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in Pulaski and Russell counties of south-centra] -
:ﬁck}' (Freeman 473, 477, 479, VDB). In this I;tr::a
the Cumberland ~Plateau, which spacially isolates
T. cuneatum in Middle Tennessee from T. luteym at its
westernmost distributipnal limits, has been dissected
by the Cumberland River, and the ranges of the taxa
here come together. The plants in these populations
bear mostly yellow colored, lemon scented flowers, al-
though plants bearing purple colored, spice-scented
fiowers also occur. In addition to the typical plants
occasional individuals are encountered the flowers of’
which are purple and produce a strong lemon odor,

Serota (1969), in connection with a study of
morphological and karyotypic variation among sessile-
flowered species of Trillium represented in North Caro-
lina, commented on the dependability of fragrance dif-
ferences between T. luteum and T. cuneatum. She re-
ported observations of a population near Fontana Dam
in Polk County containing putative hybrids between
the two taxa. She observed plants with yellow flowers
having either a definite spice scent or, more frequently,
without any fragrance at all, but she was unable to
detect a lemon fragrance in any flowers bearing visible
traces of anthocyanin. Serota concluded that the mor-
phological and karyotypic similarities of 7. luteum and
T. cuneatum warrant consideration of the two as a
single taxonomic species.

Freeman (loc. cit.) discussed the apparent close
relationships of the two taxa but concluded, correctly in
our opinion, that both must be accorded taxonomic
status above that of formae of a single species because
of their largely allopatric patterns of distribution. He
chose, perhaps somewhat arbitrarily, but not without
careful and searching deliberation, to recognize each in
species status. This was done so as not to disturb
unduly or prematurely the system of hierarchy and
the nomenclature of the component elements judged to
be the most reasonable for the subgenus as a whole on
the basis of currently available information. It is clear
that convincing arguments may even now be leveled to
Justify the treatment of 7. Iuteum as a geographical
variety or as a subspzcies of 7. cuneatum, but there
seems to be insufficient biological evidence at the present

tlme: to warrapt such manipulation. Indeed, there are
obvious practical advantages in retaining T. luteum
as a taxonomic species,

The results of the present study of flower fragrances
do not settle the question of the taxonomic rank of
these two plants. Although 12 different fragrance
compounds were detected in the two, only two of the
mmpouqu_ occurred in the flowers of both taxa where
they exhibited approximately a 3-fold quantitative dif-
ference. If these data alone were used as an indication
of relationship, the two taxa would appear to be quite
different.

But when data relative to the occurrence of flavonoids
and other flourescent compounds in the flowers of these
p}ants are compared, (Murrell, 1969), considerable
similarity is seen to exist. Trillium cuneatum was found
to contain some 44 chromatographically recognizable
fluorscent components while 7. luteum contained a total
of 43 such compounds. Of this group of compounds
36 were common to both. The possibility of different
taxonomic interpretations arising from the separate
evaluation of the two types of chemical data emphasizes
the importance of a synthesizing approach to the final
solution of this taxonomic problem, using information
from all possible sources.
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ABSTRACT

Aboveground biomass (420 t/ha) and net annual
veground productivity (1510 g/m?/yr) of a mature
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mixed deciduous forest were estimated from empirically
determined stem diameter measurefnents on 36Q canopy
(>>10.16 cm dbh) trees ?nd published stem dla(neter:
biomass regression equations. The resulting estimates
as well as the basal area coverage (43 m?2/ha) lay
within limits encountered in temperate deciduous forests
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forests by other workers using techniques requiring
far more time, equipment, and personnel.

INTRODUCTION

Although there exist, due to the extensive wor.k of
Whittaker (1961, 1962, 1963, 1965, 1966) and ‘hlS as-
sociates (Whittaker and Garfine, 1962; Whittaker,
Cohen, and Olson, 1963), excellent estimates of fqrest
productivity and biomass accumulation for. the various
communities of the Great Smoky Mountains, no §uch
estimates exist for the extensive low elevation mixed
deciduous forests of eastern Tennessee. The la.ck qf
such information is unfortunate since the region is
generally considered the center of origin of the eastern
deciduous forest of the United States. The primary
objective of this study was the estimation of net annu.al
aboveground productivity and aboveground biomass in
such a forest.

The study area was located near the confluence of the
Clinch and Powell Rivers (36°16/N 84°03'W) in
Campbell County, Tennessee. Elevation of the study
area ranged from 320-380 m and Norris Lake, a hydro-
electric storage reservoir, lay adjacent to the study area
below 310 m. Mean annual precipitation in the area
is approximately 130 cm with maxima in early spring
and late summer.

METHODS

Studies undertaken to esti bi lation and pro-
ductivity of forests have typically involved various means of
destructive sampling which have entailed large expenditures of
time and personnel. However Monk, Child and Nicholson
(1970) formulated a set of regression equations, based on
destructive sampling in an oak-hickory forest, which allow the
estimation of various components (e.g., leaves, current year
twigs, etc.) of a mixed forest stand from stem diameter
measurements. These equations (Monk er al, 1970) were
applied to stem diameter measurements obtained from 360
canopy (=10.16 cm dbh) trees in a mature mixed deciduous
north-slope forest. The 360 trees measured were selected by
means of 90 quarter-points located at 15 m intervals along two
transects traversing the stand.

RESULTS

The estimation of net annual aboveground production
requires measurements on or estimation of several com-
ponent parameters. Chief among these are such factors
as (1) the weight of leaf material in the stand, (2) the
weight of new twigs produced during the current grow-
ing season, (3) the weight of material, primarily leaves,
consumed by herbivorous animals, chiefly phytophagous
insects, (4) the weight of annual increment of radial
growth of the various stems (boles and branches), and
(5) the weight of material produced during the repro-
ductive phases of the component species’ life cycles
(e.g., flowers, fruits, seeds, erc.).

Forest Leaf Weight: Using the empirically deter-
mined stem diameter measurements in conjunction with
the regression equations of Monk et al (1970) the 26
canopy species were found to have a combined leaf
weight (oven-dry) of 9814.3 kg/ha (Table 1). The
findings of Monk er al (1970) indicated that canopy
trees alone account for about 85% of the stand’s above-
ground biomass, Assuming a similar relationship in the

present stand, leaf weight for all strata was calculated to
be 11546.2 kg/ha.

Table 1. Biomass of leaves, current year twigs, stems
and boles, and total tree (aboveground).! Nomen-
clature follows Fernald (1950).

3 Biomass (kg/ha)
Species Teaves  Twigs  Stem/Boles  Trom

Fagus grandifolia Ebrh. 20000 3002 S5083.1 80068 4
Cirgaipp:(3 epp) 10073 2045 612134 o4d4qp0
Quercus reluting L. 10835 1582 430245 45706 5
Liriodendron tulipifera L. 12220 1982 422808 44020
Acer saccharum Marsh, 871 1002 305013 323009
Quercus aba 1.. 183.5 687 18530.0 197979
Aeereruipan i 4702 527 M8.7 1550 0
Sassafras alliduns (Nutt.) Nees 9.5 427 128127 13361 5
Fraxins americana . 223 444 101631 100985
Aesculus octandra Marsh. we 192 2T smse
Cornus florida .. 1729 100 4254 45134
Ponus wicyniana ML, 27 S727 20180 20510
Osydendrum arborewn (1.) DC. 502 55 1045 4508
Quercus vubra L. 3.6 40 10252 10029
Ostrya wrginiana (Mill) K Roch e a2 011 10304
Platans occidentalis L, 89 32 9.7 1005.0
Nysen syliatica Marsh, 39 35 900.6 950 8
Tuglousiasucrea L 287 2.6 7521 7.1
Magnolict acuinata T 29 24 6000 61,4
Cereis canadensis I 152 16 B/LG 4087
Carginus carolinizna Walt. 189 L6 3.4 3815
Morus rubra 1. 17 05 4.2 1227
Ulaus rubre Muhl, 10 05 91.2 1013
Tilia americana L., 35 o3 80.6 8.8

Totls 95148 1750.0 G3$249.0 330831 2

"Values computed from regression equations of Monk et al
(1970) using empirically determined DBH measurements from
360 canopy trees.

Forest Twig Weight: The weight of new twigs pro-
duced during the current growing season among the
canopy species was calculated (from the equations of
Monk et al and the stem diameter measurements) to be
1750.6 kg/ha (Table 1). Again assuming that this
represents approximately 85% of the weight of the cur-
rently produced twigs in all strata, twig weight for the
entire stand was calculated to be 2059.5 kg/ha.

Losses to Insects: Several workers have attempted to
estimate stand losses to phytophagous insects. Bray
(1961) found insect consumption to vary from 3.2-
15.0% of total leaf area in three mixed deciduous stands
in southern Canada. Rothacher, Blow and Potts (1954),
working in the general area of the present study,
found a loss of 6.7% of the total leaf area (due to
insects and disease) by late in the growing season.
Further study by Bray and refinement of his original
values indicated that 1.5-2.5% of net annual above-
ground production was lost to insects (Bray, 1964). In
the same paper Bray applied his corrections to the

data of Rothacher et al (1954) yielding a value
of 1.7% of net annual aboveground production lost to
insects by season’s end. Monk et al (1970) found
between 1.6% and 8.7% (mean — 4.7%) of the total
forest leaf weight (3.5% of total aboveground produc-
tion) consumed by insects. Based on these findings a
value of 3% of the total leaf weight (2.3% of net

Biomass Productivity Estimates for a Temperate Mesic Slope Forest

105

annual aboveground production) or 346.4 kg/ha was
utilized in the present study to correct for losses to
insects.

Radial Growth Increments: "I‘he results of Monk et
al (1970) indicated that the wexg}}t of the annual incre-
ment of radial growth of the various stems >2.54 cm
dbh was approximately 6% of the weight of the forest
leaves (or 4.5% of net annual aboveground produc-
tion). Applying this relationship to computations of
forest leaf weight in the present study yielded a value of
692.8 kg/ha attributable to radial growth of the vari-
ous stems.

Flower, Fruit, and Seed Production: Whittaker
(1966), in the absence of empirical measurements, ap-
plied a correction of 5% of total net aboveground
production as an allowance for flower and fruit produc-
tion. The data of Ovington, Heitkamp and Lawrence
(1963) indicated flower and fruit production was ap-
proximately 2.6% of net annual aboveground produc-
tivity. In the present study a value of 3% of net annual
aboveground productivity (452.9 kg/ha) was applied
to account for production oriented toward reproductive
processes.

Net Annual Aboveground Productivity: Net annual
aboveground productivity for the forest was estimated
by summing (1) the forest leaf weight (11546.2 kg/ha),
(2) the current year’s twig weight (2059.5 kg/ha), (3)
weight lost to phytophagous insects (346.4 kg/ha), (4)
weight increases attributable to radial stem growth
(692.8 kg/ha), and (5) weight increases oriented
toward reproductive processes (452.9 kg/ha). These
values sum to 15097.8 kg/ha/yr (4.14 g/m?/day). The
various components of the productivity estimate are
summarized in Table 2.

Table 2. Summary of various components of net annual
aboveground productivity estimate.

Estimate

Component (kg/ha)

Leaves, Canopy Stratum 98143
Leaves, Subcanopy, Shrub and Herb Strata 17319
Current Year's Twigs, Canopy Stratum 1750.6
Current Year’s Twigs, Remaining Strata 308.9
Insect Consumption 3464
Radial Growth of Stems 692.8
Flower and Fruit Production 4529
Total 15097.8

Total aboveground biomass of canopy species was
356851.2 kg/ha (Table 1). Utilizing the finding of
Monk et al (1970) that the canopy biomass accounted
for 85% of the total aboveground biomass, total stand
biomass was calculated to be 419824.9 kg/ha.

Total basal area occupied by canopy trees was deter-
mined empirically to be 42.64 m?/ha. Basal area of
subcanopy trees (woody species having stem dlamzeters
<10.16 cm dbh and heights >2m) was 0.31 m /h:].
Consequently, with shrubs considered, total stand bas
area was approximately 43 m?*/ha.

Discussion

As may be noted by reference to Table 3, the estim-
ates offered in the present study for net annual above-
ground productivity and aboveground biomass are
comgatible with the findings of other investigators
working in temperate mixed deciduous forests and lie
near the expected maxima for such a forest.

Table 3. Productivity, biomass, and basal area coverage
in temperate deciduous forests.

Paramoter Yorest Type and TLacation Source

Net Aboveground Productivity
(g/m¥/yr)
568-2108 (mean — 1233) 12 Mixed Deciduous Forests,

Smoky Mountaine, US.A. Whittaker (1966:111)

1510 Mature Mesic Deciduous Forest,
Tennessee, US.A Present Study
819 Oakwood, Minnesnta, U8\ Oviogton e al
(196361
730 Closed Oak Forest Minnesota,
USA. Tray 11062.101
600 Onk-Hickory Forest, Geargin,
” Monk ef al (1970°140;
410 Open Oak Furest, Minnestn.
UX.A. Tiray (1962101

Aboveground Biomass (¢ 'ha)
88009 (mean — 202) 12 Mixed Deciduous Foreste.

Smoky Mountains, U.S.A. Whittaker (1066.111)
420 Mature Mesic Decistuonus Forest,
Tennessee, US A Present Study
164 Uakwood, Minnesota, 178 A Cvington ef al
(1963.59)
45 Onk-Tlickary Forest, (Georgia,

Alank ef al (1970:13

Basal Area (m*/ha)
3064 Mature Clioax Forests.
dmoky Mountains, U5\

43 Mature Mesic Decidivns Foret

Whittaker 1 14435109

Teanessee, U 5.\ Present studs
G D T8 . hituaker (1080:108)
2 Second Growl WLV hor el o71118)
e Y;:‘ifm,m'{l;i‘d KBTS othacher et f

(1054:172)

The regression equations upon which the p{oductivity
estimates of the present study are basetzl seemingly offer
high estimates of the forest leaf weight when these
results are compared to the estimates of other workers.
From the equations employed, the forest leaves account
for about 76% of the net annual aboveground produc-
tivity. This yields a ratio of net annual aboveground
production to leaf weight of 1.3 which agrees closely
with a similar ratio calculated from the data of Monk
et al (1970) but is somewhat lower than a value (2.3)
based on the data of Ovington et a{ (1963) and the
values (averaging 3.0) offered by Whittaker (1966) for
mixed deciduous forests. In other words, the pro.duc-
tivity estimates offered by these workers are 2-3 times
the annual leaf production indicating that according to
their measurements leaf production accounts for only
33.50% of net annual aboveground productivity.
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