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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. 0. BOX 631
VICKSBURG, MISSISSIPPI 39180

WESYV 15 January 1978

SUBJECT: Transmittal of Technical Report D—77—44 (2 volumes)

TO: All Repor t Recip ients

1. The technical report transmitted herewith represents the results of
one of the research ef for t s  (Work Units) under Task 4A (Marsh Development)
of the Corps of Eng ineers ’ Dredged Material Research Program (DMRP) .
Task 4A is a par t of the Habitat Development Project (HDP) of the DMRP
and is concerned with developing , testing , and evaluating the environ-
mental, economic, and engineering feasibility of using dredged material
as a substrate for marsh development.

2. The report of Work Unit 4A04B , “Common Marsh Plant Species of the
Gulf Coa st Area ,” has been separated into two parts , “Volume I : Pro-
ductivity” and “Volume II: Growth Dynamics. ’~ As indicated by their
titles and discussed briefly below , each volume add resses a separate but
essential aspect of our knowledge of salt marshes .

3. Net amtual aerial primary productivity is a commonly used descriptor
of the value of salt marshes and is the subject of Volume I. Primary
productivity here is considered the rate at which the sun ’s energy is
stored as plant tissue available to the ecosystem . This work unit deals
with several aspects that influence the primary productivity of seven
marsh species along the coast of Louisiana . Specifically , the influence
of growth habit , turnover rate , climate , salinity, nut rients , and water
quality is assessed and comparisons of techniques for measuring productivity
are discussed . The information derived in this study should be of
di rect value in evaluating the relative ecological importance of potential
dredged material disposal sites. The information provided will also be
exceptionally useful in the design of new marsh habitats on dredged material.

4. Volume II deals with the growth dynamics or physiological ecology of
salt marsh species under conditions of stress. Although several species
wer e examined , major emphasis was placed on the substrate selective
qua lities and adaptation mechanism of Spartina alterniflora. The results
of thi s study have been integrated into a general conceptual model that
has application to the developmen t of marshes on dredged material . 
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WESYV 15 January 1978
SUBJECT: Transmittal of Technical Report D—77-44 (2 volumes)

5. Work Unit 4A04B is one of several research efforts designed by the
DMRP to accurately document marsh productivity and the factors that
influence the productivity . Closely related work units are 4AO4A1,
which addresses the productivity of selected marsh species in Louisiana;
4A04A2, which th~als with marsh plant substrate selectivity and under-
ground biomass p~3duction ; and 4A05, in which a simulation model to

- 
-
. predict salt marsh productivity was developed . In a less intensive

study, Work Unit 4A20 will provide a general evaluation of salt marsh
productivity of the Pacific coast of the United States. Additional
supportive and comparative data will be forthcoming with the final
analysis of the results of field studies at Windmill Point, Virginia,
(4A11); Buttermilk Sound , Georgia, (4A12) ; Apalachicola, Florida,
(4Al9); and Miller Sands, Oregon, (4B05). Together, these research
products provide the Corps with a comprehensive basis for sound manage—
ment decisions regarding dredged material disposal in salt marsh habitats.

JOHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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SUMMARY

During the 1955—1964 period disposal of dredged material was a major

reason for filling wetlands in the United States. Marsh areas are fairly

accessible to many coastal dredging projects and for many years easements

were easily obtained and relatively inexpensive; hence, marsh disposal of

dredged material improved the cost:benef it ratio that must be applied to

federally sponsored engineering projects over other disposal techniques.

With the sharp increase in awareness of the value of coastal’wetlands as

natural systems in recent years, the availability of these areas for dis—

posal of dredged material has decreased and alternatives are being sought.

One alternative is to ide ttify tidal wetlands that are of least value in

their natural state and thus could serve as possible routes of navigation

channels and disposal sites. Perhaps a more viable alternative is the

use of dredged material to create new marshes. For both types of dis-

posal the productivity of marsh vegetation and the physiological ecology

of stress are important questions.

This study examines the productivity of seven marsh plant species

common in coastal marshes of Louisiana (Vol I) and reports on a number

of experiments that concern the ability of marsh plants to survive under

the dual stresses of salinity and inundation (Vol II). The study was

conducted between August 1973 and July 1976 as a portion of the overall

DMRP research and development effort under Task 4A, Marsh Development.

Productivity of seven marsh plant species was evaluated over a

two—year period . Using a harvesting technique that corrects for mortal—

ity between sampling periods, it was determined that Spartina patens,

Juncus roemerianus, and Distichlis spicata were even more productive

than Spartina alterniflora, a species that is known to be highly produc-

tive. Measured annual net production (g m 2) was: S. patens, 4200; J.

roemerianus, 3300; D. spicata, 2900; Phragmites communis, 2400; Sagittaria

falcata, 2300; Spartina cynosuroides, 1100. The fresh and brackish marsh

species supported high levels of productivity even though they did not

receive as much tidal subsidy as salt marshes. Productivity was higher

for species that grow throughout the winter than for those such 
as1



S. cynosuroides and P. cominunis, which die to the ground in late fall.

The broad—leaved fresh marsh species, S. falcata, produced only a mode—

rate level of organic matter, but its high nutrient content (up to 3 per—

cent nitrogen) and rapid decomposition rate made it unique among the
-
• 

species investigated .

Considerable effort was expended evaluating techniques for measure-

ment of production. Peak standing crop was compared with harvest methods

that correct for mortality between sampling periods and with nondestruc—

tive phenometric techniques based on recruitment , growth, longevity, and

density of individual stems. From the evidence it was concluded that

peak standing crop seriously underestimates production in gulf coast

• marshes, and that the harvest technique of Weigert and Evans (1964) is

the most realistic presently available, although phenometric analysis

holds promise for an excellent, nondestructive method of productivity

analysis.

Aside from variation in reported productivity due to differences in

techniques, wide geographic variability occurs. High biomass was associ-

ated with high silt loads, low organic matter in the sediments, and de-

creasing salinity.

Soil and tissue nutrient concentrations were also poorly correlated

with S. alterniflora biomass. The highest correlation (negative) was

between S. alterniflora biomass and boron (B) (r = —0.32). Nitrogen (N)

was also negatively correlated with biomass (r = —0.19). Other signifi-

cant correlations failed individually to account for as much as 5 percent

of the biomass variability. Multiple step—wise regressions were conducted

between the dependent variables, S. alterniflora live biomass and total

live plus dead biomass, and the independent variables, 14 tissue elements

or 8 substrate parameters. The best seven—variable model of tissue

nutrients accounted for only 36 to 38 percent of biomass variability.

Boron and manganese (Mn) were significant variables in all models.

Phosphorus (P), potassium (K), and N also entered the relationship with

live biomass, K, and barium (Ba) with total biomass.

No soil parameter accounted for more than 11 percent of blomass

variability. The only significant relationship was between salinity 
and2



total biomass. Thus, it appears in the complex environment of the salt

marsh that many factors contribute to yield.

These field studies were supplemented by controlled tests in the

greenhouse and laboratory. En these tests it was documented that S.

alterniflora, S. cynosuroides, and D. spicata are all inhibited by salt

in the concentration range of their normal habitat. Kinetic studies

with the labelled isotope rubidium (Rb) indicated that a mechanism of

action of salt was the inhibition of nutrient absorption since Rb absorp—

tion was strongly inhibited in the presence of salt.

In situ studies of photosynthesis of whole salt marsh communities

showed that the macrophytes (S. alterniflora) accounted for 90—96 percent

of the total photosynthesis of the community. The micro—algae found grow—

ing on the lower parts of the S. alterniflora cuims and on the surface of

- - the sediments accounted for as much as 10 percent of gross production in

the winter, but less in the summertime. However, 64—76 percent of the

total community respiration was benthic and attributed to the micro—

components of the community. The photosynthetic rate increased from

shade to full sunlight, a characteristic of C4 plants (which are particu-

larly efficient photosynthesizers). The rate of photosynthesis per unit

leaf area was higher in December and March than during late spring and

summer. The decrease in efficiency in late spring was perhaps related

to the N supply to the roots. The rate of photosynthesis was not af-

fected by the diurnal flooding pattern of the marsh, apparently because

the marsh substrate was efficiently buffered from rapid daily redox

potential (Eh) and salinity changes.

These results are discussed in a model of marsh success which

identifies several feedback loops that stabilize natural marshes, allow-

ing them to counteract the effects of natural subsidence rates and remain

at an elevation just below mean high water level. The inundation regime

of the marsh is critical in controlling all of these loops through con—

trol of the nutrient and silt supply to the marsh, the salinity of the

flooding waters and sediments, and the soil Eh. However, much more needs

to be known about the relationship of these factors to the flooding

regime.
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The relationships discussed in the model are important because they

F - 
- 

can be used to evaluate how existing data on marsh productivity are in—

terpreted , where dredging and dredged material disposal should occur,

and what species and edaphic conditions are optimum for  vegetation of
• newly created marshes.
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- 
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- Environmental Stress ,” both dated 30 May 1973 , bet ween the U.S.  Army

Engineer Waterways Experiment Station (WES), Environmental Effects

- 
- Laboratory (EEL), Vicksburg , Miss., and Louisiana State University,

Baton Rouge , LA. The research was sponsored by the Dredged Material

- Research Program (DMRP) under Task 4A , “Marsh Development.” The studies

included in this report were performed during the period from June

1973 to June 1976.

The research was conducted by Dr. James C. Gosselink , Professor of

Marine Sciences ; Dr. Roland T. Parrondo , Assistant Pro fessor Botany ; and

Mr.  Charles S. Hopkinson , Research Associate. The main text was written

by Dr.  Gosselink; Appendix A and B by Mr. Hopkinson , Dr.  Gosselink , Dr.

Pa rr ondo , and Mr. L. Gulick; and Appendix C by Dr. Parrondo , Mr. E.

Bishop , and Mr. Hopkinson. Mr. Pat Cavell , Mr. Lee Crush , Ms. Jean

Gosselink , and Ms. Karenlee Kneller were employed to assist with this

work. In addition , support from a number of other individuals is ack-

nowledged . Mr. Edwin Bishop , in particular , was responsible for all the

technical elect ronics involved in the photosynthesis studies . Mr.

Rodney Adam s and Mr. Ralph Cunningham provided reliable field support.

Personal communication with Drs . R. J. Reimold and J. L. Gallagher

of the Univers i ty  of Georg ia was valuable for this repor t .
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

U.  S. customary uni t s  of measurement used in this report can be converted to

metr ic  (SI) units  as follows :

Multip ly By To Obtain

miles (U. S. s ta tute)  1.609344 kilometers

acres 4046 .856 square meters

cubic yards 0. 7645549 cubic meters
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COMMON MARSH PLANT SPECIES OF THE GULF COAST ARE A

VOLUME I: PRODUCTIVITY

INTRODUCTION

Dred ging Activities

1. Each year the U . S .  Army Corps of Engineers (CE) dredges 300

- 

- 
million cubic yards * of mater ial  from the 22 ,000 miles of navigable waters

of the continental U .S .A .  (Boyd et al. 1972) . Costs for moving this

material  vary from about twenty cents to several dollars per cubic yard .

• The distance to the disposal site is a significant factor  in the cost , a

fac t  that is critically important for the present study. Dredging to

maintain navigation channels is more extensive than any other single

dredging activity throughout U . S .  estuaries. Even for  the highly indus-

trialized and densely populated eastern coast, from 1955 to 1964 disposal

of dredged material was the maj or reason for filling wetlands (Clark

1967) . Here , if anywhere, one would expect wetland filling for indus-

trial and residential needs to predominate. Clark indicates that a

total  of 45 ,000 acres was filled from 1955 to 1964 , of which 34 percent

was filled to dispose of dredged material . These areas, used first for

dredged material disposal , are often later used for other development

projects .

2. The importance of dred g ing in estuaries to the Nation ’s economy

is indicated by the f ac t  that 132 of the 170 ocean ports in the United

States are located in estuaries. These ports handle about 90 percent of

the total  U .S .  foreign trade. In recent years apprc. ~iiately one half of

* A tab le- of f a c t o r s  for  conver t ing  U.  S. customary un i t s  of measurement
to met r ic  (SI) can be found on page 9.

10
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the Army Co rps of Engineers ’ budget for maintenance of the Nation ’s

channels and harbors has been fo r use in coastal areas (Sweet 1971).

3. Thus the use of marshlands as dredged material disposal sites

has been a common CE practice for many years. One major reason for this

is the cost—benefi t  ratio that  must be applied to federally sponsored

F engineering proj ects. The removal of large volumes of dredged material

to a disposal site is a significant economic consideration. Marsh areas

are fairly accessible to many coastal dred g ing proj ects and for many

years easements were easily obtainable and relatively inexpensive. In

addition these marsh areas have been considered of marginal value (Boyd

et al. 1972) . Indeed , local interests were often anxious to have marsh-

lands filled because it offered opportunity for future development.

4. In recent years however there has been a sharp increase in aware—

ness of the value of coastal wetlands as natural systems. Because of

natural tidal subsidies and the naturally high nutrient levels of most

estuaries , wetland productivity is higher than productivity in any terres-

trial system. Turner (1976) documented the dependence of coastal fisheries

on tidal wetlands . Other studies (Gosselink et al. 1974; Valiella et al.

1975 ; and Grant and Pat r ick 1970) have documented the importance of

wetlands in t er tiary treatment of polluted waters and in the overall

global balance of such critical nutrients as nitrogen, phosphorus, and

sulfur. As an awareness of the value of natural wetlands has become

greater, the availability of these areas for disposal of dredged materi-

al has naturally decreased so that coastal wetlands are no longer

r eadily available as disposal grounds . Indeed , the Corps of Engineer s

itself is readily cognizant of the detrimental e f fec ts  of disposal on

11
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marshes and is earnestly seeking economically feasible disposal alter-

natives. At the same time it is realized that because of the magnitude

of the dr edg ing necessary to maintain nav igable waters in coastal areas,

some disposal of dredged material on marshes will continue to be neces—

sary .

5. Through the Dred ged Mate rial Research Program (DMRP) , the Corps

is attacking the p rob lems of disposal of dred ged material  in coastal

zones from a number of d i f fe ren t  directions . Ef for t s  are being made to

identi fy the tidal wetlands that are of least value in their natural

state for possible routes of navigation channels and as disposal sites.

Concurrent e f for t s  are identif ying methods of minimizing the impact of

disposal of dredged material. One of the most viable alternatives to

marsh disposal is the positive use of dredged material to create new

marshes .

6. For both types of disposal——on existing marshes and by creating

new marshes——the question of productivity of marsh vegetation, either

existing or to be created , is critical in the response of the ecosystem.

Production by marsh plants is the base of the marsh food web . In

addition , good evidence from a number of sources (Heald 1969; Teal 1962;

and Odum and de la Cruz 1967) indicates that the export of organic

matter from tidal marshes is an important food source to consumers

(fisheries, shell fisheries, etc.) in estuarine waters. In addition,

the extensive root systems of mar sh p lants ar e undoubtedly an impor tant

facto r in stability of sediments. These rooted plants act as traps for

f i ne silt and clay particles in the water column and thus serve to

clar if y the water and remov e materials which otherwise might require

12
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subsequent dr ed ging . For instance , Ambrose , in an article published in 1888

(Coates 1972), desc ribed how all of the early harbors on the southeastern

- • • coast of England were silted up when the great marshes were f i r s t  diked and

filled . Constant dredging and a vast expenditure of national funds then be—

came necessary to keep harbors operational. These functions and a number of

other natural services of the marsh all depend to some extent on the level

of pr imary production of the marsh macrophytes, which are the dominant

organisms on the marsh.

7. This study reports the productivity of seven marsh plant species in

• coastal marshes of Louisiana : Distichiis sp icata (salt grass) , Juncus

roemerianus (black rush), Phragmites communis* (common reed), Spa r tina

alte rnif iota (saltmnarsh cord grass) , Spartina cynosuroides (big cord grass) ,

Spa rtina patens (saitmeadow cord grass) , and Sag i t taria falcata (bul ltongue) .

The stud y was conducted between August 1973 and July 1976. It was designed

to s~’ti sf y one po rtion of the overall DMRP research and development e f fo r t

under Task 4A , Marsh Development .

Problems of Measurement of Primary Production

8. Traditional techniques for measurement of primary production in—

volve harvesting plant material , usually at the end of the growing season

when abovegrourzd biomass is maximum . This aboveground biomass, in many

stud ies , has been taken to be equivalent to net aboveground production .

Paren thetically,  un til recen tly the impor tance of the roo t biomass has

generally been ignored . Aboveground biomass, it was recognized , con-

tributed to the secondary consumers in the food web but the contribution

* Phragmites communis is a commonly accepted name for the common reed and
appears throughout many current literary works; however , the U. S. Na-
tional Herbarium has r ecent ly accepted P. australis as the proper name
for this grass (Personal Communication , 2 August 1977, Dr. Thomas R.
Soderstrom , Agros tolog ist , Dept. of Botany , Smithsonian Institute ,
Wash ing ton , D. C.

13

••

~ 

_ _ _



- - ~~- - -- -. -~~~- - ~~~~~- -~~~~~ - -—-— -—— ~- 

of the roots was not considered. Figure 1 summarizes in diagrammatic

form the dynamics of plant growth . In this f igure  gross production

is represented by the flow of mate rials into the live biomass

compartment. Net production , the growth dynamic ~~~ nost interest in

productivity studies , is gross production less plant respiration. The

material which accumulates in the live compartment is dissipated by

translocation to the roots, by mortality of the plant, and by leaching

losses from plant parts. The dead compartment is important in the

wetland food web because, as in most grassland systems , nearly all the

plant production is processed by the microbial detri tus system before it

becomes available to higher consumers. Thus in this diagram (Figure 1),

the dying grass is shown to accumulate in a compartment in which bacteria

and other organisms act as food processors. The dead grass is thus

dissipated by respiration and also by loss from the system, either

through incorporation into the sediments or by tidal flushing from the

marsh surface into adjacent water bodies. There is also a small input of

production from the aufwuchs community , which is epiphyt ic  on the lower

parts of the cuims of the marsh plants.

9. As Figure 1 shows, measurement of production is not as straight-

forward as measurement of peak shoot biomass would indicate. In order

for biomass to be equivalent to production, it is necessary that no live

vegetation be present at the beginning of the growing season and that no

mortality ,  t ranslocation to roots , or leaching occurs during the growing

season. Under these circumstances all aboveground production accumu-

lates in the live shoot compartment and the peak biomass in that com-

partment accurately measures net shoot production. It has been

14 
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recognized from the work of Wiegert and Evans (1964), and more recently

in marshes from Kirby and Gosselink (1976) and Hopkinson and Day (in

p ress) , that this is seldom true , especially in southern marshes .

Wi eger t and Evans showed that significant mortality occurs during the

summer in old field systems in Michigan, and Kirby and Gosselink’s data

indicate that the production of S. alterniflora In Louisiana marshes is

at least three times the value of the peak standing crop, because many

plants die before the end of the growing season.

• 10. In this study the Wlegert—Evans (1964) technique was used to

measure the production of seven marsh plant species because the method

includes an estimate of mortality in addition to live biomass changes.

Wiegert and Evans measured the loss rate from the dead compartment.

During any time period then , the loss rate plus the change in dead

biomass estimates mortality , and mortality plus the change in live shoot

biomass sums to true net production .

11. This technique yields much higher production estimates than

the maj ority of those found in the literature, so results by this

techn ique are not directly comparable with other work. In the study

reported in the following pages, after one year of field work, the esti-

mated values of net production were so high as to be questionable in the

minds of many individuals who have used more traditional techniques.

Therefore, to be useful, the technique had to be validated against other

techniques. As a result, considerable effort was expended in the

development of independent measures of production. Harvest technique

results were compared with calculations based on stem density and life

histories of individual tagged stems and with measurements of direct

15
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carbon dioxide incorporation in plant tissue. These results are pre—

sented in the following pages. Best estimates of production and 1mph -.

cations for the DMRP are discussed.

16
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TECHNIQUES*

12. The five basic techniques used to measure marsh plant produc— -

tion fall into three categories: harvest techniques that involve clear— -

cutt ing of quad rats of vegetation at regular In terva ls; phenometric

t echniques that Involve the nondestructive measurement of growth pa ram— -

-
• 

eters of individual plant stems at Intervals; and a gasometric analysis

involving the measurement of direct carbon dioxide incorporation and -

evolution by the plants under study.

Harvest Techniques

13. A summary of harvest techniques follows. -

a. Peak live biomass was estimated from the harvest of 0.1— to
1—rn2 quadrats when live biornass was at a maximum. In
practice, this time was determined from the bimonthly
harvest samples obtained for the following technique.

b. Wiegert—Evans Technique (1964): 0.1— to 1—rn
2 quadrats

were harvested at eight—week intervals over the two—year -

period of the study (August 1973 to September 1975). All
samples were replicated five times. Vegetation from
these plots was separated into live and dead stems, and -

the dead material on the live shoots was also treated -
-

separately. Vegetation was dried at 80° C to constant -

weight and weighed. Loss rates of dead vegetation were -

estimated from paired plots; the live vegetation was
r emoved f rom each p lot ; the dead vegetation was harvested 

-

immediately in one p lot and after eight weeks in the -
-second . The loss rate (r) was calculated from the

change in the amount of dead vegetation during the -

interval. The instantaneous loss rate (r = g lost per
g dead material per day) was

r = 
ln (Dt0/DR t1)

t l — t o

*Tec hniques are summarized below ; details are g iven in the Appendi xes .

17 - 
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where
Dt0 = amount of dead material in the 1st quadrat(s)  at time t o
DRt1 = amount of dead material remaining in the 2nd quadrat(s)

at time t

From this loss rate the disappearance of dead material (X) during a
time interval (A t)  is

Dt 0 + D t1X r x At x
2

where subscr ipts indicate the sampling time . Mor ta l i ty  (M) for a
sampling interval is

M = X + A D

wher e
• AD = change in dead biomass during the sampling interval

Finally , net production (G) for the sampling interval is

C = M +  AL

where
AL = change in live biornass during the sampling interval.

Phenometric Analysis

14. At b imonthly intervals the rate of growth and longevity of

culrns was determined by following at least 119 individual stems of each

species throughout most of their life history. Initially plastic tags

were placed around 65 different  randomly chosen culms of each species .

Every eight weeks 15 additional small young culms were tagged and the

height and survival of the previously tagged culms ascertained .

Density of stems in height class 0—24 cm, 25—4 ” cm , 50—99 cm , 100—149

cm, and 150 cm was also determined. In addition, randomly selected

samples of each species were cut at ground level, measured to the

nearest cen time ter fo r height , dr ied , and weighed to the nearest 0.01 g.

A summary of the phenome tr ic techni ques used in this stud y follows.

18 
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a. Wilh iams—Mu rdoch Techni que ( 1972) : This method requires
estimates of the ratio of growth to average standing crop
(maximum biomass to average biomass) and the mean l i f e
span of live culms . The relationship of weight to height
was also required . The rat io of growth to average stand—
1mg crop was

(E Bmax/n)/ (E

wher e
Bmax = the maximum weight attained by each stem

dur ing its l i fe  span
n = number of plants
B = the mean weight of a stem during its l i fe

span
= E (~ xAt)/EAt = the mean weight of a stem

during its life span

where 
—b = average weight of a stem be tween successive

measurements
At = interval between successive measurements

Annual growth (C) was calculated as follows:

G = L x (
~ Bmax/n )/(E B/n) E(~ 

)< EA t) / E B T

That is , growth (g x m 2 x yr~~-) = avg standing crop
(g x ur2) x growth/average biomass
frequency/year

where 
—

L = annual average standing crop of liv e
vegetation.

b. Mo r tal i ty Method : This technique used determinations of
mor ta l i ty  rates and maximum dry weights of individual
cu ims to estimate annual mortal i ty ,  which , in a stead y—
state system, should equal annual production . The general—
ized equation is:

Mortality = stems dying x mass per stem X stem densi ty

f or each time interval and for each size class at time
of deat h. Weight per cuim was calculated from height/
weight regressions . Mortali ty was calculated from data
from individual tagged culms. Plant death during each
eight—week interval was summed for  a one—year period to
estimate annual mortal i ty .

19
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Gasometric Ana ly s i s — — C a r b o n  D i o x i d e  F lux

15. An infrared gas analyzer was used to measure the change in

carbon dioxide (C0 2 ) in air f1owin~ through a clear acrylic plastic

cuvet te  that enclosed a 0.0 75—nm 2 area of the salt marsh . Air tempera—

ture in the cuvette was control led as described in Appendix C , and light

was controlled over the cuvette by taking advan tage of natural var iations

in cloud cover and by use of black plastic or layers of cheese cloth.

The analysis of CO 2 f lux is described in -d~ tail in Appendix C and in

- 
- Mooney et al. (1971) . Production comparisons reported in this work are

for a single species, S. alterniflora.

16. Figure 2 shows the sampling sites for the seven species. They

are more or less along Bayou Lafourche in either the Barataria or the

Terrebonne in te rd is t r ibu tory  basins in southeast  Louisiana ; de t a i l s  are

reported in Appendix A.

20 
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RESULTS: PRODUCTION OF SEVEN MARSH PLANT SPECIES
COMPARED BY DIFFERENT TECHNIQUES

Comparison of Techniques

Variat ion in estimates
of net pr imary production

17. Figure 3 shows annual production estimates from the harvest

and phenometric production techniques . The most s t r iking observation

about the graph , aside from the very high production levels , is that all

the techniques show that peak standing biomass seriously underestimates

p roduction . Table 1 shows the relationship of net production to peak

live biomass as calculated from different production techniques . With

two exceptions values vary from 1.4 to over 4 , indicating that peak live

biomass always significantly unde restimates production. One of the

f i r s t  techniques developed to try to estimate the morta l i ty  loss was

Smalley ’s (1959). He was able to correct for an unspecified fraction of

mor ta l i ty .  The investigators of this study were able to calculate pro-

duction by Smalley ’s technique from harvest data.  The comparisons show

that on the average Smalley ’s method was 27 percent lower than the mor-

t a l i ty  method , 53 percent lower than the Williams—Murdoch method , and

57 percent lower than the Wiegert—Evans paired plot harvesting technique.

18. Onl y one of the two phenometric techniques , the Williams—

Murdoch method , generally agreed well with the Wiegert—Evans technique.

On the average the estimates from the Wei gert—Evans technique were only

1.3 times higher than the estimates from the Will iams— Murdoch techn ique.

For two of the six species , production es t imates by the  Will iams—

Murdoch method were higher than when calculated f rom the Wiegert—Evans

21

_ _ _ _ _ _ _ _ _ _ _ _ _ _  4



- -•- •-- -
~~
--

~~~~~~~
•-

~~
- -- - - — -

~
- ----

~~~~~
- - -

~~~~~~~~
-- -

~~~~~
—-— - - - 

~~
- --—

~~~
- - - — 

- : paired plot harvesting techni que. In some instances a quali tative

judgment allows evaluation of the two methods for  a single species. For

ins tance , for S. falcata it was recognized that the sampling interval

was too long to measure accura tely the loss rate for  the Wiegert—Evans

technique. The Williams—Nurdoch method is probab ly more realistic fo r

these data. It may be more realistic than Wiegert—Evans for S. patens

also. With this species it was extremely difficult to measure loss

ra tes because of the densi ty of the stands and almost recumbent growth

habit of the species. The underlined numbers in Table 1 are consider ed

the most reliable estimates of production.

19. Production estimates based on gasometric analysis ( that  is ,

CO2 flux) are difficult to integrate over periods of time that are

compatible with harvest techniques . However , for  the single species

studied by the gasometric technique (S. alterniflora), the rates of CO2

fixation are compatible with the highest estimates of net aboveground

pr oduction f rom other techniques. On an hourly basis , and in terms of

mill igrams of carbon fixed per square meter per hour (making allowances

for root production), the Wiegert—Evans technique gives average pro-

duction rates of about 215 mg C ~ m
2 X hr 2 compared to rough estimates

of net production from CO 2 f lux  of 250 mg C x vf 2 x hr 1 (see Appendix

C) .  Thus all the methods used appear to have values that compare very

closely to the values derived from the Wiegert—Evans and Williams~-

Mu rdoch techniques .

Turnover ra tes

20. These results all point to an index of production that should

22
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receive more a t tent ion in production studies. This index is the

“turnover rate,” the relationship of net production to mean live bio—

mass. Used with  mean biomnass the tu rnover rate allows one to estimate

productio n. If it can be estimated for a number of species and found

to be fairly invariate, it could simplify the field work involved in

estimating production . This ratio is probably temperature dependent

(see Tu rner 1976) , incr easing with decr easing lat i tude.  Thus in the

United Stat es it is probably highest in Louisiana marshes and lowest

along the New England coast. Data from a concurrent study by Reimold

and Gallagher (personal communication 1976) should fur ther  clarify the

relationship of tu rnover rate to latitude.

Advantages and Disadvantages
of the Di f fe ren t  Production Techniques

21. A serious consideration in field tests is the cost of the

t echnique used . Peak live bioniass requires a single field sampling tr ip

only, requires no elaborate equipment, and is without doubt the simplest

measurement to make . On the other hand , it g ives no information about

seasonal dynamics and as indicated above seriously underestimates t rue

net production. At the other extreme, the harvest technique of Wiegert

and Evans combined with the measurement of loss rates, requires inten-

sive field sampling over at least an annual cycle of growth , and it is

costly and time—consuming in terms of manpower . It does not, however ,

requi r e sophist icated equipment aside f rom a balance and a drying oven.

The technique is valuable far  beyond the simple f igure of annual p ro-

duction that it produces. If the sampling interval is suitable, it also

yields data on the seasonal changes in live and dead biomass and on loss

23
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rates , morta l i ty ,  and production. The phenometric technique of Williams—

-
~~ Mu rdoch uses valuable averag ing methods that tend to minimize errors and

also to minimize the numb er of individual measurements necessary .

However , it does not express any seasonal growth dynamics. The mortal-

ity technique does show seasonal dynamics of mortality and this can be

- - • important in evaluating the effects of disturbances in marsh ecosystems .

As wi th the Wiegert—Evans method , phenomet ric techniques also require

considerable f ield samp ling and are labor intensive , but equipment needs

are again minimal . These techniques , in add i t ion , are nondes t ruc t ive.

It is likely that , with appropriate measurements of growth of individual

stems, phenometrics can be developed into a good index of seasonal

dynanics of growth as well as mortality .

Annual Production of Seven Marsh Plant Species

22. Table 2 summarizes the best estimates of annual production of

the seven species. The “best” estimate is either the Wiegert—Evans or

the Williams—Murdoch value, depending on a somewhat subjective evalu-

ation of which method was most appropriate for each species. The most

striking feature of this table is the extremely high values f or above—

ground net production for all species compared with , for  ins tance , S.

alterniflora, which for many years has been considered to be one of the

most productive phanerogams known to man. In comparison with other

marsh species for which production has been estimated , however , S.

alterniflora turns out to be no more productive than J. roemerianus or

D. spicata and far less productive than S. patens.

24
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23. The productivity is related to the growth habit of the species

in question . The most productive three species—S. patens, J. roemer—

janus, and D. spicata—are species that have considerable green vege-

tation year—round and for which the annual curve of live biomass does

not show any strong peaks . At the other extreme the least productive

species, P. communis and S. cynosuroides, show a clear seasonal growth

curve with no live shoot biomass during the winter and a smooth increase

during the spring and summer to a fall peak. The other two species fall

between these extremes. S. falcata appears to have a single growth

cycle , but in reality its turnover and decomposition rates are much more

rapid than any other species studied . It was the only broad—leaved

plant analyzed . It usually dies back to the ground with any freeze but

regrows rapidly from roots so that it undergoes several flushes of

growth during the winter season. S. alterniflora shows a clear seasonal

increase in live biomass followed by a high death rate after flowering

in the fall, but it also maintains considerable live biomass throughout

the winter.

24. Productivity is related to turnover rate , as indicated

by the ratio of production to peak biomass (P/Bmax)~ S. cynosuroid es

and P. communis have low ratios ; those species which grow throughout the

winter have high ratios. S. falcata has an extremely high ratio. The

productivity of S. patens was a major surprise in this study. It has

been known to have a large standing biomass of live and dead vegetation

year—round , but there has been no previous analysis of its productivity .

It is highly productive in spite of the fac t  that it receives no strong

tidal subsidy and apparently depends primarily on recycling for

25
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c.
nutrients. S. patens is not only very productive , but it is the domi—

nant species in Louisiana wetlands, covering an area of 1,565,743 acres

(Chabreck 1972) .

IMPLICATIONS FOR DMRP

Role of Pr imary Production in Marsh Ecosystems

25. This stud y demonstrates that the primary productivity of all

the wetland species investigated is very high compared to published re-

ports of productivity of upland plant species. Thus, although there are

— • 
differences among species , as a general rule wetland productivity is

- 
• extremely high. Therefore the decision for location of navigable chan—

nels f o r the placement of dr edged material on marshes or for the

creation of new marshes should not be based primarily on the net produc-

t ivity of the species concerned . This is true even though it is under-

stood that primary production describes the energetic potential for the

whole ecosystem, so that the magnitude of the energy flows through the

rest of the food web is limited by the magnitude of primary production .

26. In addition , however, there are other important considerations :

a. The seasonal dynamics of live and dead vegetation, mor-
tality rates, and disappearance rates are important
considerations for developments that impact the marsh
ecosystem . For instance, the production of live S.
alterniflora occurs at its fastest rate during spring and
ear ly summer . As Figure 4 shows , a great deal of this
organic matter does not die until October and November and
is not released or carried into the surrounding waters
unt i l  the following spring. Thus , any disruption of
prima ry production on a marsh is not f e l t  through the food
chain in any signif icant  fashion unt i l  the next year . In
contrast to this one—year delay in energy flow , the short
l i f e  spans and rapid decay of S. fa lcata  leaves suggests
that any impact on this plant species is felt immediately
by higher links in the food chain (Figure 5). This should
be a consideration in p lanning and timing of impacts on
marsh systems and in assessing the effects of these impacts.

26 
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b. The growth habit of the plant is another fea ture  of
inter est in mar sh impac t analysis. The contrasting h f  e—
style of a p lant like S. cynosuroides with a single
seasonal growth cycle with that of , for instance, S.
patens, which has active growth and mortality throughout
the year , dictates di f f e r en t  uses for these two species
and d i f fe ren t  approaches to their management (Figure 6).
In general , the plant with the year—round growth habit
appears to have a higher primary productivi ty ,  but also it
may be more effective as a stabilizing agent for marsh
creation since it maintains an active plant cover all
year to help control erosion. All the species studied ,
however , have perennial root systems that undoubtedly help
stabilize the substrate.

c. Not only is the magnitude of primary production a charac—
teristic of interest , but the quality of the vegetation is
also of concern in the food web. Unfortunately there is
no simple criterion for determining food quality. A rough
index of quality might be the nitrogen concentration of
the tissue since as this rises the concentration of
proteins tend s to increase. The comparison of the qual i ty
of grasses such as S. patens with a broad—leaved monocot
such as S. falcata emphasizes the concept of quality.
S. patens tissues have very low nitrogen concentration of
about 0.7 percent as compared with values up to 3 percent
in S. falcata. The former decays slowly in comparison to
the broad—leaved monocot , which disappears nearly as fas t
as it dies.

d. Nutrient cycling strategies are also important in marsh
impact analysis. Seasonally the ni trogen concentra tion in
S. patens is fairly constant at about 0.8 percent, while
it varies from 1.7 to 3 percent in S. falcata. These
differences in concentration when coupled with very differ-
ent seasonal variations in biotnass yield quite different
strategies of nutrient cycling (Figure 7). On the one
hand S. patens maintains a large constant standing stock
of nitrogen in its aboveground biotnass although the con-
centration of nitrogen is low and the palatability of the
biomass as a food source is probab ly also low. In contrast,
although S. falcata has a low aboveground biomass , its
total aboveground nitrogen content is about equal to S.
patens because of the high tissue concentrat ion . The
amount of nutr ient  per unit area varies seasonally by an
order of magnitude. S. falcata disappears very rapidly as
it dies so that there is a rapid cycling of nutrients.
Observations of S. falcata distribution suggest that it is
a pioneer species that thrives in disturbed areas or newly
formed freshwa ter marshes , while S. patens is found in
much more stable marshes. This may be related to the
difference in its strategy of nutrient cycling.
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e. A consideration of importance in coastal marshes is the
relative amount of production available to higher con-
sumers in the food web. The primary value of tidal
marshes to commercial fisheries is thought to be the
organic matter exported from these marshes to surrounding
waters which becomes available in the nursery grounds of
the fishes. The portion of total primary product ion
expor ted , then , is an impor tant consideration in the value
of the marsh. This may be comp letely Independent of the
produc tivi ty of the marsh species and may depend almos t
entirely on the frequency and depth of inundation of the
marsh. The export of organic matter from S. alterniflora
marshes , for instance, is thought to be one third to one
half of its total net production (Teal 1962; }Iopkinson
1973). On the other hand , as one moves inland in Louisi—
ana and tidal energy is reduced , marsh sediments become
increasingly organic , and it is apparent that a large
portion of the primary production is being deposited in
the sediment rather than being exported . Thus, in terms
of their value as a food source for aquatic consumers,
inland marshes migh t be less valuable than marshes tha t
receive high tidal energies.

Rec ommendations

27. Since a large part of this study was devoted to techniques

for the measurement of primary produc tion , sugges tions for op t imum

techniques for measurement of primary production are set forth below.

The convergence of several different techniques on a single methodology

of measurement to give reliable estimates of net primary aboveground

production led to recommending the Wiegert—Evans technique f or rou tine

studies of plant productivity . This technique gives es t imates of pro-

duction which are closest to true net aboveground prod uction and , in

addi tion , documents seasonal variation in stand ing stocks, loss ra tes ,

and mortality. The phenometric methods also give hope as a nondestruc-

tive technique that could be developed into a reliable method , and it is

recommended that some effort be put into development of a reliable

phenome tric technique that would be less time—consuming than the

~ 
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Wiegert—Evans method . The cost of carrying out the Wiegert—Evans

technique will be too great , in many cases, for that technique to be

used. As an alternative it is suggested that as data accumulate

(especially from this study and work presently being conducted in

Georgia), average turnover rates can be calculated for different lati-

tudes and different growth habits. Knowing this, production can be

estimated from mean biomass. The latter can already be estimated fairly

accurately from average stand height for S. alterniflora (Turner and

Gossehink 1975).

• 28. Two additional factors should be considered in field analyses

of this kind. One is attention to seasonal changes in root biomass.

Evidence is accumulating that the bulk of the total plant biomass is

below ground and there is some indica tion that produc tion as well is

greater below ground than above (Reimold and Gallagher , Georgia study in

progress). This is extremely important in considerations involving

stability and modification of substrates and cannot be ignored in

dredged material research studies. A second factor is quality of pro—

ductivity. The value of production estimates would be increased by

judicious use of some index of quality . It is suggested that routine

nitrogen analysis of live and dead tissue could usefully supplement

information derived from productivity measurements and allow calculation

of turnover rates and dynamics of nutrient cycling.

29
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Table 2

Summary of Annual Net Shoot Production

-
‘. by Seven Marsh Pla nt Species Grouped by Growth Habit

Produc tion*
Single seasonal growth cycle: gxm 2xyr 1~ - 

P/B max

S. cynosuroides 1100 1.4

P. communis 2400** 2.3

Live biomass all year ; growth
con tinues throughout winter :

1. spicata 2900 2.9

J. roemerianus 3300 2.7

S. alterniflora 2200 2.9

S. patens 4200 3.0

Broad leaved ; rapid turnover
and decompos it ion ra tes:

S. falcata 2300 3.6

*Best estimate from several methods, rounded to neares t 100 g .
**Probably overestimated because of severe sampling problems .
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1. D o t r i t a l — h a s o d  food web s p r e d o m i n a t e  in s a l t  m n r s h  c - s t u a r i n e

SVstjms (l~~a1d 1969; Teal 1962; Day et al. 1972; r e f  c r c - n i - e s  l i s t e d  at

c o d of t h c - o~~p - i d i x )  w i t h  cons i~!5 - :ah l e  or~:un i c n a t t - - r  d e r i v e d  f r o m

::e r e en t  nar s~ : . acr ophv t o r .  T n  en i s  in c a  i t  Las i -c -en  uilo ~m t ha t  the

c on t r~~n c i t  ion of o r g a n i c  m a C I c r  f r o m  F pnrtHna a l t e r n i f l o r a  r e ir shes  to

— ‘ a d j a c e n t  h ay s  ~n n 1 s  the ~ncc •l in t  p r o d u c e d  i a q i i c t  Ic f l o r a  5 5 i t h i n  t h e

bays  (H op k i n s o n  and F~~y in p r e s s ) .  > !uch less i n  L nown about  t he  im-

p o r t a n c e  of b r a c k i s h  and i r e s h wa t e r  TTiu Cr O p h v t  es in tbe c~v c r n l  1 ~ r o d u c —

t iv i tv  of m a r s h  ~cc sy s t  c-ms. Few s t u d i e s  Lav e  considered tbc p r o d u c t i v -

i t y  of cv cn  t i i ~ cnacro F v t e s  tn en s e lv e s . an d in  I £ 0 50  l o w  the  t o c l in i  q u o s

used were  o f t e n  inadequate in t h a t  t u r n o v e r  r a t e s  ~~-re u n d e r e s t i m a t e d .

2.  This appendix  r~ n on  S the  stud y of c~hcvogrc- ui d pr o d u c t  ic-ri of

seven species of cnirsh plants , each from different sal !nitv , soil , and

tidal reg imes. The p r o d u c t i o n  m c - a s u r e d  is  5 -ln fu l in ur d -r et andin g the

t rop h I c  c - f o r g e t  ics of v a r i o u s  :- r~ ir --:‘ - (IeS in 1 on !ana and its con—

i r u t i v e  i n ~)o r t  .- nc- e t o r e  ~-0o l e ~v s t •

Dt i - o r i n t i o n  of -‘- n  a

3. Th a i r  u s  u n d e r  st ony ere Ifl rc- sou l  n e n s l  on Louisiana cc—os tal

p l a i n , w h i c h  c - o p r i s e s  s e ver a l  c-v r i n e p in g -~i s s is s ipp i River  d e l t a  lobes

forme d du ring lIr e lmt 7.0110 yr’- : S .  - -  O V J I f l  n T i r s h  n i a n t  a t i T v  site s

(Fic:ijre Al) lie a l o n g  l ower i--arc - u 1 - f oui c iic- w ith sc-ne sites in t b c

F ur n t a r ia  dr abur-c- 1.11- in  and t i e  ot h e r s  in Ibe r-r r - - :-orrce ( : r . l i r - .. - i (  - 5 - i n

Al
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( ( l . a b r t - c - k  1972) . These t w o  ad~~~c — i t  i i \ u I o ] ’g i c  unit s are 1 , -ta r n: i’d by

t h e -  n a t  c i r a l  1 Vt - c  of P-~~n o u  I :fuurclie , a r i - I  - n t  ly  n i - u i - b  : - d  d i r t  r i b u  o rv

of t he  M i s s i s s i pp i R i v e r .  The i n t e r i i i s l r f l - u t n r y  p l a i n  is c om pr i s e d  of

w a t e r  hod ic - s  ( l a k e s , hays , and h a v a i r s )  . n u t  u r a l sw. rr p s , ::a r slrc- s d e v o i d

of t o t - c  rap i  I c  re- l i ef  t - N e e p t  a l ong  low n a t u r a l  i - v i e s , n r n - - i a d e  I c -v eo s ,

and spoil b a n k s .  The r eg ion has bc en f u l i r  o -nsc  r i hed  g e o l o g i ca l l y by

F r a z i e r  (1967)  and Cag l i an o  and v :-n  F.e~-k (1970) .

4 .  Along  a l ine  r u n n i n g  i n l a n d  f rom t h e  coast , s evera l  g r a d i e n t s

a re  a p p a r e n t .  The normal  c o a s t a l  i i b - s  t h a t  i n u n d a t e  t he  c o a s t a l  —

u:r rS li -s dcc  r o u s e  and d i s a p pea r  as on0 a~~j o i u i - Lcs t h e  u p p er  reaches  of

th e  b a s i n .  S a l i n i ty  a l so  d c - c r c  u ses  w i t h  deer -u s i n g  t i d a l  i n f l u e n c e .

Th c-l-r e 1 ! r - s i c ~~i g r a d i e nt s  r e s u l t  in f a i r l y d i s t i n c t  zon e s  of v e g et a t i o n

runn ing  r o u g h i r -  p ar a l l e l  to the  co a s t .  Ti c- - o n o s  i - a v e  been  c L a r a c t e r —

i . e d  as f r e s h  marsh  (0—5 ppt  s a l i n i t y ) . b r a r k i s h  m a r s h  ( 5 — 2 0  p ot  s a l i n -

i t y ) ,  s a l i n e  m a r s h  (20  ppt  s a l i n i t y  and up) . and l e~ ee hank  v e g e t a t i o n

(Chabreck 1972). The marsh  soils are  gen e r a l l y d e s c r i b e d  as peat s ,

nods , and clays. Organic and clay content is highest in the fresh and

br a c k i s h  areas. The saline marshes tend to he prod . -ina n tl v fine silts

( i b o s e l  ink et al , 1975).

5. The M i s s i s s i Pp i R~~~~r d i n c l i o r r e  and h i g h  levels of ra nfali ,

i ra- e l a t i o n . a nd t emp r a t u r e  c en t  i - i b i i t e  to  tli c h i g h p r o c t  i~i i tv of t h e

( I r l .ct a l :~-~r s l i e s .  The M i s s - 1 ssi pp i R t v - r d i sci~a rge  i n t o  t h e  sh a l l o w

- o - - : s t a l  w a t e r s  of t h e  G u l f  of ~t x i c o  ~-~ d i f I c s  t h e  s a l i n i ty  and I n C h  - -c s

t h e  n u t r i e n t  and su s p e n d e d  l o a d  of n c  b — re  s a l i n e  m u n r , i w - s .  E n i n f a i l

(150 cm yr 2) and i n s o l a t i o n  (200-510 g-ca l  cm 2 day ~~~) are f a i r l y

evenly  d i st r i b u t  c-d t h r o u g hout  t i r e  y e a r .  Fbi -  ci bra: - is c c  u r l y — ~~~ .
~~
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s i i h t r o p i i - d c - n t h  a e n u a l  t r - I i i p C r n t r l c - 1 .  av :n~ in g Y U 1
C. Fi - c zes o c u r  on

the average once i-ver y sen-n ri -ars in  the- sal Inc ~r - a and at 1 - . i S t  010

a v - ~1r in t h e  f resh  area . The coas ta l  area has been d e s c r i b e d  ph y s i c a l —

ly , ch e m i c a l ly ,  b i o l o g i c a l ly , and ecolog i c a l l y by Day et al .  ( 1 9 7 2 ) ,

(ir.rhre ck (1972), Penfound and It at i~avav (1938), and Gosselink et al.

( 1975) .

6. F rI p ling sites were establi shed fur the  f o l l o w i n g  seven marsh

p lant opt -c-i c-S as shown in F i n u r e  Al: Di stichl is sp icata (salt grass),

J an c -u s  r e r s-r i a nu s  (black rush) , Phray r i  t i - s comni i~n i s  (co mm on reed)

Sagittaria falcata ( h u ] l t o n g u e ) , i’ :;c rt ina al: rniflora (saltroursh cord—

grass), S n ar t i n a  c y n o - r i r r o i d e s  (big cordgr:rss), and ?p a rt i na  p~~~ens

(saltircadow cord grass).

7. Tir e  P.  (- c a r r r u n ] S  site was a relativ ely hc’:iog -nenr:s s t a n d  in a

f r e sh w a t e r  marsh a l o n g  b ay ou  des A l i c n a n d s .  T at e r  l eve l s  here  were

c o n t r o l l e d  e n t i r e l y by r a i n f a l l  and w i n d  and f l u c t u a t e d  at leas t  16 cm

s e a s o n a l ly .  S h o r e l i n e  w a v e  e n e r g y  c rea t ed  by s t rong  n o r th w e s t  winds  was

a t  t i m e s  ii i g h  as -v i d e n e c - d  by a si c - r e l in e  erosion of 2—6 it he t vc - en

A u g u s t  i972  and A L t - s t  1975. P a d  p l a n t  m a t e r i a l  was o f t e n  r a f t e d  up to

10 m i n t o  the  cane s t a n d .  F oe.u ~~se i f  a c i - a n g i n g  w a t e r  l e v e l  reg ime

du r i n g  the  i n vi  st  i gat  1 . : , the  i n t o r t a r i c e  of Piiragr’ i t e s  d c - c l  i c-P w h i l e

T u n i c - u r n  i u m i t o m ’n a nd  Lee r s i a  sp. c ane dc-m ir ant , - k i n g  up over 75

p e r c a - n t  of the hiom-:ns by A- - , - r  - t 1975.

8. S. f a l c a t a  w a s  s t u d i e d  in a f r e s h  m arsh  a long L i t t l e  Bayou

B l u e , w - s t  of h a v en  l a f o u ch e .  A h i~~h levee of dred ged material sepa—

a t e d  I ir e sit e f u - r n t he bayou . i r i t  oc ca s i o n a l  br aks in the  1 a c

al i - - , -d water t i  c i r c u l a t e  thr ough t I e site. Tidal influence was sma l l , 

~~~~~~~~~~~~ 
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bu t  u -at er d ep ths up t o  20 en u v & - r  t h e  : r . r s r n h  u- - r i -  r i -  c - -  i a t  ed w i t h  p r o —

ic- flood sout lis-a st t- r lv w inds , and the I :  r - L ~a- u- r e  dr ained w i - e n  wiir ds w i r e

out  of the  n o r t h .  A r e l at  i v c - l v  a - i c c -  s t a n d  w a r  - e l e c t e d  in -‘r r ~ r r s t  1973 ,

bu t  it b e c am e -  i n c r e a s i n g ly m i x e d  wi t l i  E l - o r - b a r  i s  so.  and F i ch h n r n i a

crass l o t - s  d u r i n g  t h e  c o u r i - r e  of t he  s t u d y .

9. The S. t~~ i i ~~~n S  s i t e  was l o c a t e d  a long  L i t t l e  b ayou B l u e  about  20

km sou th  of t h e  S. f a l c a t  a r i  t sr . This was part of a l a r g e  a r ea  of

b r a c k i s h  m a r s h  d o m i n a t e d  by S .  ; a r r  ens w i t h  s m al l  am ounts  of Fr . n ; c a : a

mixed  w i t h  it .  The s t u d y n r ~ a war  abou t 15 it i n l and  f r o m  the  I—a on and

a lm os t  a lw ay s  covered w i t h  w a l e r . h u m , - -. i rrds , and t i d e s  c o n t r o l l e d

w a t e r  level fluctuations. S a l i n i t v v r  i d  het . -en 5 and 10 p p t .

10. The a rc-a  s e l ec t ed  fo r  t he  s t u d y  of J .  r o c r o r i r n u s  was on the

n o r t h e r n  ed ge of the  s a l t  marsh  zone , a l o n g  t h e  n a t u r a l  l o v e of bar

V asie r  in t h e  n o r t h w e s t  : or t i o n  of Cr- i -  i n r da Bay . -‘-lt i n rpb t i r i s  was a

r e l a ti v e ly  homogeneous s t a n d , S. a l t e r n i f i c - r a  and U- . s t — i c a t a  w e r e -  al so

p r e s en t  in lesser  a m o u n t s .  The su r r c r c i n d in g  m a r s h  v c g . r - t a t i o n  was  P e ar l —

n a t e d  b y S. alterniflora and A v i r  o n n i a  n i t  i d a  ( b l a c k  r r a n g r o — :e ) .  T ire

t y p i c a l  Lou i s i ana  gul f  c - o u s t  d i u r n a l  t i d a l  c y c l e  ( 15— to  (-0- cm : a p l i t r d e )

occu r r ed  in t h i s  r o e - a .  The s i t e  is  c :- :perc-d t o  a 1 . 5 - - k r  f e t c h  f r o m  t i e

eas t  and 5-ou t  b e a s t  a c t o r s  Fa\ ’  V a s i  , a nd er c :r s i i r a l  l i  p h r -rgv storms

h a v e  expo sed  roo t s  ar i d  h a r e  ar - as a l o ng  t ie r~r c: - e. S- -ri m i  t~~ in t h i s

a rt  a r~~nged h - t  r o e - n  S ud 20 F : t  .

11. Si c - cs we re  sc - l ect ed  a l o n g  th e  cc -rrs t , i n l a n d  f r o m  bar- C h a r r p ; r c r - i e

a nd b c - I  w e -c - n Bar-eu M c i r r -rr u and Bay ou L a f o u r c i r e , f o r  t h e  s t u d y  of S.

a l t  e r n i f l o r a  and  D. s o i e a t a .  Sal i n i t y  wa-s r - - r r e r a l l v  o v e r  20 ;-pt r i d

t i d a l  z r p l it i d e s  ‘n- r c-  t y p i  cal  lv 15-60 car . i l i e  S. a]  t - r n i f i  e ra  si t c  was

ft
_ _ _ _  -
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a l i r t - l u - l t!s s t a n d  r i t u r s t  i-P i n l a n d  (8 i t)  f r -pr a n;s iwmi l l c -  I l oSt

surrounding a sau l I m a r s h  i r k c - . The D. s; i r a t -  s i t e  u: rs  a u - r e  a ‘c-c

c - c - r i e c us stand on t i n - h a c k  s li er of th e  r r i t u r a l  i c - r o c -  of b a r - c -u  l-~o r r a u  ( an

o ld  abandoned M i s s i s s i pp i R i v er d i s t r i b u t a r y ) .  L i v e  e n e r gy  was low in

hot ir arias.

12. Ti n e  s t a n d  of S. c v n s u r o i d e s  s e l e c t e d  f o r  s t u d y  was s ir ~~-r :c -d

on the  ~- d n ’ e  of t h ~~~ a tu r a l  I c  vecr along s-P r ich I orrisici na lii gl.w av I was

coast ruct cd , ;~liori t 8 km u-c-s t of the C a i r i n a d a  b u y  hr  i p c  . F ’ne v ig ct at  i r

cc :r-rrru nit \- changed w i t h  e l e v a t i o n  on t h e  l e v e e .  As c i ~ v i t  i on  P r e  ; oP t h e

d o m i n a n t  spec ies  changed in zones f r o m  fluo reu s \ ‘i r r s i n n a  ( l i v e  a k )  to

P. cocrrunis , Iva f r u t e s c e n s  (m a r s h  c - l e e r ) , an d P a n i c u r n  v i a n a t u m  ( sw i t c h

grass) ; to S. c v n o s u r oi de s  and D. s p i c a t a t  t o  ;u r e  P .  sn i c a t a ;  r i n d

f i T ir ~~llv to  S. a l t c - - r n i f l o r a .  Fr .  sp i cat a  ~r ns mi:-r -d w i t h t h e  5 - .  cvn o ~~u r —

c - i d e s  in the study site as a subc-anonr vegetati on. The elevation of tie

site generally precluded any tidal influence, flooding Was cuit e

i n f r c - n r i c n t  and Was controlled prc -doc i :rantly Lv winds.

- iS

13. ti rr t r :l i c - v og round  p r o d u c t i o n  was mea sur e d  Lv t T i e  :r c- t l rod of

Li e g e r t a n d Evans (1964) . this tocl rri ; r- ri- does not account for gr a ?  ing

l e s ses .  ;-:i i ich f o r  S.  nl t m i  flora i - a ve i-c - r v et br at c-d t o  be Ic ss tb-a n 5

p e r c e n t  of r - rux b- rn. l ive s t an d ng crc -p  ( V i a l  1 96 2 ) .

14. Samp ling of all 5eV Cc- S f - e r  ic-s -c i ac - enc s r - d  I c  st  or 5 - - e p t i -arher

1973 and c o n t i n u e d  f o r  t w o  y e a r s  at  r o n g l i v  c - i c r 1 i t - s ~~~k i n t e r v a l s .

f l i -r i r r i t s i z e  and shape  n c - r e  P i c t  ri t i d by u n i  F r:: I t v  of grow th , dec- s i ty  of

s l a n t s , u r i d  t i m e  l i m i t a t i o n s .  5 - n r i a r e  1 . 0 — a  2 cr:n drat s sri re used to

—‘5 
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~~; l ~ ~ rrrir ~ s, S. - - c u m i n , r i n d  S. f al cata . Square 0.2~ —m

w e r e  used  f i r  S. ;rlcc- rni ~ ln rrr and  J. c e c l r i - r i a n u s , and 0.l-~rr~

c i t i e s  ~e m . c  ue~ for I). spi c -a t a and S. it i iS . Five paired p lots (A :B)

e r i c  : i i r a r l v  e lR-n ~-n a n - I pi’rnod at each ri t o , u- i th p r e cau t  ions  that no

urad oat w a s  si r :: t i e d  : -  - r e  than once , no :isnd rri t was ri O t - i  ed that had i r - t n

tr:imp lo rl durin g pr t -\ l ocus c nu tt ings , and ; - a i c c - d  p l o t s  - - - r e  v i s u a l l y

s i r : .  l l ar  in s ;uc-c - i c r  (- c c i c s i t i o f l  arid densit y . F r - -a t 1 ic: f i r s t  au a d r a t  (A

of t h e  - t B  a i r ) ,  a l l  u b o v e g r o u n d  m a t e r i a l  seas c u t  at ground  level ,

p l a c i d  in  p l a s t i c  bags , and t aken  to t h e  l a b o r a t o r y  w h e r e  i t  was sor t e d

i n to  four ca t eg o r i e s : l ive , dead , dc-ad ~a-s r t s r~-asnved f r o m  l ive p l a n t s ,

and o t h e r  spec i e s .  S- o - ; - l e s  w e r e  th e -n  d r i e d  a t  80°C to  CO f l S t u f l t  ~ e i p h t .

From the  second ir i rsiic at (B of the A : B  p a i r ) , a l l  l ive  m a t e r i a l  s-r cc s

r c c o - ~c-d .  Care  n-as t r r k e n  t o  av o i d  d r a ~~ - b r g f r a g  i l ~ d eu d—st -~r ii ’n g p 1 a r t

roa r  c i  al . b r - v - r n  1 ly t he  B r - ; u d  r a t  seas r~-s- ao r-1 sr-P ap r rc - : - n t  c i v  ei g l i t

wee ks l a t e r  r e l i c -n  a l l  d e a d  m at  e rr  ial  r e r r r a i n i n g  s-:us remove d , b a g g e d , and

c a r r i e d  b r i c k  to the  ] a b o r a t  o ry  f o r  d r y i n g  a n d  w e i gh i n g ,  but  f o r  S.

f al c a t a  i t  w a s  n e c e s s a ry  to r e d u c e  t h i s  i n t e r v a l  to t i  cc- c- n c  c -k s  f - c c  a r i s e

of the rapid decomposition rate of t h i s sp ecies. All results are

re-n orted as dry n- e i g h t  o r  r c r u - r c -  m e t e r .

15. in S. a l t  € r n i f l i r a . D. r n i c a t a , r n d  ~~~. re~ ari -r ia: us p l o t s ,

s e c o n d a r y  s p r c  CS C e  tr ibuted nr-g l I j ihlv to hi c-crass .  in . fnl ccrta rind

S. cv-nn ’s u r n ~~- i - ’s p i c - t s , i-rec - - r - : r t v  r~ i c - s w i l e  i - e c a s i r - : r n l i v  :port ant To t

w - c 1 c  s u f f i c i e n t l y d i f f o r c - n t  t o  m a k e  separ ati on c -f  bo t h Ly e  and P5 ad

m a t e r  m l  1-n ssi h i  e .  TI - m i  f o r e , r e s u l t s  f o r  t h o s e  Si t e s  a r e  f o r  s ing l e

s i t c i e s .  The S.  ~- r I t - nS p lo t s  c n n t a i i  eel e o n i r i - .i e r n h l e  D . s t i  a l a . w h i c h

c o u l d  r i ot  r e a l  1 s t  i c al  l y I-c  d i r t  i ng cn i c-l i-d fr om S .  patci ri-c  ii d e a d .

A 6
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f i s k e  ~i r e  data i re: . t i n - s e  pl o t s  a r c -  5 c r  t h e  w h o l e  cea a r n i t v  i i .  i i .  S.

l i t  c a s  r e i n s  a t r o u t .  b u g l i n g  of d5 ei i v et  - - r a l i c-c -  in  t i e - c - - c  n i s

r i o t s  w as  r io u n r e l i a b l e  t L n t  i t  w a s  d iscontin u ed t I e  se-e s - cl v a r .  i t .

- n u P  i t  i on , se- - o n d a  my  spec  i c-s became an :- p r -  r t ali t c-emnr p on5-nt of t h e  i- e :r - r - rnn n—

i tv d u r i n g  t h e  ~~- m e n d  v i  m r  . 1 h c-r ~ - f o r e , dora from only -nc v~ ar ; ,re

i n c l u d e d  and r e i r r u - r e n o  p i r i u c t  i on  of a n e a r ly  c - u r n - n - rI  and of l i n t  s;~~-e 1 ( 5.

16. The cal  c-uI it i o n  of n i t  r - r e d u r t  i c -  Lv t he  r - - - . - t Tno d  of Li - - c r :  and

- 
- 

Evans ( i 9 ~~-~l c i t 5  t i - i  foiTc- a-:ing sc-h - o a t  i c :

S e a -b o l t  C L ~~ - D - 
N 

-~~

be  t 1 i v e  F-c - i d
S r i  i a t 5 i i  F u c a u c t i o n  Fr ~~° — 

a l t \  ~~1 ,  f t c  u a c e

w ere f i u ne s  ( r , b , N )  a r e  in  u n i t s  of g ’ - : : - s  d r~ r i g h t  (g )  : 5 -r u n i t

a rea  (m L ) per  u n i t  t i m e  ( t )  . an - i  s t a r d i n c -  s t o c l n s (L , D) a rc  in  g r a m s  ic -v

n i ght  (g) per u n it  a r e a  (or 2 ) .

17. T ive  and d~r r - i d I - i c - m a s s  P e t e - s t m - i t  I t - i r S  r5 - rC  S r - s -u. cc- w e  i c :lrts in

t h e  A p lo t s  of t h e  A : i :  pa r .  Vine  d i s r i : - r n~ ~i l  :15cc s a t e -  - -- I  ‘~~ nd a - - r a t  i on

c - r n  d c - I  e m a r i r r - - d  f r o m  r l e  d i f f e r e n c e  b - t u e -n t L 5 -  Lad hi ~~~ - n - r~ i n  -\ ;~ rd

the- Pc ad 5- i c a r u S  r c-mr u k  r 
~~~~ i n  B dr -- - - s l~~t r

18. To h n ’g i n  th e  c a i c r s l r s t  i c - n  an s : r i r - t a l - e -c-us less ra r e tr) urn s

c- a l  c- u i  a c-i ’d a ~ f o i l  - - - - --m u

r = 
~c- (D t~~

! P -
~ ~~

t i — t o

- -- -— —-  —
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~e R s r e

r = i c - n t  : r i t a n c - c r l s  i on s  r a t  n- (p  ic-c t tier p dc- u P t a - t e l  m l  I - e -~ :i r v )
= r a r c i u n t  of I s  ad mat s - r i a l  in A c 1 rs r - i d r a t ( s )  a t  t - c -

I~T ~- r r r r o u u i t  c - f  dc-ad nc--m t c - r i a l  r e o r m r i n i n g  in B q u a d r a t  ( s )  a t  t b : e

From this L-ss r a t e  the disrcp 1 e a t  r im e of d e a d  ora l  e r i a l  (X)  c u r i n g  a t i r s e
1 l i t  c-ov al  (7 - t ) i s

- - 
+

N = r > t -. - - -

7

n i - c - r e  s : i b s e r - i 1i t s  i n d i c a t e -  t h e -  s:~:_pl ng ti me . l-tr- rta lit v f i r  a sai p l i ng
interv a l i s :

-

~~

F i n a l l y  ne t  c - r o d u c t  ion  f o r  t i r e  samp l i n g  inn s ca-n i is:

R c rsu l  t s and F- - so c -u s  i u - r i

Ab ov e g~r ound  ba on as

19. Rel iahil t r y .  Figures At t i i - cucr h ‘E  r - i c s e  t h e  S-iou thlv i- ic-:- m n - s

of l i ve  and d e a d  v e r g e :  m t i o n  of t i r e  s~~ce n species  f o r  c c c  p er i o d  of

s t u d y .  Fi r e e  cr 1 t~ n a  w e r e  u s s -~d to j n d ~~e t h e  re- I t i h 7 l i t v  of t h e  so d a t a :

(a)  th e  s ec uc o t i a l  s t a t u r e  of t h e  i - i  c-mass c i r - a -:pe s fr c - ar  s amp l e  t o  samp l e t

(b) the d r  r e  c- of r e - p t - : i t  i ( f l  of t I r e  rinm n ri a l c y c l e :  and ( c )  t h e  c oj i f i - i e n : -e

l i m i t s  or v m n r i a n c e  a r o u n d  ea c h  d at a  p o i n t .

a .  S~~:n a - - r o n I c - i r an  - e s :  F a ci c-i t o r  i - n ec I es 7 n v - a :  I pa ed s i - c u e d
rlcrar cc rsonal t n c r n a s e m s i n  l i v e  i~ t o o : 5 5 , i r e -- Tsr a t ose v a l u e
1 n se r~t or t 0 ci sur- — a - re’: ia -r -m . ft n k  L i  sic -ir s silt cu rr - il in
Jnn n- for S. fal rcn:n and F. crc-c- - r: robic- s i - i t  l a t e r  in  t h e
s i c r u e r  f or  P. c- - - t ~~~ 5 •  altn-rnufiora , - rd D. : r i c a t a .
b c ’ i t L - - r  .3. roeme rlz-ain:s r:er S. pat e- na ~h cs - id - c-V c L c r
S c - u s c  c - i trends. c-~ the - j r l ive bim:r:r -snr - s did not ch arge
a j — p r  c i m n h i v  m c  r t i e  v -ar. f t r is  r e l at i \ - c- C O n S t  ancv of
b i r  cr ass h a s  h e-en  sr p o r t  ed p r e v i o u s ly  f o r  J .  r -  s r i e r i a n r i r
( i ~b 1 1 i nn s and ‘~ rd o -h l~~’9I . F- rd hi m - or --- t r e - n - i s  n cr e
al so c - l e a r  f o r  P. c -  m i s , S. r nl t c c r ri fior a . rind S.
f n l c - m c t a  h n nt not  f o r  tin e o t h e r  nc - s - c  1 5 5 .  For the first two

‘8
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r O e -  j e - S  t l n (  r r e r n s c s r a l  c u r ’r n -  ~- f d c -ad  s:rr t e r iTnl .e in S 1fl\n e - 5  - c  t o
1 iv  a Sr 1 c a - a r m s , vi t in a p - i-  ru i ~: in r : l i v  i n  c r  and a ird n I •rrc in
l a t e  c — r i - o - m e r .  }I i r b y ’ s ( 1 9 7 2 )  d a t a  a l so  show thi s cl crr lv

f o r  c- n i t  e n  i f  l i - c a .  F-i ic-tru ss of cl i  red S .  f s l  c : s i  a inc cc
during the i- r : r - o e r  f r - - r n  a l i - v value in sf - c l 5 i ~~~~. The I - P  of

c - I c - a r  t r e n d s  in t h e  o th e r  sp e c i e - s  can he a t t r i b u t e d  to
n- - - -e c-ra l f a c t o r s .  The i a r g o  us- i ght  of dc - ad ‘n - i c-c a - s v -  mr r—
r ou nd t e n d s  t o  mask r e l a t i v c l v  a - - r m n l l  as  r : sona l  chang es .
Tir e -  fact bat p re-ut h , mort a lit : , a r i d d i  a ap t m - e a r a n c e  of Pt ad
~~~~ - p &  t a t  ion occur c O nt  t n u o u s iv  w i t h  c-cm e s~ -~ ic-s (S. pat c-ns ,
3. i - ~ - r , us , P .  a- ii m r t ri ) sr5ans t i - at e r i c -ar scasonal
p c - c - Pu  do not  occu r .  The cli  S:i~~- r - r  ; r r r 5 nce  r a t e  of d e a d  S.
f a i c a t a  w a s  ex t  r a o r d i r r a r i l v  L i ~ - I , b e e p i n g  t ine dead h i  c-c a ss
1~~se a t  a l l  t im e s .

Sr. A n n u a l  cycle. For five r- rs - cics the annual c y c l e  was
r e-pea ra - d c l o s e l y  in sh e  second y e a r .  b o t h  l ive and da-~~
liom miss of 

~~ 
r c e r r r r  mi m i c - s  i n c h  r e e d  s n e a r l i l v  t h r o u g h ou t

t he s t u dy , i n d ic at ~~r p s l a t  t i is s i t e  i s  i n  a t r a r r a i t i e n n
u t  a t e .  The i lo ad  h i o o r — r s s  of ° - c t e n S  a l s o  np g - ared  to
incre-ase throug hout tine ~ t u d y .

c .  Cc-n i  j i l t - r i c e  lj n i i ts .  Table  Al sr e-ws t h e  r an g e  and  av e r a g e
ratios of the s t a n d a r d  error c-ni ri r ued as a I- e- rc e ntage of
t h e  m oan  f o r  i i v c  arid il ad Ir i c i r o m n u s .  i-I i c - r - e - r t  r i nd l-I - C - l n n i s
(1975) , i n  a study c-f p reductivit v c-f an o l d  f i e l d  ir.
South  C a r o l i n a , used t i - i s  r a t io  as an i n d s -x of r e - l i ab i l i ty
of f i e l d  d a t a .  t h e i r  r a t i o s  av e - r a g e - c 15 to 2 -. ~e r cc- nt  f o r
l ive m a t e r i a l  and 10 t o  21 cr c r u e n t  f o r  dead m a t e r i a l .
V a l u e s  i n  t h i s  s tud:  aver sc rc - d 9 to 15 t e r r e - l i t  f o r  l ir e
v5 -c e c at i on  and 8 t o  16 c - e r I e - n t  f o r  d e a d .  Thus , samc- lc-
v a r i a n c e  is w i t h i n  11:- i t s  f o u n d  a c c e p ta b l e  Lv i- eger t  and
bct-innis .

20.  tI ar a - med hr t I r e - s e  t h r e e  c r i t e r i a ,  t i e  r e - i  t rib il i tv c-f the ia-br-crass

d a t a  is  n e c - c - f it r u b l e  f o r  a f i e l d  s t u d y  of t i n s b i n d .

21. C- m r -- s cat ic-e - results. Tm — i c  A2 ‘-bo-,-:s ci .ide c enge in c a p  I t u d e

of p -  m n k  l i v e  h i c - c r a s s .  f r o m  a I .  r-: o f ~ -~F- g - f u r  S. f a l e m i t a t o  a h i g h

c-f l3 i 6 g > m 4 f o r S.  j-a t c - S .  The r :~ m - of l iv e  ir i -r -ns - s  c - n ec -- n t  - red

c - c - s  rour dn iv r - c i m t c r n r a h i e  to 0 t - -e - r  sr c c - m i s , c x  t i - a t  7 - i s a - r a n s e s  of P .

a arid S.  p a t e - i n s  c :ere s r r l s s t m i r r t i a l l y Li r i - e r  t i - o n  r e t o r t s  P in any

o t h e r  st u d i e s  (sc- c Ta l - i c - s  A3 and ‘r i~)
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2 2 .  1 - r i r r u p s  t h e  c - s l a t  si g n i f i c a n t  d i f f e r - - r i c e  in  F s i i m a u s  l e t  w een  t l ~~

s i t e s  of t h i s  study arid oth5 -rs is t h e  Ic- u r a tio ol l iv e -  t o  Pa -- nd c,i r 1~1a_

t i o n .  The ratios for all ni-cc ICS ni t  an r a r n i c i l  a v e - r a g e  I n c - i - is were i~ -ns

t u r i n  c ia-- , r m n n g i n g  f r i - r n  0 .21  t o  0.91 . A r a t  io  of 0 .49  fo r  S. n i t  c- m i f l o r a

f r i - a r  t hi s  s t t n d v  c i - : :  tmr nes w i t h  a r a t i o  r i r m c e  of 0. E- 4 — 1.9 fo r  t i r e  urci ne

s i - e c i e s  in C c - c - r e - i n  ( S n m a i l s i~ 1959) . The d i f f e - r u - r i c e  in  r a t i o s  f o r  t h i s

sji c c l  OS ~~S e v e n  i n c - r e  d r a m a t i c  when e n d — o f — a n - c - s o n  I i  omass m r r x  ic-r u ins  a re

u -r e d .  The l i v c — t c - — c i ~ ad r a t i o  f r o m  0 .7  t o  1.0  in t h i s  s tu dy  cor p ared  to

5 . 3  in Georg ia ( lm: c el l c ’s’ 1959) and 2.1 in  l-lrnry iand (tIc-ole and Bo n t o n

1973) - - ty he a r e f l e c t i o n  of t ine  hi gh t l i r m r o \ - e r  r a r e -  of l i v e  v e g e t a t i o n

and low t i d a l  energy ( re - u -po r i s i b l e  f o r  f l r r s i i i n g  ~~~ mu d v e g et a t i o n  f r o m  the

marsh )  of the  L o ui s i a n a  r : u r l f  cr c - st.

In s t a n t a n s -on s  loss r a t  c- i-n o f d c -a d  ism a s e cin i

2 3 .  Fi gu r e s  A9 to  Al l  and Tn or le  Al sh ow’ the  r e s u l t s  ob ta ined  fr - c - ts r

t h c a i ced p l ’ - t  m ca scirc-ne nt s of the le ss  of dead s-c -ge - : at i o n  f o r  i -r i c h of

t he r r e c i e S .  The ir r s t a n t a n e o u s  loss  r a t e s  ( r i  can i-c~ c a l c u l a t e d  on

i n d i v i d u a l  c- a i r e d  p lo t s  an d t i 5 -n  c-v ermr cm e-d . or t ine  r e p l i c a t i o n s  can he

r o o t -P h e - f o r e  c a l c u l a t i o n  to  g i v e  a s i n g l e -  r v a l u e .  t~l e  t w o  ~-r sm- t hno ds of

c a l c u l a t i n g  r e i v e  d i f f e r - i t t  c-- c a n  r a t e s i — c c - c - u s e  of t i e  i o g a r i t i - i c

n a t u r e  of t h e  c a i c r n 1 c i t i e a~~. The t e , , c - 5  ar e  s i m : n i l a r  f o r  sc-st e sp ec i es  c -nd

c o n s i d e r a b l y d i m-  - e ri l ar for or~ cr c , w i t h  no c o ns i s te n t  i t  t e r n  of

d i f f e  r e n c c -  I n c - t u e  en t h e  tw o ro c - t l n o d s  of c a l c u l a t i o n . For c-ny s i — s -c les ,

i c-s-m e r e  r , t h e  r a t e  n -a l  cu l a t  cd  f r o m  pool ed inu m i n s  is sr i  t h in  t ine  l i t - r i  t s  of

~ i i -  s t r m n d a r d  - rr o r  c a l c u l a t e d  u s i n g  I l e  ind ivid -i a l paired p lo t s .

24 . P r i c i n g  each sr o r p l  ing interval the ro seas a gr e a t  d c - a l  of

— -. 10 
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\-a r i a t i e r i r  ai~n orny  i n s t a n t  i i n e ~(- t n5 loss  r a t e s  r c l c u l a :  ed fr ets i n d i v i d u c -

p a i r~-d p l o t s .  A p p a r e n t l Y  f i v e  p a i r s  of p lot rr are t u n e  f e -v f o r  c c - c r -  a t  • -n t

( s t i rn ; at iOr t s . On occas ion  nd- ~ ’ mnt  ivc- mean i n s t a n ta n e o u s  loss r a t e -s I

i n c r e a s e  of dead v e g e t a t i o n  in  the plot during a samp ling interval) we-r e

o i - s e - r v 5 -ci . There  m - r e  s i - r c r m u l p c— e t h i c e - r.rp l m i r a t  i ons  f o r  t i-u s a n o m a ly .

Ihiom e could ir ruv e he-en uns - nu a l  ~si r c n r r n t s  of dead material in any p a i r e d

p l o t ;  t h a t  is , sat r p l i n g  5 - a r i a t i o n  c o u l d  a c e e n i n t  f o r  a n e g a t i v e  v a l u e .

b-ften n e g a t i v e : cnn v a l u e s  cn c c u r r e d , i r e  .5 - v 5 -r , all f i v e  i n d i v i d u a l  r

v a l u e s  were  u s u a l ly  n e g a t i v e  S r  v e ry  i c-u- ; a m n m r - ; - - l i n g  v r u n i a t  ion is pr c- ir ab lv

no t  t h e  m a j or r eason  for the -sc- negat i - - - values. If ti - c- i - r u m  p l i n g  i n s s  r v a l

is too long , live material can grow up rnd d ie in the B c r e m n i r a t  during

t h e  i n t e r v a l . More  i m p o r t r n t l v  f o r  mat - i-i-es , h i g h  w a t e r  a s s o c i a t e d  wi t h

s t r o n g  w i n d  or t i d a l  a c t - n c-n can cc - rme e the r - - d i s t r i ’ r - e r r i on  of p l a n t  - b r - I r i s

i n t o  t h e  B c - l o t s ,  i d e~~l~~y , in c-nd r tc cr c -rn - -c rc s i n e  t r u e  d i c - a~~c c a r an c e

r a t e  f r o m  i n d i v i d u a l  p l o t s , t in e - r e  should  he no a d d i t i o s m s  of d e a d  m a t e r i -

al to  the B p l o t s  dus m g  t h e  sr c - i i  i r u g  i n t e r v a l .  i n  t ’ i P v c c - i m a C envi r u n —

ment  of the  m a r s h .  fi er~ee-vc- r , r a l  i f l~~ is a c- - on 0cc 5 ur r e n c e .  Ti les or

hi gh water p ick up d ead c a t  er ial  r rc - d  c-n - e  it fri — n one a r - -a to rinot ia- r.

C o n s e c s r e - n t l y ,  some a r e a s  e- ap e r i  c r i c e  v e ry  h i g h ‘ c-cs r a t  c i -  of n ’ s - r i d  - m i t e  n i a l

while othe rs have very 1 c-w or c ~ e c -  n e g a r  ir e  lea - s r a t  - s .  For  an i n t c - —

g r a t e d  ~- i c t u r e  of i n s t a n t a n e o u s  loss r a t e s  f o r  t 5 -s m - ~ i r p i e  r - - r o i , t h e s e

a c - e r r a n t v a l u e s  m u s t  be in c l u d e d .  (For  t h i s  s t u d y  i t  h e r s  tr s c n  a c — i n - - e d

t i - n t  m a n ip u l a t i o n  of t h e  B plot dc-es not coi l-me it c-nv more  or l ess  1 b r r e l v

to trap d e b r i s  c a r r i e d  by f l o o d i n g  - e a t e r s . )

25.  The f l u c t u a t i o n  of oI - se rvcd  i n s t a n t  r i m - m o - i r s  l o ss  r a t e s  f r o m

i -m onth to  m o n t h  is a f u n c t  i o n  of t € d v n r m r i c  n n t  n r r e  of m a r s h  t m v i r c - n m r r~ i i i  s

- 1 .1
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m m d  was n > 4- n -ct ed. Tine ~- e u i e - r a l  lack of c-nv m5s r ir al n t o t  i t  i O n  n - f  ma r s s r a l

cy c l e -s urn s c-li-a-- e m s t s - c t e d  as r ca - ic  - s c m - r i - r u - r n  ri -a : - i  i o n g l i n f i n i t e - c -  l ou-r i-

m t  os , i -ti c - lu as s t o i c - m s  ( i n c l u d i ng  h u r r i c a n e s)  and -
~ 

r i ods of r a p id  re m i t -

S 
i r v e l  c - i - attic -, do no t  t io :r m u - - e i v e s  f o l l o w  p r e c i r -a- - oi-mn r to e n  i t  - c - c - I - s .

!ls o  e s . m i r , - c t e d  . e mn s  t h e  s i d o  v a r i a t i o n  in  loss  r a t e - s  r~rr ong r- c - s - e i c - s .

l i i  er a-n t v m i r i m i t  i on  in t h e  scs i - ce  j - t i h i l i t v  e l f  d i f f c r , - n t  - ;  c - I c - S  t o  ft-ca-r—

~~oS i t  ion hen s i- r e-n r sorted (O durn  and de ia Cr u z 1967) . In c-it d i t i on  s i c - c -

c-~~ s- C i c - S  t c a v C -  I r (St of their ciead bier- c - mr s stan d i n g  u i - i  Ic e t i r - r e  h miv e it

ly i n g  on t h e  r r a r sh  w h e r e  i t  is c o n s t a n t l y  or i n t e r n  i t t e n t l y  f l oo d e d ,

thus aff ec t ing both d e e - i - : r g a m s i t  ion and fiurri ~ing rates. In this respect

- * 
it is intc -rc~sting to note that S. c o i r i - 5 n 1r o~~ m c - s  and P .  c -ic - m i a , which

hav e mos t  of t h e i r  dead  b i o cr n s s  s t a n d i n g  and , c o n s e q u e n t l y ,  abo v e t h e

influence of cirangi ng se ate r  I - o-el s  , h - m u d  t he I c-see-st i n s t m u n m neon s  loss

r a t e s  of c h e a P  m a t e r i a l .

Ifr . For cenmma -mn r n t i re  pu rt i c-ses th e  b i m o n t h l y  loss  r a t e s  u -o re  c c-cr —

h i - r ed to  give an an n u a l  mm ic -a n (T a b l e  A5) . On a y e a r l y  bas is  S. f a l c a t a

l a d  tine 1-r i g h r O s t  i n s t a n t a n e o u s  loss r a t e  ( 2 5 . 2  m g  ~ g~~ day~~~) ,  f c l l e r - ed

by J. Ycn i mu r ianuS (11.~ mg ~ g~~ day~~ ), S. m i-tens ( 1 0 . 5  tri g ~ g~~ 
day~~ ),

P . a c - i c c - t a  ( 7 . 7  mg x g ’ day~~ ), S. a l t u -- r n i f i o r a  ( 6 . 7  mg - g~~~ day ~~~) ,

-~~~~ c ncs in r o i d e s  ( 4 . 9  m g  g
~
1 dav~~ ), and P. c c c r :n r i n i s  ( 4 . 7  g~

1 d m n y~~~).

S e c i~~o c - a i  rates were calculated for a severs—month (- c c-il— f- c-tn --h-nc r) semmsrr e-r

pe u-hod and a five a- t h i  (h - i -n y c - o P  c r - - I - h o e -  i t )  w i n t er i tem i oP .  ‘- -Il en - cc l c-es cor

1-o th 0cm -ir s  c it e  u 1 i s s o d , a l l  of t h e  f- e -cies had i m i g im e- r rates of Pt’s—

appe a s  once  in  the a - m m c c  t h a n  in th e winter. ho w ever , for only t h ree

S m t e C i C S . D. i - c - i  c-r u t a , J .  r i - i  r r e r i r n m n r i s . and S.  C vrmes u rni - iu -~S , u-etc both

i - c r c - n - e r  r a t e s  of ch i m - nc - pc ic arance i-ic-her t i - run b o t h  ret ci t - -r  r a t es. A s an

A l 2



e :-:er :rr ple , the d r m o n 1 t - e t rr u u r e rate of S. tr c - t s -i ns Pricing ti- c 1976 c m l m rr m- i u r scene .

higher than during the 1974—75 winter hut I e i le en -  t Lm~n during t I ne l~~/3—74

w int er. The fact that S. fmlc rata data indicate a higher r d u r i n g  b o t h

winters t han during the 1974 summer is ~nc n r sih1 y an artifact of tine

sampling interval during the first \~~ er . During the r :nm t r nmm m e r the S.

falcata Ic-ayes grow and die so rapidl y that cn n u - id o r c -b l e r cgr c -wth and

death in the B auadrats occurred b e t w e e n  ar c -p lc - s. Ph i ci rt ening the

sampling interval for the B quadrass from eig ht to three weeks in 1975

-
~~~ miti gated this samp ling problem , as is cvident by tie smnbstantiallc-

hi gher rates e n c e r u r r t ~ -r o d  t h u e r c i a f t  o r .

27 . The l a c k  of c l e ar  sco is cnna l  d i f f e r e  m a - e m s in i r a - t a i n t  ac et ic -s  l oss

rates (Figures A9 to All) indicates two notewortnc ri - t tnilnuite- s of these

n-marshes. First , h - cc -s-s e of the  nearl y subtropic -al ta - c -1 ne-ratures , deca nt—

posi t i o n  c - c - cu r s  at  a m e a s u r a b l e  r a t e  y e a r — r o u n d .  Sec - c - mu d , u-i in d a nd t i r i c - —

d r i v e n  wa te r s  i n u n d a t e  the marshes rm-oriodicallv and cause large r i r a c p l - s

in dead biomass during tine c- - s i n c e  of a s i n g l e  s torm . As a result , hi gh

and 1 cm-u- r values occur inn ie t-~ d~~nclv of s- - - c - n .

28. It is appropriate to neat -mare tin e less  r a t e s  r n - r e - r m b r - d  during

t h i s  s t u dy  w i t h  those  c a l c u l a t e d  in o t l r - -r s t u d i e s .  Wi --p ert and Evans

(1964) and \
~i egort and 1-ic -f i nt i s  (1975) measured ma t t e d — p lot an d  Ii t t  cr 1-ag

loss rates in old fields in h - hi c b m t gan and tr-unei t h Carol ina. In ti-c-s e fi elds

t h e i r  aurci c ic- r p a i r e d — p lot loss r a t  c-s w e r e  c o m p a r a b l e  scj tin t h i s  St r u d y ’s

r a t e s . b u o r -s -e- r , t h e i r  li tt crl— ag loss  r a t e s  r~’ere cons ie ic rn1 -i ly i c-see r

(sc -Trace r r at e s  s -m ere  12 tag x g~~- day ~~- fo r  m n a i r i - d — p l ot s  ~-s . 2.3 u-’g > g i

dav~~ f o r  l i t  t s - rh -nags )  . N i rby (1972) , who cmv c - cu r e d  l o s s  r a t e s  of S .

alterniflora from litt on -bags in c- i r a i u i s i a n a  m-- e sr sh . s - m i - - i - t ed

A13 
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1 i tt e r t r ; s m ~ l o s s  r e n t  e S  we re- nie -r e r~ c- I istic for tidal r ;carm;i i e-s than f o r  old

fields bc-cause of regular tidal flushing. This s t u d y  i - n i -  - n - c t s i ri s

obs~-rv rlt ion . For str ean scide S. alt e-mn if lc- r n , Kirb y ’s c-c r ;- urn silr .sr-cr

rate- was P.5 tag ~ g 1 dav~~~; h i s  an n u a l  mean rate uri s 6 tag g~~ day~~~.

For the same spec i c - S  this srudc’ ‘s c- a>: inmum sui rmmc m r loss rate- was 16.6 rug >

g ’ day ~~~, u -i  t l u  an annua l  av e  race of 6.7 tag >- g~~ 
day~~- . - Th ere  as j ;n - i  r e d —

p lot  r a t e s  sec -re  5 . 2  u i -r e-s g ri mit r t h a n  ] i t t e - r h a g  sates in t u e  old fi e ld

studies , ti- c-c - u-C1 on Iv 1.9 t :cmn -s c- c u at or in a P.. c - it c-m i fi cr~ ma rsh

d u r i n g  c itric-er and on an a n n u a l  b a s i s  u n I v  1.1 i r :e s  1m m ent e r. A lt i- c-plc

a n n u a l  ci i m - m e n p p c - a r a n c - e  r a t e s  arm s i m i l a r  fo r  t i n c -  two te c hniqu e- s in ruf l  S.

ai tErni-flora marsh , the  l i t t e r h ~ g method does not show the dsr-p rc-e to

which  loss r a tes  f l u c t u a t e  f r o m  month to month as nc-c -sc-rc-d with the-

p a i r e d — p l o t  m e t h o d .  L i t t e r h c - m r s prevent the possibility t b - n t  s t r o n g

tidal action u-ill remove m eat amounts of de c-n d material and do not

measure the input of dead material 1-v rafting.

Net ahovecm re-und nrc -duct ion

29.  Tmn bl e  A2 su cscrar izes  c i c - n m i a l  r - r c n d u c t  i o n  f o r  t l r c -  s - s  en s c- cc - i  es

studied and Fi gures A 12—A 13 i-lieu cc-suits seasonally . fb,e reliabi] itv of

those data can he c-am -m ess ed in a nu - - - l - c - r of u-c-vs. The c a i c e u i  n t  in-n t-is of - nt

prc -d uic - t ion  invo lve  tin e rates of diac ppc cu r cir e e of d c - m i d  v - -p c :  i c-n and th e

se as o n a l  changes  in live and dead vc-getat i - f l .  Stat istical r- - 1 i a b i l i t y

of these  paramete rs  is indicated in previous figures and Th~~c - s .  As

mentioned , the variability in live and de ad st a n d i n g  n - m o p  i r c c - s c n r e r : e n t s ,

as indicated by the ratio of standard error to r an , is r~-ou l w i t h i n

acceptable limits for field data of this hi nd. V ariabilit y in tine

L - - 
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d i s i - i -  :u r cnn (-e - rates during a sin g le - t u-es nno n t h i  

~ 
iod , ia -w e vt -r , u-mi s h i gh.

T h i s  is the iar t - e-s t source of nuunc-c- rt ai ntv in tin e pr oduct i or. c -set iccmi t es.

30. Al t h o u g h  h i r r n m u n t h l y mn -ensured production rat one cbc r u - I arpe - Os-

cillat ion s i-c c-c-use of the large fluctuations in both r values and dead

h i~-rr -crs s , in ac - c - c rc- I t iv- m~i m ow t Tnat production is h ig h e s t  d u r i n g  the

sr :rmner nnc --nths , rind that for four of t h e  species (S. alterniflora , S.

- 

~:- u c -~ ens , D. sp icat a , and J . ro c - m m e - r i a n u s )  c c n a i d e r a b l  e g r o w t h  occurs

during t i m c - w i n t e r. S. fai c ci ta , P. c c -  em i s , and S. cynosur oinhe s p l a n t s

d i e  to the ground in late fall and - -: -:im ih it little or no new u - c c - s e t h

during the winter.

- - 
31. To g e t  t h e  e s t i m a t e s  of a n n u a l  ne t  aboveprorund prcnd u ction

shown in Table A2 , bimonthly production calculations were made by the

Wic-pe rt— P.s -rn~m s m c - e - t i i o d , us -g lumped mean r values for each tw o—c - oath

i n r c r v e n l .  ~he ; r si—ie i- i -cmos also t ine annua l  v a l u e s  f o r  the first ccar of

the study cc - rmc -rnr e d to the second.

32. A n additional est icc-ate repor T - -P is the c n s m n u a l  d i  sc -p i t . a r a nc e  of

de ad orga iri c ma t : or fcc-a the ic - c - c- i - b r. This seas calculated fri-m m . mr - c an

a c - c rc - al iimst antanec- -a s loss rate and sc-ccnn a nu n u a l  dead b i c  ss. Frc nh uc t io n

and di sm i - ; - -  r c r a n c e  s h o u l d  he equal where tine ave-c - ripe ar-n c-al hi a~ ass i s

not  c b r c u n g i n g  (Wi c-fort m - nd li-c- -as 1964) . The t w o  valu e-c a r e

cm - c - rp m - c r c - h i e hut sc-pm~ m -m hin t i ndepcndn tnt Iv et e- riv ed . The di srsppc rs ranc e r a t e

is e -mm e comrj r om nent of the p r e i d u c t i — m n  c c - I c - u ]  mnt ion , hut tine latter inc - i-sides

t i c  additional ponecioters of live and dead hic -ni -s cb r empe . In addition ,

t oe production calculations were based on bimonthl y data whereas the

a rmnua l  d i s a p p e t n a n c e  r a t e  was based on annual averages. bh c - c-ma gnitude

of p r o d u c t i o n  f o r  a m y  s ic -t m ] e ~wn-- :r-onth ~- e r i od  dc-u-c-n d ~ h e a v i l y  on t h s i -

A 15 
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mm ~i~~f l i t u u l n  of t h e  inn-c : ant C i c - l l I S  loss rat e - c-nd of thnc - d~ ad i - i c - c - m m - ms di i i i c -p

ti -c i t ~-~-riod . For in sTance , 3 hi gh ~-r~- dns c - t ioti t - c - t  I r m u t i  re sults Lucia

c o i n c i den c e  of h r  I oh i nm-os c - mi t ~an s- c ru is loss rate c-nd ii ic- b Pc c-sd h i  cmmm ii r s . Ti-is

fine st u tur e- ” seens lost in cal  ci i i  a t  i ng the ce- s i c - a l  d im - cm i l pc-r u r oru i a rat c- ,

so t h i s  c-s t  in mate  cc-n he used as a clin ch on pr --dc - c tion . The two values

cc-pci- c- c lose l y ,  - N e c - I t t in  sites that appear to he in same- kind of t ran-

sit ion. These- are the S. c - ci t ens arid J. reemmv-r ic -ntis s i t e s , in wi-i c-h the

anneial b I e - r m c : -n s s  of ~ pet st  1u~~n ic-c as~-d drnr smat i c - a l ly d u r i n g  t h e  s tud y .

m ine producti on and dis c-p -c-- rirer nr e rates for P. com mc - m — u n i s  ar e  c o n s i d e - r e d

tentative s lace c-r ecrsuu r - ;s;e - um t of loss ac-tes and dead hiccm m m a c s at this site

entailed ver y large vari nb i litv , and 5cc- c-f ti n c measured dead hi ac- miss

increases see-re not realistic in view of the available live ye -r etention .

33 . The m c-~~t column of Table A2 shows the- ansimua l tumno\ -c- r rate- s of

live and dead vegetation . For the first six ac-ecies listed the high

live tun mic leer rates indicate the P m - c - c - i c  ci ccu ra cter of production in

t hese souti -er r m smm nrshes. Four of tL -c-i -~ six s- si n cies icc - c e no sing i ic- annual

growth  cy c l e .  Young shoots u c - r - r f e  continuousl y c-nd c-m ature c-nd die in

a l l  seasons .  A l t i n n u g h  S .  fcni cata c-nd P.  cor r mm ~r o s m i s  e r n e  b illed to the

ground in wiint -r , g nu ~- n shoots e r c -rge follc-r~-i in g - c l k i lt ing frost and

i-c c i i i  pvc- ri m i - - i - l ag ec- c~ es ef g r o w t h occur  d u r i n g  t i - c  r im . S. cc - cv - - - r ir—

c i - in - i - is an ex c s -p t io n in that i t  dr-c-s h a v e  a s i n g l e  c - i c c - m i m i  fi ns- h of

g n o w t h  in m - ; - n i n g .  P r o du c t i o n  f o r  t h i s  s p e c i e- s  was onl y 1.6 t i r e s  c - c c - k

l i v e  s t an e i i n g  c r o p .

34. The t u r n o v e r  r a t e - s  f o r  ui-c-rd m mm l i e r  i c - i  a re  a l s o  v e r y  h i gh .

D i f f e r e n c e s  m u s t - c - n p  spec-ic— s a r c  att ni’c - m ut c-P to di f fore-ne-es itt ease of

d t - c n e c - p e s s i t i - n , in the p m i t - c u b c - h i t of tire- S U e - l i e S  m ini in tic- br u h r o l o p i c

A 16
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ie e~im - t t i r i t  c - -~-n - ; t i ne y e - c - 5 - P  ion w e t  and f i r m  - u s - c —  it - mt c - f  t i cc - m c - s r m - b c .

T I c -  hi 1-i s a t e  c r t  i c - s i -  of P .  f ; il - ua is 
~

- n ly related to t h e -  fa ct t i n t

n i - -c - ui d s i u u g  t i n e -  v t - g c - t e I t m n n  l mm:m e - nhiaN-l v 5 a hi s u n t o  a co u mn — : :uu t i v fl — - -- g~-d

m s s sic -- n s n f u s - e- c - t i P  t o  t h e  h i m - l u  l i l t  r u - p s -n c e n t  - s i t  of t i c-  l i - c-f t i - - s i c - ,

which -: - s m - - ,-s r ~l-out 3 p s - r u  i t - i  c - c - s c -m t - c - r e d to r n - u n i t  I I --n-Ti-eat for the ot i-er

s~c - - c l c~S ( t m  :~~- - - l  i c i n d  d c - m a , t i - i s  s i c - e l y )

m c - - m m c m v

3 5 .  -
- a ~st ir , c-s of ru - ny c - p r c c - c n i e net  ; -r o d u c t  iv i n t - r~ p m n- c - c - si t time-

first u i - - I  c-i ic -d ec mr , n t - a rc - n ive- study of a si c - - i -e - r af  art -ri -i ni s e-rogcnssr s in t I c -

sc-ut -r e g u - e r p r a c h c  i c c - I  a r ea  of t h e  pci ] I coast. Note t i - c  s- -i -c-ni t i s de  ot produc-

t -ion in a l l  those sp e c i e s  c— s ce~ -nr -d to S. a ]t - mn if]ora , f o r  s - m i m i c - i t  i-c-

h i gh p r o d u c t  ivi tv has been u- c -li docum ented. Tine rc -Puc tic- n f im m - n r c - ~ fin n

S. a i m  orn mi flora ace cem m c -rpmi s- mc i-i e w i t h  those  of i - i  ri-v (1972) for : l c  s-c -c-c

c-rca c - n t - u i  1 5 - r ~ f c c -nt are not um -rcn - -emat . It s hi ci oroduct ion i-as i-c -u-n re-

l a t e d  to ti dal sni-sidies by Sc-hi- -ab e c-nd Odum (1961). Odium and F a s c o i n g

(1973) suggested that higne- r pr i rui m n u r t r i on i-v S. alt e -mni f ic - r cs th cun S.

csnosi no ides in Cc-arc ia was ct - - i-hence in s u p p o r t  of the  tidal c-r - e-rgv

s u b s i dy .  Th i s  s t u dy  shows S. i m m i t e n s , J. r o - : - a c r i c u n n u s . e n d  Tt . s n i c i t a  to

hav e cons i d uc - r m n hlt - - in l i-i- cr production than S. rnl t er n ifl c -r c - , c-ni t ’ c n m n m h of

se t~ roe on ly  c-~os m nem er ins-sis r s  c - t i c - c - c l  c- -crs- ccr cnh le i l i - c - ] u - r e r p v .  S.

c-n t c n n - s  :mmc-rsines arc- p at—forming c - n c - P  i r a c  I- li - hr w ith s l u m - c t - i c - i s  w a s  - n N —

change  c h a r a c t e r i s t i c s .  Cons - - - ~u c n i t i Y , ti re m i t i l - s m - u i  p c-f t i-Ic -i -r scu rgv

su~~s d y t o p r o d u ct  j u t- n of d i  f f e y  ant S I - e d  t 5  c i u r c - a  m e  c i i  lv P t - c s  n ot  i - o l d  in

Lot. isi c -n a  m t - s c - r i - i - e s .  It might be valid to ci c-genre the- c m — c -  i u l V - i ) r o u h i u c t  ion

r e l a t i o u n s h i p f o r  one se c r e c i e s  a t  a t i m - - c  c-c i r e  i-v i-h im re-n -t c- i . (in

A 1 7
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I
p r e s s ) .  T u e  or  i g i c c - n ]  t i - I n n ]  u r i s  ug \ m - n r l c - i d v  t i n c - u - r v  of S c h i e c - b s - c - s u P  O u h i u i t .

( 1961) mel m n m i ] d  n c- i i - c -  n - N t e n d c - d  t o  m m 5  i c - ; - i - i  l i- s cr c -n ; cc -r i snss s  h u t  r e s t r i c t e d

t O  c - t - i - c - ic - ln  ti-c- hig h p r o d u c t  i o n  of e e c - n a t a l  m a r - m i -  n - c c - s t e m s  in l - i - m i c - r a l

36. The d i f f e r e n c e s  in p r o d u c t  i v i ty  a re  c lo s e l y r e l a t e d  to  the

g r e - s e t h  h a b i t s  of t i - n -se spec ies .  Those w i t h  r e l a t i v e ly  l ot.- p r o d u c t  i v i tv

r at e s  are the  species  (P .  c om nmuni s , S. falc-ata , and S. c v n c - a t s r c r i d i - s )

t i - a t  d i e  t o  t i n e -  g r o u n d  c c - O I l  w i n t . - r .  Th e-v it-ave a t  r u - i t - p  a .  c -n i - e r r - a l  p a t t e r n s

of ~m r c  ii. In contrast , S. c- t ent-s. 3. r c u c - : m c c - r i a n u s , and Fe . s n - i c a t a  all

p i e s .- a i pn ifi cant 1 y throcug hout t i u p  c- i n t e r .  S.  c- I te - i rt if i or~ is m i t  n y —

m ediate in its i - m i - i t ;  d i s t i n c t  as r : r :mm c -r It -i -c -vs in hit -cc -miss (Figure ~8) and

growth rate occur , mind mmi cmcn t cu]mn s die after flat-ce-ring in ta r e f a i l .

ic e-scorer , me w shoot s do c-merge continuousl y and m ature c-nd die ti c r c- cs g isc- u t

the y e a r.

37. This study points out time need for m - :c-um tul ardizat ion of pro dsic-—

t i v it v  t e ch n i q u e s . inc-k standing hincm ccn se s nne as-i rcmmv- nts are s i mp l e  tc

c a r r y  c - n i t  • c - c m t  in t i - i c  s t u ds -  in  s m m : e -  c r 5 0 5  u n d c - r e s t i -m c c i t e d  t r u e  s c o t  p r o —

d u c t i o n  by a f a c t o r  of >5 .  Th m ls f r n c t o r  p u -c - i -ab l y d c - c - r e  c -n i - a s  w i t h  i c - t i —

t udcc- . so t h a t  cc- ic-n i or c c - c -p c - r a t  ive  purposes p -ak live hi c ass i s  m i s —

l e a d i n g .  T h e -r ’- f o r e  a s c e n t - n d  1 c -mn r . c - m c -c - t  or t h a t  s i re - n i l d he a cu -l i- c-n e m t  of any

p r o u s u c t i v i t y  s t u d y  is.. t in e t n u r s i o - .- c - r rate , wit- i c-h relates i - i c s sm c - n r n - s  to trite

n . - t p m n c - c i t n n  t j u n ] t j y

c-n I  8
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S. a l t c - r n i f l o r a  6 . 9  6 . 2  — 7.7 6.7 5.9 7.6
D . sp l c-at3 

- -- -- 
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I n t r o d u c t i on

I .  T ic - c  i c - c c - c - i c c - c t  c-ance of orpanic r c - c j t t c c - r  d c - - r i v e d  f r o m  c -c -c- c -r od macrop h yt e s

to support t h e  trop hic structure of - c - c c - : c - o t a l  estuaries has i c - a c -  rc- wel l

documented (Teal 1962 ; Hea ld 19b9; re1 c - c - rc - c - I~~c-s i~ c - c --c- ~ c - c - c - c -  c-c- ui c - c - c - c -

app end Lx). Of par -c - - c - fcc -n t i:nc-cc-rtance in systems studies is the ( I f f c -f l ti n-

fication of the aboveground production by the c-c c - c - c - r o d  p l a nt s .  The v a r i e ty

of t e chni Ques  used to measure  p l a n t  p r o d u c t io n  give g r o w t h  e s t i r c n a t e s

t h a t  vary  by a f a c to r  of up to  20 (see A ppend ix  A ) .  M e t h o d s based orc-

peak  st a n d i n g  h i cc-mass  or on b i o m a s s  ch ang e s  (~-M l n e r  and B c - c c d c c - s  1968) .

and even the method developed by Sc -a l l e y  (1959) C i  a t  a c c o u n t s  f o r  cc- c- c c

mortality during the grcxcing sec-son , fail to show any production during

the winter mc -c-nths even though fresh green vegetation is nr c-sen~c- . Tic-is

paradox led the  i r c - v c c - s t i c -c-c - t o r s  in t~n i s  s t u dy  to  t r y  t he  p a i r e d — p lot

t e ch n i q ue of W i e g e r t— E v a n s  ( 1964) . ~in i c h  c o r r c - - ct s  h ar v e s t  d a t a  f o r

mortality between c--c -c-cc c p l in g  t im es .  Pre id c - i c- ;arv results i - i c -~~cc - d cc-n n i n e —

:c-onth data from th i s  techni que yielded production estimates t~c- at c-c-c-ere

up to 3 .6  t imes  hi gher  t h a n  c c - s t i c - c c a t e s  d c - c - d yed dv t h e  S c-a l l ey  c - - a - t n o d . I t

-c- - as f e l t  t h a t  a n o t h e r  m e t h o d  based on p r o c - c - t i c -  or l c c - n p e v i t v  cc -f i n d i v i d u a l

cuims cou ]d  be used as a check on t i e  v a l u e s  r c c - c - c - 1 -- c --d cc-- i t h  t he i f i e p e r t —

Evans techni que.

2. The i n i t i a l  p r o d u c t i o n  study used t h e  ‘c-s’i e g e r t — E v a n s  t e c h n i que

on seven species  of marsh c-acropic -vt e s in l ou / s i c - c - n a coast c-a l m arri es a l o n g

E ayou  L a f o u r c h e , an abandoned M i s s i s s i ppi Ri v c - - r distributary . For each

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J



s i c - c - c - c -  ies , D i s t  i c c - i c - l u - c  - c - c - i c - c - c - I c-c- , c - i c - c - i c -c - i s  T O c -  c c -  r c - : c - c - i l i c - -c-, S c - c -~~i tt  a r i a  i c - c - I c -  c - c - t a ,

2 .  S c - a r t  m a  a l t u r ni f l o r a , S c - c - : c - r t  m a  c v c - c - c - c - o c - r c - - c - d e s, a nd S i c - a r t  i c - a  p c - c c - - a s , a 200—

-c m 2 s t u dy  area was s e l e c t e d  wi c - c - c -e t i i c - a t  spe cies occurred in a rn c - c - n y p u r c - -

s t a n d  (Fi gure Bi) - The sc-i t c-c- of t ic -c s c - c - c -  c - c - t i c -  c-c - I c - c - - c  i c c - s c- i’hric -è cc c - c - it c - c c - c- c- c c -c - c c -c -m i s  was

- - c - c - i i r inc- -c - c- c-c- c -n d  samp l i n g  d i f i i c u l t i c - - c - c  - r e s u l t c - - d  in  it s  d i s c o nt i n u a n c e

t h e  sc - cond y e - a r . The s p c - c - i e s  is no t  i c - c -~~lu c - ~t - c T i n  t h i s  : i ; c - pe  n d i x .  c-the

i - c - c - c - s u l c - s  of t h i s  i n i t i a l  p r o d u c ti o n  o l c - c - d v  a c - c - c -  c - i c -n-c - s c r i i c -t i c - c - cc - s  o f t h e  d e c - I t a i c

a r c - a  an d each s tud y s i t e  c - c - r e  g ivc -n i c c -  p c - - c - - n d i c A.

ic-D C hcc-dc

3. ~- c - , c-i c c - c - u r c - n c - .c - n t s  of d ry  \ c c - - i c - I I t  s of abc- -c- - c - g r o u n d  l i v e  and dead  p l an t

ma t e r i a l  and of d i s ap p e a r a nc e  r a t e s  of d c - a d  v c - - t a - t a t  i c c -n  wc --r e  c - c - a de  at

rc c - c - c - gl c l v c / e d t — -cc- el-c i n t e r v a l s  b e g i n n i n g.  A uc - c - c - s t 1973 and  c o n t i n u in g  f o r

c - -c-co y ea rs (. - c- c -j pendix A ) .  A d d i t i o n a l l y ,  s tern d e n s i t i e s  in  cacTi of t h e

fo l lowing  hei ght  classes were c o n c u r r e n t ly  de t e rmined : 0—25 crc-c- , 26—50

cc-c- , 51— 100 cm , 101— 105 cm , and g r e a t e r  than  150 cm.

4. Cc-ccnencing in ~
-
~a~~

c- 1974 , the rate of ~crcc-wth and longevity of

leaves or cuims was det crc cc -ined by fo lIc - -w ing at least 119 individual stems

of each c - c - c - - c - - c -  ies tIc - roc - ighout most of C c - i c- - C r  c - i f . h s t c - c -  c - c - c - c -. i n _ I  t i c- il l ’ .

nc-c-c-nb c-red p lastic t ags c--.ere placed around 65 r c - c - a d c c -c - — l y  c- - i c - c- - c - -c -n cuic-ics of

e a c h  species .  Every e i g h t  c~cc- c-ks 15 a d d i t i o n a l  c c -c a l l . ~eung p l c - c - c - i t s  c- c- cc - r~~
c-

tagged and the hei~’}c- t and s c - i r v i -c- -c -c - 1 cc- t h e  p r c - - v  I c - c - c c - c -- l v  t c - c - c -- i - c - c -c-I c - c - l a c - t  s

a s c e r t a i n e d .  Th is p r o c e d u r e  was c a r r i e d  out  f o r  c-~ (- c -S  dc-vs c - c - n t ll t d c -n-

t e r m i n a t i o n  of the  c o n c u r r e n t  h a r c -c- - c -c -c - t in g  s t u dy .  In a d d i t i o n  r a n d c - c r - l v

sd c - c - c  t ed  s c - c - c - c - c - p l c -s of each spec i e s  cc- c - c r c  c - i t  a t  g r ou n d  i c -  v c -c l • m easu r ed t o

the -  n ea r e s t  c c c - n t i m e t e r  f o r  i c- e i g h t , d r i c -c- -d . a n d  w c i c-c ’c - c - c - d  t o  the neares t

0 . 01  g.
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Ma th cc -ds o f ( c - c c - l c u T h t i n g  C r c - c -c - T i c - c t  ion

5. From the randomly sei c - -e t c--d c - anc -~ le o  of p l c - c - c c - t~~ cut in C u e  f i e l d ,

the  r c l a t  ion sh i p of w e i g h t  to i. c ng.th was obtained . Height ‘~c- c - s reg rec-c --c-ed

a g a i i c - S L  c-~~~~~~~ c-~~ -~~~ ~~
‘
c - c - : c-d - c - t 1 c - c - c - c -t 1 nc- c - c - r i t d c -c -ni c t r a n s f o r m a t i o n s  to f i n d  the

r e l at  i c - n c - - dc- c-/ p t i c - a t  best  d e s c r i b e d  t i c - a  d a t a .

Nc-c- c - r ta ltt v method

6. In a stc --ady—stat e sv st e n c  annua l  c - c - o r t a l i t v  s h o u l d  equa l  annual

product ion. This techni que used d et c -c- c -rc - c - i c - c - at i on cc-f c - c - c rc - si lt y r a t e s , stem

• d-~~~~r c - ~~~ ities , and dry we i~.dts at t~~rnc- of death to c c - s i i c - c - a c e  annual c c c - c c - r c a ] i t v

(N). The generalized equation is

N = p er ce n t cuims dying mass  culm~~ 
- stem density (1)

for each time interval and for each size class at time of death. Vc --i ght

per cuim was calculated from the ic -ei ght— c-c-eight regression. Mortality

was c a l c u l a t e d  f r o m  d a t a  f r o m  i n d i \ c - i d u a l  t a g g e d  cuims . At each t ime

i n t e r v a l  the number of l ive  p l a n t s  t ageed  i n  c - a c u c -  s i z e  c l a s s  ( 0 — 2 5  c - c - c -,

25—50 cm , e t c . )  cc-c - c - c -s d e t e r min e d .  A t  t he  f o l l o w i n g  oacc-p h i n g  d a t e , the

same plants were reexamined. c-s -c- c-ercent mortality matrix (P1,~~) 
-c-cc-cs

constructed from these observations for c- c-c-cd size d c - c - o s of cc-cig in (t1)

and size class at death Ct 2) accc-cc-rding to the fc ’ li c - c-wing cqu c - c - tJ c - c - n:

I
i , j c -  c - i  ( 2 )

where

D
1 ~ 

= the  c - c - c - cc - .Lc - e r of p l c - c - c - i t s  t i c - a t  c-cc -  r e  a l i v e  and in s ize  c lass  i
at t ime  t 1 hu t  were dead  and in s ic -- c  c la s s  j at t ic - c - v ti .
D

1 ,
~~~ r O  if i < I

M c- = the i c - I c - c - f c - l c - c -c - r  of l i v e  i c - l a n t s  in s i z e  c l a s s  i at t i c - c - c  t 1.
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7 - i c - c -  cc- c- I cul  c-c-t c- c- c - c -c~c- c - c - c-c- I C t c-c- c - c - r t i c - C -  i c - c - c -  c- i
- c- _ c-

c - a l  c-ac t j , c -  c - i  - c- c - c - t  c-c -a c - c -  c-c-i i t  c-c--

n e - a c - -c - c - c - r e - -  c-c- c-c- s ic-m i t _ I c -il led hr tic - c  s t i r .  d c - i c - c - c - i c - c -  c-~~ c - c - c -  - 
- i__ c- _ c- - - ,  c - c -i c c - c c-

c- c- c- g i . c -  J c - c - - c-

s c - c - c - r a t  dc -c- c-tb in c - c - c - r h  s i c - c - c  d c-c-c-c-c-c-c- . Thus:

= 
~ 

s~ ~ ~~~~~~~~~~~~~~~~~
j = l

wi i c - - c-r c --

= c-c-c - c - r t c - c - l i t c -  for size class i

= t i c - C  c - c - c - c - c - c - nc r  0! St c- c- c -S c -er  tic- c- in size class I at the i- c-c - inni n g
of t i c - c c - pa  n o d  ( t 1) .

= t h e  c-c-eight  c - c - c - -c stern of s i c - c - c - c c -s in s i z e  c lass  j f o r  t i c - c  P e r i o d

T o t a l  c - : c - o r t a l i t y  fo r  one t i m e  i n t c -c - c v a l  c - c - c - s  t i c - C sum of mort al itic- = in  c - c - c - c c - h

s i z e  class , or :

5 5 5
N = P M~ = 2 

~~ ~~ -i >c - \ •  (ic- )

i=J  1= 1

8. Annua l  m o r t a l i ty  c-gas c a l c u l a t e d  dv sc-c-taming i n t e c -c- cal nc c -rtal~~tie~

for a one— -c cc-c-c-r period . As the stud y las ted 4~~8 d c --c-vs . cc-can v c c - c -~~~iv  r c - r c - —

d u c t i o n  was e s t i c - c - c - c - t e d  by t ak ing  t h e  a v e r a g e  of t w o  ovc -c- - c l a g r i c - c  
c- i ( c - 5 —c - i c - c -y

intervals.

l- i l l  C c-c-c-c- ~M u r d o c - - l c -  c - c - c - c - - t i c - c d

9 .  P r o d u c t i c — n  c-c- c-c- s al scc -  eSt  c - c - c - ated ic-c-c-c- t i c - c -  te chn i qu e  c - i c c - c - c -c - i  or- c-c-c’ dv

Tc-J 1 l i c-c -ms  c - c - m d ~- t ci r c - i o c h  (1972)  fo r  J .  re. cc- c - c c - i c - - n c - s in ‘T c-c-c- c- c - t h  Car cc- i i c c - .  Th e

c-c- ciVc - c -c- t c --c -g .es of t h i s  m e t h o d  c - c - - c - c - c -  t h a t  i t  T c - c -c - d  ~c - c c-c- ri p c - c - i - l i - c -i c- c c -cl , tic - c - it c - i c c -o r at e

~- r o d c - c - c t  ion co t_ In -c - c c - c - c s  c - l i d  no t  d e c - c --nd on a 5 c c - c - a t  d e c - l  of  i c - d i v _ I c - i c - c - n i  st cm

dc - c - t a , and t h a t  i t  a f f o r d e d  v a l i d  comp ar i sons  b a t c - c - -n t i c - c -- i r  s t u dy  c -n d  t h i s

I c c - C . c o p oc i a l ly  w i t h  c c - c - C c - c - c t  t o  J .  rc c - c - c-c-c- -n c-n c - c - s. ti c- c c - method r c - c - c - c - t c - i r c -s 

c - I  es of t i c - c  r a t  i o  of g r o w t h  tc -  a v [ c - r c - c - g e  s t  an d i n g  c rop  an d  to  t h e

BLc-
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- - ,,•.,_ c-~~ n-~~~~?~ c-c-c-~~~~ c-c-- ~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~ .- _n -c-

c - c - c c -an life c - c - c - c - c - n  of l i c -c- cc- c u l c - c - c - s c -_ c - C h i c - c -  r e - Ic - i t iorc - c - c - ic - it c - of c c - c - -ic - l it to  i c - c - c - i c -i c - c - c-- c- -c - s

- 
- a l so required .

Sc-

- 
-‘ 10. The r a t i o  of gr o w t h  to  a v c r c - c -~

c- c -c - s t a n d i ng  crop ( R i  was d c - c - t i c - c - c - c l :

R = (p 
~~

- c - - c--c -x in~~ 
/ (7 ‘c - ) J n  ( 5)

c- re

B . . ~ = t i c -a  ic-c-axiic-c-cc-m w e i gh t  a t t a i n e d  ic-v c- ach s t e m  d u r i n g  i c -n - s
l i f e  span

n = n c - c -c - cc - h e r  of  p l an t s

B = p ( c - c-x
c- t ) / c - c - t = C c - c - c  c-c- c -c- c-c-n c c - c - h i c - C c - i  of c-c- s t c - - m. c-i c- ring i t s

l i f e  ~~c -c - c - c - c -

~chere

= ave rage  ccc- i g ht  of a s t em.  h c c - t c c cc- c--n sc- c - d e c- os ive c-c - c ao ur €cc - c-nt S

At = i n t c -  cv c- il b c-c- tc- ween success ive  measc -c -rc -c- rc-ents

c - c -n n u a l  g r cc -wth  was calculated as follcc-ws :

C Ic- x R >c -ii(}~ > 
c-

t ) / P I c -  (c-i c- i

Tha t  is ,

Growth (g~ m v r ~~~) = nverc-re st c-c- c - c - t i c - c -p c-rap ( c c - m n - 2 ) - c -r e -c- c - c - h  - -

av c- -rage hic -c-c-c-c-ass x fcc - cc -c - c-n -r i-c- v c- c- yaar

where

L = average l i v e  st c-~c - c - d i n g  c rop .

S t a n d i n g  crop

11. Tabl e El shows t i c - c nc-c-gn I tuc i c c-- c - c - c - c - i  r c - c c - g e  of c-c- c- c-c-k c - c - - c - c - c - c -  -c- -

b i c c - c - c -rc- c--c s f o r  t he  six species obser ve -c l  d c - c - c  in g  t i e  t w o  ~- c : c - r s .  -

b c - i c c - :c - c -c -~~s c c - c - c - c - c - - e d  I n i - c-n a 1cc- c- c of ~ 48 p ~ nc-
n- 2 f o r  S .  f c - l c  ~ c- -~

I ~76 p m~ 
2 f c - c - r  ~~~ . I c - a  c - c - c - s. The  a n c - c - c - c - a l  -u - n r c -  I -

c-)
r ac c -g r c-d f c c - c - r n  19’i p -- nc-c- f o r  S.  f a l c -  c - c - a  c - c  - -

- -  n-n- — -  - - -  - — — —~~~~ -——----
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Seasonal changes in biomass and an evaluation of the reliability of

these data have been reported in Appendix A .

Stem densities

12. Figures B2 through B7 show the bimonthly culm densities of the

six species in each of the size classes for the period of study. Four

of the species investi gated showed clear seasonal changes in total cultn

density. S. cvnosuroides and S. falcata died back to the ground during

the winter months and showed rap id increases in the densities of stems

in the spring . Both show a sing le wave of cuims that appears in the

smalles t size class in the spring and grows with time into larger size

classes. D. sp ica ta  and S. alterniflora also exhibited clear seasonal

patterns , but as these plants do not die back during winter in Louisi-

ana, the patterns were quite different from those of S. c’;nosurcides and

S. falcata. For both species there were two periods during the year

when the recruiL1’~~nt rate (F small plants was quite hig h. The densities

of stems under 25 cm were highest in midsummer and again in midwinter .

Whereas there were two periods of maximum density of sm all stems , there

was onl y one fo r  l ar p e  s tems and fo r  both  spt ~c i e s  t h i s  occur red  in  l a t e

summer/e a r ly  fa l l .  W i l l i a m s  and ~~~r doch (1969) r e p o r t e d  t h a t  most new

S. a l t e r n i f l o r a  cu im s  appeared in the  l a t e  sn~ mer  and r em ained  small

over winter . In Louisiana c~~nv of these sunc er recruits die before the

fo l lowing spr ing hut are followed by a second flush in the winter . Stem

densities of J. roernerianus and ~ . yatens increased throughout the

study, indicating that these sites were in a transitional state. Small

J. roemerianus plants (]ess than 25 cm hi gh) seemed most dense during

winter , while the tallest p lants ~cre most dense in late sunmier.
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13. On a comparative basis , S. ~~~tens exhibited the greatest stem

• dens ity ,  ranging from 1400—3600 stems ~ m
2 and averag ing about 2500

stems x m
2 

The tallest plant studied , S. cynosuroides , also exhibited

the lowest stem density , ranging from 0—105 stems ~ m
2 and averag ing

60 stems ~ • m 2.

Length—weigh t relationships

14. Highly significant correlations were obtained between length

or log length of a culm and the log weight for all six species (Table

B2 , Figur es B8--B13). Each figure shows the regression equation , the

observa tions , the regression line, and the coefficient of determination

(R2). For S. alterniflora two regression equations were determined , one

for plants up to 75 cm and another for taller plants. t’~ith the exception

of D. spi cata, all coefficients of determination were above 0.80 and

ranged up to 0.94 for S. falcata. For D. spicata the best fit coefficient

of determination was only 0.58. 3. roemerianus and S. falcata do not

shed any leaf parts bef ore reach ing maximum height so the length—weight

relationahip accurately reflects total dry weight production by a stem.

The other f our species, however , slough off old leaves or parts of

leaves before reaching maximum height. For these species the length—

weight relationships underestimate total production of a stem .

Production

15. Williams—Murdoch method . Table B3 shows production of the six

plant species calculated by the Williams—Nurdoch method . This method

depends on the accurate assessment of longevity of individual stems ;

consequently, the initial 65 randomly tagged plants could not be used

B7
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unless their original heights were less than 25 cm. Additionally ,

plan ts that were tagged late in the study and had not yet died when the

-
• project was terminated could not be considered . The number of plants of

each species on which the results are based are listed in the table.

Due to the very rap id turnover of S. falcata, almost all stems tagged

could be used in the de termination of production : out of 349 plants

• tagged , 245 were used . In contrast only 20 p lants out of 119 tagged

could be used in determining the production of S. cynosuroides.

16. The average of the mean weights (EB/n) of the samples of

individual tagged culms ranged from 0.08 g for S. patens to 0.64 g for

• S. alterniflora. The mean maximum weight (~ B ) for each species
— max/n

ranged from 0.21 g for S. patens to 1.23 for S. f alca t a .  The low ratio

of production to biomass (Bmax /~ ) indicates that a great number of stems

die before entering the largest size classes shown in Figures B2—B7 and ,

consequently, that the turnover rate must be high.

17. Production calculated from the Williams—Murdoch method ranged

from a low of 1134 g x m 2 x yr~~ for S. cynosuroides to a high of 4159

g x m 2 x yr~~ for S. p~~ çns.

18. Mortality method. Figure B14 summarizes annual production for

the six species calculated from the mortality method. Figures B15—B20

show results seasonally. The species showed differing seasonal patterns

of mortality. Both S. falcata and S. cynosuroides die back completely

in the winter after which time they have no mortality. Whereas the rate

of mortality rises rapidly through the spring for  S. f al c a t a , it rises

slowly for S. cynosuroides and J. roerner ianus , which reach peak rates of

mortality in late summer and early fall. In contrast , S. a l t e r ni f l or a

B8
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• and D. spicata exhibit their highest rates of mortality in late fall 
4

and early winter. S. patens has a high mortality rate throughout the

• 
•~~~ year , but it appears to be highes t during fall, winter , and early

• ‘

~.. spring. The very clear seasonal patterns and their repetition through

the second year of the study indicate that the mortality data are

reliable; however , it is not possible to attach limits of variability to

them.

19. Calculated mortality on a yearly basis (F igure B14) ranged
S

—2 —l
from a low of 398 g x m x yr for S. cynosuroides to a high of

• —2 — l
2500 g x m x yr for S. patens .

Disc uss ion

20. In Figure Bl4 the large discrepancy in production estimates

between the two mathematical methods is cbvious . Williams—Murdoch

production estimates averaged 1.8 times higher than the mortality

method. S. alterniflora was the sole exception that showed higher

calculated production with the mortality techni que. A very real and

probable source of error inherent in the mortality method , wh ich wou ld

lead to an unde re s t ima te  of t r u e  p r o d u c t i o n , is t h a t  wei gh t s  d e t e r m i n e d

for leaves using the regression equations do not account for plant

production (leaves + ]eaf parts) that has dropped from the cuim prior to

reaching maximum length. This was not a problem with 3. roemerianus or

S. falcata as these plants do not drop off dead parts before dying. in

sampling S. ~iternif1ora p lants for use in determining the length—wei ght

B9
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relat ionship ,  every effor t was taken to p ick green plants that had lost

a minimum number of leaves in order to minimize this problem. Williams

and Murdoch (1969) found that S. alterniflora production in North Caro-

lina was underestimated by about 15 percent if material that had died

prior to harvest was not accounted for .

21. Although the regression equations are used in the Williams—

Murdoch method also , they should not constitute a source of error

• 
• because weights calculated using the regression equations appear in both

the numerator and denominator in the equat ions and the errors cancel

(see equation 6).

22. The mortality method of calculating production is based on

three ir~~ependently derived parameters. For two of these parameters ,

confidence limits can be calculated . These are the estimates of stem

density and the average weights per dead stem in a size class. Un-

for tuna tely , the data acquisition was not designed to enable analysis of

the variation in the percen tage of plants that die in each size class

during each interval. Because of wide variances in the two measurable

parameters and the cumulative property of error terms during da ta

manipulation, the information gained from putting confidence intervals

around the production estimates would be of dubious use, as the overall

variance would undoubtedly be of large magnitude.

Comparison of 1. roemerianus produc t ion
• in North Carolina arid Louisiana

23. Use of the Williams—Murdoch method of calculating production

invites a direct comparison between production of 3. roenierianus in

North Carolina and Louisiana. Production is 4.1 times higher in

BlO
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‘S
Louisiana marshes than in North Carolina marshes (3295 g x 

~~
2 yr~~

vs. 792 g x x yr 1
). As mentioned earlier the techni que depends on

measurements of average standing stock determined from field harvesting ,

• “
• the ratio of produc t ion to biomass , and the mean residence time. The

• ~ parameter  responsible for  most of the production difference is average
~a .

standing stock. Average live biomass is 2.4 times higher in Louisiana

(827 g x m 2) than in North ~Carolina (344 g x m
2
). On an individual

• 
. 

leaf  basis , both  Bmax and B are considerably lower in Louisiana. The

EBmax/ri was 1.1 g (range 0.17 — 2.17 g) in North Carolina and only 0.25

g (range 0.1 — 1.2 g) in Louisiana. Average stem weight (TB/n) is 0.719

g in North Carolina and 0.11 g in Louisiana. The ratio of Bnax/B is 1.5

times higher in Louisiana. The average life span of stems however is

only 28 days longer in North Carolina , which means that the above ratios

of production to biomass are achieved 1.5 times per year in North Caro-

lina and 1.7 times per year in Louisiana. Consequently, the main

differences in black rush marshes in Louisiana compared to Nor th Carolina

are: (a) a much greater density and year—round standing stock of live

material , (b) a shorter overall height , and (c) a much more rapid turn-

over of very small subcanopy stems .

P r o d u ct  ion m etb od o ]  ogy comparisons

2 4 .  I t  is e v i d e n t  f r o m  F i g u r e  B 14 t ha t  t h e r e  are as m any  es t imates

of m ar s h  macrop hy t e  p r o d u c t i o n  as there  are p r o d u c t i o n  t echn i ques . The

figure demonstrates that all methodolog ies show pr oduc tion by all

spec ies to be greater than that predicted from live biomass. An excep-

tion is that the mortality method shows S. cvn c s u ro id e s  production to

Bl 1
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be less than  i ts  maximum live s t a n d i n g  crop . As th i s  species dies  back

c o m p l e t e l y  every winter , p r o d u c t i o n  must  at leas t  equal end—of—season

S biomass.  The probable f a u l t s  in the m o r t a l i t y  t echn i que fo r  this

species are the  pred ic ted  weights  derived from the regression equation

and the  very  low number of ind iv idua l ly  tagged  cu ims ava i lable in the

• 
ana ly s i s,  ii , in p lace of the r eg re s s ion—der ived  weight used in the

m o r t a l i t y  c a l c u l a t i o n s, the  average weight  ( c a l c u l a t e d  f rom ha rves t ing

of stems ) in each size class is used , p roduc tion  of S. cvnosuroides is

shown to be about 1214 g x x yr~~- , which is much closer to the

e s t i m a t e s  derived from the other methods .

25. As an ini tial purpose of this investi gation was to evaluate

the harvest methods of Smalley (1959) and Wi ege r t—Evans  (1964),  it is

important  to note  that  (with the excep t ion  of S. cvncsuroides) both

techni ques used in this stud y give es t imates  of p r o d u c t i o n  much c lose r

to the Wieger t—Evans  technique than to Smalley ’s calculations. On the

average , est imates using Smalley ’s method are 27 percent  lower than the

mor tality method, 53 percent  l ower than the Wi l l iaxn s—Murdoch method , and

57 percent lower than the Wiegert—Evar is paired—p lot harvesting technique.

For two of the six species , production estimates using the Williams—

Murdoch techn ique were hi gher than that calc ulated from the Wiegert—

Evans technique. On the average the estimates from the ~ iegert—Fvans

techni que were only 1.3 times higher than the estima tes from the

Williams—Murdoch techni que. It is concluded t h a t  the Viegert—Evans

• . technique may overestimate production , but not by much. The extra-

ordinarily high estimates of marsh macrophvte production in coastal

Louisiana are not artifacts of the techni que.
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Best possible es t imates  of p roduc t ion
of six species of marsh p l a n t s  in_Louisiana

26. W i t h o u t  f u r t h e r  evidence to support one product ion estimate

over another , a best estimate can be made by averaging the results of

• the two tagging methods and the pai red—p lot method.

Production Estimate
x yr 1

S. patens 4157

• ~~. roemer ianu s 2797

D. spica ta 1952

• S. alterniflora 1744

S. falcata 1608

S. cynosuroides 1099

All three techniques showed S. patens to be the most productive species

studied in Louisiana , and according to values in the literature , also

the most productive grass reported in North America.

Bi 3
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APPENDIX C: PRODUCTIVITY OF A S}’ARTINA MARSH CO~NUNl T Y
AS f FTER~-flNED BY CASOMETRIC ANALYSIS

C.

I n t r o d u c t i o n

1. Marsh vegetation productivity studies are usually based on

ahoveground dry wei ght accumulation , which integrates over time the

plant response to its environment. The result is an estimate of net

production which lacks accuracy for reasons discussed by M im er and

Hughes (1968; references listed at end of the appendix). Major sources

of error are mortality between ssmp ling periods , translocation of photo—

synthate to roots , and leachinu of organic cc.mpounds from live plants.

Harvest techniques also fail to reflect , except indirectly , stresses

that affect the relationship of net production to ~.ross production and

resp iration .

2. In contrast the carbon dioxide (CU 9) flux through a community

is a direct and noarly instant: :/uous ind~ x of the metabolic activit y of

that community . It gives a d comic p icture of plant growth . By moni-

toring this gas , it is possible to determine the plant res-ponse to

transient phenomena and thus come closer to est Thli—hi ng critical com-

ponents of its environment.

3. In addition , field anal ys is of CO 2 flux allows the partitioning

of the major components of the energy flos~ of the community , using a
V 

sing le measuring technique that can he app lied consistentl y across the

whole coc mun itv. Since previous research has concentrated usually on

only one segment of the community (for instance Stowe [19721 and Blum

[1968) on aufwuchs; Pomeroy [1959] on sediments microorganisms; Kirby

and Gosselink 1976 on macro; ’hvtes) and each has used a vari ety of

Cl
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techn iques which are not easily comparable , direct CO 2 f l ux measurements

offer an opportunity to integrate a number of previous studies through

a single methodology. Teal ard Kanwisher (1961) previously measured
‘V

C0~ f l ux  to estimate the respiration of the whole salt marsh community ,
I’

-: but they did not have the equipment to measure photosynthesis as well.

4. Measurements of community metabolism of a ~partina alterni—

f l o r a  salt marsh are reported herein.

Materials and Methods

paratu,

5. The apparatus used in this study was modeled after that of

Mooney et al. (1971). It consisted of a p lant chamber or cuvette

attached to control and detectin cs devices in a houseboat. The cuvette

was a 30—cm—diameter cylinder consisting of three parts. A 20—cm-hi gh

aluminum base with a sharpened bottom edge was attached to a 15—cm—hig h

acry lic plastic collar through which all the lines and sensors e n t r d

V the cuvettc . This in turn was attached t l i r o i : c h  an 0 — r i n r  w it h a 45—cm—

V hig h c losed  a c r y l i c  p l a s t i c  top (Figure Cl). The b’~.se of the ( U V t t t e

V with the coll ar and control lines attached to it was r~iaced ~ or  a

stand of marsh plants and pushed into the sedi- nt to a depth of 10 to

15 cm. Care was t aken to avoid disturbing the community . Cne thermo-

coup le was pushed into the sedic,~ ct to a depth of 10 cm; another was

attached to a l eaf; and a third was suspended in the  shade inside the

cuvette. Following the positioning of the thermocoup les , the top was

attached to the cuvette collar and the air flow to the cuv ett e turned

on. The air—flow rate through the cuvette was adjusted to prevent CO2

C2
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f rom limiting t h e  rat e- of photo s~ n thie-si s. Gener ally , f l i l t uations in

CO2 concentration I t t  ~cen 250 pen-. and ambient (330 jjm) bad l i t t l e

effect on CO 2 uptake by the enclosed plants (Gc-sselink et al . 1976).

C u v e t t e  a i r  t em p e r a t u r e  won controlled w ithin 2°C by ri-circulatin g air

through a separate rodiot ~~1r m aintained at the desired t im h i rature by

V chillers , heaters , and contro llers in a houseboat i t-o rh y .

V 
Samp ling sitc

6. Mt-asurements of CU,, flux w. rc made in a salt r,or,sh ~ e i d e r i n g

Louisiana Hieh ~-a\ 1 at 1 . t’v j i b - . The hi f i’ ~a\ . od a t r a i l e r  I I  ct fr..’nl

which raw sr-was- c drained , bord~- r~ d ~
- march. M, rch t i’iai ~~ushing

V occurred through a navi gable dre’d be- d canal connected to ~-.avou la fourche .

The mo rsr o~ p .-a r t -d to he subsiding rap idly and chang ing to ci~ -n wat or.

Plots var ied in ctrnunt of ye-get 1 V~ ion hu t ~~ re g V I~~ rally ~hr- s~’n to

contain less bicr.a~ s than unc,mph-d areas because of l imitat ion ir,

capacity of the anal ytical equi pment (Table Cl).

Procedure

7. N~ : snr~~ments ~~~ rc made 4—8 Deco : .~r 1975 . 27 F .hruary—5

March , and 13—20 May 1976. For each plot , at c~ n,st ant air temp erature ,

CO2 fluy. was measured in light and then in the dark by covering the

c’V 1v e tt e  with a black p lastic sheet. Th e CO7 flux rates under dif f~ 1/ t n t

light intensities were obtained by taking advanta~-e of intermittent

cloud cover or by shading the cuvette with cheese cloth. Following

measurements on the intact community , the (-uvette was opened and the

green t i s s u e  r~ nnve’d by cutting each live cuim below its lc-’ ,~t-st green

leaf. The to p of t i e  cuvette was rep l aced and CO 2 exchan ge was

c3
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d e t e r m i n e d  again in li ght and dark. Since measurements on greenhouse—

: grown S. alterniflora plants failed to show any significant photosvn—

thes i s  by the  green culms , carbon d ioxide  exchange under these con-

d i t i o n s  was considered to be due to the microbial community found on

the l ower parts of culms and on the sed imen t surface. The term

‘ r.icrohiol ” is used for convenience since the community also contains

nelofaunal consemers that contributed to resp iration. Gas exchange of

V V the dead standing plant tissue was also assumed to be microbial.

During Dec ember 1975 and Mar ch 1976 , resp iration of all plots was

measured after sealing the cut culin ends with petrolatum to prevent

diffusion from or into the roots. Results were variable hut seldom

changed respiration rates as much as 5 percent , so this techni que was

abandoned . As reported herein , therefore , metabolism of the microbial

compartment includes any metabolic contributions of the lower portions

of live culms and of roots of S. a l t e r n if l o r a .

8. Measurements on a single plot usually consumed most of the

daylight hours of one day , so that different times in the daily cycle

of growth and different tidal stages were encountered . It was possible

to control the degree of flooding of the cuvette by slight variation in

the positive pressure caused by the air stream flowing through it.

Exc ept as discussed below , the cuvette was ccerated with the sediment

surface wet but not flooded .

Results

Suhrtrate f lood 1n8 and drvin~

9. Community resp irat ion rates were strongly influenced by depth

C4 ~~~~~~~
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of flooding of the substrate , since most of the resp iratory gas evo—

l u t i o n  was f rom the  subs t ra te  su r f ace  or from the lower po r t i ons  of the

culms that support an active flora and fauna (Stove 1972; Hopkinson

1973). Table C2 shows respiration rates of three plots under flooded

and drained conditions: two plots contained no vascular plant material

and the third a normal S. alt erniflora community . In all cases the gas

exchange rate was dec reased to low levels by flooding . In the plot

con taining grass (Plo t 3 , Table C2) , the respiration of the aerial

• portion of the plants contributed to CO2 exchange. In the bare sedi—

inent plots , significant CO2 exchange occurred -tind er flooded conditions , 
V

ind icating a diffusion of CO2 across the water—air interface.

10. When water  levels on the marsh were low , the slight posit ive

pressure  of air in the cuvette on occasion caused a penetration of air

into the substrate. During the course of about six hours of measure-

ment in one plot redox potentials of implanted platinum electrodes

increased gradually about 180 niv , while elec t rodes in the surrounding

marsh remained stable. However , during this period the community

resp iration rate increased only about 10 percent , indicating that the

e f f e c t  of sediment aera t ion  on respi ra t ion  was small.

Community_metabolism

11. Table C3 summarizes community metabol ism during three sampling

periods in winter and spring. The absolute magnitude of photosynthesis

and respiration varied widely . Photosynthetic rate was strongly de—

pendent on total leaf area in the cuvette and on light intensity V

(Gosselink et al. 1976). Except for the December 1975 data , the ra tes

C5
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in Table C3 were adjusted from light saturation curves to values for a

~~
‘ . . . —2 • —l •ligh t intensity of 1 gcal cm X mm . Leaf area in individual

-t plots varied considerably (Table Cl) and the data in Table C3 reflect

this. Community respiration correlated well with total biomass in the

c u v e t t e .  Most  of the resp i ra tory  CO 2 exchange occurred on the  sediment

surface ~~V a tt r ‘~~-~~~r of ~~r S. ~1~~~ .~if1ura culills , so total biomass

is probably an index of microbial surface area.

12. As the season progressed from December to May , the magnitude

of community gross production (at constant light and temperature)

increased while community respiration decreased from a high in Decem-

ber , with a resulting tripling in net daytime community production.

During this period microbial respiration always exceeded its photosvn-

thesis, so that this portion of the community was always heterotrop hic.

Partition of metabolism between
S. a l t e rn i flo ra  and microbiota

13. Despite fairly large variation among plots in absolute meta-

bol ic rates , the distribution between S. alterniflora afid the microbial

community was fairly constant . The vascular plants were responsible

for 89 to 96 percent of gross c ommunity photosynthesis (at 1 gcal >-

cni 2 x min~~ radian t energy) but only 24 to 36 percent of c om m un i ty

resp iration . As leaf area increased during the s p r i n g,  the contri-

bution of S. alterniflora to photosynthesis increased (with accompany-

ing decrease in the microbial proportion from 11 to 5 percent), but its

respira tion did not increase, either absolutely or relative to the

m icrobial contribution .

C6
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14. The data of Table C3 are for a single air t emperature , 25 °C.

As Figure C2 shows , when the temperature was elevated , both resp i ra tory

and pho tosynthetic rates increased . Consequently ,  at 35°C community

r espiration in the dark was greater , but photosynthesis was also

V greater so the light response curve was steeper . As a result net
1.

photosynthesis was decreased at low light int~ ns~~ ict- ---d iocrcased at

high light intensities. In four plots measured during May 1976 the

light intensity at which net photosynthesis was equal at 25°C and 35°C

was qui te high——above 0.7 g cal x cm 2 x mm
1
. This is about 50 per-

cent of full sunlight , indicating that as temperatures rise net photo-

synth esis is only increased on cloudless days .

15. Figure C2 also shows a typical light intensity response

curve , showing that photosynthesis is not light saturated , even in full

sunlight. This is discussed more fully elsewhere (Gosselink et al.

1976) .

Discussion

Community metabol i sm

16. During the periods of samp ling, net community production

V 
rates were 24 to 70 percent of gross production . During the winter ,

beca ae of the small amount of live tissue and the accumulation of dead

material , the community was often respiring more carbon dioxide than it

f ix ed even during day li ght hours. As the season progressed , however ,

the amount of live biomass and the live:dead ratio increased , and net

produc t ion increas ed corresp ondingly. It should be emphasized that the

C7
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net production rates in Table C3 are for daylight hours only. Met

production rates averaged over 24 hours would be much lower . Roughly

estimating these rates, a 12—hour light/l2—hour dark regime would halve

V the average gross production rates (on a per hour basis). This calcu-

lation shows that the inacrophyte portion of the community is net pro—

V ductive over a 24—hr cycle , but the total community is net heterotrop hic

dur ing December .

17. The absolufe nh n r o~~~~V V 
~~~~~iL taLes reported probably under—

• estimate rates on undisturbed marshes. Table Cl shows that the live

biontass in the cuvette plots was less than the average live biomass

reported in Appendix A and by Kirby and Gosselink (1976), although it

was quite close to the biomass in the latter ’s inland plots. Leaf area

in the plots was undoubtedly also less than normal density .

18. Dead biomass (which community respiration follows closely) was

also lower than average values of Kirby and Gosselirik (1976) and

App endix A , suggesting that community respiration rates are also und er—

estimated .

S. alter niflora metabolism

19. S.  alterniflora photosynthetic rates increased from December

to May (Table C3) as leaf area increased (Table C3). At the same time

absolute shoot respiration rates appeared to decrcase , so tha t S.

al terniflora shoot resp ir at ion was reduced to only 8 per cent of gr oss

production in May from a high of 24 perc ent in December . Further tests

are needed to determine the root contribution before the net production

of the ent ire plant can be accura tely determined.

C8
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Microbial metabolism

20. As Table C3 indicates , some photosyn thetic CO
2 fixation by

the microbial community was measured . The levels were low , how ever ,

never more than about 10 percen t of communit y gross product ion and

~~~~~~~ decreas ing in importance as macrophyte production increased during the

spring . In contrast the sediment and epiphyt ic flora and f auna are

clearly the major organisms responsible for CO2 evolution . Attempts to

part ition the respiratory CO2 flux between the micrcbial community and

S. alterniflora roots were unsuccessful , bu t together the~’ ~~
— 

~~~~~~~ d

• about /5 percent of community respiration. Teal and Kariwisher (1961)

- - found that in Georgia salt marshes , on the average , roo t r esp ira t ion

was 73 percent of shoot respiration. If this is also true in Louisiana

marshes , then somewhat more than 50 percent of total community resp ira-

tion is m i c r o b i a l .

Comparison of harves t production values V

with net p~iorosvnthesis rates V

21. The calculated net annual production of S. alterniflora in

Louisiana from harvest data is about 2500 g dry w t ~ m (Kirby and

Gosselink 1976; Appendix A). On an hourly basis in carbon units 
V

(considering that organic dry wri ght is about twice organic carbon)

this is 143 mg C ~ m~
2 

~ hr~~ for net shoot production . In laboratory—

grown p lants (Gosselink et al. 1976) shoot:root ratios indicated that

root growth was about one half the aerial growth. This may under—

estimate root growth in the marsh , but using this fi gure the harves t

est imate for total p la nt production would be about 215 mg C x -

— lhr

C9 V
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22. In comparison , net S. alterniflora production rates can be

roughly calcula ted from the CO
2 flux data in several ways. Two esti—

ma tes were made , the first based on the May rates , assuming that they

represen t average annual rates. For this estimate , gross S. alterni—

flora pr oduc t ion was 48 mg C x hr ~~ (for a 0.075—rn2 cuvette). The

average rate over 24 hours would be about one half of that figure , or

24 mg C ~ hr~~~. Shoot respiration for May was 4 mg C ~ hr~~~. Doubling V

this figure to acc-omodate root respiration and subtracting from the

gross production rate , net production would be 16 mg C hr~~~. As

mentioned previou sly the cuvettes did not contain as much plant materi—

.~~~~~sit average. Therefore , the net production value should be

adjusted by the ratio of average to cuvette live biomnass (Table Cl).

This r a t io  is (0.5)  (35 + 2 8 .5 )/ 2 2 . 8  1.38. Multi ply ing 16 1.38 =

22 mg C x hr~~ per cuvet te .  On a square  me te r  bas i s , t h i s  is 294 mg C

x > hr~~~, the calculated net production rate.

23. A second method of calculating production considers the 
V

average produc t ion  ra te  per u n i t  l ive  S. alterniflora shoot biomass and

the average stand density. Considering again only the Mar- data , there

is a fair ly consistent relationship between CO., f l ux and live h i omass , 
V

esçecially for photosynthesis. Gross photosynthetic rates averaged

(± standard deviation) 2.17 ~ 0.27 ug C (g dry wt ~ hr) ’ at 1 gc al x

cm 2 > m i n~~ radiant flux (Gosselink Ct al. 1976). This is about

three fourths full sunl ight flux over the period December 1975 to May

1976. The l ower part of the light saturation curve is steep (see

Fi gure C 2 ) ,  so an average value for gross photosynthesis during day—

li ght hours is about 1.8 mg C (g dry wt hr) ’. Over a 24—hour cr-cle ,

ClO 
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F
t h e  average v a l u e  would be about 0 . 9  mg C (g dry  wt > hr)~~~. 1~~-s t Ira-

tion of the plant top averaged 0.13 mg C (g dry wt hr)~~~. Double

-‘ this to accomodate root resp irat ion . From these fi gures f or gross

phot osynthesis and resp ira tion , net photosynthesis , very roughly,

V averages 0.6 mg C (g dry wt x hr~~ ). The annual average S. alterni—

- 

- 
flora live biomass density is about 500 g dry wt x m 2 (Kirby and

Cosselink  1976). Multi plying this gives a net production rate of 300

—l
mg C x m~~ x hr . Considering the crude nature of the estimates ,

these two values of CO2 flux , 294 and 300 mg C X m 2 x hr~~~, are in

V reasonable agreement with the Wiegert—Evans techn ique. Therefore , the

latter does not appear to overestimate net production and comes

closest of the different t echniques to estimaring true net production.

Cl 1
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Tabl e C2

Ff 1  ec t of Water 
~~~~~~~ V V OO Na rsh Cc~mmnunit v Resp irarion *

‘ Plot No . 1 2 3
S. a l t e r n i f l o r o

V 
- - J~~mie V S~~~~~~J P I €f l t  

V (C rr n i t v

Dec 1975 ~~nv  ~9 7 1  March 1976

Flooded (1—5 cm of water) 3.9 2.6 4.6

Drained (surface a~~t) 8.9 12.0 9.6

Soil rrm p&c rature , °C 2 1 21 20

Air temperature , °C 25 2 f V 15

*Unjts are in mgC x m 2 x hr~~~~fl . ~~~
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