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RESUM O —(Equagdes paraestimar a biomassa de plantas da caatinga do semi-arido brasileiro). Equagdes al ométricas foram desenvolvidas
paraestimar abiomassaaéreaviva(B) e aareade projegado dacopa (C) de dez espécies da caatinga, com base naalturadaplanta (H) €/ou
do didmetro do caule ao nivel do solo (DNS) ou a altura do peito (DAP). Trinta plantas de cada espécie, cobrindo a faixa usual de
diémetros (3 a 50 cm), foram medidas (C, H, DNS, DAP), cortadas na base, separadas em partes, pesadas e subamostradas para
determinac&o da biomassa seca. A densidade (p) da madeira dos caules e galhos maiores foi determinada. B, C, H ep variarande 1 a
500 kg, 0,2a112m?,1,3a11,8me0,45a1,03 g cm. A biomassa das 10 espécies, separadamente ou em conjunto (exceto pelaespécie
de Cactaceae), foi estimada com alto coeficiente de determinagdo (R?), usando a equacdo de poténcia (B = aDNS") e DNS, DAP ou
combinacBes de didmetro, altura e densidade. A melhora com a multiplicag@o de DNS ou DAP por H e/ou p foi pequena. A equacdo de
DAP (védlidaaté 30 cm) para o conjunto das nove espéciestevea = 0,173 eb = 2,295, semel hantes aos val ores das médi as das equagdes
encontradas naliteratura, mas um pouco abaixo dos referidos para vegetagdo tropical Umida. A projecdo das copasfoi significativamente
rel acionada com didmetros do caul e, alturas e biomassas.

Palavr as-chave: didmetro do caule, altura, areadacopa, densidade damadeira

ABSTRACT — (Biomass equations for Brazilian semiarid caatinga plants). Allometric equations to estimate total aboveground alive
biomass (B) or crown projection area (C) of ten caatinga species based on plant height (H) and/or stem diameter at ground level (DGL)
or at breast height (DBH) were devel oped. Thirty plants of each species, covering the common range of stem diameters(3to 50 cm), were
measured (C, H, DGL, DBH), cut at the base, separated into parts, weighted and subsampled to determine dry biomass. Wood density
(p) of the stem and the largest branches was determined. B, C, H and p ranged from 1 to 500 kg, 0.2 to 112 m?, 1.3 t0 11.8 m, and 0.45
to 1.03 gcm?. Biomassof all 10 species, separately or together (excluding one cactus species), could be estimated with high coefficients
of determination (R?) using the power equation (B = aDGL") and DGL, DBH, H or combinations of diameter, height and density.
Improvement by multiplying H and/or pto DGL or DBH was small. The mixed-species equation based only on DBH (valid up to 30 cm)
hada=0.173 and b =2.295, similar to averages of these parametersfound in theliterature but slightly lower than most of those for humid
tropical vegetation. Crown areawas significantly related to diameter, height and biomass.

Key wor ds: stem diameter, height, crown area, wood density

Mencuccini 2004), having, among other advantages,
that of being non-destructive.

Allometric equations have been determined for
many plant speciesin different biomes, both temperate

I ntroduction

The standing alive aboveground biomass of a
vegetation isanimportant biological information. It has

been used for several purposes, including thoserel ated
towood production, net primary productivity, nutrient
cycling and the recent interest in CO, dynamics and
the greenhouse effect (Ter-Mikaelian & Korzukhin
1997; Nelson et al. 1999; Keller et al. 2001).
Therefore, different methods have been devised to
estimate thisbiomass. The use of allometric equations
based on plant characteristicsis one of these methods
(Ter-Mikaelian & Korzukhin 1997; Zianis &

(Ter-Mikaelian & Korzukhin 1997) and tropical
(Haase & Haase 1995; Kumar et al. 1998; Nelson
et al. 1999; Keller et al. 2001) but semiarid tropical
biomes have received little attention (Okello et al.
2001; Sambaet al. 2001). Even scarcer are published
data about species of semi-arid Northeast Brazil, a
picture worsened by the fact that most of the published
material has a rather restricted circulation (PNUD/
FAO/IBAMA 1992).
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Caatinga vegetation, due to the irregular and
limited rainfall of the semiarid region, rarely reaches
heights above 20 m and is dominated by small trees
and shrubs. The native vegetation is used to produce
fuel wood and is part of the slash and burn itinerant
agriculture cycle (Sampaio 1995). Therefore, most of
the area is in some stage of regrowth after being
clearcut. This mosaic of vegetation stages has been
described in some detail by phytosociological studies
(Sampaio 1996), which provide accurate data on plant
measurements for more than a hundred species in
dozens of sites. Allometric equations could use these
measurements to estimate biomass under these
different situations.

The objective of this paper is to derive biomass
estimation models for ten of the most important
caatinga species.

M aterial and methods

Nine of the species were selected among those
with the widest distribution within caatinga and also
with the highest basal areain most of the sites(Sampaio
1996). The high basal areasresulted from acombination
of high plant densities with moderate individual stem
diameter or large stem diameter with low to average
densities. The first group included mostly small trees
or shrubs: Aspidosperma pyrifolium Mart.,
Caesalpinia pyramidalis Tul., Croton sonderianus
Muell. Arg., Jatropha mollissima (Pohl.) Baill.,
Maytenus rigida Mart. and Mimosa hostilis Benth.
The second group included the common large trees of
caatinga: Anadenanthera macrocarpa (Benth.)
Brenan, Myracrodruon urundeuva Fr. All. and
Schinopsis glabra (Engl.) FA. Barkly & T. Mey. A
tenth species, Cereus jamacaru DC., was selected
to represent the tall Cactaceae of caatingaand isquite
abundant in many locations.

Each species was represented by 30 individuals,
chosen to cover the common range of stem diameters
foundin different locations. Thelargest diameterswere
underrepresented because they refer to exceptional
trees, difficult to find and not recommended to cut.
The minimum diameter was 3 cm just above ground
level, established as the standard for caatinga
phytosociological studies (Rodal et al. 1992). The
individuals were selected at random in two different
locations, searching for the first ones that fitted the
sizes still missing to cover the diameter range but
excluding those with any sign of having been cut or of
any clear abnormality (burning, vine strangling, very

inclined stem growth due to heavy shading or dead
leaning tree, etc). Exclusion of these abnormal plants
may reduce variability but the effect should be small
because they comprise asmall proportion of plantsin
the whole community.

The two sites were in Santaluz (39°22'W and
11°15’S) and Petrolina (40°30'W and 9°23’'S)
municipalities, Bahia and Pernambuco States,
respectively, within the regional zone defined as
‘Depressdo Sertangja , the most typical of the Brazilian
semiarid region. Both have average temperatures
around 26 °C, with little monthly variation, and annual
evapotranspiration of 1,500-2,000 mm. Annual rainfall
in the first site averages 709 mm and in the second
oneaverages430 mm, both concentrated in 3-5 months,
with high variation from year to year. Soils are a
complex mosaic of Lytholic, Red Yellow Podzolic and
Non-calcic Brown soils, from low to average fertility.

Stem perimeter at the base and 1.3 m above, the
length of thelongest axis of the crown projection area
and that of itslongest orthogonal axiswere measured.
Perimeters were transformed to diameters at ground
level (DGL) and at breast height (DBH), assuming a
circular shape, and aso to basal area at ground level
(AGL) and at breast height (ABH). When branching
occurred below measuring height, the area of each
branch was calculated and all the areas added to give
asingle basal area, from which a single diameter was
calculated. The crown projection area was cal culated
assuming an elliptical shape. After these measurements,
the plant was cut at the base in away that the crown
fell onacanvaslyingintheground. Total plant height
(H) was then measured, including the stump.

The plant was then separated into parts (stem,
large and small branches and leaves) which were
weighed fresh and sampled for dry matter
determination after oven heating at 60 °C until constant
weight. Sampling included disks for wood density
determination taken from the stem and the largest
branches. Theweight of the stump was cal culated from
its volume and density and added to the dry weight of
the plant. Since most of the species shed their leaves
during the dry season, the work was conducted in the
second half of the rainy season, when plants had what
seemed to be a full crown.

Models relating biomass to plant measurements
were devised using single variables and also different
combinations of plant measurements, either summed
or multiplied (heightsversusdiametersor areas). Fitting
of the datato five types of equations (linear, quadratic,
logarithmic, exponential and power function) was
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performed using common statistical programs and
evaluating the fitness based on the coefficient of
determination (R?) and also on the square root of the
error mean sguare (standard error), because of the
different number of variablesin some equations. Only
the best fitting equations (all with p<0.01) are shown.

Resultsand discussion

Plant characteristics— Thedry biomass of plantsof all
ten species had awide range, in some casesincreasing
by more than a hundred fold from the smallest to the
largest plant, from less than 1 to more than 500 kg
(Tab. 1). The range of all other plant characteristics
was narrower, with height going from 1.3 to 11.8 m,
crown projection area from 0.2 to 112 m? and stem
diameter at ground level (DGL) from the minimum,
established as 3 cm, up to 50 cm. These ranges were
similar to those in caatinga as a whole (Alcoforado
Filho et al. 2003), with a few exceptions. For one of
the trees, A. macrocarpa, no plant was found larger
than 22 cm DGL but it is common to find larger
individualsin many areas. On the other hand, plants of
C. pyramidalis, reaching 50 cm in diameter, were
larger than usual and some of the selected ones had
hollow trunks. We decided not to exclude these,
although they added to unexplained variability, because
they were not many and represent real cases. Larger
plants of most of the species can be found at well
preserved caatinga sites, particularly those located in
more humid areas, where they can reach up to 60 cm
in diameter and 19 m height (Alcoforado Filho et al.
2003; Pereira et al. 2003). However, the abundance
of these larger plantsis always low. In the review of
Alcoforado Filho et al. (2003), dl studied caatingasites,
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except two, had lessthan 20 plant ha' larger than 42 cm
in DGL (lessthan 1% of al plants>3 cm DGL).

The average wood density of the nine caatinga
species(0.87 g cm3), excluding C. jamacaru, washigher
than plot averages or averages for a large number of
species in humid forests, which range from 0.6 to
0.7 gcm (Brown et al. 1995; Ketterings et al. 2001,
Nogueiraet al. 2005). Wood in dry areas, where growth
isdow, can attain high densities (Holbrook et al. 1995),
but several caatinga species have low densities (as
J. mollissima) and the average we obtained certainly
reflects the choice of species. The caatinga plant
densities, determined by drying at 60 °C, may bedightly
higher (ca. 2%) than if they were dried at the standard
103 °C (Nogueira et al. 2005). No data was found on
density of C. jamacaru to compareto our results.

Estimation of species biomass - The biomass of
all ten species could be estimated with high coefficients
of determination using different plant measures. In
general, the best fit (Tab. 2) was obtained using the
diameter at ground level and the power equation
(biomass = aDGLP, in kg and cm, respectively). For
some species, the fit was almost as good using a
guadratic or an exponential equation (equations not
shown) but only in the case of Jatropha mollissima
both were better than the power equation, especially
the quadratic one (biomass = 12.97 + 0.3516DGL —
3.978DGL?, R? = 0.86).

Using thediameter at breast height (DBH), rather
than DGL, is more common in other vegetation types
and thefit was as good with thisvariable aswith DGL
(Tab. 2), an expected result considering that both were
highly correlated (R? = 0.94). DGL was included
becauseit has been recommended in phytosociol ogical
studies of caatinga (Rodal et al. 1992) and its more

Table 1. Range of values for plant characteristics of the 10 selected Brazilian semiarid caatinga species used in the study. DGL = stem
diameter at baselevel (minimum wasset at 3 cm); Density =wood density with bark of large branches; max = maximum and min = minimum.

Species DGL (cm) Biomass (kg) Height (m) Crown area (m?)  Density (g cn3)
max min max min max min max average
A. pyrifolium 235 31 70 34 72 16 2 0.96
C. sonderianus 12.3 0.6 17 25 6.3 0.6 13 0.77
J. mollissima 15.6 0.8 4 15 5.7 0.2 24 047
C. pyramidalis 50.3 45 485 29 10 33 70 0.92
M. rigida 25.8 14 205 28 7.6 01 2 0.91
M. hostilis 27.2 238 185 28 80 33 55 1.03
A. macrocarpa 216 14 113 31 84 35 30 0.96
M. urundeuva 325 12 382 28 118 0.7 12 0.97
S. glabra 35.0 18 536 37 116 13 70 0.83
C. jamacaru 230 0.6 50 13 75 - - 0.45
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Table 2. Allometric equationsto cal culate oven-dry aboveground plant biomass (kg) of Brazilian semiarid caatinga species, based on stem
diameter at ground level (DGL, cm), stem diameter at breast height (DBH, cm), stem areaat ground level (AGL, cm?), stem areaat breast
height (ABH, cm?), total plant height (H, m) and wood density (p). All with p <0.01.

Species Equationswith DGL R2 Equationswith DBH R?
A. pyrifolium 0.2455*DGL 7% 0.9265 0.3675* DBH8%5 0.8527
C. sonderianus 0.1482* DGL 8™ 0.8266 0.3569* DBH?8565 0.8414
J. mollissima 0.0689* DGL 2957 0.7668 0.1970* DBH8145 0.8288
C. pyramidalis 0.2804* DGL 19274 0.9015 0.2365* DBH?19%8 0.8198
M. rigida 0.1142*DGL 2%+ 0.9605 0.3460* DBH?20%t 0.9501
M. hostilis 0.1064* DGL 2207 0.9699 0.3127*DBH?1183 0.9594
A. macrocarpa 0.1395*DGL 2157 0.9232 0.2482* DBH?2162¢ 0.9372
M. urundeuva 0.0596* DGL 24678 0.9739 0.1397* DBH?246%¢ 0.9821
S glabra 0.1452* DGL 227 0.9674 0.2274* DBH?2"0 0.9742
C. jamacaru 0.0268* DGL 2340 0.9658 0.0010* DBH3%27 0.7005
Small species (top 3) 0.0644* DGL219% 0.8467 0.2627* DBH010 0.8189
Large species (next 6) 0.0871* DGL 23366 0.9505 0.2368* DBH?2221° 0.9455
All but C. jamacaru 0.0644* DGL 234 0.9207 0.1730* DBH?229%0 0.9184
“ 0.0886* AGL 11974 0.9207 0.2283* ABH147 0.9184
0.0292* (DGL*H)1637 0.9382 0.0612* (DBH* H)*-581 0.9478
0.0527* (AGL*H)°°77 0.9397 0.1085* (ABH* H)094¢7 0.9494
0.0412* (AGL*H) 0.9098 0.0780 (ABH*H) 0.9203
0.0832* (AGL* H* p)0-9224 0.9495 0.1648* (ABH* H* p)°-o°% 0.9573

easily measured in multitrunked plants. The coefficients
of equations with DGL or with DBH varied
considerably but, for all species, DGL could be
substituted by DBH multiplied by 1.3335, withrelatively
small changes in the estimated val ues of biomass.

The power equation has been the most frequently
used to estimate biomass based on stem diameter,
representing plantsfrom different environments, from
tropical to temperate and from small to large size
(Ter-Mikaelian & Korzukhin 1997; Zianis &
Mencuccini 2004), including species of specia growth
forms, such as palms, bromeliads and Cecropia
sciadophylla (Hay et al. 1982; Hay 1982). No such
equation was found for Cactaceae but our equation
for C. jamacaru had parameters similar to those of
the other caatinga species but with low coefficients of
determination. Thismay result from the peculiar format
of these columnar cacti but the absence of comparable
data prevents further discussion.

The exponential parameters (b) of the DGL and
the DBH power equations were not very different for
each speciesand for dl of themvaried withinareatively
narrow range around thevalue 2 (1.77 to 2.49), except
for C. jamacaru. Based on this parameter and on their
general characteristics, the species could be separated
in three groups: 1) C. jamacaru; 2) Aspidosperma
pyrifolium, Croton sonderianus, and Jatropha
mollissima, specieswith lower biomass; and 3) the other

six species, with higher biomass, for equal diameters,
than the previousgroup. In general, speciesinthegroup
of smaller plantshad b lower than 2 while those of the
larger plants were above 2. The linear parameter (a)
had alarger variation (0.001 to 0.36) than the exponential
oneand in acertain way compensated for thislast one.
For instance, the lowest a matched the highest b of the
C. jamacaru DBH equation.

Common equations for groups of species — The
similarity of b in the equations of each species might
indicate that acommon equation could be cal culated
for each of the two groups and even for the group of
the nine species, excluding C. jamacaru (Tab. 2).
However, one must be aware of the fact that any
small changein the exponential parameter hasalarge
effect on the estimate of the biomass, especially of
plants with large diameters. The curves of the two
groups show increasing divergence as stem diameters
becomelarger (Fig. 1), in spite of the small differences
in both equation parameters, especialy b (2.1999 and
2.3366). However, the differences in the curves are
somewhat misl eading because they were extrapol ated
to diameter sizesthat the small speciesdid not reach
in this study. All three small species had plants with
less than 25 cm DGL (Tab. 1) and their biomasses
correspond to points that are not very far from the
curvefor thesix larger species. Therefore, the general
equation for al nine species had ahigh coefficient of
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Figure 1. Total plant biomass as a function of stem diameter at ground level (DGL) for 9 Brazilian caatinga species (Anadenanthera
macrocarpa (Benth.) Brenan, am; Myracrodruon urundeuva Fr. All., mu; Maytenus rigida Mart., mr; Schinopsis glabra (Engl.) F.A.
Barkly & T. Mey, sg; Caesalpinia pyramidalis Tul., cp; Mimosa hostilis Benth., mh; Croton sonderianus Muell. Arg., cs; Aspidosperma
pyrifolium Mart., ap; and Jatropha mollissima (Pohl.) Baill., jm). Fit of power equation for all species (middle curve), the first six (top
curve), and the last three (lower curve). ¢ =am; B =um; A =mr; X =Sg; * =cp; ® =mh; + =Cs, == ap; ==jm.

determination (R2 = 0.92, for 270 plants), both based
on DGL or DBH.

The equations for each species can be useful for
popul ation studies but most of the studiesrequiring the
estimation of biomass are more interested in all the
species of a given area. Caatinga, as other tropical
vegetation, has a large number of shrub and tree
species, totaling severa hundreds, although most of
them are represented in any one area by a few
individuals and a few species are abundant almost
everywhere (Sampaio 1996). Generating a specific
equation for every species is a tremendous task and
applying all these equations in ample surveysis aso
very time and effort consuming. Therefore, most
authors try to obtain general equations valid for
vegetation types that cover large areas (Ketterings
et al. 2001; Zianis & Mencuccini 2004). The high
coefficient of determination in our general equation
indicates that the equation can be used for estimation
of caatinga biomass. However, validation of this
estimation by actual weighing of all plantsin different
plots is recommended as a next step in this research
line. It is also recommended to restrict estimates to
siteswhere speciesnot included in our general equation
comprise small proportions of thetotal basal area.

Extrapolation of the equationsto plantslarger than
30 cm DBH isnot advisable. In case they are used, in

the absence of amore appropriate equation, to calculate
total biomass of a site, one must consider that large
errors can be introduced in the site biomass, even if
the large plants are only a few (Araljo et al. 1999;
Nelson et al. 1999), athough Keller et al. (2001) stated
that improved allometric relations for very large trees
would result in only minimal improvementsof total site
biomass estimates. Under representation of thelargest
plants is a common problem in the development of
allometric equations (Brown et al. 1989; 1995;
Chamberset al. 2001) and it isdifficult to solve because
thereisastrong, justified resistance to cut these trees.
In fact, even the upper part of our sampled range
(> 25 cm DBH) was not represented by many
individualsand estimation for themislessprecisethan
for smaller plants.

The two parameters of the power equation can
vary much, particularly if they are obtained from a set
of datawithasmall range of valuesfor thediameter. In
this case, alower value of b can be compensated by a
higher value of a and vice versa. It has been shown
that thetwo parametersareinversely related (Zianis&
Mencuccini 2004) and, calculating for the equations of
the ten caatinga species, they had a linear negative
relation, although with low coefficientsof determination
(0.75 with DBH and 0.58 with DGL). When the data
et hasalarger range of diametersand biomasses, usually
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thelinear increment of a cannot compensatethe decrease
inthe exponential parameter. In spite of these variations,
thebvaue, ingeneral, oscillatesaround 2 and for larger
ranges lies between 2 and 3 (Ketterings et al. 2001;
Zianis& Mencuccini 2004).

Exponentia parametersof most specieswithvalues
around 2 suggest that the power equation using DGL
or DBH could be substituted by alinear equation using
their respective basal areas (AGL and ABH). However,
for all species, the biomass was still better related to
the basal area by power equations than by linear ones
(not shown). The same occurred for equations of all
nine speciestogether and the value of the parameter b
above 1 indicated that the biomassincreased morethan
proportionately as the basal area increased (Tab. 1).
This probably occurred because of a concomitant
increasein plant height.

Biomass of al species, except C. jamacaru, was
significantly related to total plant height (H, m) and the
best fit was obtained using the power equation (biomass
= 0.0509H37") but the coefficient of determination
(R?= 0.74) was not as high as those obtained with
DGL or DBH. Incorporating plant height to the
equations with DGL, DBH or their respective areas
resulted in higher coefficients of determination than
using any single variable but the improvement in
estimation was small (Tab. 2). This probably comes
from the fact that diameters and height were related,
although the coefficients of determination were not
very high (H = 1.6086DGL%4%®* R2 = 0.65 and
H = 2.0175DBH%#%® R2 = 0.59). The basal areas
(AGL or ABH) multiplied by height, which express
stem volume, were best related to biomass by a power
equation but could also berelated by alinear equation
crossing the origin (Table 2) and although the
coefficients of determination were lower they were
still quite good (R? = 0.91). These linear equations
provide easy estimates of biomass.

Incorporating height to the equations relating
biomass and stem diameter has been showntoimprove
estimation for plants in vegetation of many different
regions but many authors concluded, as we did, that
the improvement was small and that it was not
worthwhilethe effort of determining height inthefield
in any large set of plants (Haase & Haase 1995;
Rayachhetry et al. 2001). Thedifficulty of determining
height, mainly intal, closed canopy vegetation, explains
the general scarcity of data of this variable.

The addition of wood density to any of the above
equations did not improve or improved only slightly
and non-significantly the estimation of biomassof each

species. Improvements were better for the equations
of the two groups and even better for the nine species
together, although the increases in the coefficient of
determination were small (Tab. 2).

Comparisonsof equation parameters—Ketteringset al.
(2001) postulated that the parameter b in the equation
relating biomass and stem diameter (B = aDBHP)
would be composed of the value 2, corresponding to
the transformation of diameter in area, plus the value
of ¢ coming from the power equation relating height
and stem diameter (H = kDBHF) and that the parameter
awould be composed of aconstant r, characteristic of
a site, multiplied by the average wood density (p) at
the site (a = rp). They based their postulation on the
assumption that biomass and volume (V, calculated by
multiplying stem basal areaby plant height) arelinearly
related. Their data for 29 trees in a secondary forest
at Indonesia support their assumption: b was almost
equal to 2 + ¢ (2.59 and 2 + 0.62). In the caatinga, the
difference was greater (b = 2.295; 2 + ¢ = 2 + 0.4308)
and biomass and volume (calculated by ABH x H)
were better related by a power equation than by a
linear one, as discussed before. Therefore, the
assumption of alinear relation does not hold very well.
In fact, the assumption of Ketterings et al. (2001) is
just a special case of a more general relation.
Considering that B = eV¢ and that V correspondsto a
simple geometric model (acylinder, for instance), the
equation becomes B = €[ (174)DBH?|¢ x [kDBH¢]¢ or,
rearranging, B = e(1k/4)% x DBH9?*9, Therefore, b is
only equal to 2 + cif gisequal to 1. Thiswas not the
case for the caatinga plants, which had a g below 1
(Tab. 2) but it was almost so for the Indonesian plants.
Thediscrepancy could result from several causes (pot-
belly or hollow trunks, irregular stem cross section,
fissured bark), the most important probably being
different branching patterns. The stem volume is
certainly overestimated if calculated as a cylinder
based on its area and the plant height and this extra
volumemay bemore or lesscompensated by the branch
volume. The subject deservesfurther attention but this
has been limited by the absence of branching pattern
data.

Another consequence of considering the general
relation represented by B = e(1k/4)9 x DBH92
instead of B = aDBH?® is that a has to incorporate all
the transformations of the rearranging of the equations
and it is not equa to e, even if g is made equal to 1.
This verification does not invalidate the assumption
made by Ketteringset al. (2001) of a=rp but it means
that all transformations are accumulated in r. For the
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caatinga species, the average wood density was
0.87 g cm® and r of the DBH equation would be 0.199.
Both the density and r are higher than the values for
the Indonesian species (Ketterings et al. 2001) and
this is only possible because the parameter a of the
DBH equation ismuch higher in the caatingaequation
(0.273 versus 0.066). It is important to mention that
the density corresponds to the average of all nine
species, each with equal number of plants, but a true
relation would haveto consider the average density of
the community being surveyed, as also recognized by
the above authors.

Zianis & Mencuccini (2004) discussed the
estimation of b based on: 1) fractal properties; 2)
theoretical principles; 3) an empirical value calculated
astheaverage of 279 equationsfound intheliterature;
and 4) amethod they proposed in whichbiscalculated
from data of afew measured small plants and the best
fitting of equationsalready found in theliterature. The
fractal and theoretical value (2.67), besides the
disadvantage of being fixed for all situations, gave
worseresultsthan the empirical one, when they tested
against some available datasets. Their method of small
plants worked well in these sets but not for caatinga
plants because the new equation underestimated
biomass of larger plants. Theempirical value (2.3679)
was significantly lower than the fractal one and closer
to our result for caatinga (2.295). They did not report
the average a value, which we calculated, from their
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Appendix A, as0.147 (dightly lower than 0.173 found
for caatinga). The similarity of values and the
compensation of higher b but lower a results in
estimated biomasses quite close to those of caatinga
species (Tab. 3). This suggests that the biomasses of
plants with the same DBH but belonging to different
vegetation types are not as different asthe differences
in the parameters of their equations would seem to
indicate. In other words, the range of biomasses for
an equal DBH is more limited than the range of the
parameters a and b. This somewhat limited range is
probably established by mechanical considerations.
Calculating biomasses for diameters up to 50 cm
from the equations reviewed by Zianis & Mencuccini
(2004), we found both higher and lower values than
those of caatinga. Those based on selected plants that
had anarrow range of diameters, usually small plants,
were the most discrepant and this probably resulted
morefrom the extrapolation than from atrue difference
in plant structure. Unfortunately, for several of the
eguations the range of diameters were not informed.
On the other hand, a few equations obtained from a
wide range of diameters estimated higher biomasses
than those of caatinga. A few of them belong to humid
tropical species, indicating that they really have more
biomass for equal stem diameters than caatinga
species, probably because they aretaller. Some of the
eguations for these tropical species, together with a
few for large group of species are shownin Tab. 3.

Table 3. Characteristics of power equationsto cal cul ate biomass of plants (kg) based on diameter at breast height (DBH, cm). Biomass
refers to the estimates with DBH equal to 10 and 50 cm; DBH range (cm) to that of the original study. Data obtained from Zianis &
Mencuccini (2004), except for that of caatinga. Equations were listed by order of biomass of 50 cm DBH.

Plants Parameters Biomass DBH Authors

a b 10 50 range
Tropica 0.1043 2.660 48 3448 na Brown 1997
Tropical 0.1043 2.600 42 2727 na Brown 1997
Tropical 0.0680 2.650 35 2480 na Araljo et al. 1999
Tropical 0.139%4 2.480 42 2279 na Overman et al. 1994
USA 0.0580 2910 21 2268 11-57 Martin et al. 1998
Tropical 0.0920 2.560 33 2048 na Brown 1997
Tropical 0.0880 2.570 33 2046 na Brown 1997
AllUSA 0.0566 2,663 26 1893 363 Martin et al. 1998
Tropicd 0.1357 2413 b 1706 1-29 Nelson et al. 1999
Tropica 0.0661 2591 26 1668 na Ketteringset al. 2001
Average 0.1470 2.368 34 1549 na Zianis & Mencuccini 2004
Australia 0.2350 2.236 41 1481 na Snowdon et al. 2000
Tropical 0.1636 2.320 34 1430 na Brown 1997
Tropical 0.1353 2.360 31 1383 na Edwards & Grubb1977
Caatinga 0.1730 2.295 34 1371 2-50 This work
Tropical 0.0898 2410 23 1116 na Ovington 1957
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Height and crown proj ection area— The coefficients of
determination of the power equationsrelating diameter
and height for the ten different caatinga species were
significant but not very high (0.59-0.65). In semi-arid
Senegal, Sambaet al. (2001) found a high coefficient
(0.99) for theequation H = 0.76DBH®™, Several other
equations types have been suggested to represent this
relation (Fang & Bailey 1998) and we tried them on
the caatinga data. None of them improved estimation
but it is interesting to note that in their equation 18
(H = a + b(1-g<PBH - DBHMIN) " narameters a and b
resulted in values not much abovethose actually found
inthefield. Thevaue of parameter a, minimum height,
was 3.4 m, higher than the 2.3 m found in the field,
whilea + b, maximum height, was 13.5m, also higher
than the true 11.8 m.

DGL and DBH could be used to predict crown
projection area of the nine different caatinga species
(excluding the Cactaceage) but therelationswere not as
close as those for total biomass, with coefficients of
determination of 0.72 (crown = 0.1939DGL %) and
0.73 (crown = 0.362DBH%7%%), Adding plant height to
the diametersor to the areasincreased the coefficients
of determination but only to a small extent and, as
discussed before, may not justify the extrafield work
in obtaining height data. Crown area was also related
to total biomass (B = 1.7098CA*!", R? = 0,74) but
the coefficient was not high. Sambaet al. (2001) found
better coefficientsrelating DBH and crown length and
diameter. Our equations for crown area provide an
information seldom availablein caatingaareas and that
is important in determining the openness of the
vegetation. Thisopenness has been frequently used in
the classification of different caatingatypes (Sampaio
1996) and it isrelated to the amount of herb production,
an important variable in the common use of caatinga
asnative pasture.
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