommental set-

ting of the two Dauphin Island astudy sites have been previously des-
cribed by Stout (1978). The D. spicata study area is located in a typi-
cal Gulf Coast "salt pan" and consists of a broad bordering band of Disti-

chlis with minor contributions from Salicornia sps. and Batis maritima.

The substrate i3 sand with interstitial salinities well above seawater,
Ten square meter study plots each were established in the J. roe-

merianus (Misse.,) J. roemerianus (Ala.), S. alterniflora and S. cynosur-

oides communities. There was at least a 2 m buffer zone between areas.
All study sites in each marsh type were within a relatively small uni-
form area with respect to topography, hydrology, and fauna. The experi-
mental plots were marked with labelled wooden stakes and sampling tran-
sects across each plot were laid out along an east-west direction. The

four experimental plots in 1977 and six plots in 1978 were prepared and
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designated as follows:

1. Cut - The plot was hand-clipped as near ground level as
possible and all dead and living material removed from the
area.

2. Fertilized 1977 - The plot was treated with 7.1 kg of
commercial fertilizer (13-13-13) by hand broadcast as
evenly as possible with minimum disturbance of the area.

3. Fertilized 1978 - The plot was treated with 136 g/mz of
commercial NH,NO, (34% N) with some technique as in 1977.

4. Burn - The plot was burned to the ground.

5. Control - Natural undistrubed plot.

6. 1978 recut.

7. 1978 reburm.

A single 10 x 10 m study plot each was established in the undis-

turbed Spartina patens and Distichlis spicata. No experimental treat-

ments were applied to either of these species.
The results of these studies are presented as separate papers

addressing each of the various topics that make up this project.
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ABSTRACT
Standing crop of above- and belowground biomass of Juncus

roemerianus, Spartina alterniflora, and Distichlis spicata in Alabama

and Juncus roemerianus, Spartina cymosurcides and Spartina patens in

Migsissippi were determined monthly be means of the harvest methods.
Six replicates of 0.25 m2 quadrats for aboveground and six of 10 cm
diameter cores for belowground were collected and their mean values
were used in estimating the annual net primary productivity from a
predictive periodic maximum - minimum model corrected for die-cut.
Annual aboveground net primary productivity during the 1977 growing

anus, 580 g/mz; S. alterniflora, 240 g/mz; 5. cynosuroides, 1740 g/mz;and

Distichlis spicata, 100 gm/mz. During the 1978 growing season, pro-

ductivity of Alabama J. roemerianus was 63 g/mz, Mississippi J.

roemerianus 750 g/mz, S. alternifiora 110 g/mz, and 5. cynosuroides

2860 gfmz. Except for 5. cynosuroides, these productivity estimates

are all lower than values reported previcusly for similar type marshes.
Productivity could not be determined of belowground materials although
the standing crop down to 20 cm depth was consistently high for all
species: 2-4 kg/m2 for Alabama J., roemerianus, 5-7 kg/m2 for Mississippi

J. roemerianus, 3-7 kg/m2 for S§. alterniflora, 6-9 kg/m2 for §. cynosuro-

ides, 1-3 kg/m2 for D, spicata and 5-8 kg/m2 for S. patens. Belowground
biomass includes both live and dead materials which could not be
realistically separated. No periodic or seasonal pattern was found

for S. patens. Thus no productivity estimate could be made.
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INTRODUCTION
Coastal marshes are commonly characterized as sites of extremely

high primary production. Available data, however, are insufficient
to support or refute such a generalization. It is more likely that
narshes differ considerably in their productivity. The diverse
nature of marshlands along the Gulf Coast offers an ideal oppor-
tunity to test differences in the primary productivity of different
species of marsh plants. The marsh types described by Uhler and
Hotchkiss (1968) as irregularly flooded marsh dominated by Juncus

roemerlanus, waterlogged salt flats of Distichlis spicata, and salt

meadows of Spartina alterniflora and lush stands of Spartina cynosuro-

ides are found in Alabama-Missigsippi coastal estuaries. Mixed stands
of several marsh plant specles are common. As many as 34 species may
be found in one locality although only a few of these are of major
importance (Gabriel and de la Cruz 1974).

Primary production studies in the northern Gulf of Mexlico marshes
are few. Kirby (1971) reported an annual net production of 1006-1410

gm ° for an S. alterniflora warsh in Louisiana. Eleuterius (1972)

estimated production value of about 2000 gm-2 yr-l for a J. xroemerianus
marsh in Migsissippi. More recently studies on marshes at St. Louils
Bay estuary in Mississippi showed production value of 1-2 kg/mzlyr
{Gabriel and de la Cruz 1874; de la Cruz 1974). In all these studies,
only the annual net primary productivity of aboveground materials was

measured.



MATERIALS AND METHODS
Six 0.5 x 0.5 m (0.25 mz) plots were collected monthly from
April through September 1977 of the following marsh types: J.

roemerianus, Spartina alterniflora and Distichlis spicata in Alabama

and J. roemerianus, Spartina cynosuroides, and Spartina patens, in

Mississippi. All living and dead materials were removed from each
harvested plot including litter. Using the wooden stakes as reference
points, a random stratified sampling procedure was used. Such a
prodedure randomiy selected certain areas within each study plat
without causing severe trampling damage to the marsh. The six
replicates were randomly collected from within this subarea.

Each sample was transported to the laboratory where it was separ-
ated into living and standing dead plants (those plants that were dead,
but still attached to the roots or rhizomes), and litter on the ground.
Living plants were separated according to species. All separated
material was dried at 103° C to constant weight and weighed. A sub-
sample from each live sample was retained each collection peried for
caloric and ash-free dry weight analyses.

The estimate of net primary productivity for any area varies
depending on the methed of estimation, species of vascular plant,
geographic area, etc. (Turner 1976, de la Cruz 1978b)}. In this study,
we estimated productivity according to a general pericdic model
designed by Hackney and Hackney (1978). Essentially, this is a max.~
min. technique except that the maximum and minimum values are extracted
from a predicted perlodic curve based ou all of the data. The standard
max.-min. technique uses only the highest and lowest actual values and

essentially ignores the rest of the data.



Six belowground samples were collected from each plot at the
same time as the aboveground with a coring device (10 cm diameter)
previously described by de la Cruz and Hackney (1977). Each core
was cut into 2 sections, 0-10 and 10-20 cm, referred to as sections
A and B, respectively. Most of the living subterranean material were
previously observed to be located in the upper 20 cm of the marsh
substrate (de la Cruz and Hackney 1977, Stout 1978). Each core
section was transported to the laboratory and washed thoroughly, but
carefully, in rumning tap water over a 1 mm sieve. Living and dead
rhizome/root materials were not separated. Each core was dried to a
constant weight at 103° ¢. A subsample from the A and B core-section
was retained each collection period for caloric and ash~free dry weight
analyses.

Monthly sampling of aboveground materials was continued in 1978

in the two J. roemerianus, S. alterniflora, and S. cynosuroides

communities to determine second year productivity.

RESULTS AND DISCUSSTION

JUNCUS ROEMERIANUS MARSH -~ MISSISSIFPI

The J. roemerianus marsh reached its peak total live biomass in
July 1977 with 1060 g/m2 and in September 1978 with 1155 g/m2 {(Table 1).
The biomass of dead standing material was constantly high throughout
both years. During all collections there were almost 300 g/m2 of litter
in 1977 and generally more litter in 1978 (Table 1).

Minor species assoclated with J. roemerianus in Mississippi were
an important component of the plant community biomass. These were, in

order of relative importance by weight, Spartina cynosuroides, Fimbri-
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stylis castanea, S. patens, Distichlis spicata, Panicum amarulum and

Boltonia asteroides. Lilaeopsis chinensis was also found but was not

harvested because of its short, prostrate growing characteristic.
The minor speciles were not an important component of the plant
community before March (less than 10%), but as the growing season
progressed they became more important. In May associated minor
species accounted for 32,6% of the plant biomass and then decreased
to approximately 20% for the remainder of the study.

Aboveground primary productivity based on the predictive periodic
model (PPM) revealed values of 584 g/m2 in 1977 and 753 g/m2 in 1978.
As can be seen in Figure 1, the PPM for 1977 growth pattern followed a
single harmonic curve while 1978 has a two harmonic curve. The 2-peak
biomass observed In 1978 growing season occurred in both the Mississippi
and Alabama forms of J. roemerianus. The only explanation for this is
the great difference in weather conditions - the earlier and more
severe winter conditions in 1977 suppressed the otherwise continuous
growth of Juncus. This indicates that the growth pattern and producti-
vity of a J. roemerianus marsh can vary from year to year depending on
climate and weather changes.

Analyses of the belowground biomass revealed no apparent annual
pattern (Table 2)., The biomass in the top 10 cm was always higher than
the biomass in the 11-20 cm level during all months. The total below-
ground biomass was lowest in May {(4.92 kg/mz) and highest (6.11-6,41
kg/mz) in June and November. There was less variation in the month-to-
month biomass at the 11-20 c¢m level. Due to the limited data, no

belowground productivity estimates could be made.
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Figure 1, Periodic max.-min. curves for the Mississippi J. roemerianus
comaunity.



Table 2. Standing crop of belowground biomass (kg/mz) in the Mississippi
J. roemerianus marsh at the 0-10 c¢m and the 11-20 em depth levels.

DATE 0-10 cm DEPTH LEVEL 1i-20 cm DEPTH LEVEL TOTAL
02-15-77 3.24 2.42 5.66
04=-27-77 3.00 2.90 5.90
05-25~77 2.46 2.46 4.92
06-29-77 3.38 2,53 6.41
07-29-77 2.24 2.30 4.54
08-26.77 2.84 2.23 5.07
09~17~77 3.83 2.23 6.11

11-26-77 2,86 2.57 5.43




JUNCUS ROEMERIANUS MARSH - ALABAMA

Natural stands of Juncus roemerianus showed no apparent seasonal

pattern in blomass production over the study period (Table 3). Monthly
standing crop was different in the two years, thus, minimum and maxi-
mum biomass did not occur in the same month. Dead biomass comprised
over 50 percent of total standing biomass at all times, contributing
over 70% throughout the winter months. Standing crop values were
significantly higher than in the Mississippil Juncus marsh but the
productivity of 455 g/m2 was lower. The large quantities of standing
dead stems create a dense cover which may contribute to the lack of
minor species within this community. No measurable contribution to
biomass was found for minor species, although occasional single plants
were observed. The Alabama study marsh is essentially a monospecifice
community of J. roemerianus. While the Alabama Juncus marsh is quite
different from that of Mississippi for beingmore saline and monotypic,
the growth pattern in 1978 also showed a two harmonics—curve (Figure 2)
indicating the greater influence of climate and weather.

Analysis of belowground biomass production revealed a rather uni-
form biomass concentration., Levels of biomass were essentially similar
at the 0-10 cm and 11-20 cm depths (Table 4). Though belowground
biomass appeared to decrease in the top 10 centimeters through the
summer months, no seasonal pattern was determined.

SPARTINA CYNOSUROIDES MARSH

The standing crop summarized in Table 5 indicates once again the
difference between 1977 and 1978 plant growth and production. Since

most of the living leaves and stems of plants in this community die
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Table 4. Standing crop of belowground bilomass (Kg/mz) in the Alabama

levels.

J. roemerianus marsh at the 0-10 cm and the 11-20 cm depth

DATE 0-10 cm DEPTH LEVEL  11-20 cm DEPTH LEVEL TOTAL
02-17-77 2.48 1.03 3.51
04-20~77 1.99 1.32 3.1
05-19-77 1.96 1.37 3.33
06-29-77 0.99 1.23 2.22
07-26-77 0.92 1.51 2.43
09-07-77 1.69 2.13 3.82
11-28-77 2.18 1.01 3.19
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during winter there were few living plants before February 15 and
after November 28, 1977. However, there were live plants until
December 1978, and the milder winter in 1978 induced higher maximum
blomass of 1661 g/m2 in June as compared to 1220 g/m2 in the same

month in 1977, Typically the standing dead material in S. cynosuroides

marsh consists of three age classes. The oldest year class (3 year)
consists of only the lower portions of tough stems while the second
year age class includes the whole intact shoot. The newly dead plants
include the stem and all or most of the foliage. This, of course,
depends on the time of the year with the previous description best
suited to the community at the end of the growing season. The addition
of the new year's growth to the standing dead component increased the
standing dead plant material, for example, from 1014 g/mz to 1806.7 g/m2
two months earlier. During the months of the growing season, the
standing dead plant material decreased as the stems and leaves fell to
the ground and entered the litter component (Table 5). Because flooding
does not occur regularly on this marsh, and because of the dense
vegetation, litter tends to stay within the community. Thus, litter
increased almost proportionately to the decrease of standing dead
material in the spring.

Six additional vascular plant specles were collected in the S.

cynosuroldes marsh. Panicum virgatum, Scirpus americanus and S.

robustus were found regularly while Juncus roemerianus, Distichlis

spicata and Boltonia asteroides were only occasionally collected.

P. virgatum was the most important minor species which accounted for
as much as 40% of the standing biomass during parts of the growing

season. Scirpus spp. were most important early in the growing season,
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but were mostly dead by the end of June. During the winter and at
the beginning and end of the growing season the assoclated speciles
constituted 100% of the living plant biomass, although the amount of
1iving plant material in these comuunities was low during these
periods.

Based on the PMM model depicted in Figure 3, net aboveground
primary was 1737 g/mzfyr. During the second year, corrected biomass
was much higher and beginning July until winter yielded a higher
production value (2860 g/mz) over that of the previous year.

There were no significant statistical differences among the
belowground biomass values at either depth level. The root-rhizome
biomass was significantly higher in the 11-20 cm level than in the
0-10 cm level. In general, the maximum biomass occurred during the
summer in July and August (Table 6). This peak occurred at the same
time as the high aboveground biomass.

SPARTINA ALTERNIFLORA MARSH

Within the natural plot of S. alternifiora live and dead biomass

increased through the warm growing season, to a peak of 412.6 g/m2

in June, then declined to a winter low of 86.1 g/m2 in November
(Table 7). Conversely, dead biomass peaked in the winter during the
minimal growth period with a peak of 520.0 g/m2 in February declining
through the warmer months to a low of 141.3 g/m2 in July. Movement
of biomass from the living componemt to the dead was demonstrated by
an approximate one month lag in response of the dead compartment.
Living material was found at each sampling date, evidence of some

growth and production year-round. 1978 showed gimilar biomass
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Table 6. Standing belowground biomass (kg/mz) in the S. cynosuroides
marsh in the 0-10 cm and 11-20 cm depth levels.

DATE 0-10 cm DEPTH LEVEL 11-20 c¢m DEFTH LEVEL TOTAL
02-15-77 2.84 - 4.07 6.91
04-19-77 2.64 4,66 7.30
05-24-77 2.37 3.92 6.29
06-28-77 2.80 4.55 7.35
07-28-77 3.97 4.38 5.85
08-26-77 2.25 4.75 7.00
09~-17-77 2.85 4.19 7.04

11-26-77 2.23 3.51 5.74
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patterns as 1977 except a much lower dead:live ratio during the
later part of 1978.
Aboveground primary productivity based on the PPM curves
(Figure 4) was higher in 1977 (240 g/mz) than in 1978 (140 g/mz).
No seasonal patterns of root/rhizome biomass production can be

seen in the §. alterniflora marsh. There was slightly greater biomass

in the lower 11-20 c¢m portion (Table 8).

DISTICHLIS SPICATA MARSH

Productivity of natural Distichlis spicata was seasonal. Total

biomass increased to a June peak of 673.9 g/m2 of which 470 g/m2 was
dead and 203.7 g/m2 was living (Table 9). Living biomass declined
after peak production while dead biomass remained moderately high.
Dead material contributed greatar than 50% to total biomass throughout

the study.

The periodic model for Distichlis spicata generated a max.-min.

curve very close to the actual curve (Figure 5) and yielded a producti-
vity estimate of 100.2 g/mz.

There was no significant seasonal variation in belowground biomass
production in either depth segment of D. spicata cores. However, the
0-10 cm segment obviously produces greater biomass {Table 10) than in
the 11-20 cm portion, respective mean values determined to be 1431.9
g/m2 and 315.6 g/mz.

SPARTINA PATENS MARSH

No periodic or seasonal pattern was found in the §. patens stems
and shoots (Table 11). Thus, no productivity estimate could be made.
Living biomass ranged between 140.7 to 68.7 g/0.1 m2 during the study.

This variabllity was apparently due to the small sample size neces-
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Periodic max.-min. curves for the 8. alterniflora marsh,
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Table 8. Standing crop of belowground biomass (kg/mz) in the Spartina
alterniflora marsh at the 0-10 cm and the 11-20 cm depth levels.

DATE 0-10 cm DEPTH LEVEL 11-20 cm DEPTH LEVEL TOTAL
02-18-77 2.38 3.10 5.438
04-26~77 2.85 4,01 6.36
05=23-77 2.36 3.65 6.01
06-29-77 2.63 3.72 6.35
07-27-17 2.93 1.95 4.88
09-12-77 2,85 2.25 5.10
11-29-77 1.45 2.64 1.09
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Table 10. Standing crop of belowground blomass (kg/mz) in the D. spicata
marsh at the 0~10 cm and 11-20 c¢m depth levels.

DATE 0-10 cm DEPTH LEVELS 11-20 cm DEPTH LEVELS TOTAL
02-21-77 1.36 0.22 1.32
04-27-77 1.02 0.09 1.11
05-24-77 1.11 0.10 1.21
06-21-77 1.38 0.27 1.61
07-25-77 1.84 0.36 2.20
08-25-77 1.17 0.41 1.58
09-14-77 1.09 0.13 1.22
11-30-77 2.50 0.95 3.45
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sitated by the small area of this community. The biomass of dead
standing material varied between 33.3 and 790 g/0.1 m2 (Table 10).
Liter was also variable with between 4.0 to 161. g/0.1 m2 collected.
This was almost a monotyplc community of §. patens (Table 11). Only

two other species, J. roemerianus and Scirpus robustus, were infrequent-

ly collected.

The biomass of roots and rhizomes ranged from 2.6355 to 4.4053
kg/m2 in the 0-10 cm zone and from 2.6483 to 3.4376 kg/m2 in the 11-20
cm zone (Table 12). Because of the variability among the six replicates

collected each sampling period, no productivity estimates were made.

CONCLUSION

On the basis of this two~-year study, we can make the following
conclusions:

1. The aboveground primary productivity of marsh vascular plants
can vary from year to year due to extreme changes in climate and
weather.

2. The vegetatibnal structure, phenology, and productivity of

the sedge Juncus roemerianus is different from the Spartinma grasses.

3. Except for Spartina cynosuroides, the aboveground primary

productivity values obtained in this study are lower than those
reported previously for the same types of marsh communities.
4. Annual productivity of belowground materials are difficult

to measure and require the separation of live from dead tissues.



Standing crop of belowground biomass (kg/mz) in the S. patens

Table 12.
community in the 0-10 em and 11-20 cm depth levels.

DATE 0-10 ¢m DEPTH LEVELS 11-20 c¢m DEPTH LEVELS TOTAL
02-15-77 3.23 2.39 6.12
04-27-77 3.11 3.44 6.55
05-25=77 2.64 3.03 5.67
06-29-77 3.03 3.50 6.53
07-29-77 3.83 3.35 7.23
08-26-77 3.06 2.65 5.71
09-17-77 4.41 3.20 7.61
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In Situ Decomposition of Roots and Rhizomes

of Two Tidal Marsh Plants 1

Courtney T. Hackney and Armando A. de la Cruz

University of Scuthwestern Louisiana and Mississippi State University

ABSTRACT

In situ decomposition of roots and rhizomes of the marsh plants

Juncus roemerianus and Spartina cynosuroides was investigated using the

litter bag technique., The decomposition rate was greatest in the top
10 cm (20% welght loss/yr) of the marsh soil. There was no apparent de-

composition below 20 cm depth. Belowground tissues of S. cynosuroides

decomposed faster than those of J. roemerianus during the first four
months, The rhizome decomposition rate of 27%/yr (weight loss) was

faster than the 16%/yr of the roots of J. roemerianus. There was no

difference between the decomposition rate of mixed root and rhizome
materials between experiments initiated in winter and those started in
the spring. This indicates a relatively constant decomposition rate
during the year in the 0-10 cm soil zone. There was no apparent trend

in the hydrogen, carbon, phosphorus, nitrogen, or caloric content changes

of the decomposing roots and rhizomes during the study.

1This work was supported by a grant from the Mississippi-Alabama
Sea Grant Consortium Project No. 40(3), Contribution No. M-ASGP-

77-040,
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INTRODUCTION

The extensive mats of roeots and rhizomes produced by vascular
plants 1In coastal marshes (Gallagher 1974; Valiela et al. 1976;

Stroud 1976; de la Cruz and Hackney 1977) may be a potential soutce of
energy and nutrients for estuarine-dependent consumers. Belowground
marsh plant materials may enter the aquatic system through the digging
of burrowing invertebrates, feeding and nesting activities of certain
rodents and waterfowl, erosion along high energy shorelines and banks,
or by seepage of dissolved substances produced by subterranean decom-
position processes {de la Cruz and Hackney 1977). In an earlier pub-
lication we reported that particulate rhizospheric materials have been
observed in seston samples collected from tidal creek and bayou waters
in Mississippi (de la Cruz and Hackney 1977). Uprooted chunks of marsh
plants may be found floating in the water or stranded on the marsh.

The value of root-rhizome materials to estuarine organisms is mediated
by decomposition processes that will incorporate these materials into
the detritus pool. To date, there is no published information regarding
the decomposition of belowground portiong of vascular plants in brackish
marsh soils or on the subsequent caloric and elemental changes which
normally accompany decomposition. The high belowground productivity of
marsh plants and the potential role they may play in the energy and
nutrient fluxes in the marsh-estuary prompted this investigation.

Our objectives were to determine the in situ decomposition of dead
roots and rhizomes in two tidal marsh communities and to relate these
decomposition rates to corresponding caloric and elemental changes of
the decomposing tissues, and to relate belowground tissue decomposition

to the energetics of the marsh-estuarine system.
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MATERIALS AND METHODS

The marshes studied are located on a marsh island'situated on
the western side of St. Louis Bay, Hancock County, Mississippl Gulf
Coast. The vegetation and productivity of these marsh communities were
initially described by de la Cruz (1973) and Gabriel and de la Cruz
(1974). Belowground plant materials were collected from a marsh domin-

ated by Juncus roemerianus in November 1976 with a sampling device 10 cm

in diameter and 50 cm long. Each core was cut into 3 sections, 0-10,
10-20, and 20-30 cm, and referred to as A, B, and C. Each section was
divided into quarters and the roots and rhizomes washed theroughly, air
dried to a constant weight, and placed in dry preweighed 7 x 19 cm nylon
bags with 1.25 mm mesh. Thirty-five bags containing a mixture of roots
and rhizomes were prepared from each of the three sections. In addition,
25 litter bags of pure root materials and 25 bags of rhizomes both col~
lected from the 0-10 cm depth were separately prepared. The 35 litter
bags containing mixed root and rhizome materials were placed below the
marsh surface on 3 December 1976 by removing a 40 cm core (10 cm diam-
eter). The core was sliced 5, 15, and 25 cm from the surface level and
litter bags individually inserted into the core as follows: the A sec-
tion at 5 em, B section at 15 cm, and C section at 25 cm. The core
(with litter bags) was then placed into the hole from which the original
core was removed (Figure 1). The 25 litter bags containing roots and

25 containing rhizomes were buried only at the 5 cm depth followigg the
same procedure. Seven mixed A, B, and C bags and 5 each of root and
rhizome bags were collected approximately 1, 2, 4, 8, and 12 months

after they were buried,

Additional roots and rhizomes from the Juncus and Spartipa communi-
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ties were collected in February 1977 and 48 more litter bags of mixed
root-rhizomes material from the 0-10 and 10-20 cm levels of each spe-
cies were prepared as before and replaced in the respective marshes on
16 March 1977. TFor comparison approximately 50 g of air dried dead
aboveground leaves and stems were collected from the Juncus and Spartina
communities, and placed in each of 48 nylon litter bags (31 x 31 cm with
3.1 mm mesh). These bags were returned to the marsh on 16 March 1977

in the same area where the belowground litter bags were located. Eight
aboveground litter bags and 8 belowground bags from each of the 5 cm and
15 cm depths were retrieved from each marsh type approximately 1, 2, 4,
6, 8, and 12 months later.

All liter bags were returned to the laboratory, socaked for 24 hours
in tap water and washed carefully. The bags analyzed for loss of weight
were dried at 103°C and subsamples retarined for caloric and ash~free
dry weight analysis. The bags analyzed for C, H, N, and P were dried
at 50°C and pooled samples were ground in a Wiley-Mill ™ with a No. 60
sieve. Analyses were performed as follows: ash-free dry weight by com-
bustion at 550°C for 6 h; energy content by combustion in a Paar Adia-
batic Bomb Calorimeter Model 1214TM; carbon and hydrogen by means of a
Coleman C-H Analyzer Model 33TM; and total nitrogen by means of a Coleman
N Analyzer Model 29-021TM. Total phosphorus was determined by perchloric

digestion following the method outlined by Howitz (1375).
RESULTS

DECOMPOSITION RATES
Decomposition of belowground tissues was greatest at the 5 cm depth

(Tables 1 and 2) for both J. roemerianus (18.0% after 382 days and 17.5%
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after 360 days) and §. cynosuroides (20.5% after 360 days). Decomposi-

tion rates were slower at the 15 cm level (7.9 to 8.3%/yr} and showed
no weight loss until after 5 months in the J. roemerianus marsh (Tables

1l and 2 ). 1In comparison, S. cynosuroides decomposed slightly faster,

6.77 after 134 days but ramained undecomposed for the remainder of the
experiment (Table 2). No decomposition of J. roemerianus belowground
tissues occurred at the 25 cm depth.

Juncus rhizome materials decomposed faster (26.,5%) than roots
(17.3%) (Table 1). Materials deployed in winter exhibited virtually
the same decomposition rate as those initially exposed 1n the spring
{Tables 1 and 2).

Roots and rhizomes buried at the 15 cm and 25 cm levels in the J.
roemerlanus experlment initiated in winter gained weight (8.7 and 6.1%,
respectively) after 43 days in the Marsh (Table 1). A similar phenomenon
was noted in the 15 cm level of the spring experiment and also in S. cyno-
suroides through 70 days of exposure. There was no significant difference
(a¢= .05) in the decomposition rates of the mixed root-rhizome material
at the 5 cm depth between the two J. roemerianus experiments. Twenty-
one percent of the materials collected from 0-10 e¢m level and buried at
5 cm depth was lost after one year in experiment 1 and 19% in experiment
2 based on predictive linear models. The rhizomes, which seemed to be
the toughest material at the Initiation of the experiment, decomposed
faster than the roots (Figure 2). The decomposition rate of the roots
and rhizomes was significantly different (o = .03 x 46 = 36.16). Based
on predictive models, 16% of the pure root and 27% of the pure rhizome
material decomposed after one year. The root tissues buried at 5 cm

depth were still firm after 382 days while rhizomes had become
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soft and flacecid. No materials in the 15 cm and 25 cm levels were visi-
bly changed at the conclusion of either experiment.

As expected, decomposition rates of aerial plant parts were faster
than those of subterranean parts. About 48% of J. roemerianus and 26%

of §. cynosuroides ahoveground parts decomposed after 360 days in the

field. 1In a similar study, but using 5.0 mm mesh bags, de la Cruz and
Gabriel (1974) and de la Cruz (1974) reported a 407 decomposition for
Juncus and a 57% rate for 8. cynosuorides, respectively. The smaller
mesh bags were probably responsible for slower decomposition of S. c¢yno-

suroides shoots in the present study.

CALORIC AND ELEMENTAL ANALYSIS
There was a slight increase from day 0 in the caloric content of

the decomposing aerial tissues of J. roemerianus and §. cynosuroides

(Table 3). The percentages of nitrogen and phosphorus varied, but gen-
erally increased after 360 days of in situ decomposition (Table 3).
The carbon and hydrogen components showed ne pattern of change.

There was no discernable pattern of change with respect to any of
the four elements and energy value examined for the roots and rhizomes
during the 12 month period at any depth in either marsh type. Mean
value for the decomposing roots and rhizomes is provided in Table 4.

The elemental and caloric compositions of the decomposing rocts and
rhizomes were similar to those found by de la Cruz and Hackney (1977)
for living roots and rhizomes. Due to lack of sufficient specimens,
root and rhizome materials were not analyzed separately.

In general, the carbon content of the decomposing roots and rhizomes
was lower than the decomposing leaves. The percent nitrogen, phosphor-
us, and hydrogen was essentially the same in the decomposing roots and

rhizomes as in the decomposing leaves. Caloric content of below and
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Table 3. Changes in the nitrogen (N}, phosphorus (P), carbon (C), hydro-
gen (H), and energy contents (KJ/g AFDW) in decomposing above-
ground plant material, Each value is based on three replicates
of a composite sample. Two field samples formed compcsite samples
for N, P, C, and H and six field samples composed samples for
calorimetric and ash-free analyses.

Days in
the Field ZN A %C 7H KJ /g AFDW
J. roemerianus
0 0.46 0.063 46.5 6.1 18.6
43 0.41 0.065 46.2 6.3 19.3
70 0.23 0,063 43.8 6.5 19.1
134 0.21 0.064 44.0 5.9 18.3
185 0.54 0,064 46.0 6.0 19.7
253 0.56 0.064 44,5 5.9 19.9
360 0.51 0.068 44 .8 5.9 19.3
§. cynosuroides
0 0.26 0.061 &5.7 5.8 18.6
43 0.26 0.059 44,9 6.0 18.6
70 0.31 0.063 42.0 6.2 19.6
134 0.25 0.063 43.7 5.9 19.0
185 0.39 0.064 bi 4 5.3 19.2
253 0.32 0.064 42 .4 5.2 20.2
360 0.32 0.067 45.4 6.1 19.0




Table 4, Mean nitrogen (N), phosphorus (P), carbon (C), hydrogen
(H), and energy contents of KJ/g AFDW of decomposing
belowground plant meterials.

Species/depth 7N iP %C #*H KJ/g AFIW

Spartina cyncsuroides 0.41 0.067 37.9 5.0 19.8
{(buried 5 cm)

Spartina cynosuroides 0.39 0.065 40.9 5.2 19.7
(buried 15 cm)

Juncus roemerianus 0.48 0.068 43.2 5.5 20.2
(buried 5 cm)

Juncus roemerianus 0.45 0.067 41.5 5.4 20.9

(buried 15 cm)
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aboveground materials was also within the same range.
DISCUSSION

The Litter Bag Technique is usually assoclated with aboveground de-
composition studies and, with slight modification, had worked well with
our belowground study. Air drying the plant material before beginning
the experiment undoubtedly altered the microorganism populations of the
root-rhizome material, but we considered this better than drying at 103°C
and altering some of the chemical constituents of the plant material.

A conversion factor was then necessary to convert air dried weight to
oven weight at 103°C and may have contributed to the varilability between
litter bags containing mixtures of roots and rhizomes., There was less
variability between bags containing pure root or pure rhizome materials.

We found it impossible to remove a core of soil without causing some
disruption of the soil community and noted that the characteristic color
and odor of the soil did not return until our ‘second collection (after
2 months). The return to normal scoil conditions may be due to the pene-
tration of the disturbed soil by new roots, especially at the 3 cm and
15 cm depths. Another difficulty was the penetratibn of the litter bags
by new roots after eight months. In the samples buried 382 days, re-
moval of the new root growth from the litter bags proved to be difficult,
While we feel that we were successful in removing 95% of the newly grown
roots, the invasion of new roots into the litter bags might render longer
studies inaccurate, It was not possible to separate completely dead
roots and rhizomes from live tissues; thus, the materilals enclosed in the
litter bags were a mixture of dead and living materials. Ideally, one

would use recently dead roots and rhizowes, following the procedures



normally applied in aboveground decomposition studies.

De la Cruz and Hackney (1977) found that the belowground produc-
tivity of the Juncus marsh was 1.36 kg/mzlyr and suggested that the
productivity was probably higher since the technique used to estimate
productivity ignored loss by decomposition. The slow decomposition
rate of belowground materials suggests that even if all of the decom-
position occurred at the time of peak biomass (i.e., during May-June)
there would be no increase in the productivity 20-30 cm below the marsh
surface and only an 8% increase in the 0.60 kg/mzlyr produced in the 1O~
20 cm depth. There would be about 20% increase in the top 10 cm of the
marsh substrate. Our predictive linear models of the decomposition in
the 0-10 cm level suggest that the decomposition rate is relatively
constant during the year since the early winter study and the early
spring study had the same decomposition rate at the 0-10 cm level.

The live and dead plant tissues present in the top 40 cm of the
marsh soil ranged from 9.7 -12.4 kg/m2 (de la Cruz and Hackney 1977},
Eleuterius (1975) estimated that one third of the rhizomes of J. roemeri-
anus are replaced by new growth each year. Thus, based on the produc-
tivity previously estimated (de la Cruz and Hackney 1977) only about
4.0 kg/m2 of the belowground plant material is alive at any one time.

The loss of plant material by decomposition can be considered constant
which would not change the 1.36 kg/mzlyr productivity estimate. Because
the belowground standing biomass returned to about the same level after
one year, de la Cruz and Hackney (1977) suggested a higher decomposition
rate than we found in this study. Apparently there is not peat formation
in the upper levels of the marsh (Hackney and de la Cruz 1978) since sur-

face organic content of the marsh scil remains constant due to the con-
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tinuous addition of organic and inorganic materilals from terrestrial
overflow. During one year of actual measurements of suspended material
transport, we found that this addition amounted to 168 g/m? (Hackney and
de la Cruz, In Press). This suggests that our earlier hypothesis was
true (de la Cruz and Hackney 1977) i.e., that dead root and rhizome
material is comstantly being buried. Enough inorganic sediment is being
added to maintain a marsh soil relatively low in organic content. The
addition of roots and rhizomes Co the marsh soil is greatest in the 10-
20 em level where the root-rhizome productivity is high and where the
decomposition is low. Thus, the marsh is actually growing from below
the marsh surface.

The biomass of roots and rhizomes im the upper 20 cm of the

S. cynosurcides marshis high, 10.9 kgfm2 (de la Cruz and Hackney 1977 .

The roots are particularly demse in the upper 10 ecm where they are
frequently found covering the surface of the marsh. This may be in
response to nutrient availability. Because Spartina species are known
to pump oxygen down into the soil through their roots (Van Raalte 1940;
Waisel 1972), we expected their roots and rhizomes to decompose faster
than the Juncus, since Reddy and Patrick (1975) found a greater
decomposition rate in aerobic versus anaerobic soils. Low subsurface
decompositions rates were reported for freshwater marshes (Heal, Latter
and Howson 1978). Martin and Holding (1978) suggested that this
decreased decomposition rate was not only due to the aerobic condi-
tions, but was caused by the slower heating of waterlogged soils and
the lack of macerating organisms in the soil. Differences between

the decomposition rates of the two species may also be affected by

texture and fiber strength of the rhizospheric tissues.
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The root-rhizome material gained weight after the initiation of
all experiments in the 15 and 25 cm depths. There was still more than
100% of the original material by weight after 382 days in the 25 cm
level (Table 1). The same phenomenon was observed by Stout {pers.

comm.) in a J. roemerianus and in a Spartina alterniflora marsh on

Dauphin Island, Alabama. We suggest that there may be a process of
mineralization occurring in the 15 and 25 cm levels. Indeed, Howarth
(1978) found that iron pyrite forms rapidly in anaerobic salt marsh
coils and that as much as 90% of the labeled sulfur he introduced into
these soils was converted into iron pyrite that was eventuglly associ~
ated with organic matter. This phenomemon deserves attentiom.
Traditional studies of the decomposition of aerial portions of
marsh plants usually reveal an increased nitrogen content {de la Cruz
1973). Decomposition rates of the aerial portions were also similar
to those reported earlier (de la Cruz 1973). The absence of apparent
trends in the nitrogen, phosphorus, carbon, hydrogen or the energy
value of either species of root-rhizome material at either the 5 or
15 cm depths indicates that either the microbial populations are
constant or that the normal elemental changes associated with
decomposition require a longer period of time to become obvious. The
lack of any significant changes of these elements further substantiates
the very slow decomposition rates of roots and rhizomes in marsh soils.
In waterlogged soils, decomposition a few centimeters below the surface
is extremely slow due to anaerobic conditions (Clymo 1965; Reddy and
Patrick 1975). The large biomass of decaying plant material present
belowground and the relatively undiminished nutritive value of this

material mean that there is a stable, highly nutritious energy supply
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available for organisms which may be able to utilize such a source.
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ABSTRACT
Recognition of salt marsh plant detritus as a source of energy
and nutrient for estuarine animals prompted investigation of jin situ
decomposition and elemental analyses of four plants at various stages

of decay, namely: Spartina alterniflora, Juncus roemerianus. Distich-

lis spicata, and Spartina patens, commonly growing in Alabama and

Mississippl Gulf coasts. Annual decomposition of aboveground material
for these four plants were 86, 44, 38, and 36% respectively. There
was a general decrease in carbon and hydrogen, and a slight increase
in nitrogen, phosphorus and caloric content of aboveground tissue
during decomposition.

Annual loss of belowground biomass due to decomposition was most
consitent with depth for J. roemerianus, losing 25% in the upper 10 cm
and 22% at depths of 11-20 cm. The greatest belowground loss of 31%

was for S. alterniflora at the 11-20 cm depth with only 14% loss 1in

the upper 10 cm. Decomposing belowground material did not exhibit
any discernable patterns of change in tissue nutrient or caloric

content.
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INTRODUCTION

A common bioclogical feature of tidal marshes is high primary
productivity which supports coastal marine fisheries. The link
between marshland organic productivity and marine fertile fisheries
is the complex interaction of decomposition processes and transport
mechanisms that make energy and nutrients produced on the marsh
available to marine consumers. Initial to this important ecosystem
coupling of marsh and estuary is the breakdown of abundant plant
matter Into particulate detritus. In this paper, we examined the
decomposition to particulate detritus of 4 species (smooth cordgrass,

Spartina alterniflora; black needlerush, Juncus roemerianus; salt

grass, Distichlis spicata; and wire grass Spartina patens) of vascular

plants common in the Mississippi-Alabama coastal marsh. To simulate
natural conditions under which decomposition takes place, dead plant
shoots which were about to fall on the ground were collected in early
winter and root and rhizomes extracted from the marsh substrate, that
appeared to be dead, were used in the experiment. To determine nutritive
changes in the decomposing plant tissues, ash-free weight, caloric
content, and carbon, hydrogen, nitrogen and phosphofus concentrations
were analyzed. Previous reports {(e.g. Gabriel and de la Cruz 1974;

de la Cruz 1975) have shown that there is a retention of and/or increases

in, nutritional quality of the decomposing detritus.

MATERTALS AND METHODS
In situ decomposition of dead plant wmaterials was determined by
means of the litterbag technique commonly employed in this type of

study.
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Dead aboveground materials were collected from the four marsh
commmnities, air dried, and approximately 50 grams was placed in each of
48 nylon-mesh litterbags (31 x 31 cm; 3.1 mm mesh). These bags were
deployed on the marsh in the same area and time as the belowground
litterbags., Sets of 4 litterbags were retrieved from each marsh
type approximately 1, 2, 4, 6, 8, and 12 months later. Three of the
bags were processed for dry weight, ash-free dry weight and caloric
determinations; the remaining bag was processed for microbial analysis and
for elemental contents.

Belowground material was collected with a coring device (Figure 1)

from S. alterniflora and J. roemerianus communities in February 1977.

Each core was cut inte 2 sections, 0-10 and 11-20 cm and are referred
to as sections A and B, respectively. Each section was divided into
vertical quarters and the mud washed off thoroughly removing all

fine silt and clay particles. The washed material was alr dried

to a constant weight and placed in tared 7 x 10 cm nylon bags (1.25 mm
mesh)., Twenty-four litterbags were prepared from the A section and
twenty-four from the B level in each marsh type with approximately 10
grams of root-rhizome material placed in each bag. Extra samples of
the original material were retained for elemental, caloric and zash-free
welghts to the equivalent welght at 103° ¢, A separate conversion
factor was obtained for each species and for each core section. The
litterbags were deployed on the marsh in March, 1977. The bags were
placed below the marsh surface by digging a hole with the coring
device originally used to collect the samples. The extracted core

was cut at the 5 and 15 cm levels and a bag containing material origi-

nally collected from the A and B levels were placed in the 5 and 15 cm



Figure L. A. Core sampler used to collect belowground materials.
B. Core samples serially cut inte 10 cm secticns on the
marsh.
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depth, respectively, according to the method devised by Backney and
de la Cruz (in press). The 15 cm long core material separated the
A and B bags and the 5 cm long core plugged the top of the original
hole.

After approximately 1, 2, 5, 6, 3, and 12 months the litter bags
were recovered from the field - four bags from A level and four from
B level. Three of the 4 baps were returned to the laboratory, scaked
for 24 hours in tap water, washed very carefully se as not to fraction-
ate any decomposed material, dried at 103° ¢ and rewelghed. A homo-
geneous sample of this material was retained for caloric and ash-free
weight analysis. The remaining one bag was carefully placed in
sterile plastic bags in the field and analyzed for bacteria and fungi
(results reported in Part III of this volume). The unused material
from this bag was later dried at 50° C and analyzed for C, H, N, and P
contents,

All samples for elemental, caloric and ash-free welght analyses
were ground in a Wiley-Mill with a No. 60 sieve. Samples were analyzed
as follows: ash-free dry weight by combustion at 550° ¢ for 6 h; energy
content by combustion in a Paar Adiabatic Bomb Calorimeter Model 1214;
carbon and hydrogen by means of a Coleman C-H Analyzer Model 33; and
nitrogen by means of a Coleman N Analyzer Model 29-021, Total phos-

phorous was determined according to the method outlined by Howitz (1975).

RESULTS AND DISCUSSION

Decomposition. Figure 2 summarizes the dynamics of aboveground

decomposition of J. roemerianus, S. alterniflora, D. spicata, and 5.

patens. S. alterniflora decomposed most rapidly, approximately 75%

lost by the end of 66 days, and most completely with only 147 of the



original material remaining after one year (364 days). Juncus
roemerianus decayed much more slowly at a fairly constant rate

(Figure 2). Over 56% of the dead J. roemerianus material remained
after one year of decomposition, very similar to the same species
studied simultaneously in Mississippi. Differences between these two
species can be attributed both to differences in stem tissue fiber and
environmental conditions of the typlical habitat of each. Decomposition
would be expected to be more rapid in the moist intertidal habitat

of 8., alterniflora and this species has much less fibrous stems and

leaves than J. roemerianus. The decomposition of §. patems which was
slow and gradual, amounted to about 36% per year. Total litterbag
weight in the D. spicata enviromment is extremely variable being quickly
influenced by rainfall or drought conditions. <Changes in litterbag
contents during the earlier portion of the year may reflect massive
colonization of the bags and their contents by benthic organisms with

a subsequent decline in population size accompanying a slow, gradual
decay process.

Belowground decompositiom at both the 0-10 cm and 11-20 cm depths
was very slow for J. roemerjanus and 5. alterniflora. Both demonstrated
irregular increases in litterbag contents following initial declines at
both depth levels. Greatest loss in one year was at the 11-20 cm in S.

alterniflora in which 69.1% of original material remained. Decomposition

within the upper 10 cm of 5, alterniflora was lowest with only 13.8%

lost over the year (Figure 3). J. roemerianus demonstrated greater
decomposition in Alabama than in Mississippi losing 25.2% and 22.07 in
the 0-10 cm and 11-20 cm portions respectively (Figure 3) as compared

to 17.5 and 7.9 respectively in Mississippi.



T 3
)
3 M < ®
o T T Is
ISs ”
sen
w0 g
2293
5s“a Q
o .0 n
w b= 0 7]
m-Eﬁ-E ’
a\.._“‘-
Q\uh‘h
S 392
=)
L Jo) Iu) Jf "§
o)
-
o~
o
-Q
-o
O
o
I 1 1 1 ]
o Q o o O
g g @ 0 < o -

ONINIVIW3Y LN3IOH3d

_Figure 2. The decomposition of the dead aboveground parts (shoots
and stems) of J. roemerianus, S. alterniflora, Distichlis

spicata and 5. patens.

DAYS OF EXPOSURE



3YNS0dX3 40 SAva

omn on_un OWN oh_uu oGl 00l 0¢ 0
L | |
W02 -1l D10j3/ui8)iD DU IS (] oy
WIQ| ~Q 040/41u48}jD DuIDdS B
WIOZ- || SAuDLIBWeos snaunp O
WoQ| - O Snupiiswsos snounp @
-09
%69 O
%S. @—
%82 O— -08
%98
=001
-021

ONINIVWIY LN30OY3d

Belowground decomposition at 0-10 cm and 11-20 cm levels

Figure 3.

in the Alabama J. roemerianus and S. alterniflora communities.
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Nutrient Analyses. There was slight increases in the energy

content of the decomposing aboveground materials during the study
(Tables 1-3). The percentage of carbon in the decomposing tissues
generally decreased except in S. patens. The percentage of nitrogen
and phosphorous was high in the early stages of decomposition or was
low, but in either case there was a marked Increase after 360 days

of decomposition except in §. alterniflora.

Decomposing belowground materials did not reveal any discernable
patterns of change with respect to the nitrogen, phosphorous, carbon,
hydrogeﬁ and caloric composition (Tables 1-3). Most values were
similar to those prevlously reported by de la Cruz and Hackney (1977)

for the standing crop of root and rhizome materials.



Table 1. Carbon (c), hydrogen (H), nitrogen (N), phosphorous (P) and energy
contents (Kcal/gAFDW) of decomposing aboveground and belowground
materials from the 0-10 em and 11-20 cm levels of Spartina alterni-
flora.

No. Days

Exposed FAY %H ZN zp Keal/gAFDW

Aboveground Leaves

0 38.772 5.530 0.810 0.839 4.521
39 44,625 5.950 0.414 0.064 -
66 41.853 6.022 0.470 0.065 4.550
132 39.396 5.729 0.451 0.069 4.739
181 35.854 5.206 0.607 0,071 5.035
247 35.855 5.110 0.600 0.076 -
364 37.010 4,812 0.611 0,075 -

Belowground Roots and Rhizomes at 0-10 cm Level

39 41,468 5.425 0.772 0.067 -
66 39.440 5.269 0.726 0.067 4,928
132 33.286 4,851 0.626 0.071 4,795
181 35.554 5.083 0.563 0.071 4.994
247 - - - - -
364 37.202 5.210 0.5381 0,072 -

Belowground Roots and Rhizomes at 11-20 cm Level

39 38.876 4.990 0.838 0.067 -
66 34.683 4.371 0.639 0.063 5.310
132 32,469 3.993 0.583 0.067 5.312
181 34.467 4,785 0.548 0.074 4,909
247 - - - - -
364 36.311 5.137 0.527 0.070 -
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Table 2. Carbon (C), hydrogen (H), nitrogen (N), phosphorous (P}, and energy
contents (Kcal/gAFDW) of decomposing aboveground and belowground
materials from the 0-10 cm and 11-20 cm levels of Juncus roemerianus.

No. Days

Exposed %c ZH ZN WP Kcal/gAFDW

Aboveground lLeaves

0 45,042 6.251 0,380 0.064 4.592

34 45.329 6.446 0.304 0.619 -
63 45,758 6.055 0.323 0.066 4.638
132 42,435 5.942 0.210 0.060 4.533
182 40,469 5.401 0.639 0.064 4.720

247 42,330 5.399 0.494 0.066 -

363 41.084 5.081 0.543 0.070 -

Belowground Roots and Rhizomes at 0-10 cm Level

34 41,003 5,063 0.587 0.067 -
63 36.565 4,926 0.314 0.064 4.997
132 39,026 5.062 0.549 0.073 4.879
182 35.463 4,733 0.500 0.070 4.689

247 38.992 4.861 0.564 06.071 -

363 36,428 4,719 0.604 0.072 -

Belowground Roots and Rhizomes at 11-20 cm Level

34 43.668 5.204 0.662 0.066 -
63 37.739 4.970 0,446 0.059 4.173
132 40.229 5.037 0.602 0.072 5.193
182 37.081 4,819 0,623 0.696 5.337

247 36,997 4,849 0.607 0.072 -

363 37.262 4,793 0.565 0.071 -
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Table 3. Carbon {(C), hydrogen (H), nitrogen (N), phosphorus (P), and energy
contents (Kcal/gAFDW) of decomposing aboveground materials of

D. spicata.
No. Days
Exposed %C ZH yAN %P Kcal/gAFDW
Aboveground Leaves
0 - - - - 4.526
37 44,234 6.142 0.373 0.066 4,627
64 44.675 6.253 0.230 0.065 4,737
126 41.798 5.634 0.379 0.062 4.831
170 37.368 4.832 0.428 0.066 -
360 37.922 5.096 0.397 0.064 -

Table 4. Nitrogen (N), phosphorus (P), carbon (C), hydrogen (H), and energy
contents (Kcal/gAFDW) of decomposing aboveground materials of

8. patens.
No. Days
Exposed A #%H %N pA Kcal /gAFDW
Aboveground Leaves and Stems
0 45.583 6.016 0.321 0,066 4.600
42 44 .462 5.834 0.230 0.063 4,602
70 46,597 6.155 0.360 0.067 4.651
135 45.560 6.026 0.240 0.066 4.613
185 44,782 5.593 0.440 0.072 4,634
286 44.373 5.716 0.464 0.068 4.830

391 45,725 6.148 0.442 0.071 4,615
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ABSTRACT

Plot (100 mz) of four tidal marsh communities (Juncus roemerianus

and Spartina alterniflora in Alabama, J. roemerianus and Spartina

cynosuroides in Mississippi) common in the Gulf Coast were enriched with

commercial NH4N03 (34% N). The fertilizer was applied once at the
beginning of the 1978 growing season to simulate 2 farm-plantation
operation at a dosage (136 g/mz) estimated to return to the soil
approximately the same amount of nitrogen contained in the plants. Six
0.25 m2 quadrats were harvested monthly from each community from April
through November. The annual net productivity was estimated with a
maximum minus minimum standing crop technique based on a predictive
periodic model (PPM). A correction for plant mortality during the
sampling period is provided in the PPM technique. Annual aboveground net
primary productivity increased by 39% in the Alabama J. roemerianus, 74%

in the Mississippi J. roemerianus, 82% in the S. alterniflora and 24% in

the S. cynosuroides. It appears that short form or high marsh macro-

phytes responded more to nitrogen enrichment than tall form or low marsh

plants.



Running Head: Productivity of Fertilized Juncus and Spartina Marshes.

Key Words: Marsh fertilization, primary productivity, Juncus roemeri-

anus, Spartina alterniflora, Spartina cynosuroides, Alabama,

Mississippi, Gulf Coast,
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INTRODUCTION
Experimental enrichment of marshes with nitrogen fertilizer has
resulted in a dramatic increment in biomass productiom (1), (2}, (4),
(10), (12), (14) indicating the role of nitrogen as a limiting factor
in the growth of marsh plants. Repeated fertilization of a S. alterni-
flora (short form) marsh in Delaware with commercial grade ammouium
nitrate at 20 g/m2 increased biomass production by at least 100% (14},

A study dene on & Juncus gerardi marsh in Sweden (15) showed 30% biomass

increase following a single application of nitrogen as ammonium chlo-~

ride. Fertilization studies conducted on S. alterniflora and S. patens

marshes in Massachusetts using urea and commercially available sludge
also resulted in increased productivity (16). Similarly, studies on

both natural and artificially propogated 8. alterniflora in North Caro-

1ina showed that the addition of nitrogen as ammonium sulfate doubled
the yield of aboveground shoots {1). But, an enrichment study on marsh

communities similar to the ones fertilized in the present study treated
with 13-13-13 (n-P-potash) fertilizer at the recommended single dosage
of 71 g/m2 (9.2 g N/mz) did not change the annual biomass yield of the
plants (13). Nitrogen in the ammonium form promotes better growth than
nitrate nitrogen (10).

Our current investigations of management procudures applicable to
coastal wetlands for purposes of cultural activities promoted our
interest in artificial enrichment of marshes. Development of certain
marshlands into farm-plantations fro cropping marsh grass is likely,
should our attempts to recover chemicals of potential pharmacclogical

value and by-products relative to extraction of pulp from marsh vegeta-
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tions prove feasible. In either case, harvesting marshland meadows
for products of direct value to mankind implies a cropping system
that will produce maximum biomass yield. Obviously, any cultural use
of a marsh will likely be done on the high marsh through fertilizationm,
especially of high elevation areas which are the marsh type most likely
to be altered.

The objective of this effort was to determine the effect of a
commercial fertilizer (NH4NO3) on the annual biomass yield of marsh
plants common to the north central Gulf Coast when applied once at the

beginning of the growing season.

MATERIALS AND METHODS

Four marsh communities were studied: a Juncus roemerianus and a

Spartina cynosuroides marshes in Mississippl and a J. roemerianus and

8. alterniflora marshes in Alabama. The J. roemerianus commmities were

both short-medium forms (about 1.0 m in height), although the J. roeme-
rianus in Mississippi is more of a high marsh community than the one in

Alabama. The S. altermiflora community was an inland high marsh with

short (0.5 m) plants while the S. cynosuroides was the typilcal giant

cordgrass community growing to about 2-3 m in height. The substrates of
the two Alabama marshes are of higher salinity, higher sand content, and
lower organic matter concentration. The tide ranges in the Alabama and
Mississippi marshes are similar. However, the degree and frequency of

inundation are different due to topographic differences. The §. alter-
niflora marsh is regularly and completely inundated. The J. roemerianus

marsh in Alabama has a lower profile than the one in Mississippi and

thus, more fregquently inundated.



Two 100 m2 plots were established in each of the marsh communities.
One of the two plots in each marsh type was used as a control plot. The
other plot was enriched with commercial ammonium nitrate (34% N) ferti-
lizer at the rate of 136 g/m2 which 1is about five times the recommended
per area dosage of 25 g/m2 for normal lawn-farm treatment in Mississippi
and Alabama. The fertilizer was applied in mid-February 1978 when the
marsh was beginning its annual spring regrowth. A single application
of fertilizer was adhered to in compliance with common practice and for
economy. To make our results comparable with results of another study
whereby enrichment was caused by ashes remianing after the marsh is
burned, 136 g/m2 of NH4N03 (34% N) was applied. This dosage was esti-
mated to return to the soil the same amount of nitrogen contained in the
plant shoots above & square meter area, and was intended to simulate a
post fire condition. The fertilizer was applied by hand broadcast during
low tide as soon as ;he marshes became exposed. Tides along the north
central Gulf Coast reglon are mostly diurnal so that there was at least
24 hr before the next high tide. During the month of February, northerly
winds predominate and the marshes in Mississippl were seldom flooded.
The fertilizer had adequate time to become incorporated into the moist
mud.

Six 0.25 m2 quadrats were harvested monthly from the control and
from the fertilized plets of each marsh community from April through
November. The samples were sorted into deador living plants, dried at
100°C to constant weight and weighed. Dead and decaying litter on the
ground was also collected in the Migsissippi marshes but not in Alabama

where the marsh floor was almost always virtually free of litter. The
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marshes in Alabama were monospecific while a few associated monir species
were found in the Mississippi marshes.

The annuzl net aboveground primary productivity (NAPP) was estimated
from changes in standing biomass using a maximum minus minimum technique
based on a predictive periodic¢ model (PPM) devised by Hackney and Hackney
{5). The PPM fits a periodic regression curve of:

h = a + a; sin {(cti) + a, cos (cti)

+ a3 sin (2 cti) + a, cos (2 cti),

where ¢c =2 1/n,
ti = 1 to 9,
a, = overall mean,

a] and a, are coefficients of the first harmonic term, and

as and a, are coefficients fo the second harmonic term,
to the total biomass. Productivity was calculated by subtracting the
minimum expected value of standing biomass in winter from the maximum
expected value of standing biomass in surmer. The NAPP was corrected
for die-back or loss due to plants dying during the intervals between
sampling periods according to the PPM method (5). This involved the
analysis of the monthly standing dead biomass from another plot pre-
viously cleared of all plant material and the periodic max-min value

obtained was added to the control and fertilized data for each marsh

community.

RESULTS AND DISCUSSION
The annual aboveground net primary productivity of the control (i.e.,
natural) and experimental (i.e., fertilized) plots is summarized in Table

1. PFertilization with NH4NO3 gignificantly increased primary productivity
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by 74% for Mississippi J. roemerianus, 59% for Alabama J. roemerianus,

82% for S. altermiflora and 24% for S. cynosuroides. With the eXxceptien

of §. cynosuroides, the increase in primary productivity in the fercili~

zed plots were statistically significant from the control in the means
and/or harmonic components fo the periodic model (Table 2). Table 2
shows the summary of the PPM statistics. With the exception of the two
Juncus control plots, all r2 values were significant. Due to the growth
pattern of J. roemerianus in Mississippl (Figure 1), a four-harmonic
equation was used for this marsh community.

The net aboveground primary productivity of 333-763 g/mzfyr for the
control J. roemerianus in Alabama and Mississippi 1s comparable to the
values reported for a high marsh J. gerardi (616 g/mz) in Maine {(9) and
a high marsh J. roemerianus (595 g/mzfyr) in north Florida (8). The 621

g/mzfyr NAPP for the comtrol S. altermiflora is comparable to the data

obtained for inland marsh (581 g/mzlyr) in Barataria Bay, Louisiana (7).

The 2324 g/m2 annual NAPP of S. cynmosuroides was close to the 2190 g/m2

previously determined for a similar marsh (3). The productivity values
obtained for the fertilized plots, while they were significantly higher
than that of the control (Table 2), nevertheless fall within the maximum
ranges of values reported earlier (6), (9), (17) for natural marshes from
different geographic regions although different methods of determination
NAPP were used.

In this study, a comparison was made between a natural marsh and a
marsh which received N enrichment, in the form of NH4N03. Comparing our
ocbservations with those made earlier by other investigators (1), (14},
(15) it appears that N enrichemnt in the form of ammonium is better uti-

lized by marsh plants than if the N is in the NO3 form (10), (11), (13).
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As can be seen in Figures 1 and 2, the standing crop of live plants
in the fertilized plots were higher than the control from May to the end
of the growing season (October-November) in all four marsh communities.
The growth patterns of J. romerianus in Mississippl during the 1978
growing season showed two growth peaks, in June and October, as reflected
by the two-harmonic curves in the periodic model (Figure 1). 1t appears
that there is a high Juncus die-back during the months of July and August
ag indicated by the high biomass of standing dead plants during these
months. Unlike the Mississippi marsh, the Alabama J. roemerianus marsh
did not show a bimodal growth pattern (Figure 1). Standing crop peaked
only in September. NAPP of the Mississippi Juncus community is more than
twice that of Alabama for both control and fertilized plots. The growth
curves {(Figure 2) for the two Spartina species generally followed the
same pattern with peak biomass in August. The monthly standing crop of

5. cynosuroides was twice that of §. alterniflora in both control and

fertilized plots. DProductivity values of S. cynosuroides was 120% (in

the control) and 118% (in the fertilized plot) more than that of S.

alterniflora.

The data presented in Table 1 and Figures 1 and 2 do not indicate
any variability because they are derived from the predictive model.
There was variability among the six replicates collected monthly from
each marsh community. Standard deviations of + 200 g/m2 was observed in
the maximum raw values during peak biomass production of Spartina spp.
and * 50 g/m2 in the minimum raw data at the beginning of the growing
season of Juncus.

The higher response of the high marsh J. roemerianus (74%) in Mis-

sissippi and of the short form S. alterniflora (82%) to fertilization




compared to the low marsh J. roemerianus (59%) in the Alabama and the

giant cordgrass S. cynosuroides (24%) indicated that there may be &

differential reaction of different growth forms of marsh plants to
nitrogen enrichment. A study in North Carolina (10, 11) showed that

nitrogen fertilization increased the aerial standing crop of the short

form of S. alterniflora as much as 172%, but had no significant effect

on that of the tall form. These observations suggest that marsh manage-
ment by fertilization is most applicable to high marsh areas because of
suitable hydrology and the potentially higher biomass production incre-

ment of the plant types that grow there.
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Table 1.

Summary of annual net aboveground primary productivity of four

marsh communities which received a single application (136 g/mz)

of commercial ammonium nitrate (24% N) fertilizer.

Net Aboveground Primary Productivity fg/mzfyr)

Contrecl Fertilized
Marsh Community Live1 Dead? Total Livel Dead2 Total
Juncus roemerianus (Mississippi) 549 214 763 1191 214 1405
J. roemerianus (Alabama) 253 80 333 449 80 529
Spartina alterniflora 44] 180 621 948 180 1128
S. cynosurcides 1766 558 2324 2369 558 2927

1Periodic max-min values derived from Figures 1 and 2.

2Values based on PPM analysis of monthly standing dead biomass

collected from a clipped plot previously cleared of all plant

material.



Table 2. Periodic models and summary statistics for the four marsh communities.

Juncus (Miss) y

Others ¥ = ¢ + ¢ sin (cti) + ¢, cos (cti)
Marsh Type €y cy
J. roemerianus control (MS) 858.3 -209.0
J. roemerianus fertilized (MS) 1092.8 -400.1
J. roemerianus control {AL) 129.8 =17.6
J. roemerianus fertilized (AL) 133.8 -55.5
S. alterniflora control (MS) 107.2 -52.6
S. alterniflora fertilized (MS) 136.5 -118.6
8. cynosuroides control (AL) 847.1 -764.6

5. cynosuroides fertilized (AL) 957.5 -1018.5

Comparisons between control and fertilized g

J. roemerianus control vs, fertilized (MS) *

J. roemerianus control vs. fertilized (AL) N.S.

S. alterniflora control vs, fertilized (MS) *

§. cynosuroides control vs. fertilized (MS) N.S.

&
"

Significant at 0.05.

N.S.

il

Not significant.

Significance of <y indicates a significant difference in the means, ¢

2
-54.7

35.3
26.4
-13.6
19.7
-19.2
-441.5

-605.2

3
-106.

-217.

33.

199

1’

<o + ¢y sin (cti) + c, cos (cti) + ¢, sin (2ctl) + ¢, cos {2eti)

3 .373

.0 . 548%

. 208

.515%
L720%
. 780%
. 750%

- 690%

the first

harmonic component, Cos the second harmonic component, Cqs the 3rd harmonic

component, and 4o the 4th harmonic component,
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The Effects of Harvesting on the Productivity
of Selected Gulf Coast Marsh Species

J. P. Stout, A. A. de la Cruz and C. T. Hackney

ABSTRACT

A simulated winter harvest was applied to three common Gulf Coast

tidal salt marsh species (Juncus roemerianus and Spartinma alterniflora

in Alabama; 5. cynogsuroides and J. roemerianus in Mississippi). Above-

ground living and dead plant material was manually clipped and removed
("harvested") from study plots in winter 1977, from the same plots (re-
harvest), and additional plots, in winter 1978. Annual net primary
productivity was determined by applying a predictive periodic model,
corrected for loss of dead material, to monthly 0.25 m? biomass samples.
A single harvest resulted in an increase in annual net productivity of
as much as 50% in the Mississippi J. roemerianus and 140% in S. cyno-
suroides. When the species were reharvested, net productivity in-

creased up to 100% in Mississippi J. roemerianus, 45% ia S. cynosuroides

and 250% in S. alterniflora. Alabama J. roemerianus showed consistently

lowered levels of productivity in harvested plots.
INTRODUCTION

No harvest of marsh plants of significant economic impact is em~
ployed in the U.S. Though once a common practice, particularly in
east coast marshes, harvesting of "marsh hay' is now an infrequent
occurrence. However, 1f any of the recent work on chemical derivatives
(Miles and de la Cruz, 1976) and on the pulping potential (de la Cruz

and Lightsey, Unpubl. ms.) of marsh plants proves to be of economic
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value, the prospect exists of regularly harvesting certain marsh plants
for chemicals, cellulose, and other by-products and employing agricul-
ture techniques to farm marsh grass in plantation filelds.

Various marsh plants are grazed by cattle along the eastern and
Gulf Coasts (Chabreck, 1978). This repecated harvest of biomass and
the trampling effect of the cattle has been shown to diminish the yield
of grazed plants (Williams, 1955; Reimold, et al, 1975). Reimold, et
al (1975) found an increase in mean dry weight biomass following simu-

lated grazing in a Georgia Spartimna alterniflora marsh. Clipping expert-

ments in a Mississippl mixed brackish marsh indicated that neither re-
peated clippings nor single clippings altered the growth tate of the
plants (Gabriel and de la Cruz, 1974).

Increased human occupancy of coastal areas has historically and
increasingly jeopardized the existence of tidal ﬁarsh resources.
Dwindling marsh acreage results in a proportionately greater importance
to the estuarine ecosystem of those marshlands remaining. Activities
conducted within marshes must, therefore, be compatible with maintenance
of the natural system function and not diminish the production role of
the plants. In addition, the potential harvest of marshlands for pro-
ducts of direct value to mankind implies a cropping system that will
produce maximum biomass yield.

The objective of our study was to determine the effect of a single
harvest and repeated annual harvests on selected deminant Gulf Ceast

marsh species,
MATERIALS AND METHODS

100 m? experimental plots were established in each of four marsh

communities: Juncus roemerianus and Spartina cynosuroides in Mississippi
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and J. roemerianus and Spartina alterniflora in Alabama. The Mississippi

study area was located on a marsh island on the western side of St. Louis
Bay in Hancock County, Mississippl, an area previously described by de

la Cruz (1973) and Gabriel and de la Cruz (1974). Two marshes on the
leeward shore of Dauphin Island, Mobile County were utilized as the
Alabama study sites. Species composition and environmental setting of
two Dauphin Island study sites have been described by Stout (1978). The
substrates of the two Alabama marshes are of higher salinity, greater
sand content, and lower organic matter concentration than the Mississippi
marsh. Both J. roemerianus communities were of short-medium plants
(average 1.0 m in height), although the Mississippi J. roemerianus is
more of a high marsh community than the one in Alabama. The 5. cyno-

suroides was about 2-3 m in height while the S. alterniflora community

was an inland high marsh with short plants (0.5 m).

One of the study plots was manually clipped, using grass shears,
in mid-February 1977. All clipped material and litter on the substrate
was removed from the plot. 1In 1978, an additional plot was similarly
harvested and the 1977 experimental plot was reclipped. A second and
third plot each year, respectively, was used as a control. Six 0.25 m?
samples were taken monthly from each study plot from April through
December. Samples were sorted into living and dead plant material,
dried at 100°C to constant weight, and weighed.

Annual net aboveground primary productivity (NAPP) was estimated
from changes in standing live biomass using maximum-minimum values ob-
tained by the predictive periodic model (PPM) of Hackney and Hackney
(1978). The PPM technique was also applied to monthly dead biomass

data from another plot, cleared of all biomass by burming, toc obtain



a correction value for loss of biomass due to death. This correction
value was then added to the maximum-minimum value of live biomass for

each marsh community.
RESULTS AND DISCUSSION

Table 1 summarizes the annual net primary productivity of hoth
control and harvested plots. Clipping resulted in a significant in-
crease in primary production of 26~1067% in the Mississippi Juncus
roemerianus community for both years of the study, 46-141% in Spartina

cynosuroides during 1978 and in §. alterniflora an increase of 2487 when

reharvested only. The Alabama J. roemerianus community exhibited con-
sistently lowered primary productivity in all clipped plots.

The net aboveground primary productivity of 460-658 gm-2 yr-1 for
the control J. roemerlamus plot is comparable to values reported for
high marsh J. roemerianus (595 gm-2 yr-1) in North Florida (Kruczynski
et al, 1978). The 571 gm-2 yr-1 NAPP for control 5. alterniflora in
1978 is comparable to values (581 gm-2 yr-1) for a similar marsh in
Barataria Bay, Louisiana (Kirby and Gosselink, 1976) although the 1977
value of 240 gm-2 yr-1 is significantly lower. Previous investigations

by de la Cruz (1975) of similar marshes yielded comparable values of

NAPP (2190 gm-2 yr-1) to the values of the control §. cynosuroides
(1430-1740 gm-2 yr-1) in our study,

Table 2 summarizes the PPM statistics utilized to generate the
max-min curves of Figures 1-4., After reviewing 1978 results, a two
harmonic model was applied to the 1978 biomass data for Mississippi
J. roemerianus to accomodate the two growth peaks seen in Figure 1.

Growth patterns of the two J. roemerianus communities differed as did
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Table 1. Summary of annual net aboveground primary productivity
(NAPP) of 1977 and 1978 control and clipped plots in
four marsh communities. Tital NAPP was estimated from
max.-min. values of periodic models presented in Table
2, corrected for loss of dead material.

Net Aboveground Primary Productivity (gm‘2 yr‘l)
MARSH COMMUNITY CONTROL CLIPPED
1977: Single clip application
Juncus roemerianus (MS) 580 877
J. roemerianus (AL) 460 270
Spartina alterniflofa 240 33
8. cynosuroides 1740 1755
1978: Single clip application
Juncus roemerianus (MS) 540 681
J. roemerianus (AL) 658 414
Spartina alterniflora 571 303
§. cynosuroides 1430 3450
1978: Reclip of 1977 Experimental FPlot
Juncus roemerianus (MS) 540 1113
J. roemerianus (AL} 658 275
Spartina alterniflora 5371 1987
1430 2089

S. cgnosuroides




I-86

Table 2. Perdiodic models for four natural marsh communities and treated
(clipped) study plots in each.
Y + CD + €y sin (cty) + C, cos (cty)
Juncus (MS) 1978 y = C0 + C; sin (cti) + Cy cos (ctl)
+ C, sin (cti) + C4 cos (Cti)
COMMUNITY TREATMEN
1977 c c C. ré
o 1 2
J. roemerianus contrel (MS) 687.0 -143.2 -182.6 0.3936
J. roemerianus clip (MS) 546.3 -217.8 -19.7 0.6056
J. roemerianus control (AL) 646.0 L44.0 -177.4 0.2924
J. roemerianus clip (AL) 377.2 -85.0 105.6 0.3622
5. alterniflora control 227.7 16.3 -126.5 0.3521
8. alterniflora lcip 194.0 19.4 19.5 0.0246
8. cynosuroides control 606.4 ~344 .5 -675.5 0.6958
S. cynosuroides clip 804.1 ~427.7 -691.4 0.7403
1978 C C C C C .
o 1 2 3 4

J. roemerianus control (MS) 858.,3 -209.0 ~54.7 -106.6 33.8 0,3730
J. roemerianus clip (MS) 567.9 -=-221.0 49.0 71.7 -=-2.63 0.5200
J. roemerianug reclip (MS) 635.5 -265.6 137.2 -11.9 147.0  0.7200
J. roemerianus control (AL) 129.8 -17.6 264 - - 0.2078
J. roemerianus clip (AL) 66,4 =41 .4 -5.9 - - (0.7208
J. reemerianus reclip(AL) 52.8 -32.1 10.6 - - 0.6032
S. alterniflora control 107.2 -52.6 19.7 - - (.,7200
S. alterniflora clip 103.1  ~75.6 9.0 - - 0.7130
8. alterniflora reclip 94.7 -82.6 29.9 - - 0.8340
5. cynosuroides control 847.1 -764.6 -441.5 - - 0.7500
S. cynosurcides clip 1040.4 -694.5 -801.8 - - 0.6300
5. cynosuroides reclip 843.7 -508.6 -374.0 - - 0.4000




SH1NONW

m_z_o.w_q ﬁ.ﬁ.z_q.z_n_o
8161 TOHINOD @
8261 411938 (@ -
8.6l dITo O ANINLIVINL
2261 T0HINOD @ -2°0
L2261 4170 O ®
(SW) SNNVINIWION I o F
© Lo
®
INIWIY3INLIHd|
[
-9°0
~8°0
- O

w By

Periodic max.-min. curves for Mississippi Juncus roemerianus

based on monthly standing crop of live plants.

Figure 1.



o_z_o.m_ a_w _s__.._
§)
. LNINLYIYL
<H ™
D
20
a L
[ ]
LINIWLVYINLINd
ﬁu [ -
- e 0
A _
|
-9°0
®
846/ TOHINOD ®=
8161 diIN234 @ -8°0
8261 4112 0O
L/6] TTOHMINOD @ -
2261 dITD O
(1) sSnN VIS IWI0Y

-0l

_w by

Periodic max.-min. curves for Alabama Juncus roemerianus
based on monthly standing crop of live plants.

Figure 2,




1977
1978
S

1977
1978

J

© RECLIP 1978
MONTHS

® CONTROL
@ CONTROL
T

O CLIP
O CLIP

S. CYNOSUROIDES

y

TREATMENT
7

0
)
|
F

PRETREATMENT

2.0

! |
> < =
- &

1.6 -
0.8 -

3-uW By

Figure 3. Periodic max.-min. curves for Spartina cynosuroides based
on monthly standing crop of live plants.



I-90

the response of each to the clip treatment. The Mississippi community
yielded peaks in live biomass in June and again in October. The Ala-
bama Juncus marsh did not show a biomodal pattern, reaching a single
peak in biomass in early fall (Figure 2). NAPP of both communities was
not significantly different between the control plots. However, when
clipped the Alabama marsh responded by a lowering in NAPP while the
Mississippl marsh showed increased productivity, as great as four times
that found in Alabama for the same treatment. Extensive peat deposits
beneath the Mississippi marsh, absent in Alabama, may indicate a
greater age for the marsh. Removal of accumulated standing material,
both living and dead, from the older marsh may have provided greater
space and sunlight for new leaf production, relative to pretreatment
conditions, than in the younger, less dense Alabama marsh. Within the
study period, live standing biomass reached control levels only in the
Alabama 1977 clip plot and the Mississippi 1978 reclipped plot.

Spartina cynosuroides exhibits a very distinct annual growth

pattern, with winter death of aboveground culms. February harvest
removed mostly dead material. Growth patterns in all plots were
simflar (Figure 3). Standing live biomass peaked in mid-to late summer
with levels in treatment plots exceeding control plots from the onset
of annual regrowth. Reduction of shading and crowding by the previous
vears dead culms may have been a significant factor in the increased
productivity with clipping.

The Spartina alterniflora community was the most regularly flooded

of the four areas studied. Water frequently covered the marsh to
depths of several inches, even atlow tide. Trampling and compaction

of the substrate due to harvesting activities was very severe in this
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marsh. Many plants showed no regrowth and rotted areas were comuon
within the plots as the study progressed (Figure 4). Lowered pro-
ductivity in both single clip plots was the result of fewer plants

due to plant death and not lowered individual plant biomass production.
Reharvest of the 1977 plot in February, 1978 was easily and rapidly
accomplished without significant damage because of the lowered plant
density. Recovery and vegetative expansion in this plot resulted in
the largest percentage increase (250%) over contrel of any community.
1f harvesting is determined to be of economic value, techniques with

a low disruption factor must be found for marshes such as the S.

alterniflora marsh with soft, saturated, easily disturbed substrates.

Effects of harvesting plant materials vary between species of marsh
plants. There appears to be 1ittle detrimental effects on productivity
and theré may even be an increase in biomass production as a result of
harvesting. The effects of different harvesting methods and of
repeated annual harvest beyond the second year need to be examined
before the impact upon the plant communities can be adequately evaluated.
In addition, the impact upon other bilotic components and system

interaction must be determined.
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The Effects of Winter Fire on the Vegetational Structure and
Primary Productivity of Tidal Marshes in the

Mississippi Gulf Coast1

Armando A. de la Cruz

Misslssippl State University

and

Courtney T. Hackney

University of Southwestern Louisiana

lThis portion of the project is continuing for a third year. This
study on the effects of burning on the marsh, when completed, will
cover a period of four years since a preliminary study was conducted
in 1976 under a grant from the Mississippi Marine Resources Council
(Project No. GR 76-003). A separate monograph on this subject will
be prepared and published by de la Cruz and Hackney at the conclusion

of the 1979 continuation study.
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ABSTRACT
The effects of fire on two tidal marshes in Misgissippi was
studied for two growing seasons following a fire. Burning the marsh
during winter enhanced the productivity of the vascular plant com-

munity dominated by Spartina cynosuroides during the following

growing season. Productivity and the bilomass of dead and live
material returned to normal levels at the end of the second growing

season. On the marsh dominated by Juncus roemerianus, productivity

was also higher during the next growing season followlng a fire.
Associated minor species did not increase significantly their
importance relative to the dominant plant species after burning in

gither marsh community.



TNTRODUCTION
Fire as a method for improving habitat for wildlife has been
used haphazardly by trappers and hunters along the Gulf Coast for
many years (Chabreck 1976). For commercial trappers, improved

marsh habitat means higher population of muskrat {(Ondatra zibethica)

and nutria (Myocastor coypus) which are economically important pelt

mammals. Myers (1956) and Whipple and White (1977) both reported

an Increase in Scirpus species following a fire, Scirpus species

are the favorite food of marsh mammals as evidenced by preferential
grazing observed by the authors and by the accounts of local trappers.
Marsh burning has been also suggested as a method of improving habitat
for game birds such as migrating ducks and geese (Chabreck 1976) and
may also maintain the proper nesting habitat for mottled ducks, Anas

fulvigula maculosa (Hackney and Hackney 1976).

Besides the obvious loss of large amounts of organic material and
some changes In plant species composition, little is known ahout the
effects of fire on tidal marshes. Most previous studies have been
aimed at the improvement of wildlife habitat and so were interested in

converting plant communities containing species (e.g., Juncus roemeri-

anus, Distichlis spicata and Spartina patens) which are not considered

favorable to wildlife, to communities which provide better quality food
{(Myers 1956 1956; Hoffpauir 1961; McNease and Glasgow 1970; Whipple and
White 1977). Indeed Scirpus species contain higher protein concentra-
tions than other marsh species (de la Cruz 1973; de la Cruz and Poe

1975). Myers (1956) reported an increase in the diversity of a multi-

species marsh dominated by Juncus roemerianus following a burn, but
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little species change occurs in monospecific communities. In some
areas, fires are so prevalent that, it 1s impessible to determine the
original species composition (Whipple and White 1977) of the community.
Other factors that may change species composition of marshes are
changes inwater levels and salinity regimes.

The marshes surrounding St. Louis Bay, Mississippl, have not been
biotically altered by changes in water levels or salinity regimes, and
the St. Louls Bay estuary 1s one of the most pristine along the Gulf
Coast. The vascular flora of these marshes is very diverse {Gabriel
and de 1la Cruz 1974). Two major community types can be distinguished:

1) marshes dominated by the black needlerush Juncus roemerianus and 2}

marshes dominated by the glant cordgrass Spartina cynosurcides.

The purpose of this study was to determine the effects of winter

fire on the species composition and productivity of a Juncus roemeri-

anus and a Spartina cynosuroides marsh.

MATERIALS AND METHODS
This study was conducted on a marsh island on the western side of
St. Louls Bay in Hancock County, Mississippi. The plant communities on
this island were previously described by de l1a Cruz (1973) and Gabriel
and de la Cruz (1974). Winter fires have occurred regularly on this
ijsland at intervals of two to three years, but the two study sites, as

far as known, have not been burned since 1973, The Juncus roemerianus

marsh was located on the southwestern side of the island approximately

100 meters south of a small tidal creek. The Spartina cynosuroides

community was located on the eastern side of the island about 20 meters
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from a larger tidal creek. The two marshes appear monotypic, but each
harbors at least three minor associated species.

Paired plots (10 x 10 m) were established in the two marsh com-—
munities during mid-February 1977. One piot was burned to the ground
and the other served as control.

Six 0.5 x 0.5 m plots were collected monthly from April through

September 1977 from each plot in the J. roemerianus and S. cynosuroildes

communities. All living and dead materials were removed from each
harvested plot including litter. Using the same procedures, a sample
was collected in February before the burn and in November after most

of the seasonal growth had occurred. An additional collection was made
on December 20, 1977, Using the wooden stakes as reference points, a
random stratified sampling procedure was used. Such a procedure random-
ly collected from within this subarea. Primary productivity was
estimated from the monthly increases in biomass during the growing
season using a predictive periodic model described by Hackney and Hack-
ney (1978).

Each sample was transported to the laboratory where it was separated
into living and standing dead plants (those plants that were dead, but
still attached to the roots or rhizomes), and litter on the ground.
Living plants were separated according to species, dried at 103° ¢ and
welghed. A sample of the dominant living vegetation from each area was
retained for caloric and ash-free weight determinations.

Six belowground samples were collected from each experimental and
control plot at the same time as the aboveground with a coring device

(10 cm diameter) previously described by de la Cruz and Hackney (1977).
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Each core section was tramsported to the laboratory and washed
thoroughly, bur carefully, in running tap water over a 1 mm sieve.
Living and dead rhizome/root materials were not separated. Each
core was dried to a constant weight at 103° €. A subsample from
the A and B core-section was retained from each collection pericd
for caloric and ash-free weight analyses.

Additional aboveground and belowground samples were collected from
each area and dried at 500 C for analyses of carbon, hydrogen, nitrogen
and phosphorous content. All samples for elemental, caloric and ash-
free weight analyses were ground in a Wiley Mill with a No. 60 sieve.
All samples were analyzed as follows: ash-free dry welght by combustion
at 550° C for six hours; energy content by combustion in a Paar Adiabitic
Bomb Calorimeter Model 1214; carbon and hydrogen by means of a Coleman
C-H Analyzer Model 33; and nitrogen by means of a Coleman N Analyzer
Model 29-021. Total phosphorous was determined according te the met-
hod outlined by Howitz (1975).

In mid-February 1978, new experimental plots were established. A
winter fire was simulated in early March on the new plots. The 1977
experimental plots were also reburned to determine the effects of a

two-year consecutive burning.

RESULTS AND DISCUSSION
The annual aboveground net primary productivity of Juncus and
Spartina marshes which received one simulated winter fire and two
consecutive winter fires are summarized in Table 1. It is evident

from both control and experimental data that the marshes were more
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productive during the 1978 growing season than in 1977. As has bheen
already Indicated elsewhere (Stout, Hackney and de la Cruz, p.

this report), the lower productivity value in 1977 was due to the
severe and prolonged winter conditions which presumably suppressed

the winter growth of J. roemerianus and which killed S. cynosuroides

early in November 1977 (See Appendix, Tables 15 and 17). In general,
the Spartina marsh was three to four times more productive than the
Juncug marsh and they showed quite different growth patterns (Figures
1 and 2). Since the Spartina marsh is totally killed to the ground in
winter, higher productivity was reflected in both the 1978 control
(39%) and experimental (45%) marshes. This rate of increase did not
occur in the Juncus marsh; the 1978 control marsh was only 22% higher
than 1977 and the burn plots did not show any increment. Juncus,
unlike Spartina, does not get killed in winter so that winter growth
in the Juncus control marsh may have been partially responsible for the
22% increase.

Juncus Marsh. There was 11% (1978) to 33% (1977) increase in

productivity of the plots that were burmed in the winter preceeding the
growing season. When the 1977 experimental marsh was reburned the
following year, biomass production was 40% more than the control
indicating that the two successive winter fires have not affected

plant productivity. The two experimental plots showed similar patterns
of growth following winter fire (Figure 1) with peak standing crop

in late summer (August-September). When burned a second time the
following winter, the 1977 plot showed a growth pattern with two

harmenic curves or standing crop peaks in June and October.
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Table 1. Summary of aboveground net primary productivity (g/mzfyr)
of natural and experimental marshes which received one
simulated winter fire (1978) and two consecutive winter
fires (1977).

MARSH CONTROL ONE FIRE WO FIRES

J. roemerianus

1977 584 875 -

1978 753 847 1265%

S. cynosuroides

1977 1737 2152 -

1978 2860 3925 3765%

*Burned during 1977 and 1978 winters.
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Spartina Marsh. There was 197 (1977) to 27% (1978) increase in

productivity of the plots that received simulacted fire during the
winter preceeding the growing season. A second fire during the
following winter in the 1977 experimental plot alsoc resulted in
about 247 increment in biomass production indicating that the Spartina
marsh was also not affected by two consecutive annual winter {ires.
The two experimental plots showed the same pattern of monthly biomass
increase in 1977 and 1978 (Figure 2). Peak biomass occurred in July
and dropped down to low levels (similar to the first month's growth
in April) in November (for 1977) and December (for 1978). This bell-
shaped bilomass curve 1s characteristic of Spartina spp. and other
plants whose tissues are totally killed by winter frosts.

The aboveground net productivity values obtained in this study
for the control or natural Juncus marsh of 584-753 g/mz/yr is comparable
to the 595-949 g/mzlyr range reported by other workers (de la Cruz 1974;
Fanning and Odum 1970). It is apparent that both marsh communitics
increased in productivity in response to winter fire. The increase in
Spartina is higher than in Juncus and that growth and biomass vield is
influenced by seasonal and amnual vaviation Iin climate,

Standing crop of belowground materials was the same throughout
the year in both marshes; thus, no productivity estimate could be made
(See Appendix, Tables 23 and 26). The caloric value and nutrient
(C, H, N, I) concentrations in the monthly samples of above- and below-
ground materials were not statistically different between the control
and experimental plots. This aspect of the study is presented in the

Appendix, Tables 29, 31, 37 and 39.
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APPENDIX
1. Tables 1-22: Monthly standing crop of aboveground materials
in the control, burned, clipped and fertilized plots of all
marsh communities.

11. Tables 23-28. Monthly standing crop of belowground materials
at 0-10 cm and 11-20 cm depth levels in the control, burned,
clipped and fertilized plots of all marsh communities.

*II1. Tables 29-44: Caloric values and nutrient (C, H, N, and P)
concentrations of aboveground and belowground tissues cf all
marsh species studied from all treatment plots.

IV. Table 47: Summary statistics of caloric and nutrient

analyses.

*These data will be incorporated in a compendium on "Energy and
Nutrient Values of Marsh Biota" under preparation by Dr. A. A. de la

Cruz.
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Table 4. Average biomass (x) and standard deviation (5) of live and standing dead
plant shoots, total litter, number of minor species, and total live bio-
mass (g/m2) of all species in the Clipped II1 J. roemerianus community

in Mississippi.

Live Dead Litter Assoc. Total Live Biomass

_ _ _ Minor Spp. 0f_A1l Species
Date X S X S X ) X no. X S
2-1-78° 516.0 36.35 817.3 32.15 386.0 15.83 1.5 611.67 197.62
4-23-78 128.0 5.29 O 0 250.0 25.76 1.7 2047 44.07
5-27-78 172.0  3.49 O 0 86.0 14.36 3.7  455.3  74.29
6-24-78 260.0 14.28 O 0 28.7 2.56 2.8  466.67 107.05
7.28-78 272  20.5 9.0 8.7  76.7 6.4 4.0  592.67 117.86
8-26-78 495  57.4 176.0 13.7  86.7 4.6 3.0  816.67 180.99
9-22-78 544  31.1  216.3 26.1  429.3 22.8 3.0  997.33  200.35
l0-28-78 314.7 6.7 315.7 18.9  62.0 8.6 3.8 492.7  57.99
11-26-78  393.3 10.7 282.0 4.1  63.7 4.3 3.0 674.67  94.98
12-16-78 396.3 14.2 267.3 14.8  97.3 9.6 2.2 685.33 183.04

! cut February 18, 1978

2 Precut samples

3 Means no dead plants collected



I-112

*UBA0 BuiAup 8yl ut BaLy 03 anp IS0 BJdM SILduRS

‘3| dwes cL:nmLaN

*9/61 8L A4BNAG34 poULNgDL pue /76| ‘L Adendgay pauang,

¥8°29¢ £720LL £'¢ go ol €191 0°tl 0°¢89 9°€2 L 0FS 8/-91-¢1
- - - - - - - - - £8/-92-11
gy G2t £9'918 S'¢ g g1 L7¢sl §°1¢ L'0¢h 2°Pe £°£82 8L-8¢-01
[e° 16l 0B ELL £°'2 L'le £ LLE N £°569 1°9S £ LSt 8L-22-6
960/ £E€° L9 £'¢ 701 £°821 §'9¢ 0°892 0'ée £ LLE 8/-9¢2-8
?0° 49 £E"659 0°€ 6" vl E°ErL [TLE L'81E 9°02 (°88¢ 8/-82-¢
B9 P6lL 0°006 8'¢ il L2l 2" ArAS £TLEE  EBTLP L7299 8/-42-9
67961 19766/ 2'¢t 2£°9 0°88 gl'ElL 0w G2°LC 9° 6t 8i-{2-%
£2°221 007 ¢y §'1 6l'6 9°gi¢ 867 LE 0’ t¥S L9762 9°§1E 8Lt
L1748l L719¢ L1 667 L1L 9° 1492 99 12 9'6lE #0799 L AAAY 28L-1-¢
ralal L vlL L1 756 17292 ¥ 8el £'209 Li=02~21
G 88 L6869 £'¢e 0° 19 1°¢Lé ¥'eL 0°882 g'89 0°vL9 LL-92-11
2 eql 07 p69 02 6°69 ?ely 676l 9°8¢t 87901 9°0Ls Li~L1=6
6°92¢ £ E0L €2 G'tE 1°29t 0 tl £ LE £'pS 0°85E 11-9¢-8
62t 0’919 £°2 06 8'90¢ £'91 £°¢8 0°8L £18E li-62-L
079yl £TEFS L7e #°6ll 809 9°8e £ 6L 98 L vpe A YA
L2ttt 9°c6t 8L P LL P 662 0 0 § gt 0°89¢ LL-G92-9
£°Eq £°981 G L 6 541 L'2ls 0 0 £ Ll 0°22L Li-61-t
6'SLL 0° 199 0°tL GE8 v t9g G911 £°0801 L LLL 0'029 Nnm|¢F-N
g X ‘ou X g X S X S X azeq
saldads ||y 40 ‘dds JouLy - -
SSPWOLE 9ALT [B30L  "D0SSY 493311 peaq aALT

*iddLsSESSE Ul A Luntimo?

SNURLAIWUIOU .m._H udng aya ul satodads [|e j0 ﬁms\mu SSPWOLQ SAL] L0303 pue ‘satrdads Joulul O Jagwnu
“4913L| L3103 ‘sjooys jue|d pesp Buipuels pue 3ALL JO (S} uOl3RLADD pURPUE]S puB (x) ssewoiq afeusry -5 2[qe}



I-113

Table 6. Average biomass (x) and standard deviation (S} of live and standing dead
plant shoots, total litter, number of minor species, and total live bio-

mass (g/mZ) of all species in the Burn 111_Q. roemerianus community in

Mississippi.
Live Dead Litter Assoc. Total Live Biomass

_ _ _ Minor Spp. of A1l Species
Date X ) X S X S X no. X S
2—1-782 582.8 13.07 794.4 61.57 371.6 8.37 1.0 879.67 599.14
4-23-78 132.8 4.02 40.8 7.16  360.0 10.20 1.9 211.3 37.64
5-27-78 234.8 15.64 18.8 3.32 208.0 15.90 3.2 405.33 78.57
6-24-78 304.7 12.53 - - 263.3 18.18 3.3 514.00 109.74
7-28-78 464.0 14.9 66.7 2.6 174.7 11.5 3.3 718.00 88.28
8-26-78 478.7 34.4 203.3 35.2 383.3 36.4 2.1 680.0 126.29
9-22-78 734.0 41.8 147.3 16.4 566.6 31.7 3.2 1037.3 275.83
10-28-78 497.3 27.8 236.0 23.2 206.7 11.5 3.0 754.0 135.97
11-26-78 457.0 38.1 497.0 14.6 344.0 23.7 3.5 735.3 193.88
12-16-78 617.3 59.6 357.7 39.0 386.7 16.1 2.3 866.00 169.47

1 Burned February 18, 1978

2 Preburn sample
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Table 9. Mean bilomass and standard deviation of live and dead shoots
and total plant biomass (g/mz) in the Burned Alabama
Juncus roemerianus community.
LIVE DEAD TOTAL BIOMASS
DATE X 5 X S X S
2-17-77 648.0 46.0 1270.0 91.0 1917.6 121.9
4-20-77 159.0 19.0 210.0 139.0 369.1 156.8
5-1%-77 163,1 101.7 163.1 101.7
6-22-77 280.5 73.6 145.8 41.6 426.3 100.3
1-27-77 354.9 92.3 124.7 120.5 479.6 202.8
8-NONE
9-7-77 480.12 86.9 171.9 75.6 652.1 100.3
11-28-77 529.2 77.4 112.6 43.4 641.9 110.2
2-15-78 494,47 69.82 230.01 25.73 724 .49 85.08
3-15-78 496.92 110.84 169.36 48.08 666.28 154.07
4-19-78 611.05 121.23 225.23 40,18 836.29 147.77
5-24-~-78 519.22 84.53 523.58 66,33 1042.8 122.83
6-28-78 467.43 110.29 230,13 73.15 697.57 174.11
7-27-78 607.05 128.28 376.27 74,92 983,32 170.96
9-01-78 607.6 83.39 365.48 61.41 673.08 106.64
10-06-78 464,07 46,07 491,44 52 955.5 78.14
12-05-78 519.41 129.6 456.45 216,22 975.86 341.74
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Table 10. Mean bilomass and standard deviation of live and dead shoots
and total plant biomass (g m?) in the Cut Alabama Juncus

roemerianus community.

LIVE DEAD TOTAL BIOMASS
DATE X S X s X S
2-17-77 550.0 102.0 1405.0 328.0 1955.1 422.3
4-20-77 94,0 34,0 222.0 60.0 315.3 82.1
5-19-77 227.49 60.6 227.49 60.6
6-22-77 283.9 73.0 156.3 86.7 440.2 85.5
7~26-77 437.32 73.14 70.0 18.4 507.3 75.3
8-NONE
9-07-77 354.0 37.9 79.3 15.5 433.3 50.1
11-28-77 440.3 56.3 210.1 31.3 650.4 66.8
2-15-78 264,15 105.83 1826.71 575.39  2090.86 605.93
3-15-78 8.85 = 7.81 415.45 80,46  424.3 82.95
4-19-78 64 .77 14.25 555.72 85.46 620.49 80.27
5-24-78 156.51 34.7 - - - -
6~28-78 233,34 72.69 - - - -
7-27-78 213.74 50.05 13.25 6.51 226.99 51.53
9-01-78 207.14 24 .86 16.4 7.04 223.54 24.78
10-06-78 333.0 65.64 130.56 30.04 463.55 93.97
12-05-78 392.75 85,55 137.29 29.47 530.03 107.34




*[i61 3snbny ui pajow 0o aJuam so|dwes ozF

I-118

B wil 6l°leL ¢ 9¢ BG76L Le'sll  19°1Lp9 8L={0~21
2£7501 ¢ lel e vl t°0s 827201 8°089 84-60-01
9" 99 18" £95 LET0Y LL°V6 1Y 42 SO0°ELv 84-60-6
L¢° 65 B 103 £8°6¢ 12°L8 £9°0§ 65 ¥1G 84-10-8
617€9 S0°vLiE Ev oy 867201 8t LE 107143 8L-9¢-9
85'8¢L £0°929 ¥2 0€ LLUvLl €6°€LL  98°LSE BL-11-9
687 vl 9L"8LY 96°08 L9°9%¢ L2°t6 65°1E2 8£-20-6
G810t £57069 8E"101 6" ¥8E ¢l 8Y £9°602 8L-L1-€
0E"tL 697909 FAS] Lo L6l £10°8L 69°60¢ BL-91-¢

9°¢26 £78SE L°ES 97242 v LL 1798 LL-62-11

9°8¢ ¢ 8ILE t£'Le v a6l 649 8291 LL-21-6

- - - - - - 8
9'0LL L7LYS 5719 £ lvl L7811 ¥°90% hm-nmmh

E°vEL £ itL L°00L L7 L2¢ L7468 9°ELY LL-€2-9

BEBL L°Evd B8°G6 LERY ¥°96 v 66¢ LL-€2-§

G 96 | AR 0"t 0°tLy 0°66l LL-92-¥

1°€62 L7192 0°Z0l 0°028 0°¢0¢ 0°¢eve LL-81-¢

S X S X S X 21eQ
SSewoig |®3o0] peaq AL

. ‘eueqe|y ul A3 LUNUWOD BAO[JiuUdaT|e
'S $043u0D 3y3 uL (Gw/6) ssewoiq punodbaroge @103 pue $100yS
peap Bulpuejs pue aAl| Jo (s) UOL}BLASp paepuels pue (x) ssewotq abedaay -| 9lqe]



7461 1SnBny ul P330d| {00 BUBM saldurs ON

I-119

G890l LS°(8% 6°EC $678LL 29°92L €0°69v BL-L0-21
89°0LL g/°6Lll  ¥Z76L 96388 96°61l1L 2 10!l 8/-60-01
197291 G9°'60EL 9179t g% bl 6°GEL  6L°G9LL 8.-60-6
ve2ct £°90LL  ZL74G GL vl iv-9i¢ 857196 8{-10-8
0L°¢6 L0°E6E L3722 2678 85°GL 857 60¢ B8.-92-9
gL'961L §9° 9.5 vL°0S Pavel £9° 181 LL 2Py 8L-71-9
0t~ 20L R4 TASNFA Y L'891 bv°89 62" £5¢ 8.-20-5
By ¢ £L-Géc Ly'6E 16°50¢ S0°0Y 22'6l1 BL-L1-t
G."89 ££°80¢ 6€ 8¢ ¥8°6L G°99 67°82¢ 8L-8l-2
A G'LLS 2°8¢ 1 7 t°99 6'9ES L1-62-11
2 00l 2 95Y ¥ ov 9°2¢cl G L9 PR A LL-21-6
- - - - - - { 2
2 291 67545 £°99 G LLL 6 ¥ElL P LOY Li-Le-L
9°91¢ L°ELUL L°06 £°29¢ 8°6¥2 L7¥8E LL-€2-9
¢ 0ve 0°60L ¢ 28l L 6Lt ¥ L6 67599¢ A Y/
8709 6°L19 0°9% 0'8LE 0°G¢ 0'veEe Li-92-Y
9°801 2 649 0 8rlL 0°GPv 0" L81 0°'PEe 2LL-8l-¢
s X s X S X a3eq
sseuolg |e3o] peag AL

. euwreqe |y Ul A}LUNUAOD BUO[JLUJIL|E
*S LpRZLLL343) YR ul ANE\mu ssewolq punoabaAoge |2303 pue S300YS
peap mcwncmum pue aAL} JO (s) UOLIRLASP pdepuels pue (x) ssowoiq abeaaAy °Z| 31qQRl



I-120

Table 13. Mean biomass and standard deviation of l1ive and dead shoots
and total aboveground biomass (g/mz) in the Burned
Spartina alterniflora community.
LIVE DEAD TOTAL BIOQMASS
DATE X S X S X S
2-18-77 335.0 185.0 616.0 148.0 950.9 317.8
4-26-77 117.0 26.0 354.0 66.0 471.6 88.8
5-23-77 118.1 28.2 192.8 51.9 310.9 59.3
6-23-77 259.1 79.6 257.9 15.7 517.0 79.3
7-27-77 429.0 82.9 176.1 85.3 605.1 58.4
8=NONE
9-12-77 208.7 43.7 35.9 28.0 244.,6 71.1
11-29-77 251,21 37.8 128.5 49.9 379.8 38.1
2-16~78 234,05 67.94 120.71 23.44 354.93 62.70
3-17-78 170.49 46.29 312.19 89.98 482.69 126.17
5-02-78 319.93 74 .46 281.73 98.45 601.67 143.31
6-14-78 275.76 81.04 87.78 41.9 363.54 114.75
6-26-78 461.43 93.33 64.32 42,37 525.75 80.01
8-01-78 424,58 39.36 131.12 57.14 555.7 85.28
9-09-78 421.91 43,35 192.65 36.52 614.55 46.78
10-09-78 680.8 102.28 50.4 14,32 731.2 105.72
12-07-78 225,09 113.66 65.98 37.66 591.07 132.56
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Table 14. Mean biomass and standard deviation of live and dead shoots
and total aboveground blomass (g/mz) in the Cut Spartina

alternifleora community,

LIVE DEAD TOTAL BIOMASS
DATE X S X S X S

2-18-77 366.0 184.0 508.0 124.0 874.1 255.8
4-26-77 96.0 30.0 99.0 131.0 194.3 132.0
5-23-77 134.7 63.6 134.7  63.6 134.7 63.6
6=23-77 209.7 58.2 47.13  23.04 256.8 60.8
7-27-77 220.5 53.6 220.5 53.6
8-NONE
9-12-77 190.36 87.2 190,36 87.2
11-29-77 98.8 32.8 3.6 14.6 133.3 40.5
2-16-78 124.55 22.28 63.26 15.9¢ 187.81 22.14
3-17-78 13.49 4.3 - - -
5-02-~78 76 .87 11.07 - - -
6-14-78 264.76 82.03 - - -
8-01-78 510.37 46.38 - - -
9-09-78 508.41 33.47 - - -
10-09-78 675.2 158.96 - - -

12-07-78 684 .07 124.98 - -
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Table 18. Average biomass (x) and standard deviation (s} of live and standing dead
plant shoots, total litter, number of minor species, and total live bio-

mass (g/mz) of all species in the Burn 111 §. cynosuroides community.

Live Dead Litter Assoc. Total Live Biomass
_ _ _ Minor Spp. of All Species
Date X S X S X S X Nno. X S
2-18-78° 0 0 1849.3 217.07 1069.3 53.66 O 0 0
4-23-78 394.0 119.20 14.0 g8.57 608.7 32.51 0.3 408.0 202.78
5-27-78 1235.3 86.52 0 0 355.3 30.17 1.3 1504.0  319.41
6-24-78 1472.7 113.07 44.7 4.27 586.7 37.01 0.5 1793.3 355.84
7-28-78 1922.7 181.4 61.3 1.3 412.0 34.9 1.0 2322.67 620.75
8-26-78 1480.0 95.5 760.0 169.1 864.6 22.7 0.2 1508.00 389.90
9.22-78 2211.3 84.8 232.0 23.2 556.0 88.1 0.5 2486.00 446.03
10-26-78 506.7 74.4 881.3 109.3 726.7 34.9 1.6 1014.0  348.63
11-26-78 248.7 34.1 1518.0 128.5 588.7 41.7 0.8 800.67 395.52
12-16-78 112.7 11.5 1561.3 69.1 730.0 75.5 1.2 285.33 135.73

1 Burned February 18, 1978

2 Preburn sample; 0 means no live Spartina during this winter month
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Table 20. Average biomass (X) and standard deviation (s) of live and standing dead
plant shoots, total litter, number of minor species, and +otal live bio-

mass (g/mz) of all species in the Clipped 11! S. cynosuroides community.

Live Dead Litter Assoc. Total Live Biomass
_ _ _ Minor Spp. of_A]] Species

Date X S X ) X S X NO. X 5
2-18-78° 0 0 1024.0 115.47 482.0 22.46 0.2 1.3 3.27
4-23-78 501.3 19.98 0 0 368.7 23.93 1.0 548.67 121.10
5.27-78 1108.0  74.27 0 0 341.3 53.82 0.5 1263.33 391.24
6-24-78 1318.7 102.18 44.00 7.87 401.3 34.55 0.8 1658.0  263.52
7-28-78 2858.0 142.0 0.0 0.0 380.0 13.8 0.0 2858.0 567.68
8-26-78 1044.6 117.8 g91.3 78.1 275.3 10.9 0.5 1350.0  385.39
g-22-78 1151.3  30.1 408.1 68.5 383.3 13.9 1.2 1740.67 339.24
10-28-78 909.3 80.0 1232.7 113.8 4427 23.6 0.3 920.0  304.66
11-26-78 0g2.7 30.97 1124.7 109.6 192.7 7.0 1.3 898.7 313.57
12-16-78 232,0 28.5 1346.7 58.5 - 3 2.0 301.33 101.97

1 cut February 18, 1978

2 Precut sample

3 Sample was lost due to fire in drying oven
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Table 22. Average biomass and standard deviation of live and dead shoots

and total biomass (g/mé) in the D. spicata community.

Live Dead Total Biomass
Date x 3 X s X s
2-21-77 97.0 32.0 872.0 123.0 968.3 131.3
4-27-77 94.0 29.0 292.0 60.0 386.1 72.2
5-24-77 130.8 19.3 376.9 96.2 507.8 97.4
6-21-77 203.7 29.8 470.2 193.7 673.8 174.6
7-25-77 150.9 30.9 295.9 28.5 446.8 52.0
8-25-77 142.9 21.7 324.4 62.1 467.3 71.5
9-14-77 127.5 29.5 351.8 74.9 479.2 96.9

11-30-77 130.2 29.7 239.8 93.6 370.0 120.8
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Table 23. Standing crop of belowground biomass (kg/m?) in the Mississippi

J. roemerianus marsh at the 0-10 cm and the 11-20 cm depth levels.

Date Contro! Burned Clipped Fertilized X

0-10 cm Depth Level

2-15-77 3.24 2.99 3.44 2.86 3.13
4-27-77 3.00 3.57 3.62 3.53 3.43
5-25-77 2.46 3.30 2.67 3.28 2.93
6-29-77 3.88 4,00 3.9 3.06 3.71
7-29-77 2.24 3.81 3.72 3.57 3.33
8-26-77 2.84 2.74 3.79 3.54 3.23
9-17-77 3.88 2.88 3.03 4.4 3.48
11-26-77 2.86 3.09 3.63 3.79 3.34
11-20 cm Depth Level
2-15-77 2.42 2.64 2.37 2.81 2.56
4-27-77 2.90 3.00 2.57 2.64 2.78
5-25-77 2.46 2.67 2.66 3.23 2.76
6-29-77 2.53 2.80 2.43 2.70 2.62
7-29-77 2.30 2.52 2.48 2.84 2.54
8-26-77 2.23 3.06 2.78 2.75 2.70
9-17-77 2.23 2.52 1.96 2.99 2.43

11-26-77 2.57 2.72 2.79 2.50 2.65
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Table 24. Standing crop of belowground biomass (kg/m2) in the §S.
cynosuraides marsh in the 0-10 cm and 11-20 cm depth levels.,
Date Control Burned Clipped Fertilized
0-10 cm Depth Level
2-15-77 2.84 2.92 2.61 3.23 .90
4-19-77 2.64 2.27 2.93 2.93 .69
5-24-77 2.37 2.56 3.88 2.53 .B4
6-28-77 2.80 3.60 4.06 2.28 .19
7-28-77 3.97 4.01 3.95 3.86 .95
8-26-77 2.25 2.46 4.4 2.84 .98
9-17-77 2.85 2.25 2.53 2.94 .89
11-26-77 2.23 3.60 2.94 3.21 .00
11-20 cm Depth Level
2-15-77 4.07 5.21 4.71 3.12 .28
4-19-77 4.66 3.91 3.45 3.69 .93
5-24-77 3.92 5.41 4.71 4.25 .57
6-28-77 4.55 4.62 4.71 4.38 .56
7-28-77 4.88 4.71 3.78 5.36 .68
8-26-77 4.75 4.33 5.26 4.67 .75
9-17-77 4.19 4.24 4.48 3.50 .10
11-26-77 3.51 4.00 5.04 4.69 .31
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Table 25. Standing crop of belowground biomass (kg/m2) in the Alabama J.
roemerianus marsh at the 0-10 c¢m and the 11-20 cm depth levels.
Date Control Burned Clipped Fertilized
0-10 cm Depth Level
2-17-77 2.48 2.10 2.29 3.55 .60
4-20-77 2.00 3.62 1.98 2.82 .60
5-19-77 1.96 1.11 1.76 2.05 .72
6-29-77 0.99 0.71 1.68 1.35 .18
7-26-77 0.92 0.46 2.17 2.53 .52
9-07-77 1.70 1.90 0.39 1.99 .49
11-28-77 2.18 2.34 1.69 2.60 .20
11-20 cm Depth Level
2-15-77 1.03 2.13 2.48 2.22 .97
4-20-77 1.32 1.81 2.48 3.45 .27
5-19-77 1.37 1.19 2.47 2.57 .90
6-29-77 1.23 1.32 2.67 0.68 .48
7-26-77 1.51 2.39 4.03 2.93 .72
9-07-77 2,13 3.85 1.53 2.1 A1
11-28-77 1.01 1.28 0.38 1.03 .93
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Table 26. Standing crop of belowground biomass (kg/mé) in the S.

alterniflora marsh at the 0-10 cm and the 11-20 cm depth

levels.
Date Control Burned Clipped Fertilized X
0-10 cm Depth Level
2-18-77 2.38 2.05 2.48 2.57 .37
4-26-77 2.85 2.19 1.85 2.81 .42
5-23-77 2.36 2.46 2.70 3.75 .82
6-29-77 2.63 1.57 1.91 3.13 .31
7-27-77 2.93 2.50 2.77 3.86 .02
9-12-77 2.85 2.59 2.41 2.42 .57
11-29-77 1.45 2.19 3.79 1.72 .29
11-20 cm Depth Level
2-18-77 3.10 1.34 1.48 1.05 .75
4-26-77 4.01 1.65 2.69 1.95 .57
5-23-77 3.65 1.58 1.46 1.96 .16
6-29-77 3.72 1.98 1.51 1.59 .20
7-27-77 1.95 3.40 2.40 1.94 .43
9-12-77 2.25 3.07 2.17 2.09 .40
11-29-77 2.64 2.9 2.52 2.09 .54
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Table 27. Standing crop of belowground biomass (kg/mZ) in the S. patens
community in the 0-10 and 11-20 cm depth levels.

Date 0-10 cm Depth Levels 11-20 cm Depth Levels Total
2-15-77 3.23 2.89 6.12
4-27-77 3.1 3.44 6.55
5-25-77 2.64 3.03 5.67
6-29-77 3.03 3.50 6.53
7-29-77 3.88 3.35 7.23
8-26-77 3.06 2.65 5.7

9-17-77 4.4 3.20 7.61
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Table 28. Standing crop of belowground biomass (kg/m2) in the D. spicata
marsh at the 0-10 cm and 11-20 cm depth levels.

Date 0-10 cm Depth Levels 11-20 cm Depth Levels Total
2-21-77 1.36 0.22 1.32
4-27-77 1.02 0.09 1.11
5-24-77 1.11 0.10 1.21
6-21-77 1.38 0.27 1.61
7-25-77 1.84 0.36 2.20
8-25-77 1.17 0.41 1.58
9-14-77 1.09 0.13 1.22

11-30-77 2.50 0.95 3.45
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Table 29. Carbon (C), hydrogen (H), nitrogen (N}, phosphorus (P), and energy
value (Kcal/gAFDW) of Tive aboveground and belowground materials
from the 0-10 and 11-20 cm levels in the Mississippi J. roemerianus
Control plot.

Date % C % H %N % P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-15-77 46.381 6.511 0.715 0.082 4.815
4-26-77 44.875 6.585 0.726 0.077 4.593
5-25-77 46.683 6.044 0.704 0.078 4.571
6-29-77 44.954 6.072 0.410 0.072 4.746
7-29-77 45,438 6.296 0.685 0.080 4,554
8-26-77 45.826 6.485 0.811 0.078 4.882
9-17-77 44.011 5.899 0.802 0.079 4.884
11-26-77 44,483 6.061 0.961 0.078 4.884
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-15-77 43,963 5.493 0.696 {.085 4.811
4-27-77 42.045 5.852 0.551 0.085 4.780
5-25-77 43.161 5.679 0.549 0.074 4.705
6-29-77 40.830 5.414 0.512 0.058 4.844
7-29-77 40.572 5.520 0.503 0.077 4.863
8-26-77 41,731 5.466 0.500 0.078 5.070
9-17-77 39.537 4.890 0.518 0.075 5.119
11-26-77 41.999 5.278 0.396 0.074 4.982
Belowground Roots and Rhizomes at 11-20 cm Depth Level
2-15-77 42.628 5.547 0.513 0.078 3.845
4-27-77 44,590 5.749 0.417 0.071 4.729
5-25-77 39.866 5.638 0.498 0.069 4.850
6-29-77 42 .468 5.343 0.354 0.074 5.134
7-29-77 38.210 5.184 0.533 0.072 5.038
8-26-77 41.961 5.069 0.644 0.071 5.277
9-17-77 43.539 5.034 0.661 0.072 5.249
11-26-77 41.242 5.044 0.664 0.072 5.328
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Table 30. Carbon (C), hydrogen (H), nitrogen (N), phosphorus (P}, and energy
value (Kca1/gAFDN? of live aboveground and belowground materials from
the 0-10 and 11-20 cm Tevels in the Mississippi J. roemerianus
Fertilized plot.

Date % C % H %N %P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-15-77 46.381 6.511 0.715 0.082 4.781
4-27-77 45.523 6.178 0.984 0.088 4.535
5-25-77 44,953 5.983 0.796 $.083 4.415
6-29-77 44.414 5.906 0.465 0.082 4 681
7-29-77 44 121 6.362 0.637 0.083 4.644
8-26-77 45.710 6.165 0.760 0.079 4.672
9-17-77 42.475 5.988 0.491 0.074 4.835
11-26-77 42.162 6.081 0.666 0.077 4.80

Belowground Roots and Rhizomes at 0-10 cm Depth Level

2-15-77 43.963 5.493 0.696 0.085 4.729
4-27-77 44 .092 5.816 0.490 0.085 §.767
5-25-77 39.432 5.798 0.477 0.082 4.613
6-29-77 39.188 5.187 0.402 0.081 4.885
7-29-77 40.231 5.638 0.432 0.075 4.844
8-26-77 39.148 5.294 0.544 0.083 5.076
9-17-77 37.598 5.069 0.367 0.077 4.987
11-26-77 40.882 5.244 0.512 0.077 4.956

Belowground Roots and Rhizomes at 11-20 cm Depth Level

2-15-77 42.628 5.547 0.513 0.078 5.147
4-27-71 43.624 5.935 0.547 0.075 4.695
5-25-77 39.330 5.772 0.478 0.067 5.026
6-29-77 40.912 4.942 0.708 0.066 5.063
7-28-77 41.575 5.537 0.511 0.070 4,827
8.26-77 42.587 5.261 0.513 0.072 5.193
9-17-77 44.461 5.287 0.672 0.070 5.117
11-26-77 44.550 5.337 0.467 0.069 5.241
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Table 31. Carbon (C), hydrogen (H), nitrogen {N), phosphorous (P), and energy
value (Kcal/gAFDN? of live aboveground and belowground materials from
the 0-10 and 11-20 cm levels in the Mississippi J. roemerianus
Burned plot. '

Date % C % H % N %P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-15-77 46.381 6.511 0.715 0.082 4.823
4-19-77 44,800 5.817 1.144 0.091 4.641
5-25-77 46.056 6.245 0.808 0.084 4.513
6-29-77 46.320 6.227 0.481 0.080 4.610
7-29-77 43.684 6.430 0.521 0.076 4.704
8-26-77 46.609 6.424 0.715 0.081 4.730
9-17-77 44.543 6.373 0.773 0.075 4.857
11-26-77 45.167 6.381 0.79N 0.076 4.790
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-15-77 43.963 5.493 0.696 0.085 4.690
4-27-77 --- --- -—- --- 4.769
5-25-77 39.588% 5.779 0.549 0.081 4.773
6-29-77 39,937 5.308 0.488 0.080 4.682
7-29-77 38.952 5.374 0.507 0.080 4.650
8-26-77 39.160 5.128 0.484 0.0869 4.946
9-17-77 41.878 5.429 0.469 0.072 4.972
11-26-77 40.891 5.316 0.501 0.070 4.791
Belowground Roots and Rhizomes at 11-20 cm Depth Level
2-15-77 42.628 5.547 0.513 0.078 5.063
4-29-77 43.564 5.714 0.629 0.070 4,893
5-25-77 39.994 5.716 0.809 0.071 4.876
6-29-77 40.644 5.409 0.476 0.071 5.183
7-29-77 40.595 5.504 0.556 0.072 5.085
8-26-77 42.513 5.482 0.511 0.071 5.246
9-17-77 43.828 5.472 0.535 0.070 5.157
11-26-77 44.079 5.088 0.421 0.071 5.238
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Table 32. Carbon (C), hydrogen (H), nitrogen (N}, phosphorous (P}, and energy
value Kcal/gAFOW of aboveground and belowground materials from
the 0-10 and 11-20 cm levels in the Mississippi J. roemerianus
Clipped plot.

Date % C % H % N % P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-15-77 46.381 6.511 0.715 0.082 4.796
4-27-71 44.232 6.152 1.083 0.088 4.658
5-25-77 44,964 6.010 0.682 0.085 4.586
6-29-77 46.475 5.857 0.466 0.081 4.669
7-29-77 43.833 6.324 0.730 0.078 4.706
8-26-77 45.826 6.485 0.811 0.078 4.800
9-17-77 45.008 6.120 0.856 0.080 4.830
11-26-77 44.248 6.044 0.558 0.078 4.921
Belowground Root and Rhizomes at 0-10 cm Depth Level
2-15-77 43.963 5.493 0.696 0.085 4.963
4-27-77 41.801 5.370 0.322 0.087 4.652
5-25-77 41,91 6.195 0.487 0.082 4.344
6-29-77 38.656 5.291 0.556 0.077 4.633
7-29-77 40.227 5.502 0.458 0.081 4.766
8-26-77 41.963 5.614 0.568 0.086 4.786
8-17-77 43.29 5.220 0.420 0.080 4.915
11-26-77 42.674 5.244 0.362 0.077 4.874
Belowground Roots and Rhizomes at 11-20 cm Depth Leve!l
2-15-77 42.628 5.547 0.513 0.078 5.039
4-27-77 45.383 5.535 0.570 0.071 4.962
5-25-77 40.767 5.344 0.548 0.069 4.848
6-29-77 43.865 5.433 0.628 0.068 5.134
7-29-77 43.387 5.767 0.463 0.071 5.002
8-26-77 11.249 5.537 0.593 0.073 5.379
9-17-77 40.081 5.319 0.566 0.074 5.117
11-26-77 42.487 5.585 0.372 0.074 5.075
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Table 33. Carbon (C), hydrogen (H), nitrogen (N), phosphorous (P), and energy
value (KcaT/gAFDwg of 1live aboveground and belowground materials from
the 0-10 and 11-20 cm levels in the Alabama J. roemerianus control

plot.
Date % C % H % N % P Kcal/gAFDW
Aboveground Living Leaves and Stems
2-77 46.472 6.277 0.781 0.075 4.731
4-77 44.874 6.031 0.575 0.077 4.672
5-77 44.512 5.822 0.541 0.079 4.731
6-77 44 .509 5.981 0.602 0.078 4.659
7-77 44,324 5.964 0.568 0.078 4.737
8-77 -- -- -- -- --
9-77 43.248 5.993 0.548 0.081 4.615
11-77 44.291 5.929 0.588 0.082 4.723
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-77 -- - - -- 4.606
4-77 -- -- - - -
5-77 39.913 5.711 0.569 0.078 4.958
6-77 34.054 4.893 0.482 0.070 4.963
7-77 35.843 5.048 0.538 0.075 4.957
9-77 36.910 4.948 0.502 0.073 4.785
1-77 31.531 4,509 0.467 0.074 5.79]
Belowground Roots and Rhizomes at 11-20 cm Depth Level
2-77 - -- -- - 4.959
4-77 42 .864 5.818 0.474 0.064 5.026
5-77 37.413 4.986 0.638 0.067 4.891
6-77 41.054 5.562 0.567 0.067 5.106
7-77 41.125 5.481 0.560 0.068 5.097
9-77 40.390 4.908 0.472 0.072 4.521
11-77 31.922 4.591 0.532 0.067 4.958
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Table 34. Carbon ( hydrogen (H), nitrogen (N), phosphorous (P}, and energy
value (Kca1/gAFDH? of 1ive aboveground and belowground materials from
the 0-10 and 11-20 cm levels in the Alabama J. roemerianus Fertilized
plot.

Date r % H % N %P Kcal/gAFDW

Aboveground Living Leaves and Stems
2-77 - - -- -- 4.735
4-77 44,549 6.006 0.605 0.083 4.681
5-77 44.386 5.830 0.515 0.080 4.750
6-77 43.367 6.083 0.764 0.077 4.529
7-77 43.037 6.139 0.669 0.077 4.734
8-77 -- -- - - -
9-77 43.964 5.918 0.656 0.079 4.805
1M-77 43.413 5.776 0.551 0.083 4.759
Belowground Roots and Rhizomes at 0-10 cm Depth Level

2-77 -- -- -- -- 4.696
4-77 42.462 5.733 0.548 0.074 4.955
5-77 40.767 5.854 0.648 0.073 4.924
6-77 -- -- -- -- 4.869
7-77 40.078 5.385 0.617 0.072 5.161
9-77 36.629 4.793 0.506 0.072 5.060

11-77 38.519 5.093 0.555 0.069 5.021

Belowground Roots and Rhizomes at 11-20 c¢m Depth Level
2-77 -- -- - -- 5.237
4-77 -- -- -- -- 5.201
5-77 38.068 5.125 0.833 0.068 4.907
6-77 40.470 5.248 0.513 0.069 5.349
7-77 39.328 4.9 0.539 0.067 5.496
9-77 36.073 4.527 0.608 0.078 5.519
1-77 -- -- -- -- 5.040
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Table 35. Carbon (C), hydrogen (H), nitrogen (N), phosphorous (P), and energy
value (Kcal/gAFDW) of live aboveground and belowground materials
from the 0-10 and 11-20 c¢m levels in the Alabama J. roemerianus
Burned plot.

Date % C % H % N % P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-77 -—- -—- - -—- -—-
4-77 40.103 5.735 0.476 0.071 4.587
5-77 49.802 5.318 0.586 0.082 4.773
6-77 41.19 5.865 0.831 0.080 4,498
1-77 42.314 5.935 0.719 0.079 4.705
8-77 --- --- --- --- ---

9-77 42,094 5.976 0.660 0.083 4.789
11-77 44.486 5.904 0.585 0.081 4.460

Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-77 - - - - 4.700
4-77 41.003 5.063 0.587 0.067 4.757
5-77 39.478 5.388 0.506 0.069 5.223
6-77 37.062 5.157 0.506 0.075 4.958
7-77 36.469 5.235 0.510 0.071 4.842
9-77 40.623 5.073 0.479 0.072 4.732
11-77 37.322 4.971 0.510 0.078 4.284
Belowground Roots and Rhizomes at 11-20 cm Depth Level

2-77 --- --- -—- -—— 5.163
4-77 42.082 5.608 0.405 0.067 4.833
5-77 39.635 5.207 0.763 0.069 5.174
6-77 41.228 5.125 0.806 0.075 5.070
7-77 39.968 5.278 0.754 0.069 6.711
9-77 39.207 5.088 0.652 0.075 5.203

11-77 37.058 4.895 0.719 0.067 4.907
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Table 36. Carbon (C), hydrogen (H), nitrogen (N), phosphorous {P}, and energy
value {Kcal/gAFDW) of live aboveground and belowground materials
from the 0-10 and 11-20 cm levels in the Alabama J. roemerianus
Clipped plot.

Date % C % H %N %P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-77 -—— - - -—- 4.692
4-77 42.363 5.947 0.556 0.081 4.647
5-77 44.176 5.918 0.607 0.081 4.568
6-77 42.471 5.801 0.508 0.079 4.570
7-77 43.303 5.901 0.586 0.757 4.809
8-77 41.711 5.818 0.574 0.085 -
9-77 --- -—- -—- --- 4.855
11-77 43.142 5.842 0.579 0.080 4.518
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-77 -—- - - --- 4.730
4-77 41.244 5.766 0.496 --- ——-
5-77 40,762 5.707 0.356 0.072 4.979
6-77 39.346 5.515 0.694 0.069 5.077
7-77 42.223 5.606 (0.539 0.068 5.085
9-77 38.118 5.128 0.490 0.074 5.275
11-77 38.194 5.257 0.524 0.070 5.825
Belowground Roots and Rhizomes at 11-20 cm Depth Level

2-77 - --- --- - 5.100
4-77 42.205 5.545 0.510 0.685 5.163
5-77 42.208 5.405 0.607 0.069 5.355
6-77 41.852 5.336 0.561 0.066 5.296
7-77 39.496 5.100 0.556 0.068 5.337
9-77 41.804 5.301 0.514 0.074 4.965

11-77 37.201 4.941 0.539 0.069 5.090
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Table 37. Carbon (C), hydrogen (H), nitrogen (N), phosphorous (P), and energy
value (Kca1/gAFDw? of aboveground and belowground materials from
the 0-10 and 11-20 cm levels in the S. cynosuroides control plot.

Date % C % H % N % P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-15-77 -- -- -- -- -
4-19-77 39.791 6.317 0.795 0.089 4.568
5-25-77 43,013 5.861 0.97M 0.090 4.534
6-28-77 40.343 5.778 0.597 0.074 4.427
7-28-77 41.991 5.879 0.572 0.077 4.566
8-26-77 42.894 6.030 0.468 0.746 4.584
9-17-77 42.644 6.086 0.485 0.069 4.616
11-26-77 43.420 5.996 0.742 0.070 4.415
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-15-77 43.241 5.556 0.531 0.066 4.677
4-19-77 40.270 5.266 0.734 0.075 4.677
5-25-77 39.842 5.771 0.484 0.070 4.851
6-28-77 34.071 4.579 0.405 0.069 5.043
7-26-77 37.480 5.343 0.491 0.071 4.468
8-26-77 33.661 4.436 0.431 0.073 4.716
9-17-77 37.084 4.992 0.503 0.073 4.796
11-26-77 37.987 4.976 0.658 0.072 4.678
Belowground Roots and Rhizomes at 11-20 cm Depth Level
2-15-77 39.307 5.162 0.376 0.069 4.698
4-19-77 39.693 5.261 0.445 0.068 4.990
5-25-77 34.628 5.131 0.511 0.069 4.582
6-28-77 32.883 4.284 0.41 0.070 5.03
7-28-77 39.885 5.374 0.634 0.067 4.746
8-26-77 36.139 4.914 0.406 0.068 4,928
9-17-77 37.108 4.936 0.591 0.072 4.985
11-26-77 38.617 4,950 0.567 0.070 4.89
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Table 38 Carbon (C), hydrogen (H), nitrogen (N}, phosphorous (P), and energy
value (Kca1/gAFDW? of 1ive aboveground and belowground materials
from the 0-10 and 11-20 cm levels in the S. cynosuroides Fertilized

plot.
Date % C % H % N % P Kcal/gAFDW
Aboveground Living Leaves and Stems
2-15-77 - -- -- -- --
4-19-77 41.030 6.084 0.865 0.092 4.539
5-25-77 43.130 6.140 0.578 0.081 4.585
6-28-77 42.586 5.994 0.538 0.074 4.435
7-28-77 41.225 5.882 0.326 0.082 4.499
8-26-77 41.654 6.151 0.523 0.073 4.622
9-17-77 -- .- -- -- 4.664
11-26-77 41.389 6.079 0.517 0.072 4.452
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-15-77 43.241 5.556 0.531 0.066 4.831
4-19-77 42.812 5.567 0.710 0.076 4.646
5-25-77 38.681 5.087 0.529 0.068 4.788
6-28-77 40.125 5.442 0.622 0.076 4.69%
7-28-77 38.043 5.282 0.527 0.073 4.768
8-26-77 35.043 4.622 0.484 0.070 4,456
9-17-77 39.748 4.798 0.445 0.072 4.885
11-26-77 39.257 4.929 0.669 0.072 4.785
Belowground Roots and Rhizomes at 11-20 cm Depth Level

2-15-77 39.307 5.162 0.376 0.069 4,716
4-27=-77 -~ -= -~ -- 4.744
5-25-77 37.763 5.539 0.390 0.070 4,750
6-28-77 37.379 4.975 0.569 0.071 4.694
7-28-77 41.068 5.560 0.340 0.067 4.874
8-26-77 39.317 5.182 0.409 0.071 4.717
9-17-77 35.506 4.610 0.425 0.069 4.851
11-26-77 39.029 5.287 0.457 0.072 4.920
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Table 39. Carbon (C), hydrogen (H), nitrogen (N}, phosphorous (P), and energy
value (Kcal/gAFDW) of live aboveground and belowground materials
From the 0-10 and 11-20 cm levels in the S. cynosuroides Burned plot.

Date % C % H % N % P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-15-77 -— -——— - --- -—
4-19-77 41.468 6.000 0.718 0.086 4.645
5-25-77 40.180 6.352 0.468 0.076 4.491
6-28-77 41.765 5.932 0.433 0.082 4.503
7-28-77 41.781 5.990 0.479 0.074 4.577
8-26-77 44 .212 6.159 0.485 0.071 4.615
9-17-77 42.836 6.042 0.628 0.073 4.616
11-26-77 42.580 6.121 0.752 0.072 4.505
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-15-77 43.241 5.556 0.531 0.066 4.620
4-19-77 37.015 4.791 0.508 0.075 4.800
5-25-77 38.295 5.300 0.432 0.069 4.963
6-28-77 27.608 3.948 0.267 0.069 4.636
7-28-77 39.639 5.483 0.436 0.071 4.514
8-26-77 33.870 4.422 0.504 0.073 4.618
9-17-77 39.036 5.363 0.483 0.072 4,570
11-26-77 39.029 5.287 0.457 0.072 4.691
Belowground Roots and Rhizomes at 11-20 cm Depth Level
2-15-77 39.307 5.162 0.37¢6 0.069 4.687
4-19-77 41.231 5.194 0.453 0.069 4.728
5-25-77 41.189 5.334 0.331 0.069 4.670
6-28-77 38.617 5.206 0.448 0.069 4.665
7-28-77 41.841 5.742 0.644 0.067 4.820
8-26-77 40.976 5.440 0.473 0.070 4.723
9-17-77 40.234 5.423 0.408 0.071 4.770
11-26-77 40.068 5.165 0.486 0.071 4.871
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Table 40. Carbon {C), hydrogen (H), nitrogen (N), phosphorous (P), and energy
value (Kcal/gAFDW) of live aboveground and belowground materials
from the 0-10 and 11-20 cm levels in the S. cynosuroides Clipped

plot.
Date % C % H % N % P Kcal/gAFDW
Aboveground Living Leaves and Stems
2-15-77 --- --- --- - -
4-19-77 41.212 5.899 0.735 0.088 4.665
5-25-77 44.301 6.122 0.454 0.082 4,517
6-28-77 43.167 6.012 0.468 0.072 4.572
7-28-77 42.528 6.200 0.397 0.078 4.641
8-26-77 44,305 6.253 0.503 0.071 4,535
9-17-77 42.519 5.827 0.595 0.069 4.637
11-26-77 41.562 5.766 0.826 0.070 4.539
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-15-77 43,241 5.556 0.531 0.066 4.570
4-19-77 39.944 5.371 0.462 0.078 4.468
5-25-77 40.534 5.539 0.548 0.074 4.475
6-28-77 39.514 5.352 0.496 0.070 4.563
7-28-77 38.498 5.372 0.620 0.074 4.777
8-26-77 37.761 5.183 0.532 0.076 5.022
9-17-77 40.435 5.247 0.676 0.071 4,427
11-26-77 40.125 5.186 0.634 0.07 5.272
Belowground Roots and Rhizomes at 11-20 cm Depth Level

2-15-77 39.307 5.162 0.376 0.069 3.784
4-19-77 41.915 5.623 0.636 0.071 4.945
5-25-77 41.788 5.375 0.318 0.065 4,957
6-28-77 43.693 5.681 0.276 0.070 5.027
7-29-77 37.543 5.249 0.415 0.071 5.110
8-26-77 31.336 5.745 0.443 0.071 4.902
9-17-77 38.181 5.436 0.649 0.070 4.899
11-26-77 40.059 5.062 0.443 0.072 4.732
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Table 41. Carbon (C), hydrogen (H), nitrogen (N}, phosphorous (P}, and energy
value (Kcal/gAFDW) of live aboveground $. alterniflora and
belowground materials from the 0-10 and 17-20 cm levels in the S.
alterniflora Control Plot.

Date % C % H ¥ N %P Kcal/gAFDOW

Aboveground Living Leaves and Stems

2-77 41.618 5.867 0.770 -- 4.566
4-77 39.966 5.888 0.551 -- --
5-77 38.959 5.690 0.594 0.089 4.638
6-77 36.034 5.269 0.554 0.079 4.404
7-77 39.010 5.569 0.524 0.077 4.523
8-77 -- -- -- -- --
9-77 37.979 5.436 0.508 0.081 4.433
11-77 37.049 5.569 0.555 0.080 4.354

Belowground Roots and Rhizomes at 0-10 cm Depth Level

2-77 -- -- -- - 4.914 -
4-77 38.424 5.349 0.609 0.067 5.138
5-77 38.682 5.170 0.679 0.071 4.891
6-77 40.326 5.312 0.798 0.072 5.266
7-77 39.706 5.194 (.782 0.072 5.154
9-77 38.799 5.085 (0.669 0.079 4.867
11-77 38.256 4,909 0.699 0.07 5.146
Belowground Roots and Rhizomes at 11-20 cm Depth Level

2-77 -- - ~- -- 5.502
4.77 37.977 4.744 0.690 0.063 5.763
5-77 31.349 3.837 0.695 0.064 5.710
6-77 35.692 4.792 0.665 0.070 5.281
7-77 43.424 5.578 0.605 0.067 5.644
9-77 40.196 5.273 0.697 0.076 5.670
11-77 39.003 4.911 0.681 0.065 6.737
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Table 42. Carbon {C), hydrogen (H), nitrogen (N), phosphorous {P), and energy
value (Kcal/gAFDW) of 1ive aboveground S. alternifiora and
belowground materials from the 0-10 and 11-20 cm levels in the §.
alterniflora Fertilized Plot.

Date % C %R % N % P Kcal/gAFDW

Aboveground Living Leaves and Stems
2-77 -- -- -- -- 4.617
4-77 40.462 5.811 0.578 0.090 4.630
5-77 39.925 5.519 0.644 0.088 4.669
6-77 36.411 5.286 0.576 0.080 4.623
7-77 39.656 5.628 0.584 0.076 4.599
8-77 -- -- - -- -
9-77 37.995 5.577 0.592 0.078 4.591
11-77 38.657 5.487 0.544 0.080 4.593
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-77 -- -- -- -- 4,466
4-77 36.378 4.871 0.446 0.067 4,97
5-77 38.213 4.997 0.701 0.070 5.375
6-77 39.840 5.485 0.637 0.071 5.089
71-77 38.525 5.304 0.745 0.070 5.253
9-77 37.327 5.193 0.631 0.082 4.977
1-77 38.272 4.988 0.544 0.080 5.949
Belowground Roots and Rhizomes at 11-20 cm Depth Level

2-77 -~ -- -- -~ 5.269
4-77 36.717 5.733 0.634 0.067 5.286
5-77 37.022 4,945 0.501 0.071 5.278
6-77 41.932 5.663 0.798 0.073 5.376
7-77 39.558 5.377 0.549 0.073 5.420
9-77 38.853 5.069 0.730 0.083 5.151
11-77 38.194 4,895 0.623 0.066 6.733
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Table 43. Carbon {C), hydrogen (H}, nitrogen (N), phosphorous (P), and
energy value (Kcal/gAFDW) of live aboveground and belowground
materials from the 0-10 and 11-20 cm levels in the S.
alterniflora Burned plot.
Date % C % H % N % P Kcal/gAFDW
Aboveground Living Leaves and Stems
2-77 -—- --- --- -—- 4.599
4-77 37.490 5.472 1.133 0.098 4.431
5-77 38.968 5.543 0.845 0.087 4.547
6-77 40.309 5.421 1.089 0.074 4.450
7-77 39.160 5.474 0.722 0.079 4.623
8-77 - - -—- - -
8-77 38.666 5.334 0.674 0.080 4.737
11-77 37.984 5.205 0.770 0.081 4,580
Belowground Roots and Rhizomes at (-10 cm Depth Level
2-77 --- --- -—- -- 4.756
4-77 40.255 5.777 0.366 0.069 4.983
5-77 39.723 5.325 0.694 0.075 5.191
6-77 40.309 5.421 1.089 0.075 5.090
7-77 41.070 5.547 0.832 0.077 5.257
9-77 38.723 5.116 0.768 0.080 4.756
11-77 38.111 4.840 0.697 0.072 5.933
Belowground Roots and Rhizomes at 11-20 cm Depth Level
2-77 -—- -—- - -— 5.155
4-77 38.226 5.053 0.645 0.066 5.188
5-77 32.971 4.369 0.664 0.069 5.440
6-77 -— --- -—- -—- 5.522
7-77 36.094 5.155 0.651 0.069 5.192
9-77 36.387 4.758 0.738 0.078 5.516
11-77 35.566 4.643 0.646 0.064 6.036
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Table &4. Carbon (C), hydrogen (H), nitrogen (N), phosphorous (P), and energy
value (Kcal/gAFDW) of live aboveground and belowground materials
from the 0-10 and 11-20 cm levels in the 5. alterniflora Clipped

plot.
Date % C % H % N % P Kcal/gAFDH
Aboveground Living Leaves and Stems
2-77 - - - -— 4 577
4-77 39.310 5.739 0.723 0.093 4,572
5-77 38.816 5.591 0.646 0.089 4,698
6-77 36.825 5.437 0.576 0.084 4.503
7-77 37.756 5.543 0.543 0.773 4,615
8-77 -—- -—- - -— -—
9-77 36.973 £.512 0.610 0.076 4.721
11-77 36.975 5.334 0.589 0.076 4.610
Belowground Roots and Rhizomes at 0-10 ¢cm Depth Level
2-77 --- —-- -— -—- 4.646
4-77 38.259 5.382 0.512 0.069 4,925
5-77 41.026 5.476 0.768 0.075 4.921
6-77 40.203 5.415 0.734 0.069 4.881
7-77 39.247 5.385 0.727 0.067 4.959
9-77 38.667 5.195 0.687 0.077 4,753
1-77 38.895 4,924 0.612 0.060 5.074
Belowground Roots and Rhizomes at 11-20 cm Depth Level
2-77 - --- -— -— 4.856
4-77 37.362 4,870 0.517 0.674 5.779
65-77 37.880 4.966 0.508 0.069 5.282
6-77 40.642 5.360 0.782 0.070 5.577
7-77 40.414 5.609 0.624 0.071 5.3N
8-77 37.779 5.052 0.578 0.673 5.854

11-77 37.901 4.797 0.534 0.064 5.232
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Table 45. Carbon (C), hydrogen (H), nitrogen (N), phosphorous (P), and energy
value (Kcal/gAFDW) of live aboveground and beiowground materials
from the 0-10 cm and 11-20 cm levels in the S. patens plot.

Date % C % H % N % P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-15-77 -—- --- --- --- 4.715
4-27-77 45.123 6.268 a.771 0.081 4,642
5-25-77 46.164 6.232 0.566 0.076 4,606
6-29-77 47.608 5.997 0.237 0.077 4,604
7-29-77 43.015 6.067 0.495 0.080 4.625
8-26-77 44,328 6.173 0.644 0.084 4.629
g-17-77 43.939 6.078 0.573 0.078 4.725
11-26-77 45.030 6.136 (.548 0.079 4.650
Belowground Roots and Rhizomes at 0-10 cm Depth Level
2-15-77 -—- - --- --- 4,644
4-27-71 41.777 5.478 0.518 0.075 4.905
5-25-77 42.222 5.377 0.582 0.075 4,604
6-29-77 40.553 5.491 0.462 0.074 4,684
7-29-77 41.217 5.599 0.532 0.073 4.695
8-26-77 44 551 5.980 0.470 0.076 4,585
9-17-77 40.377 5.074 0.563 0.075 4.813
11-26-77 41.783 5.500 0.521 0.075 4.704
Belowground Roots and Rhizomes at 11-20 cm Depth Level
2-15-77 -—- --- --- --- 4.887
4-27-77 44,641 5.865 0.314 0.069 4.685
5-25-77 41.994 5.735 0.355 0.065 4.850
6-29-77 44.481 5.850 0.226 0.070 4.766
7-29-77 43.765 5.859 0.545 0.067 4.872
8-26-77 45.423 5.863 0.518 0.070 4.817
9-17-77 40,891 5.536 0.482 0.07 4.855
11-26-77 43.532 5.785 0.407 0.069 4.819
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Table 46. Carbon (C}, hydrogen (H), nitrogen (N}, phosphorous {P), and energy
value (Kcal/gAFDW) of 1ive aboveground and belowground materials
from the 0-10 and 11-20 cm levels in the D. spicata plot.

Date % C % H % N % P Kcal/gAFDW

Aboveground Living Leaves and Stems

2-77 45,605 6.327 0.935 0.092 4.753
4-77 42.655 6.084 0.542 0.086 4.719
5-77 40.499 5.860 0.642 0.079 4.693
6-77 40.417 5.890 0.561 0.076 4.608
7-77 42.626 6.046 0.564 0.077 4.717
8-77 42.864 5.879 0.630 0.079 4.839
8-77 41.897 5.501 0.538 0.078 4.724
11-77 42.167 5.411 0.579 0.079 4.752

Belowground Roots and Rhizomes at 0-10 cm Depth Level

2-717 39.047 5.359 0.465 0.083 4.849
4-77 37.054 5.206 0.507 0.078 4,917
5-77 35.099 4.917 0.503 0.078 4.925
6-77 31.524 4.850 0.363 0.075 4.639
1-77 35.605 5.290 0.492 0.088 4.672
8-77 -—- -—— --- --- 4.86]
9-77 41.734 5.166 0.848 0.082 3.902
11-77 35.387 4,806 0.464 0.082 4.698

Belowground Roots and Rhizomes at 11-20 cm Depth Level

2-77 - -—-- - - -
4-77 -- --- - —-- -

5-77 - --- —-- --- 4.750
6-77 18.612 3.174 0.455 0.068 4.717
7-77 26.061 3.889 0.401 0.856 4.396
8-77 - --- - - 4.257
9-77 35.380 4.496 —-- - 3.28]

11-77 35.670 4.636 --- 0.064 5.860
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Table 47. Summary statistics and comparisons of means between the aboveground
plant material, 0-10 cm root-rhizome material, and 11-20 ¢m root-

rhizome material as determined through a 1-way ANOVA.

A. J. roemerianus
nl u2 u3
Aboveground 0-10 cm 11-20 ¢cm P
Kcal/gAFDW 4.7114 # 4.8198 # 5.0329 0.0001
Carbon % 45.122 # 41.201 = 42.246 0.0001
Nitrogen % 0.7244 = 0.5067 # 0.5436 0.0001
Hydrogen % 6.220 # 5.448 # 5.445 0.0001
Phosphorous % 0.0804 # 0.0786 # 0.0717 0.0001
B S. cynosuroides
ul u? L3
Aboveground 0-10 cm 11-20 cm P
Kcal/gAFDW 4.556 # 4.718 # 4.825 0.0001
Carbon % 42.205 # 38.699 # 39.126 0.0001
Nitrogen % 0.5896 # 0.5272 = 0.4543 0.0001
Hydrogen % 6.035 # 5.161 = 5.443 0.001

Phosphorous % 0.0715 = 0.0715 7 0.0636 0.001
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FINAL REPORT
EVALUATION OF THE ECOLOGICAL ROLE OF MICROORGANISMS
IN TIDAL MARSHES ON THE MISSISSIPPI AND ALABAMA GULF COAST
Co-Principal Investigators
Lewis R. Brown, Mississippi State Unilversity

Robert W. Landers, Mississippi State University

INTRODUCTION

The primary emphasis of the first year of this program was an eco-
logical survey of the microbial populations in the salt-marsh environment.
Accordingly, in coordimation with the de la Cruz-Hackney team and the
Stout—-Ivester team, litter bags were prepared for the decomposition
studies, deployed in the field during the week of March 14-18, 1977,
and monitored for one year.

In addition, preliminary studies were initiated to study the mechanics
of decomposition in the marsh and the process of converting low-protein
marsh grass into high-protein microbial biomass.

The major emphasis of the second year of this study was to determine
the relative ecological role of the various microorganisms invelved in
the carbon cycle in the salt marsh environment, using both mixed and pure
cultures. Two essentlally pure stands of marsh grass were chosen for

these studies: an old community of Juncus roemerianus located on S5t. Louis

Bay, Mississippi, and a stand of Spartina alterniflora located on Dauphin

Island, Alabama. These two sites were chosen because results from the

first year of this program indicated significant differences in their

benthic fauna and microflora.
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LITERATURE REVIEW

The presence of over 2,000,000 hectares of salt marshes on the
Culf and southern Atlantic coast (de la Cruz, 1973), and their impact
on overall estuarine and marine ecology and economy (Burkholder and Born-
side, 1975; Fallon and Pfaender, 1976; Squiers and Good, 1974; and Valiela
et al., 1975) dictate that more in-depth studies be conducted concerning
the populations and dynamics involved in these systems.

The purpose of this phase of the study was to investigate the role
and magnitude of microbial decomposition of organic detritus in Gulf
Coast salt marshes., The most notable change in the marshes as a result
of decomposition is the conversion of low-protein marsh grass into high-
protein microbial biomass (Gosselink and Kirby, 1974). 1In a similar
study conducted in Georgla, Teal (1962) has shown that (in a closed
system) protein levels can double within 16 weeks. Since net primary
productivity of marsh grass can be in excess of 2500 g/mzfyr {Odum and
Fanning, 1973), this represents a major source of readily utilizable
organic compounds for the estuarine ecosystem.

A computerized search of the literature revealed a negligible amount
of information concerning the microbial aspects of this estuarine eco-

system. Hence, the need for the study hereinafter reported.

MATERIALS AND METHODS
MICROBIAL POPULATION STUDIES
Samples were returned to the laboratory for analysis om six occ-

casions: April 30, May 27, August 1, September 23, November 29, 1977,
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and March 15, 1978, The samples were prepared by blending 10 g of
detritus from the litter bags in 90 ml of water in an Eberbach staimless
steel microblender {(#8580) and making dilutions from the resulting sus-
pension. Enumeration was accomplished using the standard spread-plate
technique on four different media:

(1) Bacto-Plate Count Agar for total bacterial count;

(2) Bacto-Cooke Rose Bengal Agar for molds;

(3) Bacto-Potato Dextrose Agar for yeasts; and

(4) Sucrose Nitrate Agar for Actinomycetes.

All media contained an addition of 10 ppt Rila® Marine Mix to approxi-
mate natural estuarine salinity. Plates were incubated at room tempera-
ture for 5 days and colonies were counted using a Quebec counter.
DECOMPOSITION STUDIES

Preliminary decomposition studles were carried out using reverse
triple Sohngen units. The reaction vessels contained 10 g of sterile

marsh grass (Juncus roemerianus and Spartina alterniflora were used

in this study) and were filled with synthetic sea salts. The reservolir
bottles contained acid-water with phenol red as a pH indicator. The
units were incubated at ambient temperature for two weeks and, upon
termination, the gas evolved was analyzed on a Fisher Gas Partitiomer
Model 1200 gas chromatograph.
MIXED CULTURE DECOMPOSITION STUDIES

Mixed culture studies were carried out with both the Spartina and
Juncus, using above ground shoots (cut into one inch segments) and
rhizosphere material taken from litter bags retrieved during the first
year of the project. The reaction vessels contained 10 g of the appro-

priate substrate and 40 ml of Dubos mineral salts nedium (Dubos, 1928)



I1-4

amended with 10 ppt Rila® Marine Mix to approximate natural marine
salinity. The inoculum consisted of 1 ml of an enrichment retained
from the first year. The aerobic test bottles were then closed with
serum stoppers and received no further pretreatment. For the anaerobic
tests, the atmosphere of the bottles was replaced with a mixture of 5%
COZ’ 30% NZ’ and 65% Ar. The units were incubated at ambient temperature
and the atmospheres were periodilcally monitored using a Fisher Gas
Partitioner Model 1200 gas chromatograph.
PURE CULTURE DECOMPOSITION STUDIES

Pure culture studies were carried out on above ground Juncus and
Spartina shoots, ground with a Thomas Grinder using a #40 mesh screen
(pore size of 425um). Both resulting powders were tested against 20 pure
cultures isolated from the marsh during the first year of the project,
under both aerobic and anaercbic conditioms. The reaction vessels con-
tained 1 g of the ground substrate and 10 ml of Dubos mineral salts
medium amended with 10 ppt Rila® Marine Mix. The aercbic and anaercbic
test vessels were prepared and their atmospheres tested as above. Ad-
ditionally, the terminal carbohydrate content was monitored using the
phenol-sulfuric acid method (Dubois, et al., 1956), and the terminal
protein content was determined using the Bio-Rad® protein assay.
CELLULOSE DECOMPOSITION

Cellulose utilization was investigated using the 20 pure cultures
described above. The reaction vessels contained 40 ml of Dubes mineral
salts medium amended with 10 ppt Rila® Marine Mix and 0.5% Difco Bacto-
Cellulose. The aercbic and anaercbic bottles were prepared and monitored

as described above.
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RESULTS AND DISCUSSION
MICROBIAL POPULATIONS
In general, all counts (Tables 1-4) were considerably higher than
had been anticipated at the onset of the program - especlally the above
ground samples which were invariably higher than the corresponding under--
ground samples. Secondly, it was noted that the counts of all 4 microbial

groups from underground samples from Spartina alterniflora were lower than

counts from the other species of marsh grass. In the case of the total
bacterial counts and actinomycetes, counts were depressed from August
through December in all 5 species, with an apparent recovery beginning by
March. This trend was less pronounced where counts were lower at the begin-

ning, 1.e. for Spartina alterniflora, and the 10 cm depth samples for all

species. Mold and yeast counts were highly erratic throughout the year,
although a fall/winter depression was indicated in most cases. Lt should
be noted that all counts were carried out under aerobic conditions, and,
therefore, obligate anaerobes were not detected. This fact, along with the
erratic nature of the counts and the variability of weather within a season,
prevents the drawing of more specific comclusions.
ISOLATION OF PURE CULTURES

A total of 60 representative microorganisms were isolated and
archived for possible later study, and preliminary work was completed
for the cellulose degradation studies planned for the second year.
DECOMPOSITION STUDIES

The gas analyses for the decomposition gtudies demonstrated diversity
between replicates, even of the same species of grass, All samples
monitored (2 of Juncus and 3 of Sgartina) demonstrated evolution of large
gquantities of COZ’ while three of the samples (1 Juncus and 2 Spartina)
also produced large quantities of methane (indicative of anaercbic de-

composition.)
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Studies were also carried out to develope a workable medium for
isolation and enumeration of cellulolytic bacteria. The medium selected
was a composite of the media reported by Dubos (1928) and by Sanborn
(1926) containing (per liter): 0.5 g NaN03, 1.0 g KZHPOA’ 0.5 g MgSOa.?HZO,
0.5 g KC1, 0.01 g FeSOA.THZO, 5 g granulated cellulose, and 15 g agar,
adjusted to a final pH of 8.4, In additiom, a double pH indicator was
added, containing 5 ml of a 0.5% aqueous solution of aniline blue and
5 ml of a 1.0% solution of rosalic acid in ethanol. This media allowed
growth of easily countable colonies, accompanied by a readily detectable
color change.

As expected, the detritus of both Juncus and Spartina was readily
decomposed by the mixed culture enrichments (Table 5) over a period of

4 weeks. The rhizosphere material of the Spartina alterniflora was

converted to CO2 to a greater extent (both aerobically and anaerobically)
than the other 3 systems. It should be noted here that, surprisingly,
1ittle or no methane was detected either from mixed or pure culture sys-
tems, but this could be due to the presence of nitrate, which has been
shown to be imhibitory to methanogenesis (Zender, 1978).

The gas chromatographic data from the pure culture studies indicate
that, with a few exceptioms, all pure cultures tested readily decompose
both the Juncus (Table 6) and the Spartina (Table 7}, under both aercbic
and anaerobic conditions. Further, protein production in 4 weeks reached
as high as 2.2 mg protein/gram of substrate in the Juncus, and as high as
2.4 mg protein/gram of substrate for the Spartina. Pure culture studies
indicate a wide range of decomposition rates, along with a high degree of
variability in end products. Protein production ranges from 0-500 grams
per Kg of grass decomposed (Table 8), depending on the culture.

Although only 4 of the 20 cultures tested demonstrated any appre-
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Table 5

Mixed Culture Decompositionl

Substrate Conditions 0022 023 CH42
Spartina above ground Aerobic 15,687 3,756 37.5

Anaercbic 8,801 >20

Spartina rhizosphere Aerobic 27,919 3,964 >20

Anaerobic 17,455 >20

Juncus above ground Aercbic 16,755 3,948 103

Anaerobic 7,696 >20

Juncus rhizosphere Aerobic 16,387 3,948 253

Anaerobic 7,844 >20

1

All figures are the average of 4 tests.

2 Expressed as pg of gas produced per gram of detritus

3 Expressed as ug of gas utilized per gram of detritus
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Table 6

Growth on Finely Ground Juncus

Culture Conditionsl C022 023 Carbohydrate4 Protein4

c A 30,933 12,412 250 87
B 9,820 769 23

D A 26,514 8,560 1,129 80
B 7,365 118 23

E A 27,987 8,774 384 58
B 13,257 1,047 37

F A 27,496 8,774 212 44
B 0 300 44

G A 30,442 10,272 547 65
B 9,329 769 23

H A 28,478 10,486 168 95
B 11,784 428 10

I A 22,095 7,490 709 58
B 10,311 474 44

z A 19,149 4,280 64 58
B 14,730 2,433 80

5-3 A 27,496 9,844 188 10
B 982 451 58

5-4 A 26,023 7,918 2,081 80
B 5,329 739 12

5-6 A 30,442 13,054 300 110
B 14,239 24 47
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Table 6. (Cont'd)
Culture Conditions1 C022 023 Carbohydrate4 Protein
§~7 A 23,077 10,486 168 30
B 13,748 653 0
5-8 A 30,933 9,844 739 87
B 13,748 573 47
s-11 A 12,275 4,280 341 87
B 8,347 261 51
5-13 A 30,442 12,840 >6 110
B 16,203 769 37
S-14 A 22,586 6,634 86 72
B 10,802 164 30
222 A 28,969 8,560 34 30
B 11,784 223 0
273 A 18,658 5,136 739 110
B 11,293 1,366 58
275 A 26,514 10,700 599 87
B 12,766 54 51
295 A 23,568 7,276 573 58
B 19,640 212 0
Control 804 a
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~ Table 7

Growth on Finely Ground Spartina

Culture Conditions1 0022 023 Carbohydrate4 Protein4
C A 33,388 13,268 96 80
B 14,239 241 44
D A 0 1,926 242 37
B 14,730 1,420 3
E A 29,460 7,276 547 51
B 12,275 1,814 10
¥ A 32,406 11,984 321 51
B 10,802 362 65
G A 0 4,494 406 51
B 13,257 769 118
H A 36,336 11,770 223 65
B 11,784 866 16
1 A 36,334 13,268 522 44
B 11,784 522 58
z A 14,730 4,494 24 95
B 14,730 1,600 44
§-3 A 0 0 935 51
B 9,329 1,420 30
S-4 A 21,113 3,852 428 37
B 13,257 13 0
$-6 A 27,005 8,132 321 65
B 16,203 428 58
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Culture Conditions1 C022 023 Carbohydratea Proteiu4
5-7 A 0 1,926 769 118
B 12,766 362 44
5-8 A 27,496 12,412 769 37
B 0 573 30
5-11 A 23,568 8,346 347 65
B 23,568 498 102
5-13 A 37,807 11,342 212 95
B 982 96 65
S-14 A 39,280 11,128 225 10
B 14,239 >6 65
222 A 34,370 13,268 1,009 51
B 11,293 150 72
273 A 491 2,140 212 37
B 7,856 250 10
275 A 31,915 13,054 164 44
B 16,203 384 0
295 A 29,460 8,560 474 80
B 10,311 522 0
Control 827 0
1 A = Aerobic; B = Anaercobic
2 Listed as pg of co, produced per gram of substrate
: Listed as ug of O2 utilized per gram of substrate

Listed as pg/ml
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TABLE 8
PURE CULTURE PROTEIN PRODUCTION

Juncus Spartina
Culture Aerobic¥ Anaerobic* Aerobic* Anaerobic®
C 73.4 61.7 63.9 79.4
D 78.4 80.0 NA 5.1
E 55.6 73.4 47.2 24.2
F 43.6 NA 43.3 139.7
G 57.3 65.8 NA 188.1
H 85.2 24.3 49.0 38.4
1 68.9 105.4 33.6 118.5
Z 78.3 127.4 147.3 70.9
$-3 10.4 480.3 NA 81.7
S-4 79.8 169.4 47.6 0.0
$-6 91.7 84.8 64.0 90.2
$~7 36.0 0.0 NA 88.4
s-8 73.6 86.6 37.8 666.7
s-11 158.8 141.4 71.8 106.4
5-13 91.5 60.5 66.6 496.8
5-14 82,0 72,6 7.8 111.2
222 28.9 0.0 41.0 146.0
273 137.2 121.9 511.8 35.2
275 84.3 99.4 38.8 0.0
295 36.0 0.0 71.1 0.0

#A11 values expressed as grams of protein produced/kilogram of grass

decomposed
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ciable cellulose utilization (as monitored by 002 production) all four
were extremely active as shown on Table 9. Two cultures exhibited
primarily aerobic degradation. one was essentially anaerobic, while

one utilized the cellulose equally well under either conditiom.

CONCLUSIONS
The studies demonstrate extremely high levels of microbial activity
in the gait marshes., However, the variability between different micro-
organisms indicates that successful management of the marshes might
possibly be more effectively accomplished by controlling the microflora
than by other methods (i.e. by forcing production of protein instead of

COZ)' This strongly suggests the need for further study in this area

to determine optimum efficiency of coastal management.
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Table 9

Growth On Cellulose

Culture Conditions C021 021

Z Aerobic 101,637 26,322
Anaerobic 8,838

5-6 Aerobic 85,434 20,544
Anaerobic 8,838

273 Aerobic 81,015 20,544
Anaerobic 73,650

5-14 Aerobic 1,473 1,926
Anaerobic 75,123

1 Expressed as Mg CO2 produced or ug 02 utilized per test in 4 weeks
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INTRODUCTION

Salt marshes are highly productive ecosystems which constitute
extensive coastal features along the Atlantic and Gulf coasts of the
United States. Most of our knowledge of the marsh ecosystem has come

from studies in the Spartina alterniflora marshes of Georgla (see

Teal, 1962 for review). Recently Day gg.gl,'(1973), Nixon and QOviatt
(1973), Kraeuter and Wolf (1973) and Subrahmanyam et al. (1976) have
presented considerable information on the ecology of tidal marshes.

0f these only Day et al. (1973) and Subrahmanyam et al. (1976) in-
vestigate salt marsh ecosystems on the Gulf Coast. A few other studies
on select marsh organisms of the Gulf are available (Fleeger et al.,
1979; Kilby, 1955; Menzel, 1971; Reid, 1954; Subrahmanyam and Drake,
1975). This study represents the first attempt to investigate the
faunal components (macroepifaunal, macroinfaunal and meiofaunal) of

the salt marshes of coastal Alabama and the first investigation of the

faunal components of a Distichlis spicata marsh.

The purpose of the study was threefold:
1) to determine the composition, abundance and variation of the
macro- and meio-faunal components of three natural marshes in coastal

Alabama (Spartina alterniflora, Juncus roemerianus and Distichlis

spicata) over a two year period

2) to determine the biomass of these various components, and
3) to determine possible relationships between various para-
meters (salinity, temperature, total organiec carbon, sediment texture

and plant biomass) and the faunal communities.

ITI-1
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MATERIALS AND METHODS

SAMPLE SITE LOCATIONS
Three coastal salt marshes in Alabama were sampled on a monthly
basis from February 1977 to December 1978 (See Sec. I Fig. A-2). The

Spartina alterniflora marsh, located on Dauphin Island was regularly

inundated by saline waters; the Juncus roemerianus marsh also located

on Dauphin Island was flooded on an irregular basis; and the Distichlis
spicata marsh, located at Point aux Pins west of Bayou La Batre was
only infrequently flooded.

BIOLOGICAL PARAMETERS

Macrofauna (infauna and epifauna)

Four replicate samples for macrofauna were taken from each natural
marsh on a monthly basis (with the exception of December, 1977 and
January, 1978) by removing a 0.10 mZ plot to a depth of 15 cm. The
samples were taken back to the lab and washed through a box screen with
1 mm mesh. All materials remaining on the screen were fixed 1n 15%
formalin, and stained with Rose Bengal (Rose Bengal is a vital stain
specific to animal protein). Macrofauna were removed from the plant
debris, identified to species and stored in 70% iso-propyl alcohol.

Mejofauna

Three replicate samples for meiofauna were taken from each natural
marsh on a monthly basis by removing a 3.5 cm diameter core to a depth
of § cm. Organisms were removed from the sediment by:

1) sieving the sample through 0.5 wm and 0.063 mm mesh sieves,

2) material remaining on the 0.0063 mm sieve processed through

sugar flotation technique of Coull and Sikora (personal communication).
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3) pellet from #2 dispersed and stained with rose bengal in
iso-propyl alcohol,

4) supernate poured through 0f063 mm sieve, any materials
remaining on sieve added to 3 above,

5) sample sorted under 12 x magnification to major taxa. Fur-
ther identification of some taxa accomplished after initial sorting.

Biomass measurements

Biomass was calculated by multiplying mean weights of ten indi-
viduals by the mean abundance of the specles. Macrofaunal dry weights
were determined by washing individuals of each species in distilled
water, drying to constant weight at 110° ¢, then weighing on an analyti-
cal balance with a sensitivity of + 0.0l mg. Meiofaunal dry weights
were determined by rinsing a known number of individuals of the
dominant taxa in distilled water, placing them on a small plece of feil,
drying to constant weight at 110° ¢, then weighing on a micro-torsion
balance with a sensitivity of + 0.0002 mg.

Data analysis

Macrofaunal counts were adjusted by a factor of 10 to give numbers
o~ %; meiofaunal counts were adjusted by & factor of 1,039 to give
numbers 10 cm—2. Vertical bars on figs. 1, 3-9 represent one standard
error about the X from the replicate samples.

Four specles diversity indices were calculated for the monthly
data. The Shannon-Wiener information function (H') was calculated,
using log jp,a8 & composite index including both evenness and richmess
(Shannon and Weaver, 1949). Pielou's (1969) J' index was calculated,
also using log jp, as & measure of evenness of distribution of indivi-

duals among species., Number of specieé was used as a richness index.
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Fager's (1972) SND index was used as an independent estimate of
evenness (J' is biased since it is, in part, dependent upon H').
PHYSICAL PARAMETERS

Temperature and Salinity

Sediment temperature was measured by inserting a fileld thermometer
into the undisturbed sediment to an average depth of 3 cm. At least
three replicate measurements were taken during each sampling and the
mean determined.

Salinity of the interstitial water was measured with a hand-held
temperature compensated refractometer. A core was removed from the
sediment of each marsh type and water allowed to collect in the hole.
The water was removed with a syringe and placed on the refractometer.
Measurements were made in triplicate and the mean determilned.

Total oxldizable matter (Organic C)

Total oxidizable matter in the sediment was determined using the
Walkley and Black (1934) modification of Schollenberger's (1927) chromic
acid oxidation technique in which all oxidizable matter in a sample is
oxidized by chromic acid in the presence of excess sulfuric acid.

After reaction, the excess chromic acid is bLack titrated with a ferrous
solution. Three replicates from each sample site/month were analyzed

and the percent oxidizable matter in the form of carbon determined

Vi - V2
using: Z C~= —w ¥ 0.003 x 100
where Vy = vol. N K2 Cr2 0y
V2 = vol. Fe S0y
W = welght of soil

(Note 1 ml of N CRp 07 is equivalent to 3 mg C). The mean value for

each marsh/month was calculated from the replicates.
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Sediment texture

Due to differences between the marsh sediments, two methods of
sediment textural analysis were employed. Samples from the D. spicata
marsh, containing large amounts of sand, were dry sieved using a ro-tap.

Samples from the J. roemerianus and §. alterniflora marshes, consisting

primarily of silts and clays, were analyzed using pipette analysis
(Folk, 1974). Three replicates for each marsh/month were analyzed and
the mean value determined.

Plant blomass

Data collected by J. Stout.

RESULTS

MACROFAUNA
Representatives of four major phyla were collected from Alabama
marshes during the study period {Table I). The most common were the

polychaete Nereis succinea, members of the class Oligochaeta, the

molluscs Littorina irrorata, Melampus bidentata, Neritina reclivata,

Ceukensia demissa and Polymesoda carolinana and fiddler crabs of the

genus Uca.

Seasonal variation of macrofaunal (taxa) abundance {number m2)
is shown in Fig. 1. Macrofaunal abundance of each of the marshes
gtudied increased significantly in 1978. These increases (5. alterni-
flora: 391%, J. roemerianus: 1219%, D. spicata: 152%) were due
primarily to increases within the class Oligochaeta (620%, 2856% and
206% increase respectively). Over the 24 month period the 5. alterni-

flora marsh shows greatest fluctuations; the D. spicata and J. roemeri-

anus marshes show more predictable seasonal abundance patterns.
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Diversity indices calculated for each of the marshes are a
measure of the total community structure for the marsh. Monthly
fluctuations in diverasity (H') values are evident for all marshes
(fig. 2). For the 24 month period (77-78, Table II) the J. roe~
merianus and D. spicata marshes showed similar high diyersity values,

the S. alterniflora marsh showed significantly lower values. On a

yvearly basis (i.e. 1977 and 1978) a significant decrease in macro-

faunal diversity values in the S. alterniflora marsh and a slight

decrease in macrofaunal diversity values in the D. spicata marsh are
noted. The J. roemerianus marsh maintained consistent high values
between the two years (Table II).

Spartina alterniflora

The macrofaunal community of this marsh is dominated by members

of the class Oligochaeta (80%) and with the polychaete Nereis succinea

(7%), the molluscs Littorina irrorata (5%), Neritina reclivata 2%,

and Ceukensia demissa (2%Z), and the crustacean Uca sp. A (2Z) make up

98% of the macrofauna encountered (Table III).

Seasonal variation of tha major taxa is shown in Fig. 3. Oligo-
chaeta are the most variable obtaining peaks in abundance in March,
June and September-October 1977 and June and September 1978. Decrease
abundance is most noticeable in July-August 1977, November 1977 - May
1978. The mollusca show distinct seasonal patterns with peaks in March,
June, July and September of both years. Peak crustacean abundance
shifted from early spring (March 1977) to early fall (September 1978)
with iows during the late spring - summer (exception of July 1978 when
a large number of Uca spp. were encountered). Polychaete abundance was

highest in June and September-October with lows in the spring.



Juncus roemerianus
+——~—- Spartina alterniflora

-—— Distichlis spicota

J
©
O

Figure 2a.

2b.

Monthly H' diversity values for macrofaunal communities of
three Alabama coastal marshes 1977-1978.

Monthly H' diversity values for meiofaunal communities of
three Alabama coastal marshes 1977-1978.
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Tsble ITI. Diversity indices for the macrofaunal and melofaunal
communities of three coastal Alabama marshes.

Macrofauna
H‘
JI
SDN

# species

Meiof auna
"
I
SDN

# species

S. alterniflora

1977 1978 77-78

0.66

0.61

0.28
13

0.38

0.36

0.09
11

0.27

0.23

0.16
16

0.28
0.29
0.07

0.37

0.30

0.07
17

0.31

0.29

0.07
11

J. roemerianus

1977

0.77

0.69

0.15
12

0.56

0.59

0.22
9

1978 77-78
0.65 0.69
0.54 0.54
0.05 0.16
13 19
0.53 0.55
0.55 0.55
0.18 0.19
9 10

D. spicata
1977 1978 77-78
0.78 0.53 0.66
0.66 0.51 0.54
0.25 0.17 0.17

15 11 17
0.50 0.44 0.50
0.48 0.46 0.48
0.15 0.15 0.15

11 9 11
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Diversity values for the macrofauna decreased significantly in
late 1978 due to increase inm oligochaete abundance. Prior to that
time the values indicated similar trends for the 24 month period with
highs in early spring decreasing to lows in June and beginning in-
creages in July (Fig. 2a).

Juncus roemerlanus

Members of the class Oligochaeta (54%) dominate the macrofaunal

community and with the polychaetes Nereis succinea (13%) and unidenti-

fied capitellidae (10%), the molluscs Melampus bidentata (8%) and

Polymesoda carclinana (7%), and the crustacean Uca sp. A (37%) make up

95% of the community of the J. roemerianus marsh (Table IV).
Seasonal variation within this marsh was not significané until
August 1978 when increases in all three major taxa occurred (Fig. 4).
Diversity values show annual fluctuations with lows in summer and
highs in fall-winter-spring (Fig. 2a). Overall diversity between years
in the J. roemerianus marsh are similarly high.

Distichlis spicata

The class Oligochaeta is the dominant macrofaunal organism in this

marsh (53%). The molluscs Neritina reclivata (25%) and Melampus biden-

tata (3%), the crustaceans Uca sp. A (5%) and Orchestia grillus (3%},
and unidentified polychaetes of the fanily Capitellidae {3%) contribute
significantly to the total (92%). Imsect larvae of various types
contribute 4% to the total (Table V).

Seagonal fluctuations in the D. spicata marsh were due primarily to
fluctuations in the oligochaetes and molluscs (Fig. 5). Oligochaeta showed

peak asbundances in May-June 1977, August-September-October 1977 and
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September-October 1978. Mollusca remained relatively constant until
August 1978 when significant increases occurred through October.

There was a slight decrease in diversity between 1977 and 1978 due
primarily to increase in Oligochaeta and net emigrgtion of 4 species
from the study site. Diversity values for the 24 months, however,
remained high (Table II). Monthly fluctuations in H' showed no trends
between the two yvears (Fig. 2a).

MEIQFAUKA

Representatives of eleven meiofaunal taxa were collected from
Alabama marshes during the study period (Table VI). The phylum
Nematoda comprised greater than 50% of the total meiofauna collected
in each marsh during the study period. Harpacticold copepods and
meiofaunal sized oligochaetes were second and third in abundance,
respectively.

Seasonal fluctuation of total meiofaunal abundance for the three
marshes is shown in Fig. 6. During the 1977 period the D. spicata
marsh showed the greatest fluctuatioms, in 1978 however the 5. alterni-
flora marsh was most variable. The J. roemerianus marsh is most pre-—
dictable with summer lows and spring and fall highs in abundance.

Diversity indices calculated for meiofaunal components show that
diversity remained relatively constant between the Z years studied

(8. alterniflora showed slight decrease). J. roemerianus was most

diverse but only slightly greater than D. spicata and 5. alterniflora was

least diverse (Table IT). Monthly fluctuations in H' diversity reflect

these yearly values and will be discussed in more detail in what follows.

Spartina alternifloxa
T

The S. alternifiora marsh is dominated by Nematoda (72%); Harpacti-
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cold Copepoda (25Z) and Oligochaeta (2X) with a total of eleven groups
being represented (Table VII). Seasonal variation of the threeldomi—
nant taxa 1s shown in Fig, 7. The nematodes show abundance peaks in
spring and fall and lows in summer, Copepod seasonalityin 1877
(spring-winter pesks, summer lows) was not evident in 1978 (spring-
winter lows, summer-fall peaks), Oligochaeta remained relatively
constant (low numbers throughout the 24 months)-

Monthly diversity values show trends of decreasing diversity
in spring and fall and increasing in summer (Fig. 2b). Overall S.

alterniflora meiofauna diversity is low compared to the other marshes

(Table II).

Juncus roemerianus

This marsh is dominated by Nematoda (55%), Harpacticoid Copepoda
(26%), 0ligochaeta (10%), and Polychaeta (3%) with a total of 10 groups
represented (Table VII). Little seasonal variation of meiofauna is
evident (Fig. 8). Nematoda, Copepoda and Oligochaeta show similar
trends with spring and fall peaks and summer lows.

Diversity values Indicate the melofauna to be f;irly diverse with
little difference between the two years (Table II}. On a monthly
basls, however, the H' diversity is not predictable over the 24 month

period (Fig. 2b).

Digtichlis spicata

The melofauna of the D. spicata marsh is dominated by Nematoda
(62%), Harpacticoid Copepbda (25%), Oligochaeta (4%), insect larvae
(3%), Tubellaria (2%Z), Aracnida (2%), Ostracoda (21) with a total of
eleven groups represented (Table IX). Seasonal fluctuation of the
three most abundant taxa show trends toward spring and late summer-early

fall peaks with summer lows (Fig. 9).
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Diversity values indicate slight decreases of diversity between
years but diversity is still relatively high (Table II). Monthly
fluctuations in diversity reveal no pattern of variation (Fig. 2Zb).

It should be noted that meiofaunal abundance decreased signifi-
cantly in 1978 (Table VI).

MACROFAUNA-MEIOFAUNA INTERACTIONS

Comparing Figs. 1 and 9 it is evident that meiofauna greatly
outnumber the macrofauna per unit area. There is a trend that when
macrofauna are low in abundance meiofauna are high and when macrofauna
are high meiofauna are low.

BIOMASS

Biomass estimates per unit area are given for the dominant forms
in Table X. Biomass of the mollusca are without shells. Ranges are
given for many of the organisms due to vast size differences.

PHYSICAL PARAMETERS

Salinity and temperature values are presented in Table XI for the
marsh types studied. There were no significant differences in temperature
regime between the three marshes for the study pericd. Significant
differences in salinity exist between and within the marshes for the study
period. There are however no correlations or trends between or within
marshes. These differences are probably due to a combination of tidal
factors, precipitation, land runoff and winds. Since these measurements
were made on a temporal point basis they will not be considered further,

Total reactive carbon values are markedly different between the

three marshes (Fig. 10). Spartina alterniflora has the most reactive
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Table XI. Temperature and salinity averages for three Alabama coastal
marshes March, 1977 - December, 1978.

Juncus roemerianus Spartina alterniflora Distichlis spicata

% °c Z °% % °c
Mar. 1 14 4 15 5 12
Apr. 2 22 6 23 15 20
May 16 25 13 26 dry 26
June dry 30 32 32 dry 30
July dry 33 30 30 dry 30
Aug. 19 27 20 30 10 28
Sept. NS NS NS
Oct. 22 19 21 19 12 20
Nov,.-Dec. 20 12 19 12 10 14
Feb. 0 9 15 12 1 8
Mar. 1 15 2 15 0 16
Apr. 6 21 10 23 13 22
May 5 25 8 28 18 26
June dry 29 12 28 15 30
July dry 30 7 33 5 28
Aug. 19 28 19 28 5 28
Sept. 19 21 20 19 19 23
Oct. 17 19 21 20 18 19

Nov.-Dec. dry 11 21 11 15 11
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carbon, Distichlis spicata the lowest. It must be noted, however, that

the values obtained in the D. spicata, although low, are constant
throughout the year while values from the other two marshes fluctuate

widely. Values from the §. alterniflora and J. roemerianus marshes show

similar fluctuations. In 1977 both had spring and fall lows and summer
highs. In 1978, these fluctuations dropped off drastically with only
slight spring-summer highs and fall lows.

Sediment size parameters indicate that the §. alterniflora and the

J. roemerlanus marshes are markedly similar with high silt-clay content
(> 97%4). The D. spicata marsh on the other hand contains approximately
15-40 percent by weight sand grains and 85-60 percent silt-clay.
FLORAL-FAUNAL INTERACTIONS

No correlation could be made between the faunal commumities and
either floral biomass or carbon, hydrogen, nitrogen, phosphorous
levels or energy contents of belowground roots and rhizomes at the
0-10 cm level.

DISCUSSION

The marshes investigated in this study have very different faunal
communities which are regulated by different mechanisms. In spite of
this a few general comments can be made. The fauna found within the
marshes represent only a few highly specialized groups. Overall diversity
and abundance are low compared to other marine habitats. Abundance
of those specialized forms, however, is very high. Within the macro-
fauna the class Oligochaeta were the dominant organisms. The majority
of those found, however, were of terrestrial origin not marine. Within
the meiofauna, the Nematoda and Copepoda (Harpacticoida) were dominant,

comprising between 80-95% of total abundance. Biomass values were
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within ranges of those presented for other marsh ecosystems (Day et al.,
1973; Nixon and Oviatt, 1973).

Considering the marshes separately and comparatively the Juncus
roemerlianus marsh faunal communities are ecologically the most diverse
with eight significant macrofaunal species. Abundance and biomass are
"moderate” and undergo moderate seasonal fluctuations., The Spartina

alterniflora fauna is the least diverse and undergoes the greatest

seasonal fluctioms in abundance and biomass. The Distichlis spicata

faunal community is slightly less diverse than the Juncus community
but experiences only slight seascnal fluctations in abundance and biomass.

The main problem in evaluating these three particular marshes is

the highly significant increase within the Spartina and Juncus community
of the terrestrial oligochaetes. This would indicate that the marshes
are undergoing succession towards a more terrestrial environment.

In spite of this problem the Juncus roemerianus marsh could pro-

bably withstand perturbations easier than the other two. The S.

alterniflora marsh is already perturbed seasonally and the D. spicata

marsh has such a low abundance of organisms that any perturbation
might drastically alter the population.

Within this framework then there is no one criteria which might
apply to these marshes in terms of ecological value. Each is important
in its own right and is controlled by different processes which led to

the formation of the different communities.

Results and discussion on the harpacticoid copepod community have
not been included as they are the subject of a masters thesis by J. C.

Harp, University of South Alabama. This thesis will be submitted as an
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addendum to the present report in Summer 1980.



III-35

REFERENCES

Day, J. W., W. G. Smith, P. R. Wagner, and W. C. Stowe. 1973. Com~
munity structure and carbon budget of a salt marsh and shallow
bay estuarine system in Louisiana. Center for Wetlands Res.,
L.S.U., Baton Rouge, La. Publ. No. LSU-5G-72-04. 80 pp.

Fager, E. W. 1972, Diversity: A sampling study. Am. Nat., 106:
293-310.

Fleeger, J. W., L. Coock and S. A. Whipple. 1979. The effects of
clipping grass and manipulating macroepifauna on meiofauna com-
munity structure in a Louisiana salt marsh. TFifth Biemnial
International Estuarine Research Conference. Abstract.

Folk, R. L. 1968. Petrology of Sedimentary Rocks. Hemphill's, Austin,
Tx. 170 pp.

Kilby, J. D. 1955. The fishes of two gulf coast marsh areas of Florida.
Tulane Stud. Zool. 2: 177-247.

Kraeuter, J. N. and P. L. Wolf., 1974. The relationship of marsh
macroinvertebrates to salt marsh plants. Pages 449-462 in R. J.
Reimold and W. H. Queen, eds. Ecology of Halophytes. Academic
Press, New York, N.Y. 605 pp.

Menzel, R. Q., ed. 1971, Checklist of the marine fauna and flora of
the Apalachee Bay and St. George Sound area. FSU, Tallahassee, Fla.
3rd ed. 126 pp.

Nixon, S. W. and C. A. Oviatt. 1973. Ecology of a New Ergland salt
marsh. Ecol. Monogr. 43: 463-498.

Pielou, E. €. 1969. An Introduction to Mathematical Ecology. Wiley-
Interscience, New York, N.Y. 286 pp.

Reid, G. K. 1954, An ecological study of the Gulf of Mexico fishes in
the vicinity of Cedar Key, Florida. Bull. Mar. Sci. Gulf Caribb.
4: 1-94,

Shannon, C. E. and W. Weaver. 1949. The Mathematical Theory of Communi-
cation. Urbana, 111, 117 pp.

Subrahmanyam, C. B. and S. H. Drake. 1975. Studies on the animal com-
munities of two north Florida salt marshes. Part I. Fish
cormunities. Bull. Mar. Sci. 25: 445-465,

Subrahmanyam, C. B., W. L. Kruczynski and S. H. Drake. 1976. Studies
on the animal communities of twe North Florida Salt marshes.
Part II: Macroinvertebrate communities, Bull. Mar. Sci. 26:

172-195.



III-36

Teal, J. M. 1962. Energy flow in the salt marsh ecosystem of
Georgia. Ecology 43: 614-624.

Valentine, J. M. 1971. Resource supply and species diversity
patterns. Lethaia 4:51-61.

Walkey, A. and I. A. Black. 1934. An examination of Degtjareff
method for determining soil organic matter, and a proposed
modification of the chromic acid titration method. Soil

Sci. 37: 29-38.



PART 1V

CONCLUSIONS AND RECOMMENDATIONS



CONCLUSIONS AND RECOMMENDATIONS

Though further study {s necessary to thoroughly elucidate the
various observations of this study the following conclusions and
recommendations are made based upon results of this two-year study.

1. The annual net aboveground primary productivity of natural
marsh communities in coastal Mississippi and Alabama is within ranges,
for the species studied, determined for those species in similar
environmental settings. The levels in our studies were, however,
on the low end of the range for most species and may Indicate a
potential for enhanced productivity through management practices along
the northern gulf coast.

2. Nitrogen enrichment through application of commercial ferti-
1izers significantly enhances primary productivity of Spartina

alterniflora, S. cynosuroides, and Juncus roemerianus im our coastal

wetlands. Nitrogen in the form of ammonium is better utilized by
marsh plants than nitrogen in the N03 form. There appears to he a
differential response to fertilization by different growth forms

(i.e. short and tall S. alterniflora, and high and low marsh Juncus) .

These observations suggest that marsh management by fertilization 1is
not only most applicable to high marsh areas because of suitable
hydrology but also very ideal due to the potentially higher biomass
production increment of the plant types that grow there. A system—
atically controlled enrichment experiment among the short, medium

and tall ecotypes of 5. alterniflora, J. roemerianus and other marsh

vascular species will elucidate more concretely the above observation.
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3. Effects of harvesting plant materials vary between species
of marsh plants. There appears to be little detrimental effect on
productivity and there may even be an increase in blomass production
as a result of harvesting. The effects of different harvesting methods
and of repeated annual harvest beyond the second year need to be
examined before the impact upon the plant communities can be adequately
evaluated. In addition, the impact upon other biotic components and
system interaction must be determined.

4. Winter fire appears to have a stimulating effect upon the

productivity of Juncus and S. cynosuroides in the immediately subsequent

growing season, with greater enhancement exhibited by Spartina. The
result is temporary for without repeated burning productivity returns

to natural levels in the second growing season. Successive burning

for two years continues to increase biomass production. Recommendations
concerning burning will be made after the results of a third burn have
been analysed and the study of effects upon benthic fauna has been
completed.

5. The dynamics of decomposition vary between species due to
differences in plant tissue composition and physical and biological
parameters of the environment of each plant species studied. Al-
terations of wetlands which result in any of the following may
impact the availability and quality of detritus within the system
a) Plant species composition; b) Microfloral community; c) Hydrologic

regime; d) Meiofaunal community.
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6. Though high activity has been demonstrated, the variability
between different mocroorganisms indicates that successful management
of the marshes may be more effectively accomplished by controlling
the microflora than by other methods (i.e. by forcing production of
protein instead of COZ)'

7. If enhanced floral productivity through management is possible
(as suggested on page IV-1) it is unknown whether this would be reflected
in the fauna of the northern Gulf marshes because:

a) knowledge of direct trophic transfer of marsh (floral) biomass
to the fauna is undocumented.

b) faunal blomass values are well within ranges presented for other
marshes ecosystems even though net aboveground primary productivity levels
were on the low range for most specles.

¢} mno correlations could be made between the faunal community and
various floral values.

8. If it is possible to manage microflora (1.e. forced production
of protein) this may be much moxe significant in controlling faunal
components but these correlations were not part of this study but should
be considered in the future,

9. In comparing the physical and faunal communities of three

marshes studied on a broad basis the following may be constructed:

5. alterniflora J. roemerianus D. Spicata
Resource Regime high, highly moderate, moder- low, comnstant
fiuctuating ately fluctu-
ating
Macrofauns bimass highest moderate lowest
Diversity lowest moderate to highest
high
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By controlling the resource regime (total reactive carbon) we might
possibly manage the faunal communities. Valentine (1971) predicts that
highest diversities will be found in stable, poor resource regimes (small
stable population, highly specialized) and in stable, rich resource

regimes (mixed population size and specializatiom). Management through

this approach might enrich the S. alternifloxa and D. spicata faunal
communities. Again this was not part of the study and should be consi-
dered in the future.

10. From the increase in number of oligochaetes of terrestrial

origin in the S. alterniflora and J. roemerianus it appears that these

marshes are undergoing succession towards a more terrestrial environment.
This is probably due to historic pertubations in each of these areas
(i.e. construction of Dauphin Island airport and Government Cut respec—
tively}.

11. From "eyeballing"” the results of the faunal study it seems that
management to produce higher biomass/diversity is possible but much

more intense investigation is necessary to determine the hows and where-

alls.
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the clock on the teletype/paper tape reader side of the interface makes
the paper tape reader look to the computer like a very fast teletype,

and thus completely compatible. Light emitting diode to phototransistor
coupling is used to provide a method of communicating with the computer
while keeping it waterproof.

The most important component in thics interface is a Universal
Asynchronous Receiver-Transmitter integrated c¢ircuit (UART). Given a
pulse of the send character line, it sends the B8 bits on the computer bus
out in a serial fashion on the transmit line at one-sixteenth the clock
rate. The receive section of the UART recognizes a start bit from the
teletype/papertape reader, changes the subsequent 8 bits of serial data
to a parallel form (8 separate lines), and puts the data available line
high. A read request signal will put this data onto the computer bus and
reset the data available line.

The UART draws considerable power, (60 ma at 10 v and 10 ma at -12v).
It is not operational when the submarine is in the water, so power contrel
circuitry is used which supplies power to the UART only when clock pulses
are coming in.

The reader relay line allows the computer to request one
character at a time from the slow paper tape reader attached to the teletype.
when the line is pulled high it sends a single pulse to the reader relay,
which should cause the reader to send one character. The reader sends one

character most of the time, but occasionally sends two, three, or more

when given a single pulse.



