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ABSTRACT OF THESIS

PRIMARY PRODUCTIVITY AND SPECIES COMPOSTION
OF A RECONSTRUCTED WETLAND IN EASTERN KENTUCKY

gric C. Webb, M.S.

Morehead State University, 1991

Primary productivity and vegetative species composition was
determined for a reconstructed wetland from Aprii, 1990 to March, 1991.
This study was done to aid in evaluation of restoration status of this
wetland, by comparing field data to 1iterature data for the same
parameters. Above-ground herbaceous biomass was harvested monthly
over the study period using & 0.25 m2 quadrat. Plant samples were
identified, and dry weight was determined. Woody biomass was
calculated from measurements of diameter at breast height, using
regression equations. The wetland remained inundated with water for
ten of the twelve mbnths studied. Specfes composition was found to
vary yith the hydrologic parameter of the sampling area. Obligate and
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facultative wetland plants ( Dacaden verticillatus, /ris virginics, Juncus
spp., end Lorex spp.) dominated the majority of the wetland, Total above
ground production was 551.2 g m-2 and total net primary productivity
was 2.7 gm2d-). This study indicated that this restored wetland was
peforming the functions of a wetland ecosystem. Some problems in
reconstruction of wetland hydrology were found. Productivity values
were fow compared to literature values for similar wetland
communities.
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CHAPTER |

INTRODUCTION

Currently, many wetlands are being constructed. Man-made wetlands
are being designed to function as, or replace, natural systems. It is
essential that constructed wetlands function proparly o assure the
survival of wetlend biota. Unfortunately, there is a paucity of ecological
studies comparing the functions of man-made and natural wetland
systems. Most of the studies concerning constructed wetlends have
involved design and engineering processes (Wolf &f 2/, 1986).

Wetlands are being constructed for different reasons: some to
provide habitat for waterfowl; however, others are being created or
restored as & resuit of mitigation. Mitigation 18 becoming common; the
development of shopping malls, and required parking oreas, in wetland
areas, being a major reason for these projects.

Comparisons between constructed and natural wetland systems can be
made by studying componentswessential to the functioning of the entire
wetland system. Two components, primary productivity and species
diversity, are factors that can be used to estimate the health of an
ecosystem. Measurements of primary productivity are further useful for
making comparisons between systems, and are easily converted to values
that allow the measurement of ecosystem energetics.

| propose to study the primary productivity and vegetative spacies
composition in a restored wetland, then compare productivity and
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composition with values, cited in the literature, for "natural” wetland
systems. Because obligate wetland species are dependent upon |
particular hydrologies, measurements will be made for hydrologic
parameters (rainfall, water lavel and hydroperiod) to determine if the
hydrolegic forcing functions are adequate to maintain e shallow water,
semipermanently flooded environment.



CHAPTER I

LITERATURE REVIEW

tl e ion

The processes required for the restoration of wetlands represent a
new technology. Data concerning the functioning of restored wetlands is
sparse. Although Wolf &/ 4/ (1986) published an annotated bibliography
with 304 reports enumerating works associated with wetland
restoration and creation, the majority of the annotated articles pertain
to engineering processes that are necessary for wetland restoration or
creation; they do not explain the results of the restoration projects.

In the past, wetlands were created mostly for waterfowl -
management. Now wetlands are built for the functions of sewage
treatment (Shijun and Jinsong, 1989), and irﬁp’rovament of water quality
(Fennessy and Mitsch, 1989). —

Presently, new wetlands are being developed bacause federal laws
require that wetlands démuged by development' be restored, or be
replaced, by the creation of compensatory systems. Mitigation is a
process utilized by developers to avoid, or offset, the payment of fines
imposed for damages to natural systems (Salveson, 1990).

“Specific problems may be inherent in the mitigation process: 1) the
quelity of the restored or created wetland may be less than the original



| wetland; 2) the restored or created wetland may have acological
structures and functions different from those of the original wetland
(Salveson, 1990). Weller (1981) earlier identified the degree of success
in reconstruction as a problem in wetland restoration. Existing
classification methods are sufficient to determine the status of an area
as a wetland or a non-wetland, but there is a paucity of.dataconceming
how a restored wetland should function, or what kind of natural
succession will proceed in a restored wetland (Salveson, 1990).

Wetland restoration, or reconstruction, is a pracess of reclaiming a
drained or drowned former wetland. Restoration is more easily effected
than wetland creation; creation requires the change of a dry, upland area
into a wetland. In the processes of restoring a former wetland area,
many of the required companents for wetland development are present.
For example, seeds of wetiand plants are in the seed bank awaiting
conditions required for germination; soils.are usually capable of
retaining water. In wetland creation, new soils or impermeable liners
(ctay or plastic) must be irhportéd to the area to assure water retention;
aquatic macrophyte seeds must be sown _(Sal veson, 1990),

Sinigrope @? o/ (1990) reported dramatic results from a study
completed in a restored tidal salt marsh in New England; a marsh that
had been impounded for thirty-two years for use as waterfow! habitat.
Tidal flushing was restored by removing barriers to ccean access.
Changes in vegetative structure were recorded for ten years fotlowing
restoration. 7y sugustifolis dominated during the impoundment



period (prior to restoration). Ten years after restoration 7yzhe cover
had decreased from 76® to 168. The salt marsh plant Spar?ine
alterinflare increased from <18 to 458 cover. The change occurred
because of increases in selinity levels which allowed the more sait
tolerant Sparting oltarinflora to dominate (Sinigrope &f o2, 1990).
Usually, -saiini ty levels do not pley a role in plant competition, or
exclusion, in freshwater systems, but a marked vegetative change
resulting from restoration-processes is important to all studies
involving wetland restoration {Salvesen, 1990).

Since wetlands are protected by federal laws, wetland delineation
has become important for those who snforce laws, as well as for those
who attampt to bypass laws. Federal delineation previously followeﬁ the
guidelines established by Cowardin e/ &/ (1979). The classification
system was hierarchical according to system and subsystem type. The
classification system was used much the same as a taxonomic key, but it
was used to identify a wetland, rather than a plant or animal. Fivé
categories were established for the identification of wetlands by
Cowardin &f 22 (1979): 1) areas with hgdﬁmhytes and hydric soils; 2)
areas without hydrophytes, but with hydric soils; 3} areas with
hydrophytes, but with nonhydric soils; 4) areas without soils, but with
hydrophytes; and 5) areas that are wetland, without hydric soils or
hydrophytes (Cowardin #f &/, 1979). A more recent manual, The Federal
Interagency Committee for Wetland Delineation {1989), is presently used
for identification and delineation of wetlands. The manual employs a



simpler and more comprehensive definition for wetlends: In the manual
(The Federal Interagency Committee for Wetland Delineation, 1989)
watlands have three essential characteristics: 1) wetlands normally
have, or ars capable of supporting, hydrophytic vegetation; 2) wetlands
have hydric soils, and 3) wetlands have a unique hydrology. These
characteristics are not only important to wetland regulation, but mey
also be used to assess the status aof wetlands restored for mitigation
purposes.

cies Compositi

The importance of vegetative species composition is illustrated by
the use of composition as an aid in detemining wetland status (Cowardin
et. al., 1979). The rationdle for this resides in the fact that species
composition changes in response to flooded conditions (Millar, 1973).

Species composition and primery preductivity are influenced by
hydrolegy; hydrology uéu_a]lg being a secondary factor. Continuous water
cover can force sediments to become enasrobic; this, in turn, affects the
type of vegetation that can grow and the amount of primary productivity
(Lyon &t &/, 1966). Elevation end substrate differences resulting from
hydrolegic changes can influence spatial heterogeneity, which can
influence species composition (Gesselink and Turner,1978). Water levels
can affect the availability of oxygen for root systems of plants; thus,

oxygen availability affects productivity. Under anoxic conditions, soil



redox potential falls and roots of plants convert to anaeraobic respiration.
Fermentotion pathways, used under anaerobic condﬁions, do not yield as
much energy and can affect plant growth (Mendelssohn &7 &8/, 1981).
Under extreme reducing conditions in soils, aerenchyma production
occurs; this aids in providing oxygen to the roots. Even aerenchyma
preduction is not enough to allow for complete aerobic respiration under
extrame reducing conditions {Burdick and Mendelssshn, 1990).

Water levels can also affect the availability of both dissolved
nutrients, and nutrients bound to particulate matter; such events can
affect species composition indirectly. Continuous standing water can
make the substrate anoxic, and retease nutrients bound to the sediments.
High water velocity can be the cause of high sediment input into the
wetland (Gosselink and Turner, 1978).

Some wetland plents are more capable of tplarntirig flcoded
conditions than others. For example, wetlend plant distribution fdllows
the cyclic hydrologic regime in oxbov lakes: under flcoded conditions,
submerged communi.ties dominate. As the oxbow begins to fill with
sediments, water lavel decreases, and emergent macrophytes become
dominant. This drying process produces a sedge meadow community and,
aventually, a willow-poplar dominated forest (ven der Yalk and Bliss,
1970).

Often, water level changes do not result in a chenge in macrophyte
species composition, but affects abundance. Kadlec (1962} found that
stable flooding prohibited growth of herbaceous mecrophytes; only woody



species being capable of tolerating such hydrology. When water levels
vrere lovered, species composition did not change; however, the |
abundance of macrophytes increased (Kadlec, 1962).

Many studies have been made to datermine types changss in
vegetation proportionate to increases or decreases in water levels
{Miliar, 1973; Kadlec, 1962). Research completed in a waterfow!
impoundment shoved that at 1east 2 years of controlled water levels
(depending on wetland size) were necessary to change species
composition (Mitlar, 1973).

Freshwater species structure studies have been done mostly in
waterfowl impoundments; these studies are difficult to correlate with
restored swamp studies, because they are usually made in prairie poihole
regions which have a distinct cycle of vegataiive and hydrelogic changes
(Van der Velk and Davis, 1978). .

Macrophyte distribution and productivity may also be affected by
differing types of sedirﬁénts. Sediment types, and nitrogen and
phosphorous availability, often limit the growth of aquatic macrophytes
(Mitsch and Gosselink, 1986). Barko and Smart (1978) found that
different sediment types influenced the distribution and growth of some
macrophytes by changirg soil heterogeneity. Biomass was highest on
fine-textured sediments, such as silty ctay; lowest on sand (Barko and
Smart, 1978).

It has also been suggested that the accumulatien of decomposing
litter affects plant growth in wetland communities (Bertness, 1968).



For example, Bertness (1988), in a sudy of a New England salt marsh,
found that accumulating peat had a negative affect on both plant growth
and production. Sitas with small amounts of peat had less available
nutrients and higher salinities than sites with large amounts of peat.
However, sites with smaller amounts of beut sustained higher growth
rates than these sites with larger amounts of peat (Bertriess, 1988).

In & literature review of wetland vegetative dynamics, A.G. van der
Valk (1987} listed ten generatizations that wers important in studying
vegetation in wetlands. Several of his generalizations are pertinent to
this study:

(1) Aquatic plants have the ability to undergo clonal growth
altowing them to spread over large areas rapidiy.

(2) water depth chenges are correlated with changes in wetland
community structure. |

(3) Herbaceous wetland macrophytes chdﬂge their populetion
structure from year to year following environmental changes.

(4) Water depth and nutrients will effect growth rates of
perennial wetland macrophytes.

The ability of wetland plants to grow and spread rapidly, via the
fprmation of rhizomes and tubers, will facilitate the succession from
upland plant species to facultative and abli gate wetland plent species
after restoration. increasing water depth (by damning the outfiows)
should change community structure by encouraging the growth of equatic
macrophytes. Year to year changes should be recognizeble as the result



10

of changes in habitats resulting from increased water levels. Changes in
hydrology could also cause changes in nutrient aveilability by lowering
redox potential. Lower redox potential may cause nutrients bound in the
sediments to be relsased; thus further changing wetland community
structure (Gambrell and Patrick, 1978).

wWetland uctivit

Net Primary Productivity (NPP) is the rate of biomass production per
unit time. NPP is the amount of food material directly available to the
next trophic level (Browere? o/, 1989).

Net Primary Productivity in wetland systems has been computed to be
the highest for any ecosystem studied (Neiring and Warren, 1977). The
vay in which wetland system components interact to influence primery
productivity is not completely understood, because many diverse factors
influence productivity. The lack of understending is further complicated
by the fact that different techniques are used to measure primery
productivity. These problems make the comparison of systems difficult
(Gosselink and Turner, 1978).

KPP has been examined in various wetlands characterized by different
vegetative communities (Table 1), Comparisons have revealed
relationships between NPP and community structure. For example,
Bulrush and Sedge ( Scirpus sp end Lorex sp.) dominaeted wetlands tend
to have high productivity levels in freshwater systems. in a Bulrush-
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Table!. Peak biomass of various herbaceous wetlands. Meadow and old-

field community for comperison to wetland community production

Dominant

1] [ S, T S]] { ||| A

laray sp -

L 1ocusiris
Scirpus-EFouisatum
Lrasenia- Ngmphaas
Tunhe )arffaifa‘ '

L acititarmis
Poa-Aristigs(old-field)
submerged community
floating community
emergent community
meadoyy community

852
1037

845

183

1527
S50

340
200
210
465
325

Bernard, 1974

" Bernard & McDonald, 1973

Auclair et al, 1976
Schalles & Shure, 1989
Penfound, 1956 °

~ Verhoeven st al, 1988

Weigert & Evans,1964

van der Valk & Bliss, 1971
van der Valk & Bliss, 1971
van der Yelk & Bliss, 1971
van der Valk & Bliss, 1971
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Horsetail ( Se/rpus sp.and Fgquiselum sp.) wetland, NPP was found to be
914 g m-2yr-! (Auclair & 2/, 1976). In a marsh dominated by the sedge
& lecustris, NPP was 857 g m~2yr-! (Bernard & McDoneld, 1973).

Of 8ll freshwater wetland systems, productivity values are highest
for swamps. Again, community structure is related to NPP. For example,’
- NPRof 15749 m-2yr-! yas determined for a bottomland hardwood
forest, and NPP of 1140 g m-2yr-! was computed for a Cypress-water |
Tupelo { 7asadyum sp. and Alysse sp.,) dominatad swamp by Conner and
Day (1976).

Leaf Litter

Leaf litter is a measurement of how much orgenic metter, nutrients,
and decbmposiﬁg material produced by woddg‘blnnts is réentering 8
system; it is also an indirect measurement of productivity for woody
plant species. Leaf litter also adds to the amount of decompasing
material on the floor of the wetland; it returns bound Nand P to &
wetland system, and it makes these nutrients available to other plant
species (Wylie, 1987),

Leaf litter has been studied in different types of swamps. Day (1984)
measured leaf litter fall for four types of communities in the Great
Dismal Swamp: Cypress communities wers found to have litter fall of
1.8 g m—2d-); Cedar 2.0 g m=2d-1; Maple-Gum 1.8 g m-2d-!; -end mixed
herdwood 1.7 gm-2d-1. Conner and Day (1976) found that 1eaf litter in



bottomland hardwood was 1.6 g m~2d-!, and in Cypress-Water Tupelo
leaf litter was1.7 gm-2d-!. These values demonstrate the significant
amount of organic material that enters a swamp ecosystem as leaf
litter. |

Hydrology and Productivity

The importance of water lavel and hydrologic.fluctuations to
productivity has been described by Brinson a2 2£(1981) in forested
wetlands. It was found that swamps with rapidly flowing water had
greater productivitg than swamps with slowly flowing water; both hed
greater productivity values than swamps with stillwater (Brinson a_r al,
1981). A large amount of evidence has been presented to support the |
findings of Brinson &¢ & (1981). Mitsch (1988) showed that a pulsing
systam had higher productivity then a permanently flooded system. A
relationship hetv;'ean the amount of fluctuation in water tevel and plent
growth did exist (Mitsch, 1988). In a study of bottomiand hardwood
syamps in western Kentucky, primary productivity was determined for
different water regimes. Areas with intermittent flcoding were found to
have the highest productivity, while swamps with continuous standing
water, not influanced by flocoding events, had the lowest productivity
(Taylor, 1986). The author suggested that intermittent flooding may not
only aid in importing nutrients, but may also aid in exporting detritel
material and in oxygenating the root zone. Taylor {1986) further found
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- that structural complexity may have an affect on productivity. The most
complex, and least complex, swamps had the highest productivity, while
swamps with intermediate complexity had lower productivity (Taylor,
1986). The author suggested that primary productivity was related to
the adaptations made by plants to hydrologic conditions; an excellent

-axample being the fact that cypress trees outcompeted bottomtand
hardwoods in permanently flooded areas, because of the ability of
cypress trees to withstand the conditions of long periods of exposure to
standing water (Taylor, 1986).

In macrophyte dominated systems, correlations have been found
between hydrology and productivity (Gosselink and Turner, 1978; Mitsch,
1988). Van der Valk and Bliss (1971) summq_riéed standing crop data for
submerged, floating 1safed, and emargent wetland communities (Table 1).
Highest productivity was recorded in the emergent community; the
lowest in communities dominated by submerged macrophytes. Ina
wetland with continuous standing water, Schalles and Shure {1989)
recorded a NPP of 140.4gm-2yr-!. The low NPP {for a freshwater
wetland) can be directly attributed to stagnant, standing watsr and its
affects on low nutrient input and anoxic root conditions {Schalles &
Shure, 1989).

| Water levels can have other affects on wetlend macrophytes. For
example, growth and seed production have been shown to yteld different
results when measured for different water levels; macrophytes in deeper

waters have grester seed production and less vegetative growth than



macrophytes associated with shallower waters (Lieffers and Shay,
1981). Further, different water depths may allow for some wetland
plants to out-compste others in a particular area by causing compstitive
exclusion (Grace and Wetzel, 1981). For example, palsoecological
studies suggest deeper water (>75cm) allows for growth of both floating
racrophytes and plankton, while shallover water hes a-larger amount of
emergent macrophytes (Reeder, 1990). |

Hydrotogy affects primary productivity es a secondary factor. The
direct influence hydrology has on nutrient 1avel, sediment heterogeneity,
litter accumulation, soil nutrients, and species.composition is weli
known. These factors affect the primary productivity of a wetland
system. |



CHAPTER I}

METHODS
Site Dascription

The Rowan County Sphagnum Swamp (RCSS) is a reconstructed
wetland located in the Licking River valley of western Rowan County,
Kentucky (Figure 1). The reconstruction of the RCSS was part of The
Glimcher Company's mitigation to compensate for the building of a
shopping mall on a wetland in Ashland, Kentucky. The RCSS was a former
bottomland hardwood wetland (located within the former floodplain of
the Licking River) thet had been ditched for agricultural uses.
Reconstruction of the RCSS was completed in October, 1989; a dam was
built at the outflow and-seedlings were planted.

The 12 hectare swamp consists of 2.5 hectares of forested area, and
9.5 hecteres of various open marsh communities. The wetland s bounded
on the south and west by open fields (still used for pasture land), and on
the north by a gravel access road. To the east is a paved rosd, Kentucky
State Route 1722. The majority of the surface inflow to the RCSS
passes through tile beneath SR. 1722 or from surface flow across the
road. A natural gas pipeline is situated sast-west beneath the open
mersh portion of the wetland. The 0.31 km2 watershed consists of
forested hillsides, pasture 1and, and roadway. As part of the

i6
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Figure 1, Location of Rowan County Sphagnum Swamp, Rowan County, KY.
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recopstruction of this wetland, ponds have been created to aid in water
retention. Five ponds are located in the wetland; three shallow (average
depth=0.25m) ponds are located near the outflow (created as part of the
reconstruction); two deeper (average dapth=2-3h) ponds, are located
within the wooded area (created prior to reconstruction). Hydrologic
data was _collactgd from-the northern deeper pond (Figure 3).

Several different wetland types were found within the non-forested
area: pond-edge communities existed along the ponds; however, open
marsh was dominant throughout most of the RCSS erea. The wooded
swamp with intermittent areas of standing water constituted another
community. These different community types were interspersed
throughout the RCSS area; making it a complex of interacting
communities. ' |

Collection a s of

Above-ground herbaceous vegetation was sampled monihlg by
harvesting 0.25 m2 quadrats (Vollenweider, 1972). To select sampling |
sites, a map of the RCSS was covered with a grid, and each block was
given a number. Sites were chosen using a random numbers chert. Sites
were sampled continuously until three consecutive sites added no new
species to the species total. Eight sites were randomiy located within
the wooded area, and nine sites were located within the open marsh

(Figurs 2). Each study site covered an area of upproxiniutelg 100m2
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Duplicate samples were taken at each site. Quadrats were randomly
" thrown within each site area, and macrophytes were harvested at ground
level and placed in labeled bags for transport to the laboratory.

Quadret size was determined by comparing harvest weights of several
quadrats of differing sizes. For convenience, and to limit vegetation
destruction, the quadrat of smallest size that produced a representative
sample was used . To determine the smallest area, three different
quadrat sizes, 1m2, 0.25m2, and 0.0625m2 were used to harvest samples.
It was found that the quadrat of 0.25m2 was the smallest quadrat to
produce a yield comparable to that of theim2quadrat. Samples were
harvested monthly throughout the study peried (April, 1990 - March
1991).

Semples were transported to the 1aboratory at Morehead State
University where they were taxonomically identified using the keys by
Strausburgh end Core (1979); Beal and Thierst (1986); Fassett (1969);
Hotchkiss (1972); and Knobel (1980).

Plents were air dried and dry weight was determined, 'a'fter' samples
in labeled jars were dried at 105°C for 48-72h (Vollenweider, 1972),
Samples from five representﬁtive sites were ashed at 550°C in a muffle
furnace, to determine the percentage of organic matter (Hewboqld,
1967). |

Macrophyte species composition and average biomass were compared
for each site. Net Primery Productivity was alsc analyzed for each site.
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vegetation
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| Peak standing crop was considered to be the sample month with the
highest average biomass. NPP was determined by dividing the change in
biomass betwean months by number of days in that month. Annual NPP
was computed for changes in biomass through the growing season,

Woody Productivity and Composition

¥oody biomess and production wers estimated by two methods: 1)
calculating biomass from diameter at breast height (DBH) measursments;
and 2} collecting litter-fall. Twenty 25m?2 quadrats were alternatsly
located on a 100m transect plotted within tﬁa yvooded portion of the
RCSS (Brower ¢ o/, 1989), see Figure 3. Diameter at breast height was
measured for all trees >2.5cm DBH, and each tree was identified to
species level using Petrides (1972) key. Biomass was calculated using
the regression equation from Dable and Day (1977):

104,19 dry weight(kg) = A + B log o dbh
(explanation for coefficients can be found in Table 2).

This equation permits the calculation of standing stock of leaves,
branches, and stems of woody plant species. Biomass was compared
vrithin tree species to determine species specific biomass.

Annuat productivity of woody plants was determined by studying tree
rings. Since it was not possible to harvest trees for tree-ring study,
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Tabte 2: Regression coefficients for estimation of above ground biomass
of trees »>2.5 cm DBH using the equation logo dry weight (kg) = A + B

leg19 DBH {cm). From Dabel and Day, {1977)

plant g
cumponen_t _______ f B_ ) r .
leaves -2.1381 21516 0.90
i:ranches -1.4297 2.1880 0.90
stem : -1.0665 2.4064 . 090
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Figure 2, Location of sampling sites for herbaceous
vegetation



two trees selected randomly from each quadrat were cored. The cores
were glued to a board, and sanded with 300 to 400 grit sandpaper. The
cores were analyzed by using a disecting microscope, with an ocutar
micrometer, to measure anhual grovthring size. The tree-ring analysis
was also used to assist in determining the historical affects of
hydrology, especially the hydrology of the Licking River water levels
prior to flood control effected by the U.S. Army Corps of Engineers’ dam
at Cave Run Lake. |
Leof litter was collected from September 20 to Jenuary 31. Four,
0.25m?2 leaf litter traps were randomly located within the wooded ares
(Figure 3). Leaf litter was collected monthiy, and transported to the
laboratory where it was dried and weighed (ustng the same methods '
previously described for above-ground herbacecus biomass analysis).

Climatic deta

Hydrologic data were collected using a Stevens type F Eonti nuous -
water level recorder. The recorder was located in an ares of standing
water within the RCSS (Figure 3). A staff gauge was also placed in this
site to obtain monthly readings for calibrating the water level recorder.
Suntight data were collected daily by a Qualimetrics mechanical
pyrancgraph located on the roof of Lappin Hall at Morehead State
University (approximately 13km from the RCSS).



Daily precipitation, river level, and air temperature were obtained
from data collected at the U.S. Army Corps of Engineers Project Office at
Cave Run Lake (located approximataly Skm from the RCSS). Evaporation
data were measured with a USGS epproved evaporatien pan by the U.S.
Army Corps of Enginaarls at Buckhorn Lake in Eastern Kentucky. Readings
- -of gvaporation via the pan-mathod can be converted to estimates of
- avapotranspiration by multipling evaporation rates by the vatue 0.77
~ {Chow, 1967). |

Statistical-Anatysis

Data from insolation, air temperature, water level, and biomass were
analyzed statistically. This was done using a Macintosh SE computer
yith the program Statview SE + Grephics.
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Figure 3, Location of leaf litter traps, transect for woody
biomass sampling and water level recorder



Chapter 1V

RESULTS

H 10 Climat

The RCSS meintained water Jevels gréater then 20cin-for the greater
part of the study period. The hgdroperiéd (Figure 4) reveals many storm
events, emphasizing the short water retention tims of the wetland.
Retention time, after a storm event, was approximately 36h. Between -
early Auguét and sarly October, the entire wetland, with the exception of
three ponds, was dry. However, during the summer dry period, the soil of
many areas, such as the forest and pond edges, remained moist.

Average annual temperature at the RCSS during the study period was
13.10C, with a high temperature of 36.19C on August 29, 1990 and a low
temperature of -16.19C on February 16 end 17, 1991 (Table 2). Annual
precipitation during the study period was 152.4cm, with a high of 27.8¢cm
during the month of December, and a low of 6.6cm in January (Table 3).

Water level st RCSS varied spatially. Man-mads ponds, trenches, and
low areas, greatly influenced the total wetland hydrology. For example,
higher ground, located in the opsn marsh ares, was never covered with
water even though the damming of the outflows was meant to increase
water level throughout the RCSS. Each site had & unique hydrology, but,
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Figure 4, Evapotranspiration (A) and water level (B) at the RCSS for

study period
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Table 3, Average monthly maximum and minimum temperatures (°C)
for the 1990-1991 study period. Data from U. S. Army Corps of
Engineers, Cave Run Lake

May | 228 10.3
June 28.6 19.5
July ‘ 311 16.6
August 293 164
September 271 134
October ‘ 205 6.1
November 17.7 , 2.0
December 11.2 -1.5
January | 9.7 -4.4
February 9.0 - -27

March 149 1.3
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Table 4, Average monthly pracipitation{cm) for the past17 years for
the RCSS and average monthly precipitation{cm) over the study period.
Data from U. S. Army Corps of Engineers, Cave Run Lake

menth. i oo .17 199091

April 95 9.8
May 117 19.8
June ‘ 10.7 1.3
July 149 15.5
August 104 0.1
September 8.8 : 16
October _ 9.3 10.7
November 95 73
December 11.0 278
January 8.6 6.6
February 8.0 8.9
March 9.2 17.2

season total: 121.4 1924
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for convenience of the study, sites can be classified according to similar
characteristics. Sites 51, 5-4 and 4-8 were all pond edge sampling
areas; their water level were influenced hg that of the ponds near them.
Sites 1-1, 1-3, 1-7, 2-3 and 3-4 were all _wet, wooded areas and were
characterized by intermittent standing water with continuously wet
soils. Site 2<7 was near the water level recordsr, betwean the two
deepest ponds. The water level of site 2-7 more closely followed the
events of the hydroperiod, being under standing water for all but the
. driest periods of the study. Sites 2-1 and 3-5 were located in open
clearings within the wooded portion of the wetland. These sites were
usually under standing water, but did become dry intermittently. Sites
2-0, 5-9 and 4-9 wers rarely (to never) under standing water, but often
had maist soils. These areas were less “wetland-like", and more
“upland-like" then the rest of the sites. Sites 2-5, 4-5 and 5-3 were
open marsh areas that intermittently had standing water, but did become
dry during the dry period.

The Rowan County Road Department dug ditches, from the swamp to
- areas acrass the access road, to alleviate flooding. Water was lost from
the swamp via 'd_itcl'ii ng, thus, increasing the outflows from the RCSS.

Herbaceous Biomass and Productivity

Changes in biomass during the sampling period (Figure 5)-show that

peak biomass occurred in September. The biomass peak was little



different from the standing crop of the previcus sample collected in
August. This low rate of productivity for this time period is illustrated
in Figure 6. Very little productivity occurred after peak biomnss was
reached. Peek productivity was 2.2 g m~2d-1 in April, and overall
productivity for the growing season was 1.0 g m=2d-!. The ecological
efficiency far the growing season: for the RCSS was 0.18. After the first
frost, which occurred on 20 October; 1990, plant die off began, and
negative production levels were observed. The lowest standing crop for
this study (7.6 g m~2) was recorded in November; occurting after two
months of negative production. Increases and decreases in biomass were
related to the number of days with frosting events per month (r2=.75),
(Figure 7}, insolation (r2=.613), (Figure 8) and increases and decreases in
biomass were negatively correlated with wetland water level {r=-.761),
(Figure 9). When water level was low, biomass was highest; when water
level was high, biomass was lowest.

As plants began to sprout, in January and February, they were
constantly subjected to frost. The response to frost was observable in
samples taken in the winter. Plants were green close to the base of the
new sprouts, but the upper portion was brown as a result of frost action.
Samples collected when temperatures were below 09 C were often brown
from frosting. The longer the duration of freezing, the greater the
browning affect. For example, biomass results for 28 February, 1991
were higher (19.6 g m-2) than results for 30 March, 1991 (9 g m-2). when
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Figure 6, Net Primary Productivity of the RCSS by study day from
April, 1990 to March, 1991
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the March sample was collected, the ground was snow-covered, and the
air temperature had been below freezing for the pr.‘ecedirig two dugs.'
Analysis of changes in biomass, for each site throughout the study

period showed site variation in both time df peak biomass and plant
dominance. Different sites supported different plant types, and had
differsnt times of the year for peak biomass. Figures 10-through 14
show the biomass of sites characterized by dominant plant species
during the time period of the study. When peak biomass occurred at a
site early in the season (such as May, June, July), the dominant plant
species was sedge and bulrush.( £arey spp. or Se77pus spp.). When peak
biomass for a site occurred in laté summer (August and September), the
‘dominant plants were grasses, rushes and spikerush (Ponéeae, ..&am;s
spp., and £leacher7s spp.). Site 2-0 produced the highest standing crop,
reaching 7450 g m~2in August. High standing crops tended to be
dominated by grasses, especially redtop ( 7r7asfe 772v2), ond rush
species (LM SPB. ). s effusus was the most common plant in
the RCSS; it was present in S6% of the samples collected. Other common
ptants in the RCSS were: /7s virginica present in 268 of the samples
collected, Eleacharis tanuis in 22% of the samples; and L&y @rinite in
138 of the samples. The sites with the lowest production {Figure 10)
had peak biomass below 100 g m-2. These sites all had two factors in
common. They vere located within the wooded portion of thaiswump; and
they were dominated by sedge { £arey spp. ). These sites were also
similar hydrologically, having wet soils but very little standing water.



36

v.=-6.334x + 135212, r2= 75

1804
1604
1404
1201

100 - Obiomass

blomass

8 8 8 8

25 0 25 S 75 10 125 1S 175 20 225 25
frost dyys

Figure 7, Regression analysis showing the relations between number
of days below freezing each month and biomass for that menth
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Figure 9, Comparison of biomass and water levels at the RCSS during
the study period. Correlation (r= -.761) shows an inverse relationship
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Generally, wetland plants were the most common species collected.
However, meadow and field plants dominated in high, dry areas. Plants
such as Tall lronweed { Varnania altissime), Joe-Pye Weed ( Fupalorium
fistulasum), and Redtop ( 7r7edre /leve) dominated in dryer areas; these
plants also produced a greater biomass than those in the areas dominated
by obligate wetland plants (Figure 12).

NPP was analyzed for each site from the beginning of the growing
season to peak biomass (Figure 15). Site 2-0 had the highest NPP of any
site. This site was dominated by .Amcus effusus and £/eacharis lemiis
in the winter and spring, but was dominated by grasses, particularly
Triagre rleve, during late summer. The rapid growth and increased
production of 777adie 7leve made it the most productive plant in the.
wetland.
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Figure 12, Biomass for sites dominated by grasses (Poaceae)
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Figure 13, Biomass for pand-adge sites dominated by .4#rcus spp. and
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Figure 14, Biomass for wooded sites dominated by grasses (Poaceae)
and sedges ( Larey spp.)
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Figure 15, Net Primary Productivity for each site, calculated from

beginning of growing season to peak biomass
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Woody Biomass and Leaf Litter

Total annual woody biomass for the RCSS was 135.43 kg m~2dry
weight (Table 22). Eighty-one percent of the total biomass was
composed of river birch ( Aeiw/e nigre), making it the largest standing
crop of any plant species in the RCSS. Only thirty-five percent of the
tree species sampled were river birch; the total biomass percentage for
river birch indicated that the size of birch trees was larger than any
other tree species sampled.

Leaf litter averaged 2.6 g m=2d-! over a leaf-fall period of 132 days
(September 20 - January 31). These data do not provide a complete
annual litter value, but do provide an estimate for leaf litter during the
fall season. Total leaf production for the season was 366.8 g m=2.

Of those trees cored, the oldest tree was upproximﬁtelg 31 years of
age. No correlation between tree ring sizes for different trees was
found. There was no particular ring year that had similar growth rates
among the trees that had been cored.

Total Production

Above ground production for the RCSS was 551.2 g m~2 at peak
biomass. This value includes both herbaceous and woody vegetation.
Total NPP for the RCSS was 2.7 gm-2d-!, from the beginning of the
growing séason to peak biomass.



47

Table S, Estimated standing crop of woody plants in the RCSS (kg/m2
dry weight) '

ot

Tree species lesf bjomass - wog_d_bj_gmg_sg_m_m_bj_qmgg_&
Betule nigre 2.74 10651 - 108.25
Nyssa sylvalice 0.30 9.83 10,13
Liguidember styreciflve  0.20 7.09 7.29
Acer rubrum 0.14 520 5.34
Quercus palustris 0.07 2,30 A 2.37
Alnus serrulate 0.01 0.31 0.32

8l species 3.48 131.95 135.43




CHAPTER V

DISCUSSION

Hydrologic Problems

Foi fwo manihs {August snd September) during this study, the RCSS
was dry. Several explanations may be presented to explain this dry
state: 1) It may be a natural cyclic event for bottomland wetlands in
eastern Kentucky to become dry during late summer (Allen Risk, personal
communication). There is lack of information concerning wetlends for
this region, and specifically, for wetlands in this type of landscape. 2)
Another alternative explanation resides in the possibility that the
amount of precipitation recieved in this area during summer, coupled
with the rarity of late summer flooding events, could be a cause for the
depletion of water in the RCSS. Wetlands on alluvial floodplains often
respond in such a manner; having high water levels during spring floods
and low water levels during late summer (Mitsch and Gosselink, 1986).
Evapotranspiration levels should be highest during early summer, when
both air temperature and primary productivity are higher. Therefore,
evapotranspiration would not be a major factor determining water loss
for late summer. 3) The hydrology of the wetland could have been
affected by ground water loss through the gas pipeline located below the
surface of the wetland. If precipitation levels did not exceed the

groundwater loss from the pipeline or other outflows, the wetland could
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become dry. Preliminary models, simulated for the RCSS, suggest that
the levels of the Licking River may affect groundwater outflow, causing
increased water loss during periods of low water levels in the river. 4)
It may be impossible for the wetland hydrology to be restored properly.
The erosion of the dam and ditching of the access road have contributed
to increased surface outflow. The wetland maey not be shia to cope with
this great loss of water, especially during late summer. Groundwater
outflow for this type of wetland may be greater than that expected from
design. The steeply sloping landscape of the watershed insured that a
short water retention time for storm events will occur.

The most probable of the possible explanations is that the wetland is
acting as a natural system, even with the engineering faults that
characterize the project. Short retention times for storm events,
shallow water cover for 10 of 12 months, and severe flooding after
storms are characteristics similar to those that would be expected in a
bottomland hardwood wetland. Repair and maintenance of the dam would
aid in water retention after storm events, but it is unlikely that repair
and maintenance would keep the wetland flooded year round. Flooding
events from the Licking River do not reach this wetland, as they did prior
to the construction of the dam at Cave Run Lake. The factors make it
improbable that this system will ever fully mature into a bottomland
hardwood forest.



Species Composition

The majority of the wetland was dominated by obligate or facultative
wetland plants. These plants (such as /7s virginice and Dacodon
verticilletys), can only compete in wetland areas. The areas in which
these plants con grow must have water cover for most of the yeor; they

~1 . must also compete best in hydric soils produced by the anoxic conditions

in continuous standing water. In the absence of basic requirements,
these plonts would not out-compete grasses and uplend species in the
RCSS.

Specific areas of the wetland were not inundeted with water during.
the year, or dominated by wetland plants. Thesge areas, specifically in
the open marsh, added to the complexity of the system. It is unlikelgj
that the plants from these areas will spread to areas with higher water
levels, because they are not adapted to compensate for stresses imposed
on plants by the presence of continuous water cover. Many of these
plants, such as redtop ( 7r7adie flave), would not be able to compete in
wetter oreas. Plents that grew in the dryer areas had the highest
productivity in the RCSS. Redtop ( 7r7edre f/ave), end other plants are
capable of high productivity rates during the short dry periods in this
wetland. So long as this wetland continues to have dry periods, the
dominance of upland piants in the dryer areas is beneficial. Plants in the
dryer areas do not interfere with the growth and expansion of obligate
wetland plants, such as swemp loosestrife ( Decodon verticillatus),
Bulrush { Scirpus otrovirend, Lizard's Teil ( Saururus cenuus), and Iris
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(#r7s virginice). From a management perspective, the plants that
dominate the dryer areas may add to the quality and diversity of the
RCSS by creating several different habitats; an advantage over a single
habitat which produces a wetland characterized by a monoculture.

The criteria required for wetland definition were met in this study.
The RCSS had water cover for the majority of the year; tha “L05 was
dominated by aqutic macrophytes; and hydric soils had to be present,
because of the continuous standing water and the ability for obligate

vetland plants to survive.

Productivity

Primary productivity and peak biomass for the RCSS were
comparitively lower than values established for similar natural systems.
Since the RCSS is a restored wetland, productivity levels may not be as
high as those in established wetlands. Few studies have been made
concerning primary productivity in restored wetlands; therfore, the level
of production recorded in the RCSS, may be within the expected range for
a8 two year old system.

It has been shown in this study that certain plants, such as 7r7ad/2
fleve, are more productive than others. Understanding the physical
factors that control species diversity allows one to predict productivity.
For example, in the RCSS, areas that were wooded and subjected to

intermittent flooding, will be characterized by herbaceous domination
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| (example; Larex sp), and woody domination by (example; Setula nigrs).
The inverse relationship between water level and biomass may be &
secondary factor in the control of productivity.

Early peak herbaceous biomss was a result of maximum growth for
those plants in wooded areas maxi mizing sunlight before they become

: . Sheded by Teaf growth rem:the trees above. -However, production may

still be limited by weter stress. When water stress is alleviated;
herbaceous vegetation reached maximum biomass. Such a response may
be typical in a wetland like the RCSS. it is also possible that plants
which do not have the highest productivity are not obligate wetland
plants, and are subject to water stress and competition by those plants
more abte to survive under these conditions.

Bottomland hardwood forests may require floodwater input from
creeks and rivers to maintain high preductivity levels. For example,
Taytor (1986) showed that bottomland hardwoods of western Kentucky,
with intermittent flooding from rivers, had the highest productivity
rates studied in western Kentucky. Similar responses may also be true
for wetlands in eastern Kentucky.

Betuls nigre dominated the biomass of the RCSS. The characteristics
of quick growth and large size for £ »/gre indicated that the swamp was
acting as a bottomland hardwood ferest. The larger size of & »/igre
could be the result of its ability to withstand tong periods of water
cover, and out-compete, and outgrow, other tree species that may be
slightly inhibited by water stress. It should also be noted that river
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birch is & common tree along aluviat flood plains in eastern Kentucky; it
may be adapted for the nutrient load and soil types in this kind of
wetland. Such an adaptation would permit £ »/gr2 to out-compete other
tree species. |

Results of low herbaceous NPP and high 1eef Htter suggested that
much of the swamp’s production and biomass resided within the trees.
The herbaceous vegetation may not have been capabte of producing |
biomass because of stresses such as water cover, low pH, and low
nutrient availability. The trees, particulerly £ »/gre may have been
more adapted to the type of wetland characterized by the RCSS; therfore,
the species was capable of producing o higher biomass.



CHAPTER VI

CONCLUSION AND SUGGESTIONS

Wetland restoration, resulting from mitigation, has become a common
method employed by developers to bupass the problems imposed by laws
that govern the legai use ¢ proiecied iand. New wetlands will be
created as restoration becomes more prevalent. Questions concerning
the quality of restored wetlands must be answered to validate
reconstruction projects; to answer some questions pertinent to
reconstruction has been the purpose of this study.

Based upon criteria established for the legal definition of a wetland,
the RCSS is recognized as a wetland. The wetland was inundated with
water for most of the study period, thus meeting the hydrology
component of the definition. The RCSS is generally dominated by
obligate, or facultative, wetland plants, meeting the hydrophyte criteria
of the definition. The third definitional component, hydric soils, must
have been present in the RCSS in order to support hydrophytic vegetation,
and wetland hydrology. All the criteria for wetlands were met by
conditions present in the RCSS.

Primary productivity for the RCSS was relatively low. Comparative
studies of reconstructed wetlands and natural systems would aid in
determining the progress of restorative processes in the RCSS site.
Primary productivity may not be low for a wetland which has been

restored for only two years. More studies for restored freshwater
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wetlands similar to the RCSS would be of great value in restoration
design; studies could also aid in understanding the processes involved in
natural wetland formation and succession. _
Results from analysis of tree cores, showed the variation that
existed in water levels throughout the forested area of the wetland.

“+:7 Variation in water levels caused growth to be different for each tres,

gccording to the 1ength and amount of inundation in the area that it was
growing. This variation in water level was common iﬁrﬁughoﬁt tﬂe RCSS.

Hydrology must be the primary concern whéh ‘dﬁér’r’ipts‘ are made to
restore a wetland. Hydrology is:the one bhgsicﬁl pnmfnetef thet most
influences the vegetation structure of a wetland; the infiuence of
hydrology was evident in this study. Water loss was 8 problem for the
RCSS. The dam should be rebuilt with materials that are less affected by
processes of erosion. Keeping this wetlend flcoded for longer periods of
time may allow invading wetland plants to become established and
outcompete proliferating uptand species.

Wetlands will continue to be restored in the future. Many natural
systems vill be destroyed, and replaced by restored wetlands. More
studies need to be made on reconstructed sgstemé, before it can be
determined that reconstructed systems cen replace natural systems. The
loss of a natural wetlend system is devastating; if the promised
restoration project is anything but totally correct and complete,

- structurally end functionally, the loss is catastrophic.
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Appendix A. Harvest weights and energy conversions

Drate

62

Plot 9/.25m2 g/m2 104 sub 550 aft BOM keal/m2 av 9/m2 av ke/m2

28-Apr-90 1.1

Average

112
131
122
1.7.1
1.7.2
201
202
2.1.1
212
2%1
232
25.1
232
271
272
34.1
$42
Z51
352
451
452
481
422
491
492
311
312
33
332
5.4.1
542
591
592

292
2Z6
42.4
16.4
62.4
10.0
24.0
1296
68
85.2
229
£3.6
107.2
29.8
288
81.2
17.6
76
1160
3.2
10.8
1100
280
20
T2
256
1340
1904
508
1464
54.8
1082
48
1200
60.3

1314
1862
1908
138
2808
45
108
5022
30.6
3834
1026
2862
4824
3996
3996
2654
79.2
342
522
1494
48.6
493
126
Z6
324
1152
603
85e8
2286
658.8
2466
464 4
216
540
27114

264

294

362

76.8

46

432

126

T46

604

18

16.4

1622

98.6

62.4

60.2

1188

1323

1629

3456

207

1944

441

31825

56.7

3357

218

et

73.8

7299

4437

3555

2808

214



Appendix A. Harvest weights and energy conversions
Plat ¢/.25m2 q/m2 104 sub 550 aft BOM keal’/m2 av g/m2 av ke/m2

[rate

31-Mau-90 1.1.1

hverage

112
131
122
171
172
20.1
202
21.1
212
231
222
25.1
252
27T.1
272
341
242
35,1
352
451
452
481
402
491
492
5.1.1
5.12
531
532
54.1
542
591
592

496
292
36
140
244
226

1836

1220
680
192
820
46.9
432
62.8

1756

2652
46.0
35.2
468
364
164
24 4
95.2

168.0
856
172
6.0
79.0
90.0

1704

2212

146.9

1288
32.0
816

2282
1314
148 025 831 1422
63
1098
3162

122 019 844 8262

549
306
864
369
2106
i%4.4
2826
7902
1193 4
094 0062 M5 207
1584
2i06
1628
738
1098
4284
756
1852
T4
144 027 213 162
551
405
7668
196 029 852 9954
6606
57196
144
14 02 851 3Z67%

294

228

54

-152.8

436

64.4

2204

406

41.6

204

1316

514

57

1302

184

804

81.6

63

1713
1026
243
&8¢ 6
1962
2898
2185
991 .8
1827
1872
91.8
5922
2313
2565

5859

618

3613
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Appendix A. Harvest weights and energy conversions

Date Plet q/.25m2 g¢/m2 104 sub 550 aft RBOM keal/m2 av g/m2 av ke /m2
29-Jun-90 111 208 9316 142 63.9
112 T6 342
121 240 206 026 874 108 60.6 2727
122 7.2 427 4
1.7.1 91.2 4104 534 2403
1.E2 156 702
201 2896 11682 2484 11178
202 2272 241 015 938 10674
211 2144 1054 8 i 7695
212 1076 4842
23] 94 8 4266 1274 5733
222 1600 720
251 1056 4752 884 3978
252 T1.2 T204
271 Ui ¥ 704 2504 11268
272 1296 1483 2
I4] 640 186 022 882 288 55.8 2511
242 476 2142
51 672 024 54 4 2448
352 416 1872
451 2712 12474 2116 9522
452 1460 657
481 158.0 711 1106 4977
482 63.2 2844
491 2076 9142 1956 8802
492 1826 8262
5.1.1 508 202 02 90.1 2286 62.4 2808
512 740 Iz
5.3.1 1996 2982 187 2415
532 174 4 784 8
541 1324 189 023 878 5958 1822 28199
542 2320 1044
591 1296 Se32 1312 6174
592 1448 6516

Average 1333 20 02 895 6001 1373 6177



Appendix A. Harvest weights and energy conversions

Date

65

Plot 9/.25m2 g9/m2 104 sub S50 aft BOM keal/m2 av 9/m2 av ke/m2

31-Jul-%0 1.1.1

Average

112
1.31
1Z22
1.7.1
1.72

2001

202
211
212
231
232
251
252
271
272
341
X42
54
52
45.1
452
48.1
482
491
492
5.1.1
512
521
532
54.1
542
591
592

460
144
228
444
LYY
42.0
3408
3052
2516
1064
216
1228
112
1924
3140
266.0
1052
724
107.2
480
2.9
3028
76.0
2328
1356
1552
1528
111.2
2060
1512
1372
180.0
1852
1416
140.¢7

066

153

1.47

g8

1.19

1.1

207

64.8

0.18 727 1026
1599

1422

189

041 732 15336
13134

11322

4788

1242

5976

004

865.8

1413

1197

027 816 4734
358

4824

216

1416

1362.6

342

1047 .6

6102

984

016 818 6876
5004

927

680.4

039 672 6174
a10

8124

6372

03 753 6330

30.2

336

368

323

i79

80.2

1518

290

898

776

1678

1544

1454

132

1786

1586

163.4

140.7

1359

1512

1656

1453 5

8035

2609

683.1

1205

996

3492

7951

6948

654.3

594

8037

TI13.7

7383

6330
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Appendix A. Harvest weights and energy conversions

Date Plot ¢/.25m2 g¢/m2 104 sub 550 aft BOM keal/m2 av 9/m2 av ke/m2

8/30/90

1.1 15.2 684 282 1269
112 412 1854

131 418 277 047 03 1¢21 405 19225
132 9.2 1764

174 8.0 36 14 63
172 20.0 90

2011 7362 225 05 778 33129 74455 335228
202 7537 3391.7

2.1.1 164.8 7416 1418 6381
212 1188 534.6

231 16.2 729 1795 80775
232 19.7 88.65

251 82.4 3708 1332 5994
252 184.0 828

271 2332 10494 1704  T668
272 1076 4942

34.1 769 161 026 84 34605 0315 Z74.175
342 89.4 . 4033

35.1- 1252 - 5634 1722 7749
352 2192 986.4

45.1 3056 13752 267 12015
452 2284 10278

481 1756 7902 2184 9828
482 2612 11754

4.9.1 152.1 68445 19015 855675
492 2282 1026.9

51.1 1524 192 029 85 6858 1588 6921
512 1552 698.4

531 183.2 g244 1988 8946
532 2144 964.9

54.1 195.0 9325 20135 906075
542 2177 979.65

59.1 207.2 12924 3278 1475.
592 %684 16578

Avarage 1826 21 04 824 8216 1826 8216



Appendix A. Harvest weights and energy conversions

[rate

9/30/90

Averads

67

Plot q/.25m2 g/m2 104 sub S50 aft BOM keal/m2 av ¢/m2 av ke/m2

— sk b —

4y
[ N

1.7.1

201
202
2.1
212
2%
232
2351
252
271
272
Z41
242

517

352
45.1
452
481
482
49.1
492
5.1.1
5.12
53.1
532
541
542
59.1

592

176
66.4
148
204
78.0
32
3896
3392
60.0
a0
480
52
948
3496
128

2964

26.4
20.4
64
428
1836
aleB
1422
1572
3480
2528
2500
4720
2732
2644
1156
68.0
3312
3176
184.4

069

13

206

16

008 @28

03 90

02 &5

x17 92
009 92

g2 892

79.2
2988
66.
oi.9
14.4
17532
1526 4
270
1683
216
234
17766
15732
57.6
13338
1188
918
288
1926
8262
23256
6624
7074
1566
11376
1125
2124
1229 4
11898
520.2
306
1517 4
14292
8298

42
126
0.6

%44

217
26.6

3722

15456
234
246

3502

1522

3004

361

2688
1.8

3274

184.4

189

792

182.7

16398

97635

119.7

1674.9

695.7

1053

1107

15759

6849

13518

1624 5

12096

413.1

14732

9298



Appendix A. Harvest weights and energy conversions

Drate

10/29/90

average

68

Plot 9/.25m2 q/m2 104 sub 550 aft BWOM kcal/m2 av 9/m2 av ke/m2

= =
e b

| 51
172
201
202
21
212
221
232
2351
252
e
272
Z4
342
51
352
451
452
421
482
491
492
511
.1 2
531
5312
541
542
591
592

440
0o
00

204
£

128

1104
32
212

20.8

176

8.4

1072
24
0o
08

a8.0
28

116
76

596 .4

197.2

148

96.4
88

216

1226

144

Z6.8

228

456

41.6

248

1032

66.1

198

1]

1]
918
16.2
57.6
4968
14.4
1445 4
936
79.2
1728
4824
zie
1]

6
%96
126
522
242
2683 8
8874
66.6
4338
296
97.2
5562
1548
1656
1026
2052
1872
816
464 4
2974

107 009 92

166 013 92

078 005 94

12 01 924

22

10.2

82

568

17

578

04

45 4

96

1% 8

55.6

152

79

298

416

94

66.1

459

%69

2556

7695

126

260.1

18

2043

432

17856

2502

68.4

555

1341

1962

42%

2974
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Appendix A. Harvest weights and energy conversions

Date Plot q/.25m2 ¢/m2 104 sub S50 aft ROM keal/m2 av 9/m2 av ke/m2
1143060 1.1.1 00 0 1] 0
112 ag a
131 (LN1] a t4 63
132 28 126
171 00 a o 1}
1.72 0g 1}
201 00 1 a 0
202 0o 1}
211 4.4 19.8 48 216
212 5.2 224
231 0.0 0 0 0
232 a0 0
2581 ag a 1} ]
252 a0 a
271 92 414 76 342
272 &0 27
341 g4 091 005 95 78 44 19.8
342 0.4 18
51 17.2 714 124 558
52 76 42 )
451 55.2 2404 278 1242
452 090 a
481 0o a I36 1512
422 &7.2 3024
491 a0 Q 42 189
492 84 e
511 T2 131 011 92 324 19 g5.5
512 708 1386
531 00 1] 14 63
X2 280 126
541 a0 1] 0 0
842 00 1]
59.1 0.0 0 a 1]
592 a0 ' o

aveérage 76 1.1 0.1 93.1 4.1 76 341
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Appendiz A. Harvest weights and energy conversions

Date Pt §/.25m2 g/m2 104 sub 550 afe BOM keal/m2 av g/m2 av ke/m2
12/25/90
1.1 o0 (1] 1] a
1.12 0g 1}
1.21 a0 0 a 0
182 0o 0
1.7 00 . a a 1]
1.72 a0 1
201 19.4 829 22 a9
202 256 1152
21.1 44 19.8 22 99
212 0o 1]
2% 24 108 18 ali
232 12 54
251 00 1} ] a
252 0o o
271 15 7.2 og I6
272 L a
241 00 ] 1] B
242 0.0 ‘o
Z5L a0 a a 0
52 ago 1]
431 go . a 11¥8 530.1
452 2156 10802
421 0o 1] 7.4 323
482 14.8 66.6
491 agn 1] {6 T2
492 32.0 144
51.1 248 t41 009 94 11t6 2009 9036
512 768 16956
3% 00 a (} 0
532 ag a
54.1 0 a o o
542 Qo 1}
591 ago 0 o o
‘502 0.0 a
sverage 21.7 976 217 a97.6



Appendix A. Hervest weights and energy conversions

71

Date Plet ¢/.25m2 g/m2 104 sub 550 aft BOM keal/m2 av 3/m2 avke/m2
1731791 111 0.0 0 0 0
112 o0 a
1.3.1 0.0 0 1] 1]
122 a0 H
1.7.1 24 10.8 12 54
172 00 a
201 0.0 -0 ‘19 255
202 T80 13|
211 76 142 I8 17.1
212 og o
2Z1 0ga Q 0 a
232 ao ]
251 264 1188 13.2 59.4
252 0.0 o
2711 0.0 Q a 1]
272 an o .
241 52 224 26 117
342 00 1]
51 0o 0 1] o
52 00 D
45.1 0.0 1] 0 Q
152 08 0
421 12 504 36 252
422 0.0 a
491 14.0 63 T SIS
492 a0 1]
514 652 126 00? 94 2934 75 Z3ls
S12 240 I81¢
521 348 1866 174 783
532 0g G
541 16 T2 08 Z6
542 oo o
59.1 20 g i 45
592 agd a

sverage

86

3828

86

8.8



Appendix A. Harvest weights and energy conversions

Date

72

Plot g/.25m2 q/m2 104 «yb S50 aft TOM keal’/m2 av g/m2 av ke/m2

2728791 1.1.1

average

112
134
132
171
172
201
202
211
2.12
231
232
251
252
27.1
272
341
T42
35.1
352
45.1
452
481
482
491
492
5.1.1
5.1.2
53.1
532
54.1
54.2
591
592

20
oo
0.0
a0
0.4
oo
14.0
04
6.4
Zi6
44
8.0
10.0
a0
62.0
68
16
aa
17.2
1108
1352
24
236
0.0
228
00
396
436
400
a0
48.0
20.8
82
0.0
19.6

Noooo oW

6

288
1692
198

45

279
30.6
72

714
498.6
6084

108
1062

1026
1782
1962
180
216
916
369

88.1

1

0

02

.

22

62

5

4.4

08

64

8.8

118

114

41.6

20

344

4.1

19.6

45
0
as
32.-4
99
27.9
22.5
1548
36
288
3096
33.1
513
1872
30
1548
18.45

88.1



Appendix A. Harvest weights and energy conversions

Date

73

Plot ¢/.25m2 g/m2 104 zub 550 aft BOM keal’m2 av 9/m2 av ke/m2

Z/30/91 1.1

average

112
1.21
122
1.71
172
z0
202
211
212
231
2%22
251
252
2.7
272
341
342
351
252
451
452
481
482
491
492
211
12
931
5352
34.1
542
591
592

05
a
0
s
66

113
13.1

= e I =T

20
0o
0o
24
26.4
0.0
oo
0.0
0.0
26.0
0o
36
Qo
52
Z8.0
24
116
oo
13.2
00
452
524
368
92
0o
0o
132
090
T2
0.0
32
0o
o0
a0
a0

o QL

1

12

132

13

28

26

232

58

66

488

23

6.6

36

16

90

45
54

59.4

585
12,6
11.7
1044
26.1
29.7
2186

1035
29.7
162

T2

40.5



Appendix A. Harvest weights and snargy conversions

BROWN WT.

Date Plot 9/.25m2
10729790 1.1.1 o
112 1]
131 2
132 0
1.7.1 o
1.72 0
201 407
202 6%
214 395
212 84
281 0
232 o
251 27
252 5132
271 o
272 119
341 a
Z42 0
51 53
352 o
451 1]
452 213
481 33
482 241
491 Q
492 265
5.1.1 o
512 539
3351 16.1
332 LS
541 19.7
542 78
391 30.8
592 17

Iverage

74

3/m2Z 104 sub 550 aft BOM keal/m2 av a9/m2 avke/m2

a0
00
g0
00
a0
0.0
1628
2760
1586
336
a0
0o
10.8
2292
00
47.6
G.0
G0
21.2
00
0.0
1092
1492
96.4
00
1060
00
1356
64.4
1412
8.9
312
1222
68.0
60.3

Q':‘QﬁQQ

1242
T
1512

486
1031 4

2142

4914
6714
4338

477

6102
2898
6354
546
1404
5344

306
2na

1]

4

0

2194

95.8

120

228

106

34.6

1228

67.8

1028

95.6

60.3

o

18

1]

9873

431.1

540

103.1

41.1

2457

3326

2185

305.1

4626

2438

430.2

214



Appendix A. Hervest weights and energy conversions

Date
BROWN

75

Plot 9/.25m2 q/m2 104 sub 550 aft BOM keal/m2 av 9/m2 av ke /m2

11/730/90 1.1.1

average

112
13.1
132
}. 1A
1.72
201
202
211
.
231
232
251
252
271
272
T4
242
o]
352
451
452
421
482
491
492
519
512
511
532
541
542
591
592

1

oo w

17.1
12.4
243
$2.2
163
48.4
465
45
18.6
264
a1
256
265
12
46.2
53

60
00
0.0
0.0
12
10.4
2756
208
1412
24 4
92
16.0
2424
2240
0o
0o
268
21.2
68.4
496
97.2
2088
65.2
1936
1860
1800
744
1056
324
1024
106.0
48.0
1848
2120
998

27

0

0

o

54
46.8
12402
1442 6
6354
3798
41.4
72
1090 8
1458

1206

954
3078
2232
437 4
9196
2924
872

210
3248
4752
1458
4608

477

216
2216

4492

z

0

58

2982

1128

126

2032

24

59

153

1294

183

67.4

1984

998

135

0

26.1

13419

S076

56.7

1274 4

108

2655

6885

58235

8225

2023

346 5

2928

4492



Appendix B. Insolation data
DATE PU CM KCAL KCAL (m2)

5/1/90
$/2/90
5/2/90
$/4/90
5/5/90
$/6/90
CSI7M0
578490 -
5/9/90
5/10/90
5/11/90
5/12/90
5112 /90
5/14/90
5/15/90
5/16/90
5/17/90
5/18/98
5/18/90
5/20/90
5421 /90
5/22/90
5/23 /90
5/24/90
5/25/90
5426 /90
5/21/90
5/28/90 '
5#29 /90
$/30/90
5/31/90
Avg May

23
23
23
23
23
23
23
21
%
27
43
o
21
53
16
21
34
41
23
15
20
4
24
30
15
6
21
6
24
30
42
23

SurnMay 712

&/1/90
&/2/90
6/3/90
&/a/90
675790
6/6/90
£43/90

20
20
20
28
26
32
3

23
23
23
23
23
23
23
2.1
26
27
43
0.8
21
£3
186
21
4
4.1
23
15
2
04
24
3
15
113
2.1
05
24
3
42
23
k2
Zz
2
z
28
26
z2
%1

1.08
1.08
1.08
1.08
1.08
108

108

ER
122
127
202
0.22
09s
155
075
099

16
193
1.08
0.7
0.94
019
113
141
o
028
099
0z8
113
1.41
197
1.08
Z35
0.94
094
1.4
1.32
1.22

1.5
146

10810
108140
10810
10810
1aetd
10810
10810

Sa7n

12220

12690
20210
3760
9870
15510
7320
9870
15980
19270
10818
7030
9400
1880
11280
14100
7050
2820
9870
2820
11280
14100
19740
1079424
224640
2400
2400
14100
13160
12220
15040
14570

76



Appendix B. Insolation data

DATE
6/8/90
6/9/90

6/10/90
6/11/90
612490
&/13/90
6/14/90

6/15/%0 -
6/16/90 ¢

&/17/90
6418490
6/19/90
€420 /90
&/21/90
6/22/90
6722 /90
6/24 490
&£25/90
&/26 /90
627490
€/28/90
&£29/90
6/30/90
AYG June
Sumn June
TH/90
742490
73490

7/4/90

T/5/90
7/6/90
743490
7/2/90
T7/9/90
7/18/90
7/11/90

7/12/90.

7/13/90
7114430
7415790

P €M KCAL KCAL (m2)

3z
33
40
I8
Z0
0
0
F0
30
0
0
4]
9|
18
32
15
26
30
46
33
z4
%6
28
20
897
£
3
I8
52
53
30
36
42
41
8
32
30
13
12
14

z3
&3
4

s
(4}

N N

L%

155
155
188
165
141
141
141

141

1.41
(-3
{41
i41
146
083

15
07
1.22
1.41
216
155

16
169
1.32
1.4%
422
t46
{46
1.79

15
165
1.41
169
197
193
1.79

15
141
06l
056
66

15510
15510
18800
164590
14100
14100
14100
14100
14100
14100
14100
14100
14570
8460
15040
7030
12220
14100
21620
18510
15980
16920
13160
14052
421590
14570
14570
17860
18040
16450
14100
16920
19740
19270
17860
15040
14100
&110
5640
6580

77



Appendix B. Insolation data

DATE
7/16/90
T/AT/90
7/18/90
7/19/90
7/20/90
T/21/90

f22/90
Ti23/90
7/24 /90
T/25/90
T/26/90
727790
T/28/90
7/29/90
7/30/90
7/31/90
AYG JULY
SUM JULY
1/90
8/2/90
8/2/90
e/4/90
8/5/90
8/6/90
8/7/90
8/8/90
8/9/90
2/10/90
g/11/90
8/12/90
8/13/90
28/14/90
2/15/90
2/16 /90
8/17/90
2/18/90
28/19/90
2/20/90
f21/90
8/22/90

PU CM KCAL KCAL (m2)

33
43
Z4
40
T6
4
25
22
16
Z0
39
33
32
33
35
23
Zi
I
30
31
30
5
2}
-
2
36
32
26
15
52
34
14
Z0
18
23
21
28
27
27
25

3
43
Z4
4
6
z4
25
23
16
z
z9
z3
32
33
.5
23
£
96
Z
z1
z
£5
2.9
07
25
Z6
32
26
1.5
32
4
14
z
18
23
24
28
23
27
25

155
202

16
1.88
169

16
1.18
1.03
0.75
1.41
183
155

-
155
165
1.08
146
453
141
1.46
1.41
165
127
033
1.18
169

15
122
0

15

16
066
1.41
08s
1.08
0.99
1.32
LT
1.27
1.18

15510
20210
15980
18800
16920
15980
11750
10340
7520
14100
18320
15510
15040
15510
16450
10810
14600.3226
452610
14100
14570
14100
16450
12690
3290
11750
16920
15040
12220
7050
15040
15980
6580
14100
8460
10810
9870
12160
12690
12690
11750

78



Appendix B. Insolation data

DATE
8/23/90
8/24/90
8/25/50
8/26 /90
8/27/90
g/28/90
8/29/90
8/30/90
8/21 /90

AYG UG

SuUM AUG

9/ /90
9/2/90
9/3/90
9/4/90
9/5/90
9/6/90
2/7/90
9/8/90
Q/9/90
3/10/90
9/11/90
2/12/90
913790
af14/90
9415790
2/16/90
a/17/90
9/18/90
9719790
2/20/90
9/21/90
9/22/90
9/23/90
9724 /90
9/25/90
/26790
2427190
9/28/90
9429790

PU CM KCAL KCAL (m2)

z
14
24
26
32
&z
30
14
24
23

713
28
2z
28
30
z8
26
51
25
10
21
16
20
12
15
i3
31
25
£y
10

&
15
12
24
11
Z0
22
26
17
36

L
14
24
2.6
32
53

4
14
24
23
77
28
23
28

3
38
26
R |
25

1
2.1
16

2
12
15
13
ER
25
L |

i
(1
15
13
24
1.1

Z
23
26
1.7
36

0.14
066
113
122

15
155
.41
066
113
1.17
363
1.32
1.08
122
1.4
1.79
122
1.46
1.18
047
0.99
0.75
094
0.56
o
112y
146
1.18
146
047
0.28
0.71
061
1132
052
1.4
1.08
122

08
169

1410
6380
11280
12220
15040
15510
14100
6580
11280
117196774
363310
13160
10810
13160
14100
17860
12220
14570
11750
4700
9870
7320
2400
5640
7030
6110
14570
11750
14570
4700
2820
7050
&110
11280
5170
14100
10810
12220
7990
16920

79



Appendix B. Insolation data

DATE

SUM SEPT
10/1 /S0
1042490
1043/90
10/4/90
10/5/90
1046 /90
1047790
10/8/90
10/9/90

10510490

10411490

18412490

10/13/90

10/14/90

10415790

10416790

1017490

10418490

10519/20

10/20/90

1042120

10/22480

10/23/90

18/24./90

10/25/20

10426490

10727490

10/28./90

10429420

10./20/90

16431 /90

AVG OCT

SuM OCT
11/1/90
1142790
11/3/90
11/4/90

PU CM KCAL KCAL (m2)
9/20/90 24 24
AVGSEPT 22 22

658
20
0
19
20
26
20
22

&
21
i8

5

T

&

o
2z
25
24
20

4
Z1
23
21

2
18
18

4
29
32
21
20
20
18

564
23
12
12
12

66
2
z
19
2
26
2
22
06
2.1
18
0s
a7
(114
09
23
23
24
2
04
E |
23
21
02
18
18
04
29
32
21
2
2
18
56
23
12
12

1.2

113
103
309
094
141

0.e9

0.94

122

0.94
103
028
099
085
024
033
028
042
1.08
1.18
1.13
094
019
146
1.08
.99
09
085
085
019
1.36

15
099
0.94
094
086
265
1.08
056
056
056

11280
10308.6667
209260
9400
14100
8930
2400
122220
2400
10340
2820
9870
2460
2550
3290
2820
4230
10810
11750
11280
9400
1880
14570
10810
9870
940
28460
84e0
1680
12630
15040
9870
9400
2400
855096774
265080
10210
5640
5640
5640

80



Appendix B. Insolation data

DATE
11/5/90
11/6/90
11/7/90
11./8/90
11/9/90

11/10/90

11/11./90

11712490

11/13/90

11/14/90

11/15/90
11 M1 ¢ jan

e e A9

1141790
11/18/90
11.419/90
11./20/90
11./21./90
11/22/90
11/23./90
11./24 /20
11./25/90
11/26/90
11./27/90
11/28/90
11/29/90
11/20/90
AVG NOV
SUM NOY
12/1/90
12/2/90
12/3/90
12/4/90
12/5/90
12/6/90
12/7/90
12/8/90
1249/90
12/10/90
12/11./90
12412790

12
12
12
a
T
6
17
17
16
20
20
14
16
12
10
12
9
T
17
14
12
14
11
o
21
19
14
406
4
4
10
18
14
10
16
17
16
15
10
10

12
12
13
09
07
06

056
056
06l
042
0332
028

08

e
07
094
094
0ss
075
056
047
056
042
0zz

08
066
061
066
052
042
099
089
064
19.1
019
019
047
0as
066
047
0.7s

o8
0.7s
0.7
047
047

PU CM KCAL KCAL (m2)

5640
5640
6110
4230
3290
2820
7990
7990
7520
9400
2400
6520
7520
5640
4700
5640
4230
Z290
7990
6580
6110
6580
5170
4230
9870
8930
6360 66667
190820
1880
1880
4700
8460
6580
4700
7520
7990
7520
7050
4700
4700



Appendix B. Insolation data

DATE

12713490
1271490
12/15/90
1216490
12417/90
12/18/90
12719490

© 1220490

12421490
12/22/90
12/23/90
1272490
12425 /90
12426790
12/27/90
1242820
1242990
12720430
12431790
AYG DEC
SUr DEC
149
1/2/91
1/3/91
1/4/91
1/5/91
1/6/91
172791
tig/an
1/9/91
1£10/91
1/11/9
1412/
113/
1H14/9
1415491

1/16/91

1/17/91
1/18/91
1/19/91

10
10
10
10
10

jh13
Lt
1o

10
10
{0
10
10
1d
10
10
10

" b ek e A ok eeh b b e et b medk umb mwh b ok mmd med b

o

—s-‘—n—n—n——n-——‘—n—-.—.—q_.g

o
o

03
oe

047
047
047
047
047
047

047
043

D47
47
047
.47
047
047
047
047
047
047
047
051
15.7
047
0.47
047
047
047
D47
047
047
047
047
047
0.47
.47
047
047
028
.14
.38
047

PU CM KCAL KCAL (m2)

4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
063 87097
156980 -
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
4700
2820 -
1410
3760
4700



Appendix B. Insolation data

DATE
1/20/91
1/21/91
1/22/91
1/23 /91
1/24 /91
1/25/91
1 /26 /91
1£27/91
1/28/91
1/29/91
1/30/91
1731 /91

AVG JAN

SUM JAN

21/91
2/2/9
2/32/91
2/4/91
2/5/91
2/6/9
2/3/91
2/8/91
2/9/M9
2/10/91
2/11 /91
2/12/91
2/13./91
2/14/91
2/15/91
2/16/91
2/17/91
2/18/91
2/19/91
2/20/9
2i21/9

2/22/91 .

2/23/91
2/24 /91
2/25/91
2/26 /91

PU CM KCAL KCAL (m2)

Q-~wu

0s
07
08
14
1

024
033
038
066
052
0e9
042
D.14
028
0.19
089
08s
045
14.1
075
D66
094
047
028
042
024
0.28
066
047
0.75
0.94
014
024
052
094
028
047
024
056

n0eg
099
1.18

ns
028
033

2350
5290
3760
6580
5170
2930
4230
1410
2820
1880
8930
8460
4548 21871
141000
7520
6580
9400
4700
2620
4230
2750
2820
6580
4700
7520
9400
1410
2350
5170
9400
2820
4700
2350
5640
7990
9870
11750

2820
3290

83



-~ Appendix B. Insolation data

DATE
2727 /91
2/28/91

AVG FEB

SUM FEB

N

/291
/39
/4591
/5491
/e /s
ZAN
3/8/91
z/9/9
zA10/91
ZH11/91
312/
ESRFEL=]
2714591
3/15/91
ZHe /o
3/1T /91
Z/18/91
3119/91
320/
21791
3122091
/22791
3124791
/2891
3526791
3/21/91
/28791
T/29/91
2430491
/31 /91
avG MAR
SUM MAR.
4/1/9

PU CM KCAL KCAL{m2)

18
20
12
Z49
14
19
4
10
21
g
19
2z
17
14
20
T
17
20
12
Z0
21
g
10
x4
21
17
4
20
z1
12
25
14
2
10
18
18
562
4

18
2
1.2
z5
1.4
19
04
1
2.1
08
19

23

1.7
14
2
0.7
1.
2
12
3
24

08

1
24
24
1.7
34

z
EN |
12
25
14
z2

1
18
18

56
04

085
094
059
16.4
066
0.g9
019
0.47

0.99

033
0.29
1.02

0e
066
0.94
033

0g
094
056
i 4
099
038
047

113

0.99
ng8
16

1.41

1.46

056

i.18

066
15

047

085

085

264

019

840
2400
5852 21429
164020
6580
8920
1820
4700
9870
&¥e0
2920
10810
7990
6580
9400
3290
7950
9400
Se40
14100
9870
5760
4700
11280
9870
930
15580
14100
14570
5640
11750
6580
15040
4700
2460
852064516
264140
1880

84



- Appendix C. Tree biomass data for RCSS

zite
a-1

A-2

A-Z

A-4

A-7

Spacias

P sty
P J3kstres
8. 2w

D pakustoss
8 a8ra

. pdbstess
B ngra

Y stk
£ aprs

U palstrss
£ ampa

Y ekt
8 akwa

L. straenta
G i

& srhafig
L. styrsoitive
£, Slrasnius
P polustss
B g

A sprhufis
A sy hafixg
5. ngra

D sl
£ agya

L. Styrasitlia
L, stk
L. Syl
£, Sfyras il
£, Styraonia
B At

& syheafia
A, redevm

& s

£ anxra

& syrheafia
A sprhaafing
& sy fvafies
& sy hafeg
B ylafng

leaves (kg) branchas (kg) stem (kg)

457
282
21.28
1.51
46.7F
10.25
- 2399
348
28.84
224
263
0.14
3012
245
Z1.62
513
10.25
22.39
0.35
60.26
0.48
&17
91.2
0.35
40.74
1.02
1.51
324
676
282
457
182
an
81.28
79.43
151
16.22
1.82
22.39
10.25

26.3
15.8%
12589
a5t
27542
58.99
138.04
© 263
169.82
18.2
15488
0.7¢
702
138
18621
2894
5288
13183
186
Z54.81
263
35.48
53703
186
23908
575
g51
18.2
799
15.85
269.15
10.23
50.12
48978
467.74
851
955
10.23
13183
$9.98

11482
67.61
645.65
zZ.89
154282
28194
T24 44
o3
91201
T1.62
21293
24
169824
57.54
1000
13182
28194
69182
646
2041 .74
Qi3
162.18

323594

646
131826
21.88
33.68
T1.62
17782
67.61
151356
40.74
22988
288403
281838
33.688
471863
40.74
69182
28164

85



Appendix C. Tree biomass data for RCSS

site  spesies
P bty
8 anwa
A Sy hafed
L. A
L. anra
P strss

B8 8 syhesfang
o o FOREAE

B syhating
£ s
& navvrh
A avvrlls
A9 £ svvining
& iz
£ anwa
L. st
L Stfyrasntia
A sy hafixa
A :‘9‘.’ bafRrd
£ apywa
A& sawvwrh ks
£ ALra
L. sraciths
L. stfrasitte
A-10 £ axxs
4. nvyhf
& vuh
L. yrasitts
B agra
A 2vvhi
A svvhh
& nvurlif
B aspd
B apwa
A-1% L. sfyracitfus
A avevlla
A vl £
£, Sorao it
L. sfrasnts
L. skracriieg

063
7244
214
533
50.12
11.75
T4%

935
451

17.28
0.05
0.08
.08
B35
0.0s
0.08
0.05
19
Dos
0.19
0.72

12.59
0,08
0.08

38.02
0.25
007
0.1
019
a.n
0.19
023
282
245

40.74
0.76
0.14
0.03
0.08
0.05

1558
42658
12.02
2236
302
&7.61
42.66

54,95

263
100
028
041
041
186
028
a4
028
1
48
1
398
72.44
o4
041
22307
138
0.35
058
1
058
1
1.26
15.85
13.9
219.82
427
078
0.28
0.41
028

leaves (kq) branchaz (kg)ztem (ky)

12.688
251189
48.98
18197
169824
23113
19953
26303
114.82
51286
078
12
12
646
078
12
0.7¢
24
T4
324
1479
%6208
12
12
123027
457
1.02
1.74
324
1.74
324
417
67.61
5754
131826
15.49
24
0.78
12
0.78

86



Appendix C. Tree biomass data for RCSS

site  species

A-12

A-13

A-14

A-15

£ anya

B ARy

£ anra

L v

£ anwa

A rebeum
A&, redeem
A vl B
L. sfyrasniua
A avvwh iy
A svvvlifa
L w3

A syhafes
E Ay

A vl fs
A, redewm
A& redevm
A, redeem
A rebeum
A redeem
A redeem
A, redesm
& sy hafeas
PN

£ v

B apwa

A redevm
A. redevm
A redesm
A, redeym
B A

& syhufes
& syhofeg
A, rebeuwm
& syrhafeg
A redem
£, et
& ;'g'f:-:;fi:d
& syhafes
A vl fy

leaves (kq) branches (kq) stem (kg)

10471
182
537
309

10.23
245
TR
D28
1.02
1.02
083
138
977

467
0.25
023
128
0os
008
D08
035
008
0.72
195

10.96
069
008
014
048
048
813
014
063
457
035
008
589
151
15
023

63096
10.25
209
18197
58.88
138
058
155
575
575
457
7.76
56.2%3
20417
25.12
1.26

7.76 .

028
041
o4
1.86
0.41
198
1122
63.1
I8
041
0.78
263
263
28.84
0.78
I55
263
1.86
041
331.68
251
251
1.26

2890 45
40.74
132.04
977.24
20194
57.54
174
525
21.88
21.83
16.98
30.9
269.15
1096 48
457
417
209
078
12

12
6.46
12
14.79
575.44
209.03
14.13
12

24
913
933
12183
24
12.02
114.82
6 46
12
154 88
11.89
3299
417

87



Appendix C. Tree biomass data for RCSS

site  spasies

A rebeom
A-16 & syfiafies

B a3

L aswa

o

B srhafie

B agra
A-17 B 25rs

B akya

L Ay

& syheafixs

& sy hoafeg

A, rebivm
A-18 & syrhinafis

B sy hafies

B mppheafing

& syphafsa

& sy hcafira

& syrheafis

B syheafiss

A sy hnafisa

& sprhafng

A sprhafica

& sprhufig

£ anra

& apra
A-19 B agra

B apya

8 A

& A3

E anra

£ anya

B syrhafig

£, hrapitiia
&-20 5. aizra

A. redsum

B anwa

L. Sfyrasni

& syrheafpa

£ Apy

leaves (k9) branchas (Rg)stem (kq)

0.14
T24
8.13
063
562
871
0.35
10.23
18.2
23.18
617
363
0.05
245
T41
457
263
035
363
1.02
151
4.07
1351
245
513
324
2.14
14.45
245
1.82
1.51
17.38
0.72
1.02
10.96
50.12
324
o.a7
0.23
D48

0.78
18.2
46.77
355
32.36
50.12
186
50.98
107.15
501.19
35.48
20.89
028
12.9
42.66
263
20.89
186
20.89
575
251
2144
851
13.8
28.84
18.2
12.02
83.18
12.8
10.25
851
100
398
3.75
63.1
302
18.2
0.35
126
263

24
Ti.62
21878
12.68
14454
22988
646
28124
549.54
2951 21
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Appendix C. Tree biomass data for RCSS
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Appendix D. Plant species found in RCSS
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Appendix D. Plant species found in RCSS
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A Guide for Resumé Writing

10 Suggestions and 1 Requirement for Effective Resumé Prepamtio;‘t.
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1. There is no universal resumé format: There are.only gmclelmes you,should follow and the resumé
sample shown is intended for that purpose TR lE~YEY

2. Present your job objective in a manner that relates to the company you are applying to and to the job
description. '
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8. Keep a separate list of references, "and make them available only upon request

9. Always send a cover letter on matching paper with specific reference to the company’s need and your
qualifications for the job. A.personal letieris always best so make.an effort to get the individual's,
name and title who will be makmg\the hlnng de;:slon
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11, Submit your resumé on a paper the reader will remember. The Southworth Mill Kas baen producing
papers for business since 1839 and our Parchment Deed 100% cotton fiber substance 24 (Ib.) is the best

we produce., The colors white and ivory are always correct and faddish colors should be avoided.
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ADDITIONAL RESOURCES ON WRITING RESUMES
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Wio's Hiring Who, by Richard Lathrop, Berkeley CA.: Ten Speed Press, 1977.
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SUMMARY OF
EXPERIENCE:

OBJECTIVE:

EDUCATION:

EXPERIENCE:

1980 to
Present

1977 to
1980
ACTIVITIES:

INTERESTS:

REFERENCES:

BARBARA R, JENSEN
1 Greenleaf Street
Albany, New York 12205
518/732-5141

Eleven years with office products manufacturer, during which
I moved from assistant in the customer service department to
asgistant to the Vice—President of Sales. Contributed to the
expansion of the company and increased profits, with sales
volumes rising steadily by 30% in the last 5 years.

To direct sales program for a manufacturer of office products
marketed to commercial office supply dealers. Seek company in
need of an aggressive sales manager to improve sales perfor- °
mances, a firm that is willing to embark on an original and
innovative path to broaden market share.

University ‘of Massachusetts, Amherst, Massachusetts.

B. S. in Business Administratiom, 1977.

Special emphasis on marketing, statistics, English, speech and
psychology. Played varsity softball., President of Glee Club.
Expenses partially covered through scholarships and summer
jobs.

MENCOLITE PEN COMPANY, Albany, New York

Sales Executive/Assistant to the Vice-President of Sales,

In charge of handling sales seminars for national dealer and
wholesaler sales force. Assist the Vice-President of Sales in
the supervision of the sales management team, develop sales
strategies and identify new sales opportunities. My position
requires creative sales and marketing ability. I travel about
30%Z of the time,

Began in customer service department after graduating from
college. Helped revise and improve shipping department.

Promoted to telemarketing department in 1978, Was responsible
for the introductlon of monthly dealer sales promotions nation-
wide. This program surpassed the target goal by 45Z.

President, Albany Sales Executives Forum; Organist, First
Congregational Church.

Enjoy oil painting, reading scientific journals.

Furnished upon request.



