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ABSTRACT 

In thr snmlnel- of 1970, increment cores were removed at breast height fronr trees of four 
hard\vood species grov ing on ten different sites in Costa Rica. On the basis of Holdridge's 
Life Zone Classificatio~i System, these sites ranged from Tropical Dry to Prenlontane Rain. 

Expressed in terms of Holdridge's Life Zone System, cli~ilate has the most pronounced 
effect on the specific gravity of Cordia al1iodora;-specific gravities for Tropical Dry and 
Prelnontane Moist sitcts being significantly greater than those for Tropical Moist, Pre- 
nlontane Wet and Tro1)ical Wet sites. The specific gravities of Virola Koschnyi and Cedrcla 
tnexicana are also significantly different on some sites. For Brosimurr~ spp., no significant 
differences in specific gravity were found. 

.4tltlitioilal keytoortls: Cordia alliodora, Virola Kosclti~yi, Cedrela mexicana, Brosimttm spp., 
increment cores, life zones, Organization for Tropical Studies, tropical hardwoods, specific 
gravity. 

In recent years, the effect of ei~viror~ment 
011 the specific gravity of wood has received 
much consideration for temperate climates 
(Tappi 1962; U.S. Forast Service 1965). 
Considerably less is known about this re- 
lationship for wood grown in the tropics. 
Yet knowledge about this relationship can 
be of value to managers of tropical forests 
as these forests become an increasingly im- 
portant source of the war-ld's timber supply. 
This infornlatioll promises to be especially 
u\eful in second growth tropical forests, 
which appear to be on the iilcrense in iin- 
poi-tance for possible m;iilagement schemes 
( Budowski 1966). 

This study took an exploratory approach 
to the effect of climate on specific gravity 
because adequate data on specific environ- 
mental features such as precipitation were 

not available. Dr. L. 12. Holdridge' kindly 
arranged for me to sample four com- 
mercialIy important tree species growing on 
sites in Costa Kica that have different 
climates. A detailed description of these 
sites was recorded when they were classifed 
during 1964-66 using the Life Zone Classifi- 
cation System of Holdridge as illustrated in 
Fig. 1 (Holdridge et al. 1971). This system 
evolved on the basis of distribution of 
natural vegetation in response to climate. 
The basic postulate of this bioclimatic 
system is that the primary influences on 
vegetation are those factors that make up 
clin~ate: heat, precipitation, and humidity. 

The objective of this research was to ex- 
amine the relation between specific gravity 
and climate expressed in terms of Hold- 
ridge's Life Zone Classification System. 
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assistance of I1em James S. Bethel, Dr. Willialll t I .  species of commerically important trees 
IIatheway, Dr. Gary S. Hartshorn, and other 111c111- 
lxrs of the Staff of the College of Forest Heso~lrces were study: Corrzia alziotlora 
at the University of Washington is acknowledged. ---- 
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HUMIDITY PROVINCES 

FK:. 1. Diagram for the classification of world Life Zones. Study sites are in the six Life Zones in- 
clrltlrtl ~ritliin the double line. (By permission, from Holdridge et al. 1971.) 

( R .  & P.) Cham., Virola Koschnyi Warb., 
Cetlrela mexicanu Roem., and Brosimum 
spp. Ten sites were sampled in six of 
Holdridge's Life Zones as shown in Table 1. 
The locations of these sites in Costa Rica 
are shown in Fig. 2. This figure is a modifi- 
cation of an ecological map by Tosi3 and 
reflects the wide diversity of Costa Rica's 
climatic patterns, which is due to variation 
in amount of precipitation, annual distribu- 
tion of precipitation, and mean annual tem- 
perature ( Scott 1966). 

The six Life Zones studied vary from 
Tropical Dry to the Premontane Rain 
forests. One Tropical Dry site receives ap- 
proximately 65 inches (1,650 nini) of rain 
a year. The climate is monsoonal, with 5 
months each year having virtually no rain. 
In this tropical deciduous forest, the crowns 
of the tall trees give an 80% cover to the 
open, grassy, somewhat parklike area below 
( Holdridge et al. 1971 ) . 

"Joseph A. Tosi Jr., Centro Cientifico Tropical, 
San Jos6, Costa Rica. 

In contrast, the Premolitaiie Rain site re- 
ceives approximately 200 inches (5,080 
mm) of rain, which is more evenly dis- 
tributed throughout the year. The canopy 
of this evergreen forest is formed by the 
first two (of three) crown layers. The very 
dense understory is made up of tree ferns, 
large herbs, lianas, and small palms. This 
site would be classified by many authors as 
tropical rain forest (Dansereau 1957; Rich- 
ards 1952; Walter 1971). 

When present, three trees each of the 
four species were sampled on each site 
(Table 1 ) .  Sampling was restricted to 
healthy mature trees that were free of de- 
fects. Cedrela mexicana was the only 
species found growing in all six Life Zones. 
On some sites fewer than three trees of a 
given species were available for sampling. 
Two 10-mm-diameter increment cores, ap- 
proximately 4 inches long, were removed 
from each tree at breast height. Whenever 
possible, one core was removed from a 
buttress or swollen part of the trunk while 
the other core was removed from a concave 
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I . L.ocntions of the ten sites sarnpled in Costa Rica. 

part of the trunk regardless of cardinal di- 
rections. The cores were dipped in a solu- 
tion of formalin, then kept cool and wet. 
The ages of the trees were not known nor 
could they be determined from the cores. 

IJaboratory analysis was done in the 
Wood Utilization La11or;~tory of the College 
of Forestry, Wildlife, and Range Sciences 
at the University of 1d:lho. Basic specific 
gravity was found for the first 35 mm of the 
core in from the bark by the water-immer- 
sion method ( Smith 1955). 

Variability in basic specific gravity as- 
sociated with site and bole eccentricity was 
tested by analysis of variance, recognizing 
ineclnality of subclass numbers. Specific 

gravities were analyzed using Duncan's new 
ml~ltiple range test ( Duncan 1955). 

RESULTS AND 1)ISCUSSION 

Effect of life zones 

Specific gravities are ranked in Table 1. 
In Fig. 3, specific gravities are shown with 
sites arranged according to I-foldridge's Life 
Zone Model. 

The relation between specific gravity and 
Life Zone is most pronounced for Corclia 
ulliodora. Here the specific gravities for 
Tropical Dry and Premontane Moist sites 
are significantly greater than those for 
Tropical Moist, Premontane Wet, and 
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T A I ~ L I ~  1. Site c~las.sificutio~t.~ atlrl t1escril)tiotls of the  four sl)c,c.ies stl~rlierl. Afccrns hmckc,terl h y  the  sn~,lc 
lilrc, arc. itof sigl~ificuntl!y ( P  1 0.05) rliffcrcttt. 

Number 
o f  Trees Mean P o s i t i o n  Mean Mean B a s i c  

S i t e   NO.^ L i f e  Zone Sampled 5 Crown o f  ~ r a ~ n b - '  dbh ( i n . )  S p e c i f i c  G r a v i t y  

D C I  
1 B  T r .  Dry 3 4 3 X X 8.9 0.624 

ti 1G Tr .  Dry 3 33 X 8.3 5 9 0  1 
i r f '  21 Prem. M o i s t  3 2 7 X 9.0 .554 
:$ $ 4 
F' .;. T r .  Wet 3 20 X 16.2 .446 

20A 8; Tr .  M o i s t  3 15  X X 16.1 ,423 I 
Prem. Wet 3 28 X X 18.3 .408 

3 T r .  M o i s t  3 1 7  X X 13.1 ,384 1 
.+ 3 T r .  M o i s t  3 

$2 20A T r .  M o i s t  3 
c , o  16 Prem. Wet 3 
X :: 11 Prem. Wet 3 

4 T r .  Wet 3 17 X X 11.7 

4 T r .  Wet 3 40 X 19.2 

:i is 
3 T r .  M o i s t  3 60 X X X 20.6 

, , 21 Prem. M o i s t  1 50 X 17.9 
2 8 11 Prem. Wet 3 33 X X 27.6 w. 5 
8; 1B 

Prem. Rain 3 2 3 X 26.4 
T r .  D ry  3 43 X 8.9 

1  G T r .  D ry  3 33 X X 8.3 

21 Prern. M o i s t  3 2 8 X X 15.9 
. 1B T r .  Dry 3 34 X X 17 .6  
2 3 T r .  M o i s t  3 15  X X 13 .8  
"' 1 G  T r .  Dry 3 42 X X 25.3 

2A T r .  M o i s t  2 55 X 15 .8  
.$ 16 Prem. Wet 3 22 X X X  20.4 
" 11 Pref,,. Wet 3 2 3 X X 11 .9  

20A T r .  M o i s t  3 2 3 X X 16 .8  
4 T r .  Wet 3 37 X X X  17 .3  

YA d e t a i l e d  d e s c r i p t i o n  o f  these numbered s i t e s  has been recorded  ( H o l d r i d g e  e t  a l .  1971) 

L ' tbminant ,  Co-dominant, I n t e r m e d i a t e  

Tropical \Vet sites. Trces on the drier sites 
were s~iialler, were reported to be slower 
growing, and were much more resistant to 
pelletration l ~ y  thc incrc~nent borer. This 
contrasts with tllc situation ill temperate 
climates where diffuse porous hardwoods 
show little relatioilship 1)etween specific 
gravity ant1 rate of growth (Panshin et al. 
1964). 

For V i r o h  Koschnyi, the trend of the re- 
lationship I)et\veen specific gravity and Life 
Zone is similar to that for Cortliu ullioclora. 
Specific gravity varies iilversely with pre- 
cipitation. For Virolu Koschnyi, the specific 
gravity of one of the two Tropical Moist 
sites is significantly greater tlla11 that of the 
Tropical Wet site. 

I11 contrast to Cortliu ullioclnru where the 
two Tropical Dry sites have the highest 
specific gravities, for Ceclrelu ~nexicuna the 
two Tropical Ilry sites have the lowest 

specific gravities. Indeed, these specific 
gravities for Cedrelu rnexicanu oil the 
Tropical Dry sites are significantly lower 
than the specific gravity on the Tropical 
Wet site. For Brosimum spp. no Life Zones 
have significant differences in specific 
gravity. Although Brosimzcn~ specimens 
were obtainecl from all except one of the 
sites visited, the range of specific gravity 
measured for these specimens was less tha i~  
for other species even though stem diameter 
varied widely. 

Correlutiotz l~etzceen specific gruvitly 
untl other features 

For each species, correlations were coin- 
puted 1)etween specific gravity and dbh, 
percent crown, position of crown (whether 
dominant, codominant, or intermediate) 
and whether the wood was formed in or 
hetween l~uttresses. No correlations were 



W E T  
F O R E S T  

FK:. 3. Avrrtge specific gra\.ity at each site. Sitrs are arranged according to IIoldridge's Life Zone 
\lotlcl. 1 
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significant except ior Cordiu ulliodora, 
which sl~o\ved a highly significant negative 
correlation between specific gravity and 
dbh as well as a highly significant positive 
correlation bet\veen specific gravity and 
percent crown. 

CONCLUSIONS 

O n  the l~asis of Holdridge's Life Zone 
classification system, clin~ate significantly 
influences the specific gravities of Cordia 
alliorlora, Virola Koschyni, and Cedrela 
rnexicunn 1)ut does not significa~ltly in- 
fluer~ce the specific gravity of Hrosimun~ 
spp. Cortlici ulliorlora was also the only 
species for which significant relationships 
I~etween specific gravity a ~ l d  dbh and per- 
cent cro\vn were obtained. This suggests 
that wood cl~iality of the first three nlen- 
tioned species can be selectively affected 
by forest manage~nent practices. A more 
complete explanation of the above relation- 
ships will require more detailed observa- 
tions in tlie field and additional laboratory 
analyses of the \vood of these species. 
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