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Abstract

Allometric equations were derived and dry weight distribution was determined for aboveground components (total wood,
trunk, branch, leaf, sced capsule, seed) of Melaleuca quinguenervia trees in south Florida. Aboveground tree components of
42, 46, and 50 trees, harvested from dry, seasonally flooded, and permanently flooded habitats, respectively, were separated,
sorted, sub-sampled, dried to constant weight at 70°C, and weighed. The effects of diameter at breast height (dbh) on dry
weight of the aboveground components were significant. Predictive allometric equations were derived for each component
using dbh and/or dbh?xtht (total tree height) as predictors. Based on R? values the accuracy of the equations for biomass
prediction are ranked as, total wood>trunk>branch>leaf>seed capsule>seed. Diameter at breast height alone was a good
predictor of dry weight of the aboveground components of trees. When dbh was combined with total tree height, RZ improved
somewhat for all components except for seed capsules and seeds. Proportions of the dry weight of total wood and branch
increased, but trunk and leaf decreased as dbh increased. Wood constituted the greatest proportion (83-96%) across the dbh
range (0.1-38.6cm) in all three habitats, Leaves and seed capsules represented a greater proportion of dry weight in
permanently flooded habitats (leaves, 10-13%; seed capsules, 3—4%) than in both dry and seasonally flooded habitats (leaves,
4-12%, seed capsules, up to 2%). Qverall leaf proportion decreased as dbh increased. € 2001 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Melaleuca quinquenervia (Cav.) 8.T. Blake (mela-
leuca) is an invasive tree of Australian origin that has
caused adverse economic and environmental impacts
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in southern Florida (Diamond et al., 1991; O'Hare and
Dalrymple, 1997). Melaleuca’s biological (Hofstetter,
1991) and silvicultural attributes (Meskimen, 1962)
combined with the ambient biophysical conditions
prevalent in southern Florida (Myers, 1984), have
negative environmental, vegetational, and public
health impacts (Di Stefano and Fisher, 1983; Myers,
1984; O’'Hare and Dalrymple, 1997). Many agencies
are attemnpting to restore and maintain the ecosystems
of southern Florida {Bodle et al., 1994) which requires
removal of invasive species. Melaleuca management

0378-3127/01/% - see front matter € 2001 Elsevier Science B.V. All rights reserved.

PIL S0378-1127(00)00357-1



282 M.B. Rayachhetry et al./ Forest Ecology and Management 142 (2001) 281-290

necessitates an integrated control strategy that deploys
multiple biological control agents to supplement other
environmentally acceptable control methods (Woo-
dall, 1981; Bodle et al., 1994; Turner et al., 1998).

The impact of biological control agents on large,
perennial trees is difficult to assess. Any such assess-
ment requires nondestructive methods that measure
aboveground components of trees (trunks, branches,
leaves, seed capsules, seeds) based on some easily
measured morphological parameter. Despite M. guin-
quenervia’s distribution in many paris of the world
(Holliday, 1989), a limited number of biomass related
studies are reported in the published literature. Conde
et al. (1981) developed regression equations for bole,
branch, and foliage using trees with smaller dbh (0.2-
14 cm) and height (0.7-8.6 m). These equations may
have limited use in predicting aboveground biomass of
trees in mature stands with larger diameter and height.
Additionally, regression equations for predicting
quantity of seed capsule and seed biomass are not
available. Melaleuca trees in Florida invade dry (no
standing water), seasonally flooded (standing water
present for weeks to months), and permanently
flooded (standing water year round) habitats. Repro-
ductive (seed) characteristics differ among these habi-
tats (Rayachhetry et al, 1998), so allometric
distribution of biomass might also differ.

Nondestructive estimation of aboveground biomass
components along with litterfall data both before and
after deployment of biological control agents, could
enable assessment of the effects of these agents on
melaleuca. Similar approaches were advocated for
evaluating biological control of the invasive shrub,
Mimosa pigra L. (giant sensitive plant) in Australia
{Lonsdale, 1988, 1992; Farrell et al., 1992).

Dependable allometric predictive equations based
on easily measurable tree dimensions can estimate
these components (Jokela et al., 1986) and have been
widely reported (Nemeth, 1973; Jokela et al., 1986;
Yamakura et al., 1986; Bartelink, 1996, 1997; Clough
et al., 1997; Ter-Mikaelian and Korzukhin, 1997).
This study provides (1) dry weight predictive equa-
tions for aboveground components of trees (trunks,
branches, leaves, seed capsules, and seeds) based on
tree diameter at breast height and total tree height and
(2) baseline parameters that could be useful in asses-
sing the impact of biocontrol agents on M. quingue-
nervig in southern Florida.

2. Materials and methods
2.1. Description of study areas

In general, Florida experiences humid subitropical
climate {Chen and Gerber, 1991). The melaleuca
stands used in this study are located in and around
the fresh water marshes of the Everglades (Kushlan,
1991) in southern Florida. Soil types in the study areas
are dominated by poorly drained organic soils classi-
fied as Histosols (Brown et al., 1991). The average
monthly temperature and rainfall in the study area
ranges from ca. 19°C (January) to 28°C (August and
September) and ca. 3 cm (January) to 27 cm (Septem-
ber), respectively (Chen and Gerber, 1991). A gross
classification of study sites according to hydrological
characteristics and geographic coordinates are pro-
vided in Table 1. Study areas contained few plant
species other than melaleuca.

Two naturally regenerated, uneven-aged melaleuca
stands were selected to represent each of dry, season-
ally flooded, and permanently flooded habitats of
southern Florida. A 100 m? plot was delineated within
each stand for sampling purposes. Edge effects were
avoided and the diameter range of the trees typical to
the site was represented by placing plots near the
center of the stand and extending them outwards while
avoiding trees along the stand margin. All melaleuca
trees > 1.3 m height within each plot were counted,
and their diameters at breast height (dbh) were
recorded.

2.2. Tree sampling

The numbers and attributes of trees sampled at each
site are presented in Table 1. Sample trees were
selected to represent the diameter range within each
delineated plot and were felled at ground level. Tree
height (tht), dbh, and the length and base-diameter of
the live crown were measured on cach felled tree. The
main trunk and branch components were then sepa-
rated. The trunk was cut into short, manageabie seg-
ments, weighed fresh, and one segment with
associated bark was placed in a paper bag then dried
to determine fresh to dry weight ratio. Total branch
weight (including branches, twigs, and leaves) was
recorded for smaller saplings. A 5 kg random sub-
sample was weighed from larger trees. The branch
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Table 1

Site characteristics, locations, and the dimensions of M. quinguenervia trees used for the study of their aboveground components in southern

Florida

Hydrological Sites Coordinates Stand Trees dbh® (cm) Height (m)

characteristics density” sampled range range

Dry Tree Top Park N26°05' W80°19' 23.8 19 0.1-31.1 1.3-21.0
Holiday Park N26°03" W80°26' 15.8 23 1.3-29.7 3.0-193

Seasomnally flooded Thompson Park N25°55" W80°27 28.8 24 0.8-31.2 29-134
Clewiston area N26°47 W80°57' 10.6 22 0.9-34.3 2.8-254

Permanently flooded  Water Conservation area 2Bl N26°13 WR0°24' 132.2 27 0.8-24.6 2796
Water Conservation area 2B2  N26°09 W80°21' 8.0 23 0.5-38.6 1.6-11.8

* Thousand/ha.
® dbh=diameter at breast height.

sample or sub-sample was then further separated into
bare branch, foliage and seed capsule components,
and weighed fresh while at the site. These samples
plus the trunk-sample segments were oven-dried at
70°C to a constant dry weight and the fresh to oven-
dry weight conversion factor was calculated for each
tree. The dry weight of major tree-components (trunk,
branch, leaf, and seed capsule/seed) was determined
for each sample tree by using the conversion factor.

2.3. Data analyses

Statistical analyses were performed using SAS
(1988). Analyses of variance {ANOVA) were per-
formed using nested designs where two sites for each
of the three habitats were considered nested within
their respective habitat.

The ANOVA and the prediction equations for the
aboveground components of trees were developed
using the In-transformed dry weight (kg) of the com-
ponents of individual trees and their corresponding In-
transformed dbh and height. The relationship between
diameter and height with each of the major above-
ground components were determined using a linear
regression procedures.

Dry weight percentages of the major aboveground
components (total wood, trunk, branch, leaf, seed
capsule, and seed) were calculated for each tree. As
the percentages were continuous (i.e., not binomial or
discrete), the data expressed as percentages were
analyzed without arc-sine transformation. The data
were then analyzed to detect significant differences
(P =10.05) in dry matter (weight) among three habitats

and diameter ranges within habitat. Linear trends of
the dry weight distribution among aboveground com-
ponents were analyzed for diameter ranges within
each habitat.

3. Results
3.1. Allometric relationship

The overall dbh and height relationship was linear
as described by the following equation (Eq. (1)) with
double logarithmic transformation (In):

In(tht) = 0.4484 + 0.0527 In(bdh) (R? = 0.79)
ey

where tht is the total tree height (m) and dbh is the
diameter (cm) at breast height. Diameter at breast
height explained about 80% of the variability in tree
height. The remaining variability may be attributed to
inherent tree, stand (densities and age class distribu-
tion), and/or site characteristics (soil and hydrological
parameters).

The results of the ANOVA of the effects of habitat
on the aboveground components of trees (total wood,
trunk, branch, leaf, seed capsule, and seed) are pre-
sented on Table 2. In general, the effect of habitat on
estimation of the dry weight of all except the branch
component was insignificant (P = 0.05).

The coefficient of determination (R?) of the rela-
tionship of single and/or combined independent vari-
ables (dbh, tht, live crown height, density) on the dry
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Tabie 2
Analyses of vaniance for the effects of habitat at breast height (dbh)
on the allometric relationship of the dry weight (kg) of the
aboveground components of M. guinguenervia trees in southern
Florida

Source Tree components d.f. F BR>F
Habitat Total wood 2 4.4 0.0978
Trunk 2 4.7 0.0903
Branch 2 7.3 0.0461
Leaf 2 0.3 0.7582
Seed capsule 2 3.1 0.1515
Seed 2 3.9 0.1141

weight of the major tree components are presented in
Table 3. Over 90% variability in the total wood, trunk,
branch, and leaf dry weight is explained by In(dbh).
The In-In relationships of dbh with the dry weight of
the aboveground components are presented in Fig. 1a—
f. In general, the natural logarithm of the aboveground
components showed a linear relationship with the
natural logarithm of the dbh. The following equation
describes the general relationship between dry weight
of aboveground components of trees and dbh:

In(y) = o + aIn(bdh) @)

where, y=dry weight of a given component, yo=
intercept, @ = slope, and dbh = tree diameter at breast
height. Anti-ln(y) > CF (correction factor) will give the
predicted value (kg dry weight) of the compenent,

Table 3

where, CF is the anti-In{ (s.e.e.)2/2 or the residual mean
square error/2) as shown in Sprugel (1983).

The values for the vg, a, R?, and standard error
estimates (s.e.e.) for each tree component are sum-
marized in Table 4. More than 90% of the dry weight
variability in the total wood, trunk, branch, and leaf
dry weight is explained by dbh. Similarly, more than
70% of the variability in the seed capsule and seed
component was explained by dbh alone.

The following equation describes the general rela-
tionship between dry weight of aboveground tree
components and dbh”x tht:

In(y) = y, + aln(bdh? x tht) (3)

where, y=dry weight of a given component,
yo=Iintercept, a=slope, dbh=diameter at breast
height and tht = total tree height.

More than 90% of the dry weight variability in the
total wood, trunk, branch, and leaf components is
explained by the dbh’xtht (Table 4). However, only
70 and 66% of the vanability in the dry weight of seed
capsule and seed, respectively, was accounted for by
the dbh”x tht. Generally, the dry weight of all major
components increased with increasing dbh.

3.2. Biomass distribution

Habitat did not influence (P = 0.05) the proportion
of dry weight as total wood, trunk, and foliage but did

Cuefficients of determination (R*) for two-sided In-transformed equations of independent and dependent (dry weight of tree components)

variables of M. quinguenervia in southem Florida

Predictors® Aboveground components

Total wood Trunk Branch Leaf Seed capsule Seed
In(dbh) 0.96 0.95 0.92 0.50 0.73 0.70
In(tht) 0.90 0.91 0.81 0.76 0.48 0.44
In¢dbh x tht) 0.98 0.99 0.93 0.89 0.67 0.63
In(dbh? xtht) 0.98 0.98 0.93 0.90 .70 (.66
In(lcrht) 0.78 0.78 0.73 0.79 0.55 0.51
In{lcrv) 0.81 0.81 0.77 079 0.56 0.53
In{den} 0.09 0.09 0.07 0.12 0.24 0.22
ln(dbhlxden) 0.70 0.70 0.70 0.63 0.38 0.37
In{dbh x tht xden) 0.67 0.67 0.65 0.56 0.28 0.26
In{dbh xlerv) 091 0.91 0.87 0.88 0.64 0.61
In(dbhx tht xIcrv) 0.93 0.93 0.88 0.88 0.63 0.59
In{dbh x tht x lcrv x den) 0.90 0.90 0.86 0.82 .55 0.52

* dbh=diameter at breast height; tht=total tree height; lcrht=live ¢crown height; lerv=live crown volume: den=tree density.
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Fig. 1. (a—f) The In—In relationship of diameter at breast height (dbh) with the dry weight of the aboveground components of M. quinguenervia
trees in southern Florida. The solid lines represent the regression functions.

affect branch, seed capsule, and seed components
{Table 5). The proportion of the dry weight of the
aboveground components of trees by habitat is pre-
sented in Table 6. Overall, 62% of the sampled trees
(85/138) bore seed capsules. A partitioning of seed
capsule-bearing trees by habitat showed 55% (22/42),

46% (21/46), and 849% (42/50) of the trees to be seed
capsule-bearing in the dry, seasonally -fiooded, and
permanently flooded habitats, respectively.

For “all trees’ {seed capsule-bearing plus non-bear-
ing), the difference in the proportions of the dry weight
of total wood, trunk, branch, and leaf across habitats

Table 4

Equations for predicting dry weight (kg) of the aboveground components of M. quinguenervia in southern Florida®

Components n Yo a R s.e.e.

In{dbh}
Total wood 138 —2.0163 2.0409 0.96 0.4631
Trunk 138 —2.0889 2.0135 0.95 0.4701
Branch 138 47717 22725 0.92 0.6569
Leaf 138 —3.7867 1.7193 0.50 0.5893
Seed capsule 85 —5.1166 1.6034 0.73 0.9008
Seed 85 —6.4857 1.5408 0.70 0.9358

In{dbh® < height)
Total wood 138 —2.8850 0.8134 0.98 03118
Trunk 138 —2.9522 0.8035 0.98 03052
Branch 138 —5.6634 0.8934 0.93 0.6229
Leaf 138 ~4.4692 0.6769 0.91 (1.5855
Seed capsule 85 . —5.5147 0.6017 (.70 0.9526
Seed 85 —6.8486 0.5753 0.66 0.9918

* n=number of sample trees, yy=intercept, a=slope, dbh=diameter at breast height, R*=coefficient of determination, and s.e.e.=standard

error of the estimate.
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Table 5

Analyses of variance showing the effects of habitat on the percentage of dry weight in the aboveground components of M. quinguenervia trees

in southern Florida

Source Tree components df. F PR>F

Habitat Total wood 2 2.8 0.1710
Trunk 2 3.5 0.1338
Branch 2 8.9 0.0339
Leaf 2 1.1 0.4106
Seed capsule 2 148.5 0.0002
Seed 2 2481 0.0001

was not significant (P=0.05) (Table 5). However, the
trees in permanently flooded habitats bore signifi-
cantly greater proportions of seed capsule (3.2%)
and seed (0.8%) compared to dry (seed capsule,
0.4%; seed, 0.1%) and seasonally flooded (seed cap-
sule, 0.7%; seed, 0.1%) habitats (Table 6). A similar
trend was also observed within the ‘seed capsule
bearing trees’ across three habitats.

Within a given habitat, the percentages of total
wood, trunk, branch, and leaf dry weight in corre-
sponding dbh classes in ‘all trees’ and ‘seed capsule-
bearing trees’ were slightly different (Table 6). The
overall proportion of foliage was lower in ‘seed cap-
sule-bearing trees’ than in ‘all trees’.

Trends in total wood, trunk, branch, leaf, seed
capsule, and seed proportions among ‘seed capsule-

bearing trees” are presented by habitat (Fig. 2a—f). The
distribution of the dry weight of total wood, trunk,
branch, leaf, seed capsule, and seed followed the same
trends in both dry and seasonally flooded habitats
(Fig. 2a—d). In these habitats, the dry weight propor-
tion of total wood and branch increased but trunk, seed
capsule, and seed decreased with increasing tree dbh.
In permanently flooded habitats, the dry weight pro-
portion of total wood, leaf, seed capsule, and seed
increased but branch decreased with increasing dbh
(Fig. 2e and f). In this habitat the proportion of seed
capsule and seed increased with increasing dbh
decreased with increasing dbh among ‘seed capsule-
bearing trees’.

The average proportion of foliage among smaller
trees (dbh<10cm) was up to 12% in permanently

Table 6

Distribution of dry weight (%) in the aboveground components of M. quinquenervia trees in southern Florida

Components Habitats

Dry Seasonally flooded Permanently flooded

All wees (n=42) (n=46) (n=50)
Total wood 91.7 (0.9) a* 92.6(04)a 837 (09 a
Trunk 80.1(1.2)a 83.0(08) a 740{1.%a
Branch 116 (1) a 9.5 (0.7) a 9.809)a
Leaf 8.1{09)a 7507 a 123 (0.7 a
Seed capsule 041 b 0702 b 32(03)a
Seed 0.1{00}b 0.1 (0.0 b 08({0.Da

Seed capsule-bearing trees (n=22) (n=21) (n=42)
Total wood 934 (08) a 927 (0.7 a 839 (1.0 a
Trunk 79.6 (1.6) a 825(1.1)a 73.5(1.5a
Branch 13.8(1.5)a 102 (1.0) a 104 (1.0} a
Leaf 59 (0.6) a 5.6 (0.5) a 120 (0.7 a
Seed capsule 0702)b 1.52)b 38(02)a
Seed 0.1{0bHb 0300 b 09(0.1)a

# Means (standard errors) among dry, seasonally flooded, and permanently flooded habitats within a row with the same letters are not
significantly different from each other at P=0.05, according to Waller-Duncan’s multiple range test.
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Fig. 2. Dry weight proportions of the aboveground components of seed-capsule bearing M. guinguenervia trees, presented by habitats ((a and
b} dry; {c and d) seasonally flooded: (e and f) permanently flooded) in southern Florida. N=21, 22, and 42 for dry, seasonally flooded, and

permanently flooded habitats, respectively.

flooded and 9% in dry and seasonally flooded habitats
(Fig. 2a, c and e). Among larger trees (dbh>30 cm)
trees, the proportion decreased to less than 5% in dry
and seasonally flooded habitats, but remained greater
than 10% in permanently flooded habitats. Smallest
dbh of the trees that bore seed capsules varied in three
habitats (Fig. 2b, d, and f). Trees with the smallest dbh
that bore seed capsules were 6, 4, and 1 cm, in dry,
seasonally flooded, and permanently fiooded habitats,
respectively.

4, Discussion

4.1. Allometric relationship

The amount of the dry weight for aboveground
components of standing trees can be estimated non-

destructively using appropniate equations for each
component or proportional relationships with total
biomass previously developed or determined through
destructive sampling. Such equations and the propor-
tional relationships are based on easily measured
parameters such as tree diameter and/or height. Total
tree height and diameter are the most widely used
parameters in predicting stem volume, and often are
also used singly or in combination to predict tree dry
weight (Bunce, 1968). In this study we analyzed the
effects of habitat, tree density, diameter at breast
height, total tree height, live crown height, and live
crown volume (Table 3). The effects of habitat on the
aboveground components (total wood, trunk, branch,
leaf, seed capsule, and seed) were not significant
{Table 2) indicating that a simple general equation
developed for each component can be used to predict
dry weight of the given component among three
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habitat types. As single variables, diameter at breast
height, total tree height, live crown volume, live crown
height. and tree density ranked best to worst in terms
of their ability to account for variance in dry weight of
the aboveground tree components (Table 2). Diameter
at breast height showed higher (above 90% for total,
trunk, branch, leaf; and above 70% for seed capsule
and seed) correlations (PR>F=—0.0001) with above-
ground components. Similar types of relationships
have also been reported for other species (Nemeth,
1973; Bartelink. 1996; Clough et al.. 1997).

In our study. dbh alone was the overall best pre-
dictor of total wood, trunk, branch, leaf, seed capsule,
and seed dry weight (Tables 3 and 4; Fig. 1a-f ) which
is in accordance with other species (Jokela et al.,
1986). When height was combined with dbh? it added
very little to the model. The R* increased only slightly
and the s.e.e. for total wood, trunk, and branch only
decreased slightly. However, both R and s.e.e. for
both seed capsule and seed components decreased
when height was combined with dbh? (Table 4).

The relationship between dbh and trunk dry weight
is reported to be stand independent for beech (Fagus
sylvatica) and Douglas fir (Pseudotsuga menziesii)
since both are cumulative parameters (Bartelink,
1996). In our study both dbh and dbh’xtht based
equations (Table 4) explained over 90% of the var-
iance for total wood, trunk, branches, and leaves of
melaleuca in all three habitats. Similar accuracy of
predictive equations has been reported for comparable
aboveground componenis in other tree species
(Clough et al, 1997). In our study, the equations
for the seed capsule and seed components had the
largest unexplained variations and standard errors of
the estimates.

The addition of the height variable to the model may
reduce its practical usefulness since it is difficult and
time consuming to measure. Diameter measurement
can be accomplished easily and a large number of trees
may therefore be sampled to account for possible
heterogeneity among forest stands (Bunce, 1968).
For this reason, use of tree girth/diameter has been
recommended for dry weight distribution in other tree
species (Bunce, 1968; Jokela et al., 1986). Therefore,
allometric equations based on dbh alone are recom-
mended for predicting the dry weight of the above-
ground components of melaleuca trees in south
Florida. Equations presented in Table 4 permit esti-

mation of dry weight of the components in both seed
capsule bearing as well as non-bearing trees. Total
aboveground tree dry weight, if desired, may be
estimated by adding the dry weight of components
{total wood-leaf+seed capsules).

Other researchers (Sprugel, 1983; Jokela et al.,
1986: Yamakura et al., 1986; Bartelink, 1996, 1997;
Clough et al., 1997; Ter-Mikaelian and Korzukhin,
1997) have noted that an inherent bias occurs when a
linear regression is applied to the In-transformed data
and the predicted values are converted to arithmetic
units. Therefore, the predicted dry weight of compo-
nents for a given dbh or height will not sum up exactly
to the predicted total tree dry weight (Jokela et al.,
1986). The non-additivity of the components has been
attributed to the discrepancies in fitted models for
components and total tree dry weight. logarithmic
transformation of dependent variables, and missing
values in some of the components (Kozak. 1972).
Sprugel (1983) suggested the integration of a correc-
tion factor to the equation to remove the systematic
bias introduced by the use of linear regression to In-
transformed data. Standard error estimates (s.e.e.) as
presented in Table 4 and explained in Egs. (2) and (3)
in the results section should be used while estimating
the aboveground components of melaleuca in southern
Florida.

4.2. Biomass distribution

In general, the major portion of a tree is composed
of wood (Yamakura et al., 1986), which in turn, is
constituted mainly of the trunk., In our study, the
proportional representation of total wood dry weight
increased, trunk dry weight decreased, and branch dry
weight increased with increasing tree dbh (Fig. 2). In
addition to the height, diameter of a tree may be
considered to be an indicator of its dominance in a
stand, and dominant trees usually occupy larger
canopy space due to increased branching (Bartelink,
1997). This is consistent with our results that show an
increased proportion of branch dry weight with
increasing dbh. On the other hand, the proportion of
leaf decreased with increased branching, which is in
accordance with other reports on hardwood and con-
iferous species (Bartelink, 1996. 1997). Leaves on
dominant trees are positioned near the end of the
branches in order to optimize radiation interception
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(Kellomaki et al., 1981). So, more branches are
needed to optimize leaf biomass for photosynthate
production (Bartelink, 1996),

The seed capsule proportion decreased with
increased dbh. Melaleuca capsules are usually borne
in series of clusters on the twigs. These are retained
several years until the vascular connection between
seed capsules and the twig is disrupted (Rayachhetry
et al., 1998). As a result, numerous seed capsules are
lost as the trees grow. This is reflected as a decrease
in capsule proportions with increasing trunk dia-
meter.

Melaleuca trees in permanently flooded sites bore
relatively greater proportions of seed capsules com-
pared to dry or seasonally flooded habitats (Table 6).
Trees growing in moist environments tended to retain
leaves longer than those growing in drier environ-
ments. Similarly, the capsules open when the moisture
supply is disrupted and are then detached from the
twig. Thus, conditions for retaining leaves and seed
capsules are more favorable in permanently flooded
habitats than in drier habitats.

A general trend of increasing total wood proportion
with increasing dbh was observed for melaleuca trees
in all three habitats. A similar trend of increased
woody materials with increasing tree age has been
reported for other tree species (Nemeth, 1973; Clough
et al., 1997). Leaf dry weight distribution in dry and
seasonally flooded habitats decreased with increasing
dbh while it was fairly equally distributed among all
dbh classes in permanently flooded habitats. Trees as
small as 1 ecm dbh bore seed capsules in permanently
flooded habitats, whereas, the trees that bore seed
capsules in dry and seasonally flooded habitats were
at least 4 cm dbh. This suggests that the trees with a
given dbh in permanently flooded habitats are either
older than those with the same dbh in dry and sea-
sonally flooded habitats, or that trees in the perma-
nently flooded sites are precocious relative to those in
dry or seasonally flooded habitats.

This study presents generalized allometric equa-
tions to predict the dry weight of aboveground com-
ponents of melaleuca trees. These equations will be
useful in predicting stand productivity over time. In
combination with litterfall studies, this will provide a
tool for evaluating performance of introduced biocon-
trol agents. Similarly, if total tree dry weight and/or
dbh is known, the dry weight in aboveground compo-

nents can be estimated by using proportion data
provided in Table 6.
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