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ABSTRACT

Cchoke Swamp is a relatively undisturbed tidal freshwater wetland
of the Chesapeake Bay drainage basin. A study of the vegetative
caomunity of this swamp was performed during 1984 to evaluate temporal
variation and net primary production. The understory structure was
discovered to vary considerably throughout the growing season. Net
primary production of the macrcphytlc camunity was estimated to be
12,272 kg/ha during 1984, which is substantial compared to other forest

ardwetlaniecosystems

Trees and shrubs were sampled by the point-centered quarter method
to ascertain species distributions and woody production. Data from
litterfall collections were cambined with measurements of woody pro-
duction to determine total canopy production (7442 kg/ha/yr). Four
species dominated the overstory: Fraxinus lvanica, Nyssa '
sylvatica, Carpinus caroliniana, and Acer rubrum. Of these, Fraxinus
and Nyssa were by far the most productive populations, respons:ble for
nearly 80% of the total canopy production.

The understory was also quite prolific. Analysis of monthly
harvests of understory vegetation revealed a productlon level of
approximately 4830 kg/ha/yr. Peltandra virginica and Aneilema keisak
were the most prominent of the herbaceous species, accounting for 50%
of the understory production. The understory data were characterized
in several different manners in order to depict the patterns of deve-
lopment observed in the community. Monthly importance values present
the relative status of the major species at specific times during the
growing season. Species~specific importance values were introduced to
describe the development and senescence pattern unique to each popu-
lation. The aspects of each of these importance values were combined
to derive the Conmunity importance values, which, unlike the other two,
can be compared between both months and species.
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MACROPHYTIC COMMUNITY DYNAMICS IN A TIDAL FRESHWATER SWAMP



INTRODUCTION

Wetlands in General

Several decades ago, wetlandswerepercelvedbymanytobe
offensive wastelands, suitable only for drain:l.ng, filling, and
developing (Brande 1980). This view is no longer prevalent due to the
increasing wealth of information which confirms their importance.

In general, wetlarﬂsa;peartocoxmribuﬁeanimpressivearrayof
benefits to neighboring ecosystems. Hunters and naturalists have long
appreciated their value in providing habitat for many species of
fmbearers, waterfowl, and other wildlife (Shaw and Fredine 1956;
Palmisano 1973; Odum 1978; Ocum et al. 1979). Not only do these
animals find shelter in wetlands, but also a rich variety of food
sources (Iynch et al. 1947; Smith and Odum 1981; Silberhorn 1982).
Many fisli species have also been cbserved to school in nelaf.ivelir high
densities in the tidal creeks which dissect wetlands. In the shallow
creeks, smaller fish escape predation and find an abundance of food
(Shea and Theberge 1978; Pollard et al. 1982; Boesch and Turner 1983;
Talbot and Able 1983). Analyses of gut contents have demonstrated that
many fish, and the aquatic organisms on which they feed, :mgest sub-
stantial proportions of wetland detritus (Odum 1970; Odum and Heald
1975). 1In addition to these values, wetland plants and substrate may

be effective in removing certain toxic substances from the water,



stabilizing them in an organic matrix (Simpson et al. 1983). Also,
tidal wetland ecosystems, due to their high productivity, remove
nutrients from the rivers and streams during warmer months of the year,
axximaytherebysupressthepotentlal for algal blooms.

Coammunity structure and production studies are foundational in the
quantitative research of specific' wetland types. Through this research
we can perceive much about'che rélatiomships between the camposition
and functions of varicus commmnities. Same plants and associations,
for example, may be recognized as excellent food items whereas others
are discovered to\be more important in stabilizing sediments. The
specific values of different wetland cammmities are becoming
increasingly apparent as this data is collected and analyzed.

Intensive studies of saltwater marshes have been conducted during
the past 20 - 30 years, providing evidence that these habitats are
among the most productive in the world. More recently, quantitative
research emphasis has been directed to the study of brackish and
freshwater wetland communities. Although the quantity of data is
limited, there are already strong indications that the high
productivity of salt marshes may be surpassed by certain brackish and
freshvater wetlands (Wass and Wright 1969; Ocum et al. 1984). Typical
values for salt marsh production along the Mid-Atlantic and Southeast
coasts range from several hundred g/m2 annually to nearly 4000
g/m?, averaging between one and two thousand g/m?/yr (Keefe 1972;
Turner 1976; Lugo and Brinson 1979). Freshwater and brackish wetlands
generally have net primary production values falling within the same
range as salt marshes, with an average of one to two thousand g/mz/yr

(Whigham et al. 1978; Odum et al. 1984).



Nmerousestimateshavebeengeneratedofwetlaniprﬁnary
production and carbon and nutrient export and uptake, but variability
among these values is still fairly large (Whigham et al. 1978).
However, asthedatabasecorrtmuwtobee:@aniedthroughmrther
research, and as methods of sampling continue to be refined, the levels
of confidence in these estimates will increase. It is therefore
imperative that research of these ecosystems continue in order to
accurately assess the functions and processes which are occurring

Tidal Freshwater Swamps

Relatively little research has been conducted in tidal freshwater
swanps to ascertain their ecological importance. It is generally
conceded that swamps are highly valuable habitat for a rich variety of
wildlife_ species. Swamps harbor a number of plant species that are
excellent food resources for many animals. Tidal swamps may also be
significant exporters of usable detritus in the fall and winter, while
still providing an abundance of cover for wildlife.

Several of Virginia's larger river systems have expanses of tidal
swamps in their watersheds. Along extensive stretches of these rivers
and their tributaries, tidal freshwater swamps are the dominant wetland
type. Consequently, these wetlands may be of substantial value to
aquatic organisms as habitét and/or exporters of organic matter.

'Ihe:purpose of this project was to examine above-ground macrophyte
production in a tidal freshwater swamp system. Emphasis was directed
toward estimating that portion of primary production which is made



available to aquatic detritovores and other heterotrophs. The point-
centered quarter method was utilized for examining the overstoxy, and a
modification of the sequential harvest technique was employed for
understory analysis. Belowground productivity was not investigated due
to the difficulty and uncertainty of cbtaining reliable data. Also,
the sub-surface production has very little potential to be utilized by

aquatic consumers.



LITERATURE REVIEW

Swanps in General

Studies of swamp productivity (as well as that of other wetlands)
are essential for confirming present estimates of vegetative yield and
for evaluat:.ng the fate of this production. In these habitats, a large
amount of organic matter is synthesized each year which is available
for consumption by terrestrial organisms. This organic production is
also accessable for utilization by aquatic organisms, especially during
periods of high water (Wharton et al. 1982). Thus, the orgapic matter
produced by riverine swamps (and especially tidal swamps) has the
potentialtoserveamorediverseamyofozganisnsthando&sthat.
produced by upland forests.

To appreciate the fate of organic production of forested wetland
5yste1ns, one must consider the differences between depression swamps
ard riverine swamps. Depression swamps are forested wetlands in which
surface outflow of water is insignificant relative to groundwater
transport and evaporation. Riverine swamps are located adjacent to
streams and have flowing surface waters at least occasvionally dur:.ng
the year. Camparison of the available research indicates fhat both of
these systems can have high levels of productivity (see, e.g., Brown
1981). Yet, it appears tﬁat those with flowing surface waters are

generally more productive (Conner and Day 1976; Brison et al. 1981).



The reasons for this prcbably include better aerated soils and, hence,
oxygen supply to roots, and greater availablilty of dissolved mutrients
than in the more stagnant wetlands (de la Cruz 1978; Brinson et al.
1980). In riverine swamplands, while nutrients and organic matter are
being imported from upstream and incoming tides, there is a simul-
taneous eflux of organic matter into the aquatic ecosystem. Water
currents erode the substrate and transport particulates and leachates
from the soil and litterfall to places downstream. In the water, the
swamp production becames mcorporated into aquatic food webs. During
periods of high water, the export of swamp organic matter is inten- |
sified (Nhﬂholiani and Kuenzler 1979). There is a corresponding
increase in the potential of detritus to be consumed by aquatic
organisms. Fish are able to swim further into the wetland and forage
among the submersed litter (Wharton et al. 1981; Wharton et al. 1982).
As they feed, they stir up debris and the smaller suspended particles
are more easily washed from the swamp.

Inland depression wetlands, on the other hand, function more as
sinks for nutrients and organic matter. Their soils are very rich from
the many years in which rain and groundwater flow have imported
materials from the surrounding uplands (Reiners 1972). Depending on
the degree of soil saturation, these low areas may be more productive
than neighboring habitats (Reiners 1972; Whittaker et al. 1974).
Generally, the only exports of depression swamp production are via
consumption by herbivorous ahimals and respiration by forest floor



Analytic Methods - Community Structure

The vegetation ofswampechystensisusuallyanalyzedinthesam
manner as that of other forests. The plants are grouped on the basis
of height, stem diaxreter,v and other physiognomic characteristics.
Common classes are: trees (often subdivided into dominants and
subordinates), shrubs and woody vines, and herbacecus plants.
Evaluating the abundances and spatial organizations of the various
plant species is a preliminary task. There are mumerous ways in which
this is accomplished, through the use of quadrats or plotless
techniques (e.g., Kershaw 1964; Newbould 1967; Mueller-Dambois and
Ellenberg 1974). Generally, the classes of vegetation are evaluated
irdependem:ly utilizing techniques specifically suited to the type of

Plotless field procedures are often employed to assess canopy
structure. The point-centered quarter method is considered superior
for most woodlands. This method allows the recording of several
measurements quickly at each sampling station, thereby attenuating the
time required ‘for field work. Also, the estimates provided by this
method are very accurate (Cottam and Curtis 1956). The point-centered
quarter method has been used in several swamp studies (e.g., Conner and
Day 1976; Schlesinger 1978; Doumlele et al. 1985) to generate relative
and absolute measures of density, dominance, and frequency (Cottam and
Curtis 1956), and the subsequently derived Importance Value (Curtis and
McIntosh 1951).

| Understory camposition and structure are generally evaluated by

using a mumber of plots. Since herbacecus vegetation is more ephemeral



in nature than woody plants, periodic sampling is usually necessary to
assess seasonal changes in this portion of the community.

Analytic Methods - Conmmunity Production

Determining the primary producti?ity of swamp forests is not
readily accomplished. G:Lrth increments of trees are easily measured,
but accurately assessing t'.he production of canopy and belowgmmd‘
biomass is a formidable undertaking. Estimates may be cbtained by
first selecting a mmber of trees of assorted sizes for regression
ccmponents (leaves and twigs, large branches, bole, roots). The mass
of each ccnrponerrt is measured, and equations are derived which predict,
for each species, a component's bicmass as a function of a tree's DBH
(diameter at breast height), basal area (area of the trunk's cross-
section at breast height), total height, or some other conveniently
measured parameter. Tree ring data can provide the necessary
information for estimating, with regression equations, the biamass of
each camponent at the end of past growing seasons. Net annual
production can be assumed to be the averége biomass increment over the
past several years (oft:en 5-10 years; Newbould 1967). Or, same
measurement (or cambination of measurements) can be taken at yearly
intervals and this data used to estimate biamass increases.

Scmetimes, the canopy production estimates derived by regressions
are evaluated in conjunction with the weight of leaves, bark, and other
vegetative matter collected in litter traps. Litter traps are
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especially useful in deciducus forests, where the leaves collécted in
autumn are the product of only one season's growth and most of the
leaves fall from the trees dur:.ng a short period (as opposed to ever-
green forests). Several corrections should be noted, though, when
utilizing litterfall data. For example, herbivory of leaves will
reduce the bicmass which wa\.lld otherwise be collected. In general,
herbivory has minimal effect on forest primary production (f‘.iraxﬂ(l:in
1970) . However, defoliation of an area can sametimes be substantial,
claiming a relatively high percerrtage of the total leaf production .
(Carlisle et al. 1966; Comner and Day 1976). Tilton and Bernard's
(1975) procedure for accounting for this loss was simple but effec-
tive. They randomly chose and weighed 100 leaves which had signs of
herbivory and 100 entire leaves. The ratio of these two weighfs is the
average amount of leaf material consumed among affected leaves, and the
total mass of such leaves was adjusted by this ratio. Another con-
sideration in utilizing litterfall data is that organic matter is
translocated from the leaves into the stems befofe leaf abscission
(Carlisle et al. 1966; Reiners 1972). Also, leaching and decay of
organic production in twigs and branches occur before they fall
(Whittaker and Woodwell 1971). These processes suggest that reliance
of data solely frdm litterfall collection will result in underestimates
of actual canopy production.

Reliable data on belowground production in trees and shrubs is
difficult to cbtain and is uncommon in the literature on forest
production. A few authors have carefully examined belowground biomass
and comparisons have been made with shoot bicmass (Whittaker 1962; Bray
1963; Whittaker and Woodwell 1971; Whittaker et al. 1974). In certain
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studies, belowground production was assumed to have the same relation
to shoot production as the ratio of belowground biomass to aerial
biomass (Whittaker and Marks 1975). However, it is more likely ‘the
case that belowground net production in older trees is somewhat less
than the estimate generated from this relation since the ratio of root
to shoot biomass usually decreases with a tree's age (Whittaker and
Woodwell 1971).

Aboveground herbaceous production may be evaluated with any of a
variety of methods including neasurements of peak standing bicmass of
each species, sequential harvests of standing live and dead stems, and
permanent plot techniques. The sequential harvest technique is
preferred in relativeiy dynamic communities since it provides
information on the changes in each species' biamass throughout the
growing season. The net anmial pi:'oduction cbtained for each species,
however, is usually the same as the peak standing bicmass}value since
the vegetation decomposes so raéidly.,

As with woody vegetation, belowground production in herbaceous
plants is also difficult to assess. Whittaker (1966) suggested that
the root to shoot ratios for herbaceous plants were more variable, and
hence less reliable indicators than for trees. The separation of old
and current production is often tedious and subject to error (Milner
and Hughes 1968). Nonetheless, estimates have been generated for a
variety of tei'restrial herbs (Bray 1963) and marsh plants (Keefe 1972;

Whigham et al. 1978; Brinson et al. 1981).
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Specific studies

Doumlele et al. (1985) utilized the point-centered quarter method
for analyzin_g the overstory structure of a Pamunkey River (Virginia)
swanp, and quadrats for examining the understory. Inthls particular
wetland, ash (Fraxinus pennsylvanica) was by far the most prominent
tree. Other important 'tn:'ees were black gum (Nyssa sylvatica), American
hornbeam (Carpinus carolinana), and red maple (Acer rubrum) . 'Ihe
ranai:ﬂngtxeespeciesermmteredinﬂxestudyareawerérelatively
1ns1gnlflcant The total density and dominance values for the trees in
this swamp (2746.5 stems/ha and 91.35 m? of tree basal area/ha) are
both high when compared with other swamp systems and upland forests
(see Discussion section). Understory samples were harvested in August
andSeptembertoevaluatecamnmitystnxcturearﬂitsdlanges.‘This
sampling revealed increases in the importance of several species
(Aneilema keisak, Polygormm érifolimn, and Impatiens capensis), and
declines in the inporl:ance_bof others (Carex stricta, Saururus cermus,
and Leersia oryzoides). Few other studies have examined seasonal
variations in swamp understories. This is an important consideration
in swamp research, particularly if the understory exhibits significant
primary productivity. |

Several studies have been conducted in order to determine the
primary productivity of freshwater swamplands. Most of these have
focused on southern cypress swamps. Although of limited camparitive
value relative to this study, the cypress research does provide
information on factors influencing swamp productivity.
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Brown (1981) examined the commnity structure and primary
production of a mumber of cypress (Taxodium spp.) swamps in Florida.
She observed, among other things, that primary production generally
increasedastheflwofwaterthmughtheswanp increased. Production
estimates for swamps which were not known to be receiving unnatural
nutrient loads ranged from 2680 ng/ha/yr in a scrub cypress wetland
having still water to 16,070 kg/ha/yr in a floodplain forest. A
nutrient-enriched site had an even higher rate of production (17,940
ka/ha/yr) .

Mitsch and Ewel's (1979) study was similar to Brown's (1981)
research in comparing productivity between various cypress swamps.
Their study, however, did not provide nearly as detailed a description
of the differences between the swamps.

Schlesinger (1978) studied vegetative dynamics in Okefenokee Swamp
(Georgia). This depressién swanp consisted almost exclusively of
cypress trees (98% of total forest biomass) and had a relatively low
net primary production (6900 kg/ha/yr). The low productivity was
attributed to the lack of hydrologic activity in depression swanps.

Conner and Day's (1976) research emphasized the composition and
productivity of a }cypress-tupelo swamp and a mixed hardwood swamp in
Iouisiana. Both of the study areas were described as having flowing
surface waters, and both were discovered to have high levels of primary
production. The authors estimated that net primary production was
15,160 kg/ha/yr for the cypress—tupelo forest and 17,330 kg/ha/yr for
the mixed hardwood site.

Other swamp systems for which tree and understory production have

been evaluated include a New York alder shrub wetland (Tilton and
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Bernard 1975), a bottomland hardwood forest in Iouisiana (Conner and
Day 1976), and a Minnesota white cedar swamp (Reiners 1972).

The information which has been generated thus far indicates that
forested wetlands (especially floodplain swamps) are very productn.ve.
When compared with the product:.m astmates of upland forests the
differences in productivity are appax'ent (Whittaker 1966; Whittaker and
Woodwell 1968, 1969; Remers 1972; whittaker et al. 1974). So far, the
research suggests that rivefine swamps are the most productive and that
depression swamps may be equivalent in productivity to upland forests.



STUDY SITE

The field work for this research was conducted in the southern
portion of Cohcke Swamp, one of many extensive wetlands in the Pamunkey
River watershed (Figure 1). The swamp is located 17 river miles (27
km) upstream from West Point, Virginia, where the Pamunkey River enters
the York River. The Pamunkey River is tidal for approximately 60 miles
(97 km) of its course, with extensive wetlands covering the broad
floodplains along most of its tidal portion. At 15 river_ miles (24 km)
from the mouth of the river, the wetlards transform rather abruptly
from frestﬂater marsh to swamp. Further upstream, marshes are only
occasional features along the margins of swamps and uplands. 'Ihe.tide
range gradually increases from West Point to the study area and beyond
due to the river basin morphology. Cchoke Swamp has a mean tide range
of approximately 3 ft (0.9 m), and much of the ground is flooded during
high tides.

The peninsular expanses of tidal swamp in this watershed are
relatively inaccessible and have probably never been logged (Wass and
Wright 1969). conseQuently, the forest structure is largely, if not
solely, the result of natural processes and disturbances.

The study area is typical of extensive wetland habitats in being
dissected by mmerous shallow muddy creeks. These drainage channels
receive incoming waters during flood tides from larger tidal creeks
which join the river. Between these muddy distributaries are flat

15
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Figure 1. (a) The major tidal rivers of Virginia.
study area on Pamunkey River.

(b) Enlargement of the study area.
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islands of ground which are regularly inundated for short intervals of
time. The only woody vegetation cbserved along the pe.rip_heries of the
islands was an occasional sapling or brier. Saplings which begin grow-
ing intheguts either die within a few years or accumilate sediment
around their shallow roots. This was apparent since larger trees were
not cbserved growing in the micky substrate. The herbaceus vegetation
of the swanp varies remarkably depending on whether its growth is upon
the elevated ground or Wlthll’l the drainage channels. Peltandra,
Cicuta, Sagittaria, and other hydrophiles thrive upon the muckier sub-

strate, whereas Carex, leersia, Bidens, and many other species are much

more conmon on the elevated ground. The situation of the plants is_

probably due to a cambination of substrate preference and competition.



METHODS

Overstory

The point-centered quarter method (Cottam and Curtis 1956; Ashby
1972) was utilized for characterizing the overstory. Twenty-five
permanent stations were established in the swamp in April 1984 to serve
as reference points for sampling. These stations were arranged in five
parallel rows with five stations per row. The spacing between the
stations in a row and between rows was 65 - 130 £t (20 - 40 m). Each
row of stations began near the river's edge and extended nearly 500 ft
(150 m) into the swamp. From the reference points, the closest tree
larger than 1 inch (2.5 cm) in diameter at breast height (4.5 ft, 1.4
m) was selected from each of the four quadrants. Nails were driven
into each tree to mark the breast height level. This would ensure
measuring the stem's circumference at the same level on the following
year. The species, point—i:o—tree distances, and breast-height
ciramferences of the four trees were recorded at each station. This
information was used to calculate estimates for population densities,
dominances, and frequencies:

(10, 000) (Nt) (Ny)

DENy = > (1)
(Dt)

where: DENy = absolute density of species y (in #/ha),

18
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Nt = total number of trees sampled,
Ny = mmber of individuals of species y, and
Dt = sum of all point to tree distances (in m);

DMy = (BAy) (DENy) (2)

where: DOMy = absolute dominance of species y (inmz/ha), and
BAy = mean basal area of individuals of species y (in mz);

FREy = Sy/st (3)
where: FREy = absolute frequency of species y,
Sy = mumber of stations at which species y occurred, and
St = total number of stations.

In addition, the relative values of each of these measures were
determined for each species:

RDENy = DENy/DENt (4)
where: RDENy = relative density of species y, and
DENt = sum of density values for all tree species;

RDOMy = DOMy/DOMt (5)
where: RDOMy = relative daminance of species y, and
DMt = sum of dominance values for all tree species;

RFREy = FREy/FREt (6)
where: RFREy = relative frequency of specieé y, and
FREt = sum of frequency values for all tree species.

The three relative values are averaged to cbtain a measure of each
species' status in the conmnity, referred to as its "importance value"
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(Curtis and McIntosh 1951; Mueller-Dombois and Ellenberg 1974). This.
particular importance value (IV) derivation applies only to the over-
story species, and will be referred to in this study as the "overstory
importance value" or “Ivo".

Biamass of each of the 100 sample trees was estimated by using

s_pecies—_specific regressicm equations of the form:
log ¥ = A + B(log X), (7)

where A and B are species-specific coefficierrts, X is the tree's
diameter at breast height (DBH), vand Y is the biomass of a particular
ca\'ponerxtoftlmtxee_(sééApperﬁij). The DBEHs of the trees were
calculated from the c1ro.nnfe.rence measurements taken in 1984 to cbtain
the initial bicmass estimates. In the spring of 1985, the circum-
ference éf each of the sampledtreeswas againmeasured; The new DBH
values were used in the regression equations to produce new esﬁi.mates
ofbicxnasé for each tree. Wood production was taken to be the increase
in bicmass of the trees from spring 1984 to spring 1985. Litterfall
data, collected fram 30 litter traps positioned randamly throughout the
study area, supplemented the wood production estimate to give the
aboveground net primary production for the trees.

At the end of the project, increment cores were collected from a
rumber of trees in order to examine patterns of stem growth over the
past several years. The growth estimated by measuring changes in
circumferences over the year was compared with that estimated fram
widths of radial growth bands to ascertain whether 1984-85 production
had been typical of the recent past.
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Urderstory

The swamp understory, considered to be all vegetation other than
the trees, was predominantly herbaceocus in camposition. Several fac-
tors were considered in determining the quadrat size and the mmber of
samples to be taken. During the previocus year, I examined the under-
story of Cohoke Swamp and had noted its similarity to Sweet Hall Marsh
of Doumlele's (1976, 198l1) study. From this and other marsh research,
I estmated an appropriate quadrat size to be utilized in the under-
story portion of my study. Time constraints were a significant factor
in limiting the mmber of samples which could be collected and examined
per excursion. A 0.25m° hoop was selected, and 20 samples were
collected each month from June through October. Samples were collected
monthly, on two days of two consecutive weeks. This allowed analysis
of each set of vegetation samples before the plants decomposed.

For each sample, the number of individuals and the bicmass (oven
dry weight) of each spec1es were recorded. The species densities were
combined with other data to characterize the commmity structure and
its transformation through the growmg season. Midway through the
sampling program, this information was also discovered to be relevant
in evaluating primary production. I had anticipated using the standard
sequential harvest technique in evaluating understory production.
Analysis of the understory data as early as the second month of
sampling, and particularly.by the third month, clearly indicated that a
modified sequential harvest procedure would provide a more accurate
assessment of understory production. The modification involved

considering changes in both the muber of individuals per species
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(i.e., species densities) and biomass. This analysis accounted for the
loss éf individuals which generally occurs throughout thegrow:.ng
seasan. Evaluating this loss through measurements of the dead
vegetation would have been impractical since the succulent wetland
herbs decampose very quickly. |

The parameters of interest in the understory samples were similar

their derivations are as follows:

Nly,a
a = — (8)
(Q) (sa)
where: DENy,a = density of species y in month a,
NIy,a = total no. of individuals of y collected in month a,
Q = area of sampling quadrat (in m2), and

Sa = total mmber of samples taken in month a;

By,a

DMy, a = —— (9)
(Q) (sa)

where: DOMy,a = dominance of species y in month a, and

By,a = total biomass (in g) of species y collected in month a;

Nsy,a
(10)
Sa

FREy,a =

where: FREy,a = frequency of species y in month a, and
NSsy,a = mmlber of samples containing species y in month a.

The composition of the understory and changes in the community

structure during the growing season were depicted in several ways.
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Three different importance values were calculated for the most abundant
understory species. The "monthly importance value" (IVm) is similar to
the traditional "“importance value" (IV) often calc_ulatéd todescrlbe
understory vegetation (e.g., Doumlele 1976; Doumlele et al. 1985):

By,a FREY:a

IVim = ( + ) x 50 (11)
Bt,a m,a

where: Bt,a = total biomass of all understory species harvested
in month a, and
FREt,a = sum of frequency values for all species sampled
in' month a.

The sum of the IVm of all species sampled in any month will always equal
100. Importance values can be compared within a month but not between
months. This calculation differs from the conventional equation in
substituting bicmass for species cover as a measure of daminance.

A second measure of importance, the "species-specific importance
value" (IVss), describes changes within a population from month to
month. A single species' biomass and average density values are the
only two parameters considered in the IVss calculation:

By,a DENy,a
IVss = ( + — ) X 50 (12)

By,t DENy,t

where: By,t = sum of each month's bicmass values for species y, and
DENy,t = sum of each month's density values for species y.
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In the case of the IVss, the sum of each month's values for a single
species equals 100 ard values of different species cannot be compared.
The importance value of a speéias at a particular time is relative to
its importance during the rest of the year.

Cambining the attributes of both of these importance values, a
third measure was derived. The "community importance value" (IVc),
unlike either of the other IV's, provides a means for ccmpar:.ng the
importance of a species at any time to the importance of any other
species at any time. The measure is based on the assumption that the
maximm possible biomass and the maximum possible frequency for any
species of the community are equally important.

By,a FREy,a

Ve = ¢ + ) x 50 (13)
Bmax FREmax

vwhere: Bmax = the greatest biomass value of any species sampled, and
FREmax = mmber of samples taken each month.

Primary production of the understory was assessed in two different
ways. For the more prominent species, primary production was calcu-
lated by adding the biomass of individuals which had succumbed earlier
in the growing season to the peak standing crop for each species. The
additional biomass was estimated as the average plant weight in the
month before those irxiivi&uals were lost to the population times the
number of plants lost. For the less prominent understory species, net
production was considered to be equivalent to the peak standing crop

for each species.



Overstory

Seven tree and shrub species were sampled in Cohoke Swamp. Table
1 presents the absolute densities, daminances, and frequencies for each
of the sampled overstory species. Relative measures for these para-
meters are given in Table 2, withthewerstory importance value
calculated for each species. Although Fraxinus pemnsylvanica trees were
more abundant than the other species, the Nyssa sylvatica population
was by far the most daminant in terms of basal area. Similarly,
G_al:gmus caroliniana individuals were twice as common as Acer rubrum,
but the entire population had only one-third the total basal area of
Acer. These four species accounted for 96% of the trees sampled.
Fraxinus ranked slightly greater than Nyssa in importance (IVo), which
was followed by Carpinus, then Acer. Liriodendron tulipifera, Magnolia
virginiana, Viburmm dentatum, and other unsampled species were
relatively insignificant components of the overstory.

The aboveground annual primary production data for the tree ard
shrub species are summarized in Table 3. Total overstory production
was determined to be 7442 kg/ha/yr, and was attributed to the growth of
tree stems and branches (calculated with regression equations; Appendix
I) plus the dry weight of leaves, twigs, and bark collected in the
litter traps. Nyssa trees generally had much larger stems than

25



TABIE 1. Absolute measures of overstory species
sampled in Cohoke Swamp, Spring 1984.

26

Average Average Average
Density Dominance Basal Area Frequency
(stems/ha)  (m°/ha)  (cm’/stem) (%)
1119 16.79 150 92
365 25.93 711 52
584 1.81 31 60
268 5.60 209 40
49 2.22 456 8
24 0.16 64 4
24 0.08 33 4
2433 52.59 —-— ——



TABLE 2. Relative measures of overstory species
sampled in Cohoke Swamp, Spring 1984.

Relative Relative Relative Importance
Density Dominance Frequency Value
(%) (%) (* (%)
Fraxinus
pennsylvanica 46 32 35 38
Nyssa
sylvatica 15 49 20 28
Carpinus
" caroliniana 24 3.4 23 17
Acer
rubrum 11 11 15 12
Liriodendron
tulipifera 2 4.2 3.1 3.1
Magnolia
virginiana 1 0.3 1.5 1.0
Viburmm
dentatum 1 0.1 1.5 0.6
All species (100) (100) (100) (100)
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TABLE 3. Overstory net primary production.

STEMS AND EBRANCHES

Nyssa sylvatica 2135 kg/ha/yr 5.85 kg/tree/yr
Fraxinus pennsylvanica 1751 1.56
Acer rubrum 514 1.92
Carpinus caroliniana 273 0.47
Liriodendron tulipifera 202 4.12
Magnolia virginiana 43 1.79
Viburmum dentatum * *
Total 4918 kg/ha/yr —
LITTERFALL
leaves + twigs + bark 2524 kg/ha/yr
TOTAL OVERSTORY PRODUCTION 7442 kg/ha/yr

* no production detected for this species

28
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Fraxnmstrees Not only do larger trees grow taller in the cancpy,
but they also are able to produce broader crowns which intercept more
sunlight. This advantage #\llwed individual Nyssa trees to greatly
surpass Fraxinus trees in primary production (5.85 kg/tree/yr vs 1.56
kg/tree/yr). In addition, the Nyssa population appeared to be a
greater contributor to commnity productian than the larger Fraxinus
population (2135 kg/ha/yr vs 1751 ky/ha/yr). These two species had a
canbined net production of 3886 kg of woody bicmass/ha/yr, which was
79% of the total woody ﬁr’cducticn. Liriodendron was also a highly
producﬁive tree; however its low abundance limited its contribution to
community production. Despite the high density and freguency of
Carpinus, it was also a minor contributor to total production due to
suppressed individual production rates. 'M and Magnolia trees were
similar to Fraxinus in their production potentials, yet less regular in
occurrence. The Acer population ranked third in overstory productlon
Magnolia, having a much 1ower population density, ranked sixth.
Although it isassmedﬁtﬂmeVihmm.grw like other trees, no
production was detected in the sample population.

Litterfall was found to be a substantial corttrimtor to the
detrital pool in the swamp. Ieaves, twigs, and bark which were
collected in the litter traps were shed at a rate of 2524 kg/ha/yr.
Small branches which fell into the litter traps accounted for another
27 kg/ha/yr. In adciition to these sources of detritus, large branches
ard trees occasionally fell during the study, but accurate assessment

of this loss of biomass was beyond the scope of this project.
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Understory

Understory analysis presented an interesting problem due to the
structure and dynamics of the community. Early in the study, I
recognized that, within each month, substantial variability esisted
between samples, and among irﬂividuals of each species. The popula-
tions sampled did not appear to be representative of statistically
"normal" populations, in which most of the individuals are relatively
uniform in size. In general, this occurs only when the population
consists of a single cohort. Instead, the raw data revealed that small
and large individuals were often as numercus as, or more mm\erous than,
the medium-sized plants. This indicated that the populations were con-
tinuously recruiting new sprouts and seedlings and/or that the growth
of existing individuals was not uniform.

Since the samples had to be analyzed within a limited amount of
time (i.e., before decamposition), harvesting efforts were restricted
to twenty 0.25n° plots per month. A sumary of the data cbtained for
the ten most prominent understory species is presented in Table 4.

For irnost species, the patterns of growth depicted by the data in
Table 4 did not correspond to the dynamics typical of natural popula-
tions. This was probably the result of collecting an insufficient
mumber of samples. In order to make the data more useful for analysis,
I averaged certain measurements between consecutive months. Data for
the frequency of occurrence, species density, and average plant weight
were averaged as necessary within populations to conform to the
assumptions and principles of population dynamics outlined below:



TABIE 4. Original Data - Cchoke Swamp Understory, 1984.

Polygormm arifolium

June
July
Aug.
Sep.
Oct.

Carex stficta

June
July
Aug.
Sep.
oct.

Bidens laevis

June
July
Aug.
Sep.
Oct.

306.20
203.20
171.00
353.40
119.80

22.60
14.40
19.60
15.80

2.80

264.60
317.40
268.00
247.00
423.00

1.00
7.40
17.20
5.40
5.20

91.21

94.66

32.18
23.49
4.14

21.25
25.22
29.10
108.75
55.81

4.54
9.34
37.83
28.84
12.98

21.88
26.47
20.10
19.59
28.64

0.23
2'62
16.74
6.09
9.75

- Average

Plant
(%) Weight (g)
95 3.59
90 8.16
80 5.36
85 4.05
65 0.99
80 0.07
80 0.12
65 0.17
95 0.31
70 0.47
75 0.20
85 0.65
75 1.93
80 1.83
25 4.64
30 0.08
35 0.08
25 0.07
35 0.08
55 0.07
10 0.23
40 0.35
60 0.97
60 1.13
45 1.87



TABLE 4 (cont.)

Average Average

De Average
%ty Bicm;ss Frequency Plant
(#/m™) (a/m"™) (%) - Weight (q9)
Saururu_s_ cernuus
June 7.20 14.29 45 1.99
July 6.00 10.98 45 1.83
Aug. 5.40 13.02 45 2.41
Sep. 4.20 7.24 35 1.72
Oct. 2.00 4.54 30 2.27
Osmunda regalis
June 6.80 8.38 20 1.23
July 3.40 1.01 20 0.30
Aug. 0 0 ) 0
Sep. 2.40 13.59 10 5.66
oct. 1.80 3.73 10 2.07
leersia oryzoides
June 44.80 5.56 85 0.12
July 61.20 11.55 50 0.19
Aug. 17.00 2.47 30 0.15
Sep. 35.80 8.60 55 0.24
Oct. 5.40 1.51 40 0.28
Cicuta maculata
June 7.40 2.36 30 0.32
July 2.80 1.05 20 0.38
Aug. 3.80 6.93 30 1.82
Sep. 1.40 1.00 20 0.71
oct. 0.40 0.02 5 0.05
Bidens coronata
June 0 0 0 0
July 1.80 0.57 15 0.32
Aug. 2.80 2.93 25 1.05
Sep. 1.40 3.69 25 2.64

Oct. 0.80 3.84 15 4.81
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1. The frequency of occurrence of a particular species will
increase initially, and then decrease as the population
senesces. Iassmledthatthefrequmcyofoccurrence
would not increase following a true decrease.

2. A species' density will increase initially, and then
decrease as the population senesces I assumed that the
average number of individuals per sample would not in-
crease following a reduction. The sampling data sup-
ported this premise in ‘that new individuals emerged
continuously throughout the growing season and not as
distinct cohorts, thereby precluding the potential for
multiple peaks in population densities.

3. The average biomaés per plant increases and then de-
creases through the growing season. I assumed that this
value would not increase following a decrease. This may
be a fairly weak assumption since recruitment can reduce
the average biomass per plant value. However, this
would occur only if growth among existing individuals
had diminished and/or a large percentage of the harvest

consisted of very young plants.

The adjusted data are presented in Table 5. Since these values
appear to better represent the understory, they were used in calcula-
ting the different understory IV's. Production estimates were cbtained
from both the original and adjusted data.

Numerous species were encountered in the swamp understory, the
structure being quite similar to that observed in tidal freshwater



TABLE 5. Adjusted Data - Cohoke Swamp Understory, 1984. -

Peltandra virginica

July
Axg.
Sep.
Oct.

Aneilema keisak

June
July
Alg.
Sep.
Oct.

Polygonum arifolium

June
July
Alg.
Sep.
oct.

Carex stricta

June
July
Mg'
Sep.
oct.

Bidens laevis

June
July
mg.
Sep.
Oct.

Average
Density

(#/n°)

25.40
11.60
6.20
5.64
4.20

306.20
242.53
242.53
242.53
119.80

22.60
18.06
16.47
15.31

2.80

264.60
272.05
321.60
260.55
409.44

1.00
7.40
17.20
6.06
4.54

Average
Biomass

(g/m2)

91.21
94.66
33.25
22.84

4.14

21.25
29.10
41.23
75.19
55.81

4.54
11.71
31.02
28.84
12.98

21.88
22.69
24.78
20.08
27.72

0.23
2.62
17.38
6.12
8.50

Average
Frequency Plant
(%) Weight (g)
95 3.59
90 8.16
82 5.36
82 4.05
65 0.99
80 0.07
80 0.12
80 0.17
80 0.31
70 0.47
75 0.20
85 0.65
78 1.88
78 1.88
25 4.64
30 0.08
30 0.08
30 0.08
35 0.08
55 0.07
10 0.23
40 0.35
60 1.01
60 1.01
45 1.87



TABLE 5 (cont.)

Average Average
. v Average
Dens;ty Biomgss Frequency Plant
(#/m°)  (g/m®) (%) Wweight (g)
Saururus cernuus
June 7.20 13.78 45 1.91
JUly 6.00 11.49 45 1.91
Aug. 5.40 13.02 45 2.41
Sep. 4.20 8.38 35 2.00
Oct. 2.00 3.99 30 2.00
Osmunda regalis
June 6.80 6.26 20 0.92
July 1.93 1.78 10 0.92
Aug. 1.93 6.36 10 3.29
Sep. 1.93 10.95 10 5.66
Oct. 1.80 3.73 10 2.07
leersia oryzoides
June 44.80 5.56 85 0.12
July 61.20 10.97 50 0.18
Aug. 26.40 4.73 42 0.18
Sep. 26.40 6.34 42 0.24
Oct. 5.40 1.51 40 0.28
Cicuta maculata
June 7.40 2.36 30 0.32
July 3.50 1.31 25 0.38
Aug. 3.17 5.77 25 1.82
Sep. 1.44 1.02 20 0.71
Oct. 0.36 0.02 5 0.05
Bidens coronata
June 0 (o] o) (0]
July 1.80 0.57 15 0.32
Aug. 2.80 2.93 25 1.05
Sep. 1.40 3.69 25 2.64

Oct. 0.80 3.84 15 4.81
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marshes (e.g., Doumlele 1976, 1981; Ocum et al. 1984). This herbaceous
community changed remarkably through the growing season as species
would continually displace each other in importance. During the year,
however, the dominant positions in the community were shared by rela-
tively few species.

Tables 5-8 characterize the more abundant species in the under-
story during the last five months of the growing season. It was |
presumed that the entire understory communlty was growing through June,
i.e., that no speqies began to decl:me until after that time. Table 5
presents the changes in various parameters for each species during each
month. “ Interestingly, the biomass values of certain species were
observed to increase in biomass from one month to the next when the
mmber of individuals in the population dropped considerably.. This was
due to the growth of some individuals, at a time when others in the
population were dying (compare average weight per plant vs. density in
Table 5). Early in the year, Peltandra virginica far outranked all
other species in ground cover (i.e., biomass). By July,‘Peltandra
growth had begun to taper off as most of the other understory plants

continued to increase in importance. Aneilema keisak and Polygonum

arifolium became especially dominant as the Peltandra population
declined. During this time, other species peaked in importance and

then subsided, such as Cicuta maculata and Ieersia oryzoides. A

spectacular display was provided by the Bidens species in late summer
as many individuals grew large in size, and produced a multitude of
showy yellow flowers. Soon afterwards, the entire understory community

began to undergo senescence.
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Variocus measures of species importance are presented in Tables 6,
7, and 8. The conventional measure of importance among herbaceous
species usually sums or averages the "relative frequency" and the
"relative dominance" of each species (these values being "relative" to
those of other species at a particular moment). A set of these
importance values (referred to as "Monthly Importance Values" or IVm in
this study; Table 6) measures the relative degree of interaction
between each species and the rest of the commmity during each month of
the study. Table 6 clearly depicts the importance of Peltandra,
Aneilema, and Polygorum during the growing season. The data for the
"other spp." were considered collectively, and are presented as if they
described a single population.

An alternative method for analyzing the data is to consider how a
particular species changes from month to month. Table 7 summarizes
these changes for the most important species with Species-specific
importance values (IVss). These differ from the IVm of Table 6 in that
cne species' values camnot be compared with those of ancther species.
If a species increases or decreases in cover or fregquency, it will show
a corresponding change in its IVss irrespective of changes occurring in
the other species of the community. The patterns cbserved in the IVm
are particularly interesting when they are compared with trends in the
IVss. For example, notice hcw the importance of Aneilema relative to
the other species increases between August and October in Table 6. The
population itself, however, peaks in September and declines substan-
tially through October, as illustrated in Table 7. The Ccmumm:Lty
importance values are an attempt to correct for this lack of

information.



TABLE 6. Monthly Importance Values (IVm)
Cohoke Swamp Understory, 1984.

June July August  September  Octocber
p.v.” 32.6 29.5 15.0 13.0 9.0
A.k. 12.7 14.0 16.6 25.2 28.5
P.a. 7.8 10.6 14.1 14.1 7.6
Cc.s. 8.5 7.9 8.3 8.0 16.5
B.1. 0.9 4.4 9.4 7.0 8.3
S.c. 7.6 6.8 7.1 5.2 4.9
o.r. 3.4 1.3 2.4 3.5 2.5
L.o. 9.0 7.2 4.9 5.4 5.2
C.m. 3.3 2.6 3.6 2.1 0.6
B.c. 0 1.5 2.9 3.2 3.1
Other spp. 14.0 15.6 15.6 13.1 13.9
Total (100) (100) (100) (100) (100)

*P.v.=Pe1tandra virginica, A.k.=Aneilema keisak, P.a.=Polygonum arifolium,

C.s.=Carex stricta, B.l.=Bidens laevis, S.c.=Saururus cernuus, O.r.=Osmunda

regalis, L.o.=Leersia oryzoides, C.m.=Cicuta maculata, B.c.=Bidens coronata.
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TABIE 7. Species-specific Importance Values (IVss)
for the 10 most prominent understory species
Cahoke Swamp, 1984.

MMM&M_WM
p.v.” 42.5 30.2 12.6 10.0 4.8 (100)
A.k. 18.0 17.0 19.8 27.4 17.7 (100)
P.a. 17.6 18.6 28.4 26.4 9.1 (100)
C.s. 18.0 18.6 21.1 17.1 25.2 (100)
B.1. 1.7 14.0 48.7 17.2 18.5 (100)
S.c. 28.1 23.4 23.7 16.7 8.0 (100)
o.r. 34.4 ‘9.8 17.6 25.5 12.7 (100)
L.o. 23.2 37.5 16.2 18.9 4.2 (100)
c.m. 34.6 17.3 37.5 9.4 1.2 (100)
B.c. 0 15.8 33.9 27.0 23.3 (100)

*P.v.=Peltandra virginica, A.k.=Aneilema keisak, P.a.=Polygonum arifolium,

C.s.=Carex stricta, B.l.=Bidens laevis, S.c.=Saururus cernuus, O.r.=Osmunda

regalis, L.o.=Leersia oryzoides, C.m.=Cicuta maculata, B.c.=Bidens coronata
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Table 8 presents the Qammunity importance values (IVc) for the
major species, combining the attributes of both the monthly and
species-specific importance values. Each value in this table is
related to the importance of all othefspeciesthrougmutthegrowim
season. Consequently, any IVc can be compared with any other ivc to
assess the importance of any species at any time, relative to the rest
of the commnity. Differences in the frequency of occurrence of
species has greater significance than differences in biomass for most
species due to the overwhelming dominance of Peltandra early in the
summer. Yet, it can be seen that the pattern in the IVc for each
species correspond to the IVss, and the IVc for each month follow the
same pattern as cbserved in the TVm.

The determination of herbaceéus production in this study was based
on evaluating changes in samples of live plants. Analysis of the
Peltandra data can be used to illustrate how production was calculated
for the major species. The Peltandra population during the sampling
pefiod is characterized in Table 5 as:

BlOm:SS Den51tyé Frequency Average Plant

(g/m™) (inds./m") (%) Weight (q)
June 91.21 25.40 95 3.59
July 94.66 11.60 90 8.16
Aug. 33.25 6.20 82 5.36
Sep. -22.84 5.64 82 4.05
oOct. 4.14 4.20 65 0.99

Notice that between June and July, the average biomass increased
slightly whereas the plant density diminished considerably. This
indicates that the remaining plants must have increased in bicmass as

depicted by the change in average plant weight. The average dry mass



TABILE 8. Cammmnity Importance Values (IVc)
for the 10 most prominent understory species
Cohcke Swamp, 1984.

June July Auqust September  October
P.v.” 95.7 95.0 58.6 53.1 34.7
A.k. 51.2 55.4 61.8 79.7 64.5
P.a. 39.9 48.7 55.4 54.2 19.4
C.s. 26.6 27.0 28.1 28.1 42.1
B.1. 5.1 21.4 39.2 33.2 27.0
s.c. 20.8 28.6 29.4 21.9 17.1
o.r. 13.3 5.9 8.4 10.8 7.0
L.o. 45.4 30.8 23.5 24.3 20.8
c.m. 16.2 13.2 15.5 10.5 2.5
B.c. 0 7.8 14.0 14.4 9.5

*P.v.=Peltandra virginica, A.k.=Aneilema keisak, P.a.=Polygonum arifolium,

C.s.=Carex stricta, B.l.=Bidens laevis, S.c.=Saururus cernuus, O.r.=Osmunda

regalis, L.o.=Leersia ogéoides, C.m.=Cicuta maculata, B.c.=Bidens coronata
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per plant in June was 3.59 g. In July, the average plant dJ:y mass had
increased to 8.16 g. Most of this growth would not have been detected
using conventional analytic techniques, and total Peltandra production
would have been reported as 94.66 g/m>. Since we do not know the

size of the plants in June which survived until July, wecan assume
that they had an average dry mass of 3.59 g/plant. Those plants grew
an additional (8.16 - 3.59) = 4.57 g/plant between June and July,
‘assuming that no new plants were recruited into the population_. This
additional production of (4.57 g/ind) x (11.60 ind/m?) = 53.01 g/m2,
cambined with the previocus mnth"s production of 91.21 g/mz, gives an
estimate of 144.22 g/m2 primary production by July. Since the aver-
age plant weight begins to decline after this tiﬁ;e, there is no way to
assess additional growth in individual plants.

This method of determining primary production is utilized on ten
specnes The other species of the understory commnity were sampled
infrequently, and this method of analysis would be of questionable
value. Therefore, peak standing crops of these species are used to
estimate net primary production. The understory production estimates
are presented in Table 9 using the original data, and in Table 10 using
the adjusted data. The original data give a net primary production
estimate for the understory commnity of 5423 kg/ha/yr (542.3 g/mz/yr) .
The estimate obtained by using the adjusted data is 4830 kg/ha/yr
(483.0 g/mz/yr) , and is probably a more accurate approximation of true
primary production. Peltandra and Aneilema were the most productive of
the understory species, responsible for 50% of the total understory

production.



TABIE 9. Understory Net Primary Production

Cochoke Swamp, 1984

(calculated frcm the original data).

Peltandra virginica

Aneilema keisak
Polygorum arifolium

Carex stricta

Bidens laevis
Saururus cernuus

Osmunda regalis

Ieersia oryzoides

Cicuta maculata

Bidens coronata

Other species

TOTAL UNDERSTORY PRODUCTION

*péak standlng Crop
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1442 kg/ha/yr
1388
474
380
214
185
136"
179
84

69

872

5423 kg/ha/yr



TABIE 10. Understory Net Primary Production
Cohoke Swanp, 1984
(calculated from the adjusted data).

Peltandra virginica 1442 kg/ha/yr
Aneilema keisak 986 '.
Polygonum arifolium 406

Carex stricta 324

Bidens laevis 213

Saururus cernuus 165

Osmunda regalis 154

Ieersia oryzoides 128

_C_J.gu_t_g maculata | 71

Bidens coronata 69

Other species 872

TOTAL UNDERSTORY PRODUCTION 4830 kg/ha/yr
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DISCUSSION

The vegetative commmity structure of this study site was, as
expected, quite similar to that of another swanp immediately upstream
(Doumlele et al. 1985). In both of these Pamunkey River swamps,
Fraxinus pennsylvanica was by far the most commonly encountered tree

species, followed by Nyssa sylvatica, Carpinus camliniana, and Acer
rubrum. These four species comprised over 95% of the individuals in
the overstory of both study areas. Minor tree and shrub species
cbserved in the swamps included: I_.lr__l_o_g_eri;_ron ﬁuli ifera, Magnolia
virginiana, Viburmm dentétu_x_n, Myrica cerifera, Almus serrulata,

Vaccinium corymbosum, Kalmia latifolia, and Juniperus virginiana.
Cohoke Swanp is a relatively productive ecosystem. Total
aboveground primary production in the study area was 12,272 ky/ha
during 1984. The overstory contributed 60% of the net production, and
the understory contributed 40%. The swamp appears to be slightiy more
productive than many other wetlands in the Mid-Atlantic region
(Doumlele 1976, 1981; Whigham et al. 1978). In relation to other
forest types of the eastern United States, Cochoke Swamp is also among
the most productive (Wharton et al. 1982; Table 11). Same upland
forest commmnities may be as productive as Cchoke Swanmp (e.gq.,
Whittaker 1966; Whittaker et al. 1974; Johnson and Risser 1974), yet
rive.rine swanps generally appear to be the most productive forests.
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This particular swamp is very likely being sustained in steady
state. It has remained virtually undisturbed by timber harvesting
practices and other human encroachment for nearly 200 years or more
(Wass and Wright 1969). The present study lends support to the steady
state hypothesis. During the course of the project, two trees died of
the 100 that were sampled. The estimated biomass of these two trees
was 136 kg, which is equivalent to a loss of 6664 kg/ha/yr. Stem and
branch production in the overstory ammted to 4918 kg/ha/yr during
1984. The proximity of these values is remarkable, particularly ¢in
light of the immense standing biomass of the swamp.

This study introduced two new measures for assessing changes in
the understory through the growing season. The IVss, althoucgh of
limited value for describing the community, are useful for indicating
patterns of development in individual species. The IVc provide a
broader perspective of commumnity structure and dynamics, and appear to
be an improvement over the conventional IVm.

The method of estimating understory production that is presented
‘in this thesis indicates that freshwater marsh communities may be even
more productive than recent studies have revealed. This can be
exemplified using the data of Doumlele's (1976) marsh study, some of
which are contained in Table 12. The average dry weight/plant»’ values
were not specifically presented in his thesis, but were calcuiated from
his data. Doumlele estimated Peltandra production, for example, to be
396.72 g/mz/yr. This estimate does not account for the loss of indi-
viduals between May and June or between June and July, ard the growth
of surviving plants during those months. Also, recruitment of new

individuals apparently occurred between July and August (note the



TABIE 12. Data from Doumlele's (1976) marsh study.

Average Average

Bicmass Density AZErage
2, 2 -Lan
(g/m“) (#/m") Weight (g)
Peltandra virginica
May 279.37 8.15 34.28
June 330.45 4.88 67.72
July 396.72 4.80 82.65
Aug. 379.31 5.45 69.60
Sep; 91.53 3.50 26.15
Ieersia oryzoides
May 1.83 12.00 0.15
June 13.71 24.00 0.57
July 28.93 25.00 l.16
Aug. 55.76 25.12 2.22
Sep. 57.95 25.00 2.32
Polygonum nunctatum
May 0.04 5.00 0.01
June 0.73 5.00 0.15
July 17.96 5.12 3.51
Aug. 31.78 6.58 4.83
Sep. 45,29 5.48 8.26
Pontederia cordata
May 2.29 0.90 2.54
June 18.13 1.60 11.33
July 30.84 1.70 18.14
Aug. 26.94 1.52 17.72

Sep. 29.10 1.68 17.32



TABLE 12 (cont.)

Polygomm arifolium

May

June
July
Aug.
Sep.

Impatiens capensis

May

June
July
Aug.
Sep.

Eleocharis guadrangulata

May
June
July
Aug.
Sep.

Average
Biomass

(g/m)

0.04
1.39
2.32
8.43
13.55

0.01
0.29
2.89
6.62
6.51

Average
Density

(#/m°)

0.20
0.55
0.85
1.15
0.60

Average
Plant
Weight (9)

0.20
2.53
2.73
7.33
22.58

0.02
0.25
1.48
2.36
5.66

1.00
2.08
14.05
3.33
1.35
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increase in stem density), yet the contribution of this mcrease in
Peltandra production is not evident from the data. When these factors
are considered, Peltandra production can be calculatéd as:
279.37 + 4.88(67.72 - 34.28) + 4.80(82.65 - 67.72) = 514.23 g/n’
+ an indeterminable amount from late season recruitment.

Likewise, revised production estimates for the other species are:

Leersia oryzoides 55.76 + 25.00(2.32 - 2.22) = 58.22 g/m°
Polygornum punctatum 31.78 + 5.48(8.26 — 4.83) = 50.60 g/m’
Pontederia cordata 30.84 + (29.10 - 26.94) = 33.00 g/m>
Polygonum arifolium 8.43 + 0.60(22.58 - 7.33) = 17.58 g/m°
Impatiens capensis 6.62 + 1.15(5.66 — 2.36) = 10.41 g/m°
Eleocharis guadranqulata 3.09 + (3.17 - 2.73) = 3.53 g/n°

(The estimates for P. cordata and E. quadranqulata reflect the minimm

production increases from recruited plants which can be detected from the

data.)

Doumlele presents net primary production for the entire marsh cammunity
as 755.16 g/mz/yr. However, total community production is greater than
888.61 g/m>/yr when the data are analyzed by the method utilized here.
For future studies of this nature, understory sampling should be
intensified to the point that all species of interest will be adequately
sampled throughout the growing season. This would necessitate
reevaluating the appropriate quadrat size and number of samples for each
sampling excursion, since community structure varies considerably from
month to month. In addition, permanent plots with identification and
regular examination of individual plants would be of great benefit in
understanding mortality and recruitment patterns. This information could



then be applied to the harvested samples to give the most accurate

assessment of net primary production.
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APPENDIX I

Regression equations utilized for estimating primary production of the
various tree species are presented below. The regressions and esti-
mates were chosen over others (e.g., Bunce 1968; Whittaker et al. 1974)
due to the closer similarities in climate and habitat. Magnolia

virginiana were assumed similar informardgrwthtom_n@__mbased
on data from Forbes (1961).

Nyssa sylvatica - taken from Brown (1978) regression for N. biflora
log, (A) = -0.983 + (2.386)1og, ,(X)

A = total aboveground woody bicmass, in kg
X = dbh of tree, in am

Fraxinus pennsylvanica - taken from Reiners (1972) regressions for F.

log, ,(B) 2.8649 + (2.3390) 1og, , (¥)
log,,(C) = 2.2131 + (2.1085)1og10(y)
log, ,(D) = 1.7899 + (3.1751)1og10(Y)
B = bole wood biomass, in g
C = bole bark biomass, in g

D = biomass of branches, in g
Y = dbh of tree, in inches
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Acer rum - average of Reiners (1972) regressions for A. rubrum and
estimates cbtained by plotting and extrapolating Sollins
and Arderson (1971) A. rubrum data

log, (B) = 2.8824 + (2.2344)10g, (¥)
log, (C) = 2.2475 + (1.6287)1og, ,(¥)

log, (D) = 2.5221 + (2.3994) log,  (¥)

@:gn‘ms caroliniana - taken frcm\ Reiners (1972) regressmns for C.
' camlmlana

log,,(B) = 3.0870 + (2.0463)1og, ,(¥)
log, 4(C) = 2.2127 + (1.8428)10g, ,(¥)
1og) (D) = 2.6856 + (1.6558)10g)(¥)

Liriodendron tulipifera - extrapolated from plotted L. tulipifera data
of Sollins and Anderson (1971)

Magnolia virginiana - taken from Reiners (1972) regressions for Acer
' rubrum (see A. rubrum regressions above)



LITERATURE CITED

Ashby, W. C. 1972. Distance measurements in vegetation study. Ecology
53: 980-981.

Boesch, D. F. and R. E. Turner. 1983. Deperdence of fishery species on
saltmarshes: a question of food or refuge (abstract). Estuaries
6(3): 267.

Brarde, J. 1980. Worthless, valuable, or what? An appraisal of
wetlands. J. Soil and Water Cons. 35(1): 12-16.

Bray, J. R. 1963. Root production and the estimation of net productiv-
ity. cCanadian Journal of Botany 41: 65-72.

Brinson, M. M., H. D. Bradshaw, R. N. Holmes, and J. B. Elkins Jr.
1980. Litterfall, stemflow, and thxuxghfall mnutrient fluxes in an
alluvial swamp forest Ecology 61: 827-835. '

Brinson, M. M., A. E. Ingo, and S. Brown. 198l1. Primary productivity,
decdmpos:Ltlon, and consxm\er activity in freshwater wetlands. Amn.

Brown, S. 1978. A camparison of cypress ecosystems in the landscape of
Florlda PhD dlssertatlon, Univ. of Florida.

Brown, S. 1981. A comparison of the structure, primary productivity,
ard transpiration of cypress ecosystems in Florida. Ecological
Monographs 51(4): 403-427.

Bunce, R. G. H. 1968. Biomass and production of trees in a mixed
deciduous woodland. J. Ecol. 56: 759-775.

carlisle, A., A. H. F. Brown, and E. J. White. 1966. Litter fall, leaf
production and the effects of defoliation by Tortrix viridana in a
sessile ocak (Quercus petraea) woodland. J. Ecol. 54: 65-85.

Comner, W. H. and J. W. Day, Jr. 1976. Productivity and composition of
a baldcypress-water tupelo site and a bottomland hardwood site in a
Iouisiana swamp. American Journal of Botany 63(10): 1354-1364.

Cottam, G. and J. T. Curtis. 1956. The use of distance measures in
phytosociological sampling. Ecology 37: 451-460.

Curtis, J. T. and R. P. McIntosh. 1951. An upland forest continuum in
the prarie-forest border region of Wisconsin. Ecology 32: 476-496.

55



56

Day, F. P. and C. D. Monk. 1974. Vegetation patterns on a scuthern
Appalachian watershed. Ecology 55: 1064-1074.

de la Cruz, A. A. 1978. Primary production processes: summary and
recommendations. p. 79-86 in Good, R. E., D. F. Whigham, and R. L.
Simpson, eds. Freshwater Wetlands: Ecological Processes and
Management Potential. Academic Press, New York.

Doumlele, D. G. 1976. Primary production and plant commmity structure
in a tidal freshwater marsh. M. A. Thesis, The Oollege of William

and Mary, Williamsburg, Virginia. 59 pp.

Doumlele, D. G. 1981. Primary production and seasonal aspects of
emergent plants in a tidal freshwater marsh. Estuaries 4: 139-142.

Doumlele, D. G., B. K. Fowler, and G. M. Silberhorn. 1985. Vegetative
commnity structure of a tidal freshwater swamp in Virginia.
Wetlards 4: 129-145.

Forbes, R. D. 1961. Forestry Handbook. The Ronald Press Co., New
York. : .

Franklin, R. T. 1970. Insect influences on the forest canopy. p.
86-99 in D. E. Reichle, ed. 2nalysis of Terperate Forest
Ecosystems. Springer- Verlag, New York.

Johnson, F. L. and P. G. Risser. 1974. Biomass, annual net primary
production, and dynamics of six mineral elements in a post
oak-blackjack oak forest. Ecology 55: 1246-1258.

Keefe, C. W. 1972. Marsh production a sumary of the 11terature
Univ. Texas Contrib. Mar. Sci. 16: 163-18l.

Kershaw, K. A. 1964. Quantitative and Dynamic Ecology. American
Elsevier Publishing Co., Inc., New York. 183 pp.

Tugo, A. E. and M. M. Brinson. 1979. Calculations of the value of salt
water wetlands. p. 120-130 in P. E. Greeson, J. R. Clark, and J.
E. Clark, eds. Wetland Functions and Values: The State of our
Understanding. Anmerican Water Resources Association, Minneapolis.

Iynch, J. J., T. O'neil, and D. W. Lay. 1947. Management significance
of damage by geese and muskrats to Gulf Coast marshes. J. Wildlife
Management 11(1): 50-76. '

Milner, C. and R. E. Hughes. 1968. Methods for the measurement of
' primary production of grassland. IBP Handbook No. 6. Blackwell
Scientific Publications, Oxford.

Mitsch, W. J. and K. C. Ewel. 1979. Comparative biomass and growth of
cypress in Florida wetlands. American Midland Naturalist 101(2):
417-426.



57

Monk, C. D., G. I. Child, and S. A. Nicholson. 1970. Bicmass, litter
and leaf surface area estimates of an oak-hickory forest. Oikos
21: 138-141.

meller-Danbois D. and H. Ellenbe.rg 1974. Aims and Met:lwds of
Vegetative Ecology. John Wiley and Sons, Inc., New York

Mulholland, P. J. and E. J. Kuenzler. 1979. Organic carbon export from
upland and forested wetland watersheds. Limnol. Oceanogr. 24(5):
960—966. .

Newbould, P. J. 1967. Methods for estimating the primary production of
forests IBP Handbook No. 2. Blackwell Scientific mbllcatlons,
Oxford.

Cdum, W. E. 1969. Pathways of energy flow in a south Florida estuary.
PhD dissertation, Univ. of Miami. 162 pp.

Odum, W. E. 1978. The importance of tidal freshwater wetlands in
coastal zone management. p. 1196-1204 in Proc. Symp. Tech.
Environ. Socioeconomic and Regulatory Aspects of Coastal Zone
Management. Am. Soc. Civil Eng., San Francisco.

Odum, W. E., M. L. Dunn, and T. J. Smith III. 1979. Habitat value of
tidal fresh water wetlands. p. 248-255 in P. E. Greeson, J. R.
Clark, and J. E, Clark, eds. Wetland Functions and Values: The
State of our Understarding. American Water Resources Association,
Minneapolis.

Odum, W. E. and E. J. Heald. 1975. The detritus-based food web of an
estuarine mangrove comminity. Estuarine Research 1: 265-286.

Odum, W. E., T. J. Smith, J. K. Hoover, and C. C. McIvor. 1984. The
ecology of tidal freshwater marshes of the United States east
coast: a community profile. USFWS FWS/OBS-83/17. 177 pp.

Palmisano, A. W. 1973. Habitat preferences of waterfowl and fur
animals in the northern Gulf Coast marshes. p. 163-190 in R. H.
Chabreck, ed. Proceed:mgsoftheCoastalMarsharxiEstuary
Management Synpos:.mn, 2d. 18U, Baton Rouge.

Pollard, J. E., S. M. Melanoon, and L. S. Blakey. 1982. Importance of
bottamland hardwoods to crawfish and fish in the Henderson lake
area, Atchafalaya Basin, Iouisiana. Wetlands 2: 73-86.

Reiners, W. A. 1972. Structure and energetics of three Minnesota
' forests. Ecological Monographs 42(1): 71-94.

Schlesinger, W. H. 1978. Commnity structure, dynamics and.nutrient
cycling in the Okefenckee cypress swamp~forest. Ecological
Monographs 48(1): 43-65.



58

Shaw, S. P. and C. G. Fredine. 1956. Wetlands of the United States:
their extent and their value to waterfowl and other wildlife.
USFWS Circular 39.

Shea, E. L. and N. B. Theberge, eds. 1978. Wetlands evaluation and
management in Virginia. SRAMSOE No. 211. VIMS, Gloucester Point,
Virginia. '

Silberhorn, G. M. 1982. Common Plants of the M:Ld—AtlarrtJ.c Coast. The
Johns Hopkins Univ. Press Baltlmore

Smpson, R. L., R. E. Good and D. F. Whigham. 1983. Freshwater tidal
wetlands: buffers between man and the estuary (abstract).
Estuaries 6(3): 278.

Smith, T. J., III, and W. E. Odum. 1981. The effects of grazing by
sSnow geese on coastal salt marshes. Ecology 62: 98-106.

Sollins, P. and R. M. Anderson, eds. 1971. Dry-weight and other data
for trees and woody shrubs of the southeastern United States.
Ecolog. Sci. Div. Publ. No. 407. ORNL-IBP-71-6. Oak Ridge
National Iaboratory, Oak Ridge, Tennessee.

Talbot, C. W. and K. W. Able. 1983. Role of New Jersey high marshes in
larval fish production (abstract). Estuaries 6(3): 266.

Tilton, D. L. and J. M. Bernard. 1975. Primary productivity and
biomass distribution in an alder shrub ecosystem. American Midland
Naturalist 94(1): 251-256.

Turner, R. E. 1976. Geographic variations in salt marsh macrophtic
production: a review. Contrib. in Mar. Sci. 20: 47-68.

Wass, M. L. and T. D. Wright. 1969. Coastal wetlands of Virginia:
Interim report to the Governor and General Assembly. SRAMSOE No.
10. VIMS, Gloucester Point, Virginia. 154 pp.

Wharton, C. H., W. M. Kitchens, E. C. Pendleton, and T. W. Sipe. 1982.
'Iheecology of bottanlardhaxdwoodswanpsoftheSwtheast a
community profile. U. S. Fish and Wildlife Service, Biological

Services Program, Washington, D. C. FWS/OBS-81/37. 133 pp.

Wharton, C. H., V. W. Lambou, J. Newsam, P. V. Winger, L. L. Gaddy, and
R. Mancke. 1981. The fauna of bottamland hardwoods in south-
eastern United States. p. 87-160 in J. R. Clark and J. Benforado,
eds. Wetlands of Bottomland Hardwood Forests. Proceedings of a
workshop on bottomland hardwood forest wetlands of the southeastern
United States held at lake Ianier, Georgia, June 1-5, 1980.
Developments in Agricultural and Managed-forest Ecology, vol. II.
Elsevier Scientific Publishing Co., New York.



59

Whigham, D. F., J. McCormick, R. E. Good, and R. L. Simpson. 1978.
Biomass and primary production in freshwater tidal wetlands of the
Middle Atlantic Coast, p. 3=20. In R. E. Good, D. F. Whigham, and
R. L. Simpson (eds), Freshwater Wetlands: Ecolog:.cal Processes ard
Management Potential. Academic Press, New York.

Whittaker, R. H. 1962. Net production relatlcns of shrubs in the Great
Smokey Mountains. Ecology 43(3): 357-377.

Whittaker, R. H. 1966. Forest dimensions and production in the Great
Smokey Mountains. Ecology 47: 103-121.

Whittaker, R. H., F. H. Bémam, G. E. Likens, and T. G. Siccama.
1974. The Hubbard Brook ecosystem study: forest biamass and
production. Ecological Monographs 44: 233-252.

Whittaker, R. H. and P. L. Marks. 1975. Methods of assessing terres-
trial productivity. p. 55-118 in H. Lieth and R. H. Whittaker,

eds. Primary Productivity of the Biosphere. Springer—Verlag,
York.

whittaker, R. H. and G. M. Woodwell. 1968. Dimension and production
relations of trees and shrubs in the Brookhaven forest, New York.
Journal of Ecology 56: 1-25.

Whittaker, R. H. and G. M. Woodwell. 1969. Structure, production and
diversity of the ocak-pine forest at Brookhaven, New York. Journal
of Ecology 57: 155-174.

Whittaker, R. H. and G. M. Woodwell. 1971. Measurement of net primary
productlon of forests. p. 159-175 in P. Duvigneaud, ed. Produc~
tivity of Forest Ecosystems. Proc. Brussels Symp., 1969. (Ecology
and Conservation, 4.) Unesco, Paris.



Born in Newport News, Virginia, September 29, 1959.
Graduated from Bethel High School, Hampton, Virginia, in
1977. Earned a B.S. in Forestry and Wildlife Sciences and
a B.S. in Biology from Virginia Polytechnic Institute and
State University in June 1982. Entered the Masters pro-
gram of the College of William and Mary, School of Marine
Sciencé in August 1982. Graduate research assistant from
January 1983 through Octcber 1985. Accepted employment
with the \;irginia Water Control Board in November 1985.

60





