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ABSTRACT 

Wood basic specific gravity (SG) was compared at sites located along a gradient from 52"N latitude 
to the equator. Mean SG increased by 0.0049 per "C mean annual temperature (MAT), and decreased 
by 0.00017 per cm of mean annual precipitation (MAP). Considered alone, MAT was a better predictor 
of mean SG across the temperate zone (3-22°C MAT, latitude north of 29"N; r2 = 0.80) than it was 
across the entire MAT range (r2 = 0.62) or across warm tropical sites alone (MAT > 23°C; r2 = 0.33, 
p = 0.67). In contrast, MAP considered alone was a better predictor of mean SG in the warm tropical 
sites (r' = 0.62) than across all sites (r' = 0.04, p = 0.39). 

Variability in SG among the sites was compared using two measures of dispersion: range and 
standard deviation. As MAT increased across the temperate zone, maximum SG increased and mini- 
mum SG remained constant, resulting in an increase in SG range; SG standard deviation, however, 
remained constant. Both SG range and SG standard deviation increased dramatically in the warm 
tropical Lone relative to the temperate zone, demonstrating that variability in SG in the warm tropics 
is much greater than would be predicted from greater species richness alone. 

Keyctwrd.~: Specific gravity, climate, temperate woods, tropical woods, temperature, precipitation, 
biomass. 

INTRODUCTION 

Angiosperm wood anatomical characters 
have been shown to vary with latitude, exhib- 
iting particularly sharp contrasts between tem- 
perate and tropical woods (Wiemann et al. 
2001). Such changes in physiognomy of 
woods are likely to be reflected in their phys- 
ical properties as well. The single best indi- 

t Member of SWST. 

cator of wood physical and mechanical behav- 
ior is specific gravity, measured either green, 
air-dry, or oven-dry (Panshin and de Zeeuw 
1980). One of the most commonly used wood 
specific gravity measures is basic specific 
gravity, which is defined as the ratio of oven- 
dry weight to the weight of water displaced 
by the green (undried) volume (Panshin and 
de Zeeuw 1980). Basic specific gravity (SG) 
can be converted to the ecologist's measure of 
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stem allocation, defined as weight of dry bio- 
mass per volume of living wood tissue (Harper 
1977). 

The mean and variation in SG among tree 
species in a forest has important implications 
for forest management, community ecology, 
and regional carbon cycles (Fearnside 1997). 
In closed canopy forests, species with low spe- 
cific gravity wood are generally colonizers or 
pioneers, species with intermediate SG values 
are usually mature forest species or emergents, 
and those with exceptionally high SG values 
are often slow-growing species confined to the 
sub-canopy (Wiemann and Williamson 1988, 
1989a). In the absence of growth rate data, SG 
may be used as a correlate of species growth 
rates, having important consequences for for- 
est management, nutrient cycling, and carbon 
sequestration; estimates of above-ground bio- 
mass generally are based on one or a few tree 
measurements, combined with an average SG, 
where the average may have been derived 
from one species or a mean of published val- 
ues for a geographic region (Adams and 
Owens 2001; Brown et al. 1989; Fearnside 
1996). Rarely, species-specific biomass equa- 
tions are derived from species SG values and 
growth equations (Nelson et al. 1999). Thus, 
the mean and variation in SG among species 
in a forest can provide insightful information; 
however, most SG data are tabulated by spe- 
cies in technical publications and are not avail- 
able by forest stand (Fearnside 1997). 

Where comparisons of SG among forest 
stands have been made, notable differences 
have been recorded. For example, Williamson 
(1984), compared means and standard devia- 
tions of SG in wet forests from Indiana, Trin- 
idad, and Costa Rica, and found that mean SG 
was similar in the three geographic areas but 
that variability in SG was significantly greater 
in the tropical stands. Chudnoff (1976) found 
that, in tropical America, moist forests had 
higher proportions of dense (SG > 0.69) spe- 
cies than either wetter or drier forests. 

Here, we analyze the SG of woody angio- 
sperms growing across an extensive latitudinal 
range (0-52"N). We also look for associations 

between SG and climatic variables-namely, 
mean annual temperature (MAT), cold month 
mean temperature (CMMT), and mean annual 
precipitation (MAP). The forests sampled ex- 
tend from northern Minnesota and central 
England to equatorial Africa. They span an 
MAT range of 3-27"C, and an MAP range of 
58-396 cm. 

MATERIALS AND METHODS 

Lists of angiosperm tree species at 19 sites 
in the United States, Mexico, Guatemala, Cos- 
ta Rica, Panama, England, Gabon, and Nigeria 
were obtained from forest inventories. Data on 
the location, climate, and sampling of these 
sites are given in Table 1, and the sources of 
information about the sites and the species 
growing on them are given in Appendix I. 
Mid-site latitude and longitude, site elevation 
and area, as well as climatic data (MAT, 
CMMT, and MAP) were obtained from pre- 
viously published records (Wernstedt 1972; 
NOAA 1985; Sanford et al. 1994). 

For each species a SG value, considered 
representative of the species regardless of 
provenance and sample location within a tree, 
was obtained from the literature (Llach-Cor- 
dero, no date; Markwardt and Wilson 1935; 
Dickinson et al. 1949; Hess et al. 1950; Wan- 
gaard and Muschler 1952; Wangaard et al. 
1954, 1955; Longwood 1962; Kukachka et al. 
1968; van der Slooten 1968; Kukachka 1970; 
Chudnoff 1973, 1984; Bendtsen and Ethington 
1975; Panshin and de Zeeuw 1980; Lavers 
1983; USDA Forest Service 1999; Toennisson 
1992; Rijsdijk and Laming 1994; Alden 
1995). Obviously, one limitation of this meth- 
odology was its inability to track geographic 
variation in SG within a species, as was done 
by Howe (1974), Whitmore (1973), and Wie- 
mann and Williamson (1989b). 

With the exceptions of Avery County, NC 
(elevation 800-1,600 m) and the central Adi- 
rondack Preserve (elevation 300-1,200 m), 
the sites represented elevations of less than 
600 m. We were unable to find sufficient pub- 
lished SG data on tropical montane species to 



TABLE 1. Locurio17 and weather data , f ir  sites. 

Number of. angtorpernl Pcrcent- 
tree 5pecles age of 

Locatlon Cllmale SPCCIC\ 
W ~ t h  SG with SG 

Latltude Longltudr Ele\,at~on (m) Arca (km') M A T  ("C) C M M T  ('C) MAP (cm) At  \ite data data 

Warwickshire, UK 
Beltrami County, MN 
Adirondack upland, NY 
Kalamazoo County, MI 
King George County, VA 
Hill Demonstration Forest, NC 
Avery County, NC 
Haywood County, TN 
Caddo Parish, LA 
Ichauway, GA 
Marion County, FL 
Collier County, FL 
Los Tuxtlas Biological Station, Mexico 
Central Peten, Guatemala 
Santa Rosa National Park, Costa Rica 
La Selva Biological Station, Costa Rica 
Costa Rican montane forest 
Barro Colorado Island, Panama 
Okomu Forest Reserve, Nigeria 
Lope Reserve, Gabon 
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match previously published forest species 
lists. Therefore, we sampled woods in one 
montane forest region of Costa Rica located 
within 10 km of the Carretera Interamericana 
between Km 50 and Km 82. Sampling includ- 
ed San Gerardo de Dota (elevation 2,500 m, 
9.6"N, 85.8"W; two species), Finca Madre Sel- 
va de La Trinidad de Dota (elevation 2,400 m, 
9.7"N, 83.9"W; 1 1  species), and six species 
taken within a few hundred meters of the Car- 
retera Interamericana from El Empalme (Km 
50, elevation 2,200 m, 9.7"N, 83.9"W) to Ojo 
de Agua (Km 82, elevation 3,000 m, 9.6"N, 
83.8"W). A pith-to-bark sample was taken 
from each tree, usually with a 12-mm-diame- 
ter increment borer but in some instances from 
disks cut from felled trees. A 4-cm-long seg- 
ment located midway between pith and bark 
was used to determine SG of each tree. We 
consider these samples to be representative of 
the overall tree SG because they avoid the ef- 
fects of juvenile wood found adjacent to the 
pith and the sometimes lower SG character- 
istic of the outer sapwood of some species. 
The segments were stored in sealed tubes or 
plastic bags until further processing to prevent 
moisture loss. Each segment was cut into four 
1-cm-long pieces, and the volume of each 
piece was determined by water displacement. 
This was done by suspending each piece at the 
end of a teasing needle, submerging each one 
in a small beaker of water on a tared balance, 
and recording the weight displaced by the sub- 
merged piece. The pieces were then dried at 
103°C until they achieved constant weight. 
The measurements on the 1-cm pieces were 
summed to give values for whole segments, 
and segment SG was calculated as oven-dry 
weight divided by the weight of water dis- 
placed. The combined species list and SG val- 
ues became the Costa Rican montane forest 
site (Table I). 

For each of the 20 sites, we calculated mean 
SG and three measures of dispersion, the 
range, variance, and standard deviation of the 
SG values. Range is intuitively interpretable, 
but it usually increases as the number of spe- 
cies included increases, and it is affected 

strongly by extreme values. Variance is unbi- 
ased by sample size, but its units, being 
squares, are not as useful as those of the stan- 
dard deviation. Standard deviation is biased by 
sample size, but the bias is small for large 
samples. Gurland and Tripathi (1 97 1 ) derived 
a correction for the bias; the correction is only 
1.5% for a sample size of 18 (our smallest 
sample), and less than 0.5% for a sample size 
of 60 (our largest sample). The SG variables- 
mean, range, and standard deviation-subse- 
quently were treated as dependent variables of 
latitude, MAT, CMMT, and MAP, and were ex- 
amined using regression and correlation anal- 
ysis. 

RESULTS 

The percentage of species in each stand for 
which SG data could be found varied greatly 
(12-73%), with temperate sites being more 
comprehensively represented than tropical 
sites (Table 1). The percentage ranged from 
only 12% in the extremely diverse tropical for- 
est of La Selva, Costa Rica, to more than 50% 
in eight of the eleven sites located in the Unit- 
ed States. The actual number of species with 
SG data was less variable than the percentage, 
ranging from 18 species in Warwickshire, UK, 
and Collier County, Florida, to 60 species at 
Barro Colorado Island, Panama (Table I ). The 
montane forest of Costa Rica had a high per- 
centage of woods with SG values because we 
directly sampled as many species as possible. 
The SG values based on tabulated data may 
have a bias toward mature forest and canopy 
emergent species, since these comprise the 
majority of commercial woods. Nonetheless, 
data were available for many understory and 
small-diameter species. 

Mean SG per site varied from 0.445 in Bel- 
trami Co., Minnesota, to 0.608 in Collier 
County, Florida (Table 2). In linear regressions 
with a single independent variable, the mean 
SG was strongly dependent (Fig. 1A-D) on 
latitude (r2 = 0.33, p = 0.008), MAT (r2 = 

0.62, p < 0.0001), and CMMT (r2 = 0.54, p 
= 0.0002), but not on MAP (r2 = 0.04, p = 
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TABLE 2. MAT, mean SG, minimum SG, maximum SG, SG range and SG standard deviation for the .sites, arranged 
by ascending MAT. 

SG \tankard 
Sile MAT ("C) Mcan SG M i n ~ r n u ~ n  SG Maxlrnurn SG SG Range d e v ~ a t ~ o n  

Beltrami Co., MN 3.2 0.445 0.31 0.58 0.27 0.082 
Adirondack upland, NY 5.4 0.475 0.31 0.66 0.35 0.098 
Costa Rican montane forest 7.3 0.488 0.30 0.75 0.45 0.1 13 
Warwickshire, UK 9.5 0.486 0.34 0.70 0.36 0.095 
Avery Co., NC 9.6 0.517 0.32 0.66 0.34 0.099 
Kalamazoo Co., MI 9.8 0.5 1 1 0.32 0.66 0.34 0.098 
King George Co., VA 13.4 0.5 18 0.32 0.66 0.34 0.089 
Hill Demonstration Forest, NC 15.1 0.529 0.32 0.66 0.34 0.087 
Haywood Co., TN 16.0 0.539 0.36 0.66 0.30 0.082 
Caddo Parish, LA 17.9 0.542 0.32 0.80 0.48 0.092 
Ichauway, GA 19.6 0.533 0.36 0.80 0.44 0.093 
Marion Co., FL 21.7 0.534 0.37 0.80 0.43 0.093 
Collier Co., FL 23.8 0.608 0.32 0.89 0.57 0.178 
Santa Rosa National Park, Costa Rica 24.0 0.565 0.14 0.96 0.82 0.2 18 
Los Tuxtlas Biological Station, Mexico 24.4 0.547 0.16 0.94 0.78 0.207 
Lope Reserve, Gabon 25.2 0.588 0.20 0.94 0.74 0.155 
Central Peten, Guatemala 25.4 0.548 0.24 0.87 0.63 0.180 
La Selva Biological Station, Costa Rica 25.8 0.523 0.16 0.96 0.80 0.194 
Okomu Forest Reserve, Nigeria 26.2 0.581 0.20 0.94 0.74 0.172 
Barro Colorado Island, Panama 26.7 0.5 1 1 0.12 0.94 0.82 0.195 

0.39). However, in a stepwise multiple regres- 
sion, MAP was the second variable included 
after MAT, and it significantly explained an 
additional 9% of the variance in SG, increas- 
ing the R2  from 0.62 to 0.7 1 .  With MAT and 
MAP included in the model, neither latitude 
nor CMMT explained additional variance in 
SG. In the final regression, mean SG increased 
by 0.0049 per 1°C of MAT and decreased by 
0.00017 per cm of MAP. All dependent and 
independent variables were significantly cor- 
related with one another except for mean SG 
with MAP and minimum SG (Table 3). 

Elevation exhibited no observable effect on 
mean SG although there were only three high- 
elevation sites. The Costa Rican montane site 
(latitude = 9.6"N, MAT = 7.3"C), the Avery 
Co. site (latitude = 36.I0N, MAT = 9.6"C), 
and the Adirondack upland site (latitude = 

44.4"N, MAT = 5.4"C) fell along the regres- 
sion line of mean SG on MAT (Fig. IB), even 
though the three diverged widely in latitude. 

SG minimum was relatively constant across 
the sites whose MAT was less than 24°C; it 
then decreased abruptly at the tropical sites 

(Fig. 2A). In contrast, SG maximum increased 
gradually with MAT, although there appeared 
to be a step increase above 17°C and another 
step above 23°C (Fig. 2A). The high SG max- 
imum (0.75) for the montane forest of Costa 
Rica (Fig. 2A, open circle) was a consequence 
of the dominant species, Quercus copeyensis 
C.H. Muller. Q. copeyensis is more similar in 
anatomy and in SG to the diffuse-porous live 
oak of the southern United States (Quercus 
virginiana Mill., SG = 0.80) than it is to the 
ring-porous oaks that are widely distributed 
throughout the eastern United States (SG = 

0.52-0.64) (USDA Forest Service 1999). 
The occurrence of both denser and less 

dense woods at warmer sites resulted in an 
increase in SG range with MAT (Fig. 2B). 
With the exception of the unusually high value 
for the montane forest of Costa Rica, the SG 
range increased gradually with MAT, showing 
the step increase at about 17°C and then in- 
creasing dramatically in the tropics where SG 
maxima increase and SG minima decrease 
(Fig. 2A, B). 

The standard deviation in SG was relatively 
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FIG. 1. Mean basic specific gravity (SG) as a function of latitude, MAT, CMMT, and MAP Closed symbols: data 
from literature; open symbols: data measured from wood samples. Circles: American sites; squares: African sites; 
triangles: Warwickshire, UK. 

TABLE 3. Correlation coefJlcients among the independent c~nd dependent variables. Corralations si,qizij?cant at the 
0.05 level unless marked (ns). 

Latitude M A T  C M M T  M A P  Mean SC M i n .  SG Max SG SG range SG St. Dev. 

Latitude 
MAT 
CMMT 
MAP 
Mean SG 
Min. SG 
Max. SG 
SG Range 
SG St. Dev 

-0.85 0 . 7 9  -0.58 
0.95 0.56 0.79 
1.00 0.69 0.74 
0.69 1.00 0.20 (ns) 
0.74 0.20 (ns) 1.00 

-0.69 -0.70 0 . 2 8  (ns) 
0.95 0.70 0.68 
0.90 0.74 0.56 
0.83 0.68 0.53 

0.75 0 . 8 6  
-0.62 0.9 1 
-0.69 0.95 
0 . 7 0  0.70 
-0.28 (ns) 0.68 

1.00 -0.78 
-0.78 1 .OO 
-0.91 0.97 
-0.89 0.89 
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MAT ("C) A MAT r C )  B MAT ("C) C 

FIG. 2. Maximum and minimum basic specific gravity (SG), SG range, and SG standard deviation as a function of 
MAT. Closed symbols: data from literature; open symbols: data measured from wood samples. Circles: American sites; 
squares: African sites: triangles: Warwickshire, UK.  

constant (0.082-0.099) for MAT of 3-22°C. 
Above a MAT of 23°C SG standard deviation 
jumped to 0.155-0.21 8 (Fig. 2C). The SG 
standard deviation of 0.1 13 for the montane 
forest of Costa Rica was intermediate between 
those for the lowland temperate and tropical 
forests. 

DISCUSSION 

In a comparison of temperate and tropical 
woods, Williamson (1984) found no difference 
in mean SG between woods in Indiana and 
those in Costa Rica and Trinidad. Here, with 
a more extensive dataset, we found that mean 
SG responds to a fundamental change in the 
environment-namely, temperature. The re- 
gression of mean SG on MAT for all 20 sites 
gave a coefficient of determination of 0.62, as 
mean SG increased by 0.0049 per "C. Fur- 
thermore, variation in mean SG was better ex- 
plained by temperature than by latitude. Ob- 
viously, latitude and temperature are correlat- 
ed, but not perfectly, for example r2 = 0.56 in 
our dataset. Therefore, it is important to dis- 
tinguish which factor is a better predictor of 
variation in mean SG. 

Changes in mean SG with MAT can best be 
understood by dissecting the changes in the 
underlying SG distributions. Williamson 
(1984) noted the lack of extremely low SG 
woods (<0.30) and extremely high SG woods 
( X . 8 0 )  in forests in Indiana, and he suggested 

that a two-step loss of the extremes occurred 
in Florida, where low SG disappeared prior to 
the loss of high SG woods. Our dataset con- 
firms that the temperate forests are deficient in 
both low and high SG woods, but the pattern 
of disappearance of these woods appears more 
complicated than previously supposed. Wood 
SG minimum does make a one-step shift from 
the tropical to the temperate sites, as all sites 
with an MAT <24"C had an SG minimum 
>0.30. Every site with an MAT 224°C had at 
least one tree species with SG in the range 
0.12-0.24. Only a few extremely low SG 
woods, such as balsa (Ochroma pyramidale 
(Cav.) Urban) and ceiba (Ceiba pentandra (L.) 
Gaertn.), have commercial value. Therefore 
low SG woods are probably under-represented 
in the literature, and tropical forests may ac- 
tually exhibit a lower and more uniform SG 
minimum than we have documented here. 
Wood SG maximum increased with MAT 
along the entire temperature range. The in- 
crease appeared to involve at least two steps, 
one at an MAT of about 17"C, and another at 
an MAT of about 24°C (Fig. 2A). Clearly 
more sites are needed to confirm this pattern. 

Changes in the range and standard deviation 
in SG mirrored the aforementioned changes in 
SG minimum and SG maximum. The step in- 
creases in the SG maximum (Fig. 2A) were 
reflected in apparent step increases in the SG 
range as MAT increased (Fig. 2B). In contrast, 
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the SG standard deviation, which measures 
overall dispersion, not just the extremes, was 
nearly constant over MAT of 3-22"C, and then 
increased dramatically for the warmer sites 
(MAT 23-27°C) (Fig. 2C). 

The increases in the SG minimum, maxi- 
mum, and range were potentially attributable 
to sample size, since larger sample sizes can 
increase the likelihood of including extreme 
values. Although there were significantly more 
tree species in the warmer sites, there were not 
necessarily more trees with SG data (Table 1). 
In fact, the sample size of available SG values 
explained little of the variation in the SG min- 
imum (r2 = 0.04, p = 0.39), the SG maximum 
(r2 = 0.02, p = 0.52), and the SG range (r2 = 

0.03, p = 0.44). Evidence that the variation in 
SG increased with MAT was provided by the 
SG standard deviations. Here the higher vari- 
ability in SG in the tropics was clearly due to 
intrinsic variability in tropical woods (Table 2; 
Fig. 2C). 

What causes the loss of extreme SG woods 
in the temperate zone is still unknown. How- 
ever, Wiemann et al. (2001) found that wood 
anatomical characters change from a temper- 
ate physiognomy to a tropical physiognomy 
when frosts become rare, in Florida some- 
where between 25" and 29"N latitude. This lat- 
itudinal range includes our Florida sites in 
Marion County (latitude 29.2"N, MAT = 

21.7"C, SG maximum = 0.80) and Collier 
County (latitude 26.2"N, MAT = 23.g°C, SG 
maximum = 0.89) and includes one of the step 
changes in the SG maximum. Earlier, William- 
son (1984) suggested that the changes in SG 
occurring in Florida were probably related to 
solar radiation or cold temperatures, but the 
change in the SG minimum appeared at a low- 
er latitude than the change in the SG maxi- 
mum. The data here suggest that the changes 
in both the maximum and the minimum occur 
at about the same latitude, but the change in 
the minimum is much more abrupt (Fig. 2A). 

Williamson (1984) showed that elevational 
changes in SG minimum and SG maximum in 
Costa Rica were similar to changes across lat- 
itudes. A.s our sample here included only three 

sites with elevations above 600 m, and as they 
occurred at different latitudes and exhibited 
different MAT values, no conclusions are 
forthcoming. The two temperate sites, Avery 
County in North Carolina and the Adirondack 
upland in New York, showed SG distributions 
similar to lowland sites with comparable MAT 
values. However, the Costa Rican montane site 
was different in that it maintained a higher SG 
maximum, and concomitantly a greater SG 
range and standard deviation, than lowland 
sites of similar MAT This is perhaps not sur- 
prising since tropical montane sites exhibit 
less extreme cold temperatures than temperate 
sites with the same MAT and have potentially 
different precipitation patterns. For example, 
the Costa Rican montane site had an MAT in 
the range of north temperate sites (3-10°C), 
but exhibited a CMMT comparable to the 
south temperate site at Caddo Parish, LA, and 
an MAP comparable to the tropical sites (Ta- 
ble I). Therefore, future comparisons of SG 
changes across tropical elevations with those 
across lowland latitudes may be especially 
fruitful in separating effects of mean temper- 
atures from effects of minimum temperatures 
and precipitation. 

Over our 20 sites, mean annual precipitation 
explained only 9% of the variance in mean 
SG, after controlling for MAT (Fig. ID). This 
result was somewhat contrary to the finding of 
Barajas-Morales (1987) that mean oven-dry 
specific gravity was 34% higher in Mexican 
dry forest (MAP = 61 cm, MAT = 24S°C) 
than in Mexican wet forest of comparable lat- 
itude and nearly identical MAT (MAP = 400 
cm, MAT = 23.4"C). Comparison of our two 
lowland sites in Costa Rica showed a mean 
SG only 9% higher at the dry site (Santa Rosa; 
MAT = 24.0°C, MAP = 191 cm) than at the 
wet site (La Selva; MAT = 25.S°C, MAP = 

396 cm), but the Mexican dry forest was con- 
siderably drier than the Costa Rica dry forest, 
and this may account for its much larger mean 
specific gravity. It is also probable that the in- 
clusion of latitudinal variation in our dataset 
masked the effects of precipitation, since the 
temperate sites were generally drier, as well as 
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colder, than the tropical sites, and because 
MAP showed only modest variation among 
the temperate sites (Table 1). For the eight 
sites with an MAT of at least 23"C, corre- 
sponding to the high SG standard deviation 
subgroup (Fig. 2C, Table 2), MAP explained 
62% of the variance in mean SG (p = 0.02), 
but none of the variance in SG minimum (r2 
= 0.29, p = 0.17), maximum (r2 = 0.22, p = 

0.24), range (r2 = 0.30, p = 0.16), or standard 
deviation (r2 = 0.09, p = 0.48). Mean SG de- 
creased 0.00033 per cm of MAP at these sites, 
and MAT alone explained none of the variance 
in any SG measure (r2 = 0.03-0.33, p = 0.1 3- 
0.67) among the sites. Therefore, within the 
tropics MAP may be an important determinant 
of mean SG, a conclusion certainly supported 
by Chudnoff (1976), who found that, in low 
elevation tropical forests, a high proportion of 
heavy timbers are produced where MAP is 
200-400 cm, but regions with lower (100-200 
cm) or higher (400-800 cm) rainfalls produce 
a preponderance of medium SG woods. MAP 
may be important in the temperate zone as 
well, but for our I I temperate sites (MAT < 
22"C, latitude north of 29"N) MAP was highly 
correlated with MAT (r2 = 0.63), and MAT 
was a better predictor of mean SG (r2 = 0.80) 
than was MAP (r2 = 0.74) for these sites. 

There were several important limitations to 
our dataset. First, the sites are mostly New 
World from the Northern Hemisphere. Second, 
geographically proximal sites are not strictly 
independent, as they share some species. This 
is always a difficulty in field-based studies al- 
though here it is perhaps more obvious be- 
cause we employed a single published SG val- 
ue for species found at more than one site. 
Third, the number of species with SG data per 
site was a function of the total number of spe- 
cies growing on a site, the comprehensiveness 
of wood testing programs (which tend to focus 
on commercial species), and the availability of 
test results. No doubt there is much informa- 

volume basis. For example, Barajas-Morales 
(1987) compared wet and dry Mexican forests 
using wood specific gravities determined from 
oven-dry volumes. It is possible to apply cor- 
rections for volumetric shrinkage in order to 
convert oven-dry SG values to basic SG, but 
such corrections sometimes have a tropical- 
temperate bias (Williamson 1984), so we 
chose to use only data determined and report- 
ed as basic SG. Even given the limitations of 
the dataset, the results that SG mean varies 
with MAT and MAP are important conclu- 
sions for forest management and for estima- 
tion of global carbon stocks. Especially where 
species SG values are not yet determined, as 
is the case in many tropical forests, local cli- 
matic data could provide a proxy for SG mean 
in biomass estimates. For example, in the Am- 
azon Basin, local MAT isotherms and MAP 
isohyets could provide more refined SG esti- 
mators for mixed species biomass determina- 
tions than those based solely on a single SG 
mean for the entire region (Brown et al. 1989; 
Fearnside 1996). 

CONCLUSIONS 

Angiosperm mean wood SG increases grad- 
ually with decrease in latitude. However, mean 
annual temperature is a much stronger corre- 
late of mean SG than is latitude. In addition, 
mean wood SG decreases with increasing 
mean annual precipitation, especially among 
tropical sites. Variability in SG among species 
at a site increases much more dramatically 
with mean annual temperature than does the 
mean SG. Both SG range and standard devi- 
ation show steep increases from temperate to 
subtropical/tropical habitats. Although the 
much larger number of tree species growing 
at subtropical/tropical sites could account for 
the larger ranges in SG, the larger standard 
deviations can only be attributed to greater 
overall diversity in woods. 
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Sjlc Specie\ l1\1 Weather Starion and Rcfcrcncc 

Adirondack upland, NY 

Avery Co., NC 
Barro Colorado Island 

Beltrarn~ Co., MN 

Caddo Parish, LA 

Central PetCn, Guatcmala 
Costa Rica montane forest 
Collier Co., FL 

Haywood Co., TN 
Hill Demonstration Forest, NC 

Ichauway, GA 
Kalama~oo Co., MI 
King George Co., VA 
La Selva Biological Station, 

Costa Rica 
Lope Reserve 

Los Tuxtlas Biological Station. 
Mexico 

Marion Co., FL 
Okornu Forest Reserve 
Santa Rosa National Park, Cos- 

ta Rica 
Warwickshire. UK 

Kudish 1992 

Wofford 1989; Radford et al. 1968 
Croat 1978 

Ownbey and Morley 1991 

Lundell 1937 
- 

Lakela and Craighead 1965 

Lewis and Browne 1991 
Braham 1992 

Drew, Kirkman, and Gholson 1998 
Hanes and Hanes 1947 
Simmons, Ware, and Hayden 1995 
Hartshorn and Poveda 1983; Wilbur 

1994 
Tutin et al. 1994 

Ibarra and Sinaca 1987 

Wunderlin 1982 
Jones 1956 
Hartshorn and Poveda 1983 

Cadbury, Hawkes, and Readett 1971 

Tupper Lake; NOAA 1985 
Chasm Falls; Wernstedt 1972 
Banner Elk; NOAA 1985 
Barro Colorado; Wernstedt 1972 
Gatun; Wernstedt 1972 
Madden Dam; Wernstedt 1972 
Bemidji; NOAA 1985 
Baudette; NOAA 1985 
Plain Dealing; NOAA 1985 
Shreveport; NOAA 1985 
Flores; Wernstedt 1972 
Villa Mills; Wernstedt 1972 
Naples; NOAA 1985 
Everglades; Wernstedt 1972 
Tamiani Trail; Wernstedt 1972 
Brownsville; NOAA 1985 
Durham; NOAA 1985 
Oxford; NOAA 1985 
Camilla; NOAA 1985 
Kalamazoo; NOAA 1985 
Fredericksburg; NOAA 1985 
La Selva bridge; Sanford et al. 1994 
Rafael's Point; Sanford et al. 1994 
Booue; Wernstedt 1972 
Lambarene; Wernstedt 1972 
Lastourville; Wernstedt 1972 
San Andres Tuxtla; Wernstedt 1972 

Ocala; NOAA 1985 
Benin City; Wernstedt 1972 
Quebrada Grande; Wernstedt 1972 

Birmingham; Wernstedt 1972 
Coventry; Wernstedt 1972 
Shipston; Wernstedt 1972 




