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HtjSTRHCT 

Noody v e g e t a t i o n  f r o m  23 f o r e s t  stands a long t h e  Upper Rio Negro 

of Venezuela and Colombia was sampled i n  1982. Stands were s e l e c t e d  

from t h e  t i e r r a  f i r m e  f o r e s t s  t o  r e p r e s e n t  a chronosequence o f  

succession f o l l o w i n g  "slash-and-Darn" a g r i c u l t u r a l  p r a c t i c e s .  The 

o b j e c t i v e s  o f  t h i s  s tudy  were t o  examine t h e  hypo thes i s  t h a t  t h e  Amazon 

f o r e s t  has been l a r g e l y  und is tu rbed  s i n c e  t h e  P le i s tocene ,  t o  q u a n t i f y  

v e g e t a t i o n  development d u r i n g  d i f f e r e n t  s tages of succession f o l l o w i n g  

a g r i c u l t u r a l  development, and t o  determine t h e  t i m e  r e q u i r e d  f o r  a 

success ional  s tand t o  become a mature f o r e s t .  

The ub iqu i tousness  of cha rcoa l  i n  t h e  t i e r r a  f i r m e  f o r e s t  

i n d i c a t e d  t h e  presence of f i r e  assoc ia ted  w i t h  extreme d r y  p e r i o d s  and 

human d is turPances.  Charcoal amounts ranged f rom 3 t o  24 t /ha,  and t h e  

da tes  o f  cha rcoa l  f rom rad ioca rbon  d e t e r m i n a t i o n s  ranged from 

approx imate ly  6200 y e a r s  be fo re  p resen t  ( B . P . )  t o  t h e  present .  Severa l  

sample dates c o i n c i d e  w i t h  d r y  phas2s recorded d u r i n g  t h e  Holocene f o r  

c e n t r a l  Amazonia. Ceramic shards were found a t  seve ra l  s i t e s ,  and 

thermoluminescence analyses i n d i c a t e d  t h a t  t h e i r  age ranged f rom 3750 

t o  460 yea rs  B.P. The s u b s t a n t i a t e d  age o f  t h e  chd rcoa l  and shards 

c o n f i r m s  t h a t  t h e  r e g i o n  has been sub jec ted  t o  f i r e  and human 

disturDances. 

Changes i n  spec ies  composi t ion,  v e g e t a t i o n  s t r u c t u r e ,  and woody 

oiomass were s t u d i e d  on 19 abandoned farms and f o u r  mature f o r e s t  

stands. The number of t r e e  species p e r  s tand ranged f rom 33 t o  96 i n  
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900-m2 p lo ts .  On 2.1 ha o f  cumulative s t a n d  area,  2 290 t r e e  

species 2 1 cin d b h  were ident i f ied .  

The dis t r ibu t ion  o f  stems by s i z e  c l a s s  showed tha t  76 t o  95% of 

the t r ees  a re  within 1 t o  5 cm d b h .  Trees I > 40 cm Ubh were found 

only in stands 40 years and older ,  representing < 1% of the t o t a l  

stems. Basal area ranged from 11.12 rn /ha f o r  a 10-year-old stand t o  2 

2 36.95 m /ha f o r  a mature fo re s t .  

L i v i n g  and dead biomass f o r  the trees and t h e i r  components was 

determined by regression equations developed from measurements of 

harvested t r ees .  Total l iving aboveground ana belowyround biomass 

ranged from 51 t /ha f o r  a 10-year-old stand t o  336 t / ha  f o r  a mature 

f o r e s t .  Belowgrouna biornass ranged froim 7.4 t / ha  f o r  a IO-year-old 

stand t o  64 t j h a  f o r  a mature f o r e s t ,  Belowground root biomass was 

grea ter  in mature f o r e s t s  than i n  any successional stands.  

The r a t e  o f  recovery o f  f l o r i s t i c  composition, s t ruc ture ,  and 

biomass following disturbance i s  r e l a t ive ly  slow. Aboveground dead 

biomass remained h i g h  14 years a f t e r  the  f o r e s t  was d is turbed  by t h e  

agr icu l tura l  pract ices .  The lowest dead biomass i s  reached 20 years 

a f t e r  abandonment, and the la rges t  values a re  found i n  mature f o r e s t s .  

Data analysis o f  80-year-old stands showed t h a t  the species composition 

approached t h a t  of a mature fo re s t .  Approximately 140 t o  200 years was 

required For an abandoned farm t o  a t t a i n  the basal area and biomass 

values comparable t o  those o f  a mature fo re s t .  The r e s u l t s  of t h i s  

study indicaxe tha t  recovery i s  f i v e  t o  seven times longer in the Upper 

Rio  Negro than i t  i s  i n  o ther  t rop ica l  areas i n  South America. 
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CHAPTER 1 

BACKGROUND A N D  OBJECTIVES 

I NTRODUCT ION 

Tropical f o r e s t s  cover approximately 12  mill ion square kilometers 

of t h e  ear th  o f  which 57% are  in Tropical America (Technologies t o  

Sustain Tropical Forest Resources 1984). These areas a re  being logged 

or  converted t o  agr icul ture ,  f o r e s t  plantat ions,  pasture, e t c . ,  a t  a 

r a t e  of 70,000 t o  200,000 square kilometers per year (FAO/UNEP 1981, 

National Academy of Science 1980). Most disturbed areas are  abandoned 

a f t e r  1 t o  8 years and begin the process of regeneration. The r a t e  of 

succession depends on the in tens i ty  of past use, the  s i z e  of the area 

affected,  and the s o i l  c h a r a c t e r i s t i c s  of the or iginal  system. 

This research focuses on f o r e s t  succession following 

slash-and-burn agricul ture  in par t s  of the t ropical  ra in  f o r e s t  of the 

Amazon Basin. The research area i s  located along the Upper Rio Negro 

near San Carlos, Venezuela, and  Sasi Felipe, Colombia. Each year many 

0.5- t o  2-ha forested areas are  cu t ,  burned, and cropped f o r  2 t o  4 

years and then abandoned f o r  more than 10 years. This land represents 

a large area of ra in  f o r e s t s  being used f o r  s h i f t i n g  cu l t iva t ion  

(swidden agr icu l ture) .  The work described in the following chapters 

documents the succession of f o r e s t  vegetation in these cul t ivated 

plots ,  cal led "conucos" while being cul t ivated and "rastrojos"  

(fallows) a f t e r  abandonment. The research t h a t  wil l  be discussed i s  

par t icu lar ly  relevant,  since s h i f t i n g  cu l t iva t ion  i s  one of the major 
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agricultural systems of the world, involving more than 140 million 

people (National Academy o f  Sciences 1980). 

Succession in tropical rain forests has been explained according 

to concepts introduced by Clements (1916). Theoretically, given 

sufficient time after disturbance, a fallow develops the structure, 

function, and complexity of a mature forest (Margalef 1963, Odum 1969, 

Harris 1972). This  generalization has emerged in the scientific 

literature in part from the lack of studies that adequately address the 

temporal scale of  successional sequences. Most successional work has 

been based on descriptions of changes in floristic composition and 

structure in early stages of species colonization (Greig-Smith 1952, 

Ross 1954, Richards 1955, Budowski 1961, Blum 1968, Snedaker 1970). 

There has been little work directed toward making biomass estimations 

(Bartholomew et al. 1953, Greenland and Kowal 1960, Scott 1977), and 

only recently have a f e w  contributions emphasized forest dynamics 

(Hartshorn 1978, Ewe1 1980, Whitmore 1978, Crow 1980). Phis lack o f  

information on forest succession in tropical regions emphasizes the 

need to focus on the changes in diversity, structure, and biomass of 

the rain forests. By utilizing the chranosequence technique, 2 3  stands 

ranging from recently abandoned fallows to mature forests were studied 

to obtain detai 1s regarding the processes occurring during succession 

i n  a tropical rain forest. 

Traditional farming in the Amazon Basin consists of clear-felling 

and burning of tierra firme (never flooded) forests to produce the 

conucos that are used to grow food crops for 2 to 4 years. Study sites 

ranged from recently disturbed areas to mature tierra firme (MTF) 
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stands where charcoal, floristic composition, structure, and biomass 

studies were conducted. The age of the fallows was provided by local 

inhabitants, and I4C data from charcoal pieces found in the soil of 

mature forests clarified the disturbance history of these once thought 

"undisturbed" forests. Sites were distributed in an area within a 

radius of 30 km of the towns of San Felipe, Colombia, and San Carlos, 

Venezuela. The field work was conducted from September 1982 to July 

1983. 

The study area is remote from major population centers. Its 

dominant vegetation is rain forest which is subject to localized 

slash-and-burn agriculture. Hence, the forests are a mosaic of 

successional and mature forest stands with many abandoned farm sites of 

known history. 

RESEARCH OBJECTIVES 

To study forest succession on a tierra firme forest following 

slash-and-burn agricultural practices, the following objectives were 

considered : 

1. Examine the disturbance history of the Amazon forests since the 

Pleistocene. 

2. Quantify different stages of succession following agricultural 

abandonment. 

3 .  Determine the time required for an abandoned agricultural site to 

become a mature forest. 

This dissertation begins with a literature review (Chapter 2) 

concerning the history of the Amtzon forest in the Upper R i o  Negro 

region (URN) of Colombia and Venezuela. Chapter 3 documents charcoal 
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a s  evidence of fire in the tierra firme forests since the Pleistocene. 

Charcoal amounts, distribution in the soil profile, and dates are 

presented, Chapter 4 describes changes in tree species diversity 

through succession and gives detailed accounts of the forest's 

structural characteristics: diameter and height distribution, tree 

density, leaf area, and tree damage. Chapter 5 provides a description 

o f  the distribution of aboveground and belowground living biomass, dead 

biomass, the accumulation process o f  aboveground living biomass, and 

the time required for a successional site to attain the biomass of a 

mature forest. Chapter 6 is the concluding section, summarizing the 

main points discussed i n  the preceding four chapters. 

This research provides an integrated description o f  succession, 

offering a more secure base from which to examine important ecological 

problems such as the rate of recovery of tropical forest vegetation, 

1 iving and dead biomass accumulation, the global carbon budget, changes 

in t r e e  species diversity, and the stability of tropical rain forests. 

SITE SELECTION AND PLOT ESTABLISHMENT 

The research sites, near the confluence of the Casiquiare River 

and the Kio Negra, are at 119 m in elevation and are located a t  1'56'N 

latitude, 67"03'W longitude (Figure 1.1). Climate in this region is 

equatorial with 3565 mm of annual rainfall (Heuveldop 1980). Rainfall 

is reduced between Octaber and March, with the two driest months being 

January and February. However, each month receives an average of more 

than 200 rnm of rainfall. The wettest period i s  May, June, and July, 

with each month averaging more than 400 mm. 
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ORNL-DWG 85-1620 

/ 

SAN CARLOS de RIO NEGRO 

VENEZUELA 

COLOMBIA 

STUQY SITE 

.F. AMAZONAS 

F i g u r e  1.1. Map showing l o c a t i o p  of t h e  s tudy  area, t h e  se lec ted  
stands, and t h e  I n s t i t u t o  Venezolano de I nves t i gac iones  
C i e n t i f i c a s  ( IV IC)  i n  t h e  Upper R i o  Negro r e g i o n  o f  
Colombia and Venezuela. Each Roman numeral corresponds t o  
a s tand.  
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Vegetation is classified as tropical, moist forest (Ewe1 and 

Madriz 1968) on a landscape that is generally f l a t  w i t h  smooth, r o l l i n g  

hills rising 25 to 50 m above the river. There are three main 

vegetation types. "Tierra fir-me" .forests occur on the sides and top of 

the  hills and cover about  30% of the land area (Bennacckio 1981). This 

forest  is t h e  only one cut and burned f a r  agricultural purposes (Uhl 

and  Murphy 1981). "Caatinga" i s  a nonflooded forest which occurs on  

white-sand Spodosols, and "igapo" is a seasonally flooded forest. 

Soils o f  the region are thought to have been derived from nearby 

sandstone shields i n  Brazil and Guiana (Fittkau et a ? .  1975), Intense 

weathering and leaching throughout much of geological history has 

resulted in extremely oligotrophic soils (Jordan 1980). Oxisols and 

Ultisols represent 74.9% of the sail in the Amazon Basin; in contrast, 

Spodosols represent 2.2%. Soi 1 samples were col lected and analyzed for 

the 23 stands; the results are presented in Table 1.1. Oxisols occur 

on tog of trills and a r e  well drained. They are composed of plinthitic 

material (laterite) which contains abundant ferric concentrations, 

farming an irregular cover over the sand and clay horizon. Ultisols 

are found at intermediate elevations and have good t o  poor drainage. 

They do not have spodic o r  oxic horizons. Spodosols are found on low 

elevations, where waterlogging i s  a common characteristic, and have a 

spodic  horizon at about l-ni depth  (Klinge and Herrera 1983). 

Ninety-six sites distributed over an area within a radius of  30 km 

o f  the towns o f  San Felipe, Colombia, and San Carlos9 Venezuela, were 

visited, and 23 sites were selected froin these for intensive vegetation 

and soil analyses. Locat- ions o f  t h e  selected sites are shown in 



Table 1.1 

Physical characteristics o f  soils in the Upper Rio Negro region o f  Colombia and Venezuela. 

Years since Soil Depth 
Stand disturbance type Horizon (cm) Munsell code Color 

Sano (%) Silt ( X )  
( <  0.002 mn) (0.002-0.05 m) (0.05-2 m) 
Clay ( % I  

I I  11 

W I  20 

111 

I V  

Y 

12 

14 

20 

I 9 Ut t i sol 

Oxisol 

Oxisol 

U1 t i sol 

Oxisol 

Ultisol 

A1 1 
A1 2 
A3 
82 

A1 1 
At 2 
81 
B2 

A1 1 
A1 2 
A3 
E 2  

A1 1 
A1 2 
A 3  
B2 

A1 1 
A1 2 
B1 
82 

A1 1 
A1 2 
81 
82 

0-15 
15-30 
30-52 
52-100 

0-1 1 
11-50 
50-80 

80-ioij 

0-13 
13-55 
55-72 

72-100 

0-10 
10-25 
25-45 

45-100 

0-15 
15-25 
25-83 
83-loo 

0-1 1 
11-38 
38- 7 1 
71-100 

10 YR 3/3 
70 YR 2/2 
10 YR 3/5 
10 YR 6/6 

10 YR 311 
10 YR 311 
10 YR 415 
i0 YZ jib 

10 YR 2/2 
7.5 YR 312 
7.5 YR 4/4 
5 YR 515 

10 YR 311 
10 YR 2/1 
10 YR 411 
10 YR 614 

5 YR 311 
5 YR 2.512 
5 YR 415 
5 YR 515 

10 YR 2/1 
10 YR 211 
10 YR 614 
10 YR 7/5 

Dark brown 
Very dark brown 
Dark yellowish brown 
Brownish yellow 

Very dark gray 
Very dark gray 
Dark yellowish brown 
Y?::odi;h brown 

Very dark brown 
Oark brown 
Dark brown 
Yellowish red 

Very dark gray 
Black 
Oark gray 
Light yellowish brown 

Very dark gray 
Dark reddish brown 
Yellowish red 
Yellowish red 

Black 
Black 
Light yellowish brown 
Yellow 

4.5 
6.0 
14.6 
16.0 

2.0 
4.5 
11.9 
16.8 

6.0 
12.2 
27.4 
29.9 

6.0 
6.5 
11.0 
17.0 

12.4 
18.0 
24.9 
28.9 

5.2 
9.9 

19.8 
21.8 

8.7 
10.0 
7.2 
5.8 

8.0 
10.0 
6.0 
5.0 

7.0 
12.7 
10.5 
8.1 

1.7 
8.7 
8.7 
5.6 

18.0 
12.0 
11.6 
12.5 

5.4 
9.0 
4.0 
2.0 

87.8 
84.0 
78.2 
78.2 

90.0 
85.5 
82.1 
70.2 

87.0 
75.1 
62.1 
62.0 

92.3 
84.8, 
80.3 
77.4 

69.6 
70.0 
63.5 
58.6 

89.4 

76.2 
76.2 

w 

81.1 
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Table 1.1 (continued) 

Years since Soil Depth 
Stand disturbance type Horizon (cm) Munsell code Color 

Silt ( 4 )  
(0.002-0.05 mm) 

Sand (%) 
(0.05-2 m) 

x v  60 

XVI 80 

XVII 80 

XVIII 80 

XIV 60 Ultisol 

Ultisol 

U1 t i sol 

Ultisol 

Oxisol 

XIX 80 

x x  MT F Ult isol 

A1 1 
A1 2 
B l l  
812 

A1 1 
A1 2 
B1 
82 

A 1  1 
A1 2 
A3 
B i  

A1 1 
A1 2 
A3 
82 

A1 1 
A1 2 
B1 
B 2  

A1 1 
A12 
A3 
62 

0-10 
10-50 
5U-60 
60- 100 

0-1 1 

48-72 
72-10U 

0-10 
10-50 
50-70 

11-48 

70- i uo 
0-10 
10-40 
40-90 
90-100 

0-13 
13-71 
71-80 
80- 100 

NA* 

0-10 
10-33 
33-69 
69- 100 

10 YR 312 
10 YK 4/1 
10 YK 512 
7.5 YR 7/5 

10 YR 3/2 
10 YR 210 
10 YN 315 
10 YR 6/5 

10 YR 2/2 
10 YR 2/1 
10 YR 3/2 
1U YR 6/6 

2.5 YR 2/0 
2.5 YR 2/0 
10 Yd 6/1 
2.5 YR 812 

10 YR 3/2 
10 YR 312 
10 YK 4/4 
10 YR 6/b 

NA 

10 YR 3/2 
10 YN 211 
2.5 YR 5/2 
10 YA 7/5 

Very dark grayish brown 
Dark gray 
Grayish btirwn 
Reddish yellow 

Very dark grayish brown 
Slack 
Dark yellowish brown 
Brownish yellow 

Very dark brown 
Black 
Very dark grdyish brown 
Brownish yellow 

Black 
Black 
Gray 
White 

Very dark grayish brown 
Very dark grayish Drown 
Dark yellowish brown 
Brownish ye1 low 

NA 

Very dark grayish Drown 
Black 
Grayish brown 
Yellow 

6.8 
16.73 

31.2 

2.0 
5.7 
12.8 
21.8 

1 .O 
3.7 
14.0 
19.0 

6.4 
8.1 
14.8 
26.4 

6.8 
23.8 
33.4 
37.4 

NA 

25.8 

6.2 
7.2 

10.3 
18.2 

5.9 
10.4 
7.4 
7.7 

8.0 
7.9 
9.9 
8.9 

2.0 
8.3 
7.u 
7 .O 

5.1 
8.1 
5.3 
3.8 

14.0 
10.7 
10.0 
7 .0 

NA 

7 .O 
8.5 
9.5 
5.0 

87.3 
72.8 
66.8 
61.1 

90.0 
86.4 
77.3 
69.3 

97.0 
88.0 
79.0 
74.0 

aa. 5 
83.8 
79.9 
64.8 

79.2 
65.5 
36.6 
55.6 

NA 

86.8 
84.3 
80.2 
76.8 



Tab'le 1 . 1  ( c o n t i n u e d )  

Years since Soil Depth 
Stand d i s t u r b a n c e  type Harizon (cm) Flunse'tl coda COlQr 

X X I  MTF Ultisol A I 1  
A i  2 
A 3  
B2 

XX!I MTF Ultisoi A i l  
AT, 2 
A3 
82  

X X i l I  MTF Oxisol A l l  
Ai 2 
B'i 
B2  

0-6 
6-45 

45-52 
62-100 

0-1c1 
10-30 
30-40 

40-:00 

0-1 6 
16-43 
43-70 

:0-20c 

10 YR 2/r 
:o YR 311 
10 YR 4/2 
2.5 YR 7/3 

10 YR 4/2 
7 0  YR 4 /1 
10 YR 3/1 
IC! YY 8/1 

IO m 3/4 
'13 YR 4/4 
10 YR 5/5 
10 Y2 i/6 

81xk 
Very dark gray 
Darr g r a y i s h  brown 
Pale yellow 

Dark grayisn brown 
Dark gray 
Light g r a y  
W t e  

Dark yellowish brown 
Dark ye! lowisn brawn 
Yellowish brawn 
Brownish yeilun 

3.2 
5.3 

10.0 
;3 .6 

4.0 
8.8 

14.8 
17.6 

5.3 
;.5 

15.3 
22.5 

4.0 
15.0 
10.0 
6.7 

4.0 
30.4 

6.6  

10.7 
13.4 

8.7 

8.8 

8.0 

92.8 
75.7 
80.0 
75.7 

92.0 
50.8 
76.4 
75.5 

84.0 
79.0 
76.0 
69-5  

*NA = d a t a  not available. 
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F i g u r e  1.1. The s i t e s  were those w i t h  t h e  most complete i n f o r m a t i o n  o f  

p a s t  h i s t o r y  and w i t h  s i m i l a r  i n t e n s i t y  o f  l and  use, t ypes  o f  s o i l s ,  

and topography, and of a s i z e  l a r g e  enough t o  a l l o w  t h e  es tab l i shment  

of seve ra l  p l o t s  f o r  t h e  vege ta t i o r ,  survey. S i t e s  ve ry  c l o s e  t o  towns 

o r  main pa ths  were excluded, so t h a t  human d i s tu rbance  s i n c e  

abandonment would be min imized.  

The ages o f  f a l l o w s  o l d e r  than  30 years  were e s t a b l i s h e d  by 

i n t e r v i e w i n g  long- t ime r e s i d e n t s  o f  t h e  r e g i o n  and b y  t a k i n g  i n t o  

account  h i s t o r i c  events  of recogn izab le  importance, e.g., t h e  rubber  

boom, t h e  m i g r a t i o n  of t h e  people f r o m  San Car los  t o  t h e  i n t e r i o r  o f  

t h e  f o r e s t  d u r i n g  t h e  government o f  Funes, and t h e  immig ra t i on  and 

se t t l emen t  of Europeans a f t e r  Wcrld War 11. These events  had a 

s i g n i f i c a n t  enough impact on t h e  l i v e s  of t h e  peop le  t o  remain i n  t h e i r  

memories. Dates o f  such events  were used t o  e s t i m a t e  o r  v e r i f y  t h e  

ages o f  t h e  f a l l o w s .  Abandoned farms l e s s  t h a n  30 years  o l d  be long t o  

peop le  l i v i n g  i n  San Car los.  Thess people p rov ided  d e t a i l s  concern ing  

t h e  p l a n t e d  c rops  and t h e  f requency  and i n t e n s i t y  o f  use o f  t h e  s i t e s .  

The s i t e s  w i t h  c o n t r a d i c t o r y  i n f o r m a t i o n  were r e j e c t e d .  Most o f  t h e  

s i t e s  v i s i t e d  were owned b y  i n fo rman ts  o r  t h e i r  r e l a t i v e s .  

Once s i t e s  were se lec ted ,  t h e y  were c l a s s i f i e d  by  " t ime  s ince  l a s t  

d i s tu rbance"  and grouped i n t o  s i x  age ca tegor ies :  9 t o  14 yea rs  

( n  = 4),  20 yea rs  ( n  = 4) ,  30 t o  40 yea rs  (n = 4), 55 t o  60 yea rs  ( n  = 

3 ) ,  75 t o  85 yea rs  ( n  = 4),  and mature t i e r r a  f i r m e  f o r e s t  ( n  = 4) .  I n  

t h i s  s tudy  a mature t i e r r a  f i r m e  f o r e s t  i s  one p robab ly  und is tu rbed  i n  

t h e  p a s t  by  man. T h i s  f o r e s t  has t a l l  canopy t r e e s  f rom l a r g e r  

d iameter  c lasses,  and these t r e e s  have r e l a t i v e l y  s low growth r a t e s .  
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Hut t ressed t r e e s  a r e  g e n e r a l l y  found on these s tands,  b u t  they are 

r a r e l y  abundant. 

P l o t .  s i z e  was determined accord ing  t o  t h e  s i z e  OF t h e  trees.  

Three p l o t s  (19 x 30 m = 0.03 ha )  per s i t e  were e s t a b l i s h e d  a t  a l l  

s i t e s .  I n  a71 plots, i n d i v i d u a l s  w i t h  a d b h  - ;P 1 cm and 2 m i n  h e i g h t  

were recorded. I n  a d d i t i o n ,  a t  each s i t e  trees w i t h  a dbh s f  < 1 cm 

and between 1 and 2 m i n  h e i g h t  were counted by species i n  t h r e e  p l a t s  
2 of  152 in . The p l o t s  were d i s t r i b u t e d  ove r  t h e  s tand t o  encompass a 

r e p r e s e n t a t i o n  of vege ta t i on  s t r u c t u r e .  The f i r s t  p l o t  was l o c a t e d  

near  t h e  edge o f  the  f a l l o w .  'The edge o f  t h e  s i t e  i s  u s u a l l y  t h e  f i r s t  

abandoned area and g e n e r a l l y  h a s  t h e  l a r g e s t  and most d i v e r s e  species 

composi t ion.  The second p l o t  was e s t a b l i s h e d  i r i  t h e  c e n t e r  where dead 

t r e e s  m i g h t  be found, and t h e  l i v i n g  t r e e s  show t h e  s lawest  growth and 

l e a s t  d i v e r s i t y .  The t h i r d  p l o t  was e s t a b l i s h e d  between t h e  f i r s t  and 

second. A f o u r t h  p l o t  was e s t a b l i s h e d  a t  t w o  sites ( X I 1  and XVI I )  t h a t  

were unique f o r  hav ing a community dominated by  o n l y  one or two 

spec ies ,  r e s p e c t i v e l y .  An a d d i t i o n a l  p l o t  (50 x 50 m = 0.25 ha) was 

e s t a b l i s h e d  i n  s i t e s  o l d e r  than  20 yea rs  t o  measure trees - ;P 10 cm dbh. 
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CHAPTER 2 

HI STQR Y 

I NTRODUCT IO N 

Geologic and climatic forces are often considered to be the main 

disruptive agents in the Amazon forest. Several episodes o f  aridity in 

tropical lands occurred between 21,000 and 13,000 years before present 

(B.P.), and as a result the forest was fragmented into scattered areas 

or refuges (Van Der Hammen 1972, 1974; Vuilleum er 1971). The last 

such dry period was 13,000 years B.P. While it is frequently assumed 

that the Amazon forest has been virtually undisturbed from 13,000 B.P. 

until the recent past, there i s  increasing evidence t o  suggest 

otherwise. 

This review examines the generally held belief that the Amazon 

forest has been largely undisturbed during a major- part o f  the 

post-Pleistocene by looking at climatic changes and human history in 

Mazonia during the last 6000 years. The discussion will focus on the 

Upper Rio Negro (URN) area o f  Venezuela and Colombia. 

CLIMATIC CHANGES IN THE AMAZON BASIN 

Palynological evidence obtainzd from northern Rondonia (Brazil) 

and from the Colombian Eastern Cordillera suggests that the mean 

Holocene continental temperature may have dropped 4 to 5°C relative to 

the present, and the climate may have been considerably drier (Van der 

Hammen 1972, 1974). This condition allowed open grass savannas to 

develop on areas now covered by continuous tropical rain forest. 

Bigarella (1971) postulated episodic dry periods between 4500 and 
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2500 y s a r s  B.P. i n  southern B r a z i l .  H a f f e r  (1974)  p laces  t h e  l a s t  

severe a r i d  p e r i o d  between 4000 and 2590 y e a r s  5.P. 

Recent s tud ies  o f  Holocene sediments f r o m  f i v e  s i t e s  i n  Cen t ra l  

Amazonia and Ihe Roraima T e r r i t o r y  suggest t h a t  c l i m a t i c  changes i n  t h e  

Amazon Basin may have been f r e q u e n t  d u r i n g  t h e  l a t e  Holocene (Abcy 

1982). Dry p e r i o d s  were r e p o r t e d  a t  one s i t e  a f t e r  4000 years  B.P. and 

a t  t h r e e  s i t e s  between 2700 and 2000 yea rs  B.P. A minor  d r i e r  phase 

was a l s o  Found a t  one s i t e  a t  1580 yea rs  U.P., w i t h  a d r i e r  phase a t  

two s i t e s  around 700 years B . P .  These here f o l l o w e d  by a minor  d r y  

p e r i o d  around 400 yea rs  B.P. Observat ions by 'Kl i l l iams (1933) suggest 

t h a t  water l e v e l s  were low on t h e  K a s s i k a i t y u  and Upper Essequivo 

R i v e r s  i n  Guyana d u r i n g  v a r i o u s  a r i d  p e r i o d s  i n  t h e  Holocene. S i m i l a r  

a r i d  c o n d i t i o n s  i n  Amanonia have been documented by Absy (1982). 

Present day obse rva t i ons  i l l u s t r a t e  t h e  magnitude o f  temporal and 

s p d t i a l  v a r i a t i o n  i n  r a i n f a l l .  Fo r  example, t h e  town o f  San Fernando 

de Atabapo i n  t h e  Nor th  Cen t ra l  Amazon B a s i n  has an average anriual 

r a i n f  a1 1 of 2900 mm, w i t h  t h r e e  consecu t i ve  d r y  months averaging 

< .I 100 mm o f  p r e c i p i t a t i o n  ( C l a r k  1983). I n  c o n t r a s t ,  t h e  town o f  San 

Car los de R i o  Negro l oca ted  260 km t o  t h e  south has a mean annual 

p r e c i p i t a t i o n  o f  3500 mm, and each month has more than  200 mm 

( i icuveldop 1980). Even a t  San Carlos,  two p e r i o d s  o f  20 and 23 

consecu t i ve  days w i t h o u t  r a i n  occu r red  i n  1980 and 1983. Tavera-Acosta 

(1959) mentions "extreme d r y  p e r i o d s "  a t  San Car los  i n  1910 and 1911. 

Another dramat ic  example o f  drought  i n  lowland r a i n  f o r e s t s  occurred i n  

the  E a s t  Kal imantan Prov ince i n  Borneo where t h e r e  was a p e r i o d  af more 

t h a n  6 months w i t h o u t  r a i n  i n  1983. T h i s  i n d i c a t e s  t h a t  t r o p i c a l  r a i n  
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f o r e s t s  may exper ience i n f r e q u e n t  c l i m a t i c  

t o  produce a moderate t o  severe d i s tu rbance  

s t r e s s  s u f f i c i e n t l y  i n t e n s e  

i n  vegeta t ion .  

INOIGENOUS POPULATIOlL BEFORE THE ARRIVAL OF EUROPEANS 

A rchaeo log ica l  i n f o r m a t i o n  f rom t h e  Amazon Bas in  i s  scarce w i t h  

r e p o r t s  from o n l y  a few i s o l a t e d  s i t e s  (Megger and Evans 1957, Myers 

1973). One reason i s  t h a t  t h i s  r e y i o n . i s  i naccess ib le ,  i n h o s p i t a b l e ,  

and la rge .  A second reason i s  t h a t  Amazon i n d i a n  c u l t u r e s  l e f t  beh ind  

no a r t i f a c t s  o t h e r  than ceramic p o t  shards. A f i n a l  h indrance i n  

s t u d y i n g  t h e  p r e h i s t o r y  o f  t h i s  i t rea i s  t h e  v a s t  d i s r u p t i o n  o f  t h e  

I n d i a n  c u l t u r e  by  t h e  f i r s t  Europeans. Many I n d i a n  t r i b e s  disappeared, 

w h i l e  o t h e r s  l o s t  t h e i r  ind igenous customs, modes o f  l i f e ,  houses, and 

language making i t  d i f f i c u l t  t o  r e c o n s t r u c t  t h e  pas t  (Wal lace 1969). 

L a t h r a p ' s  work, " C u l t u r e  Ecology o r  C u l t u r a l  H is to ry , "  

hypothes izes  t h a t  around 4000 years  B.P., members of t h e  Proto-Arawak 

c u l t u r e  were concen t ra ted  on t h e  f l o o d p l a i n  of t h e  Cen t ra l  Ainazon near  

t h e  p resen t  c i t y  o f  Manaus. Thece a g r i c u l t u r a l  groups i n  t h i s  area 

were successfu l ,  and as t h e i r  p o p u l a t i o n  increased, t h e r e  was heavy 

demand on t h e  l and  of t h e  f l o o d p l a i n ,  caus ing  many I n d i a n  groups t o  

l ook  f o r  o t h e r  a v a i l a b l e  areas o f  a l l u v i a l  lands. To o b t a i n  s u i t a b l e  

l o c a t i o n s ,  some o f  them moved t o  areas o f  a l l u v i a l  s o i l s  such as i n  t h e  

Upper K i o  Negro (La th rap  1970). 

E s t i m a t i o n  o f  t h e  Amer id ian pc)pu la t ion  s i z e  b e f o r e  t h e  a r r i v a l  of 

Europeans i s  ve ry  c o n t r o v e r s i a l .  Tne f i r s t  reco rds  o f  i n h a b i t a n t s  were 

made by t h e  m i s s i o n a r i e s  who a r r i v e d  i n  B r a z i l  i n  1549 (beckerman 

1979). Such reco rds  u s u a l l y  i n d i c a t e d  o n l y  t h e  number of peop le  

b a p t i z e d  o r  t h e  number t h a t  were l i v i n g  i n  e s t a b l i s h e d  miss ions .  
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Nevertheless, their accounts provide some information on the size of 

the Indian population at the arrival of the first Europeans. 

Also, an historical account yielding an estimate of the Indian 

population was made by Friar Gaspar de Carvajal who recorded the trip 

o f  Francisco de Orellana along the Amazon river in late 1541 

(Figure 2*1). This is the first narrative describing the Indian 

population an the floodplains of the Atnannn River. lie discussed crops$ 

sources o f  protein, distribution o f  villages, customs, and degree of  

Indian development. According ta the description, the distribution of 

t h e  population was irregular. In the first 400 leagues ( a  league is an 

unstandardized measure of distance about 2.4 Lo 5.0 miles), Indian 

villages were small and few i n  number. The single exception was the 

village of Aparia the Lesser. Beyand this point, the size  and number 

of villages increased. An example was Machiparo, which surprised the 

conquistadors with its quantity of available food, According to 

Caruajal's account, "Food was in such great abundance that there was 

enough to feed an expeditionary force o f  one thousand inen far one year" 

(Medina 1970). The Spaniards were very impressed by the large: nuinher 

o f  inhabitants in this area. Carvajal's account stated, ' I . . .  which in 

the opinion o f  all extended for inore than eighty leagues, for it was 

all o f  one tongue, these (eighty leagues) seing all inhabited ... and 

there was one settlement that stretched for five leagues without there 

intervening any space frain house t o  house along the river ... but, 
judged froin its (apparent wealth o f  natural) resources and its 

(general) appearance, it must be the most populous llhat has been seen" 

(Medina 1970). 
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ORELLANA'S VOYAGE OF DISCOVERY 
DOWN THE AMAZON, 1542 

SCALE 1 :22.500.000 

Figure 2.1. Map showing the route of Orellana's voyage down the Amazon 
in 1541. Based on the Oviedo and Medina versions o f  
Carvajal's account ( f r o m  Medina 1970). 
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A f t e r  Machiparo, C a r v a j a l  observed another  c i t y  o f  s i m i l a r  s ize,  

t h e  Ornagua, which spread a long more than  one hundred leagues o f  r i v e r  

bank (Medina 1970), Carva ja l  said,  " t h e  v i l l a g e s  were so numerous and 

so  l a r g e  and because t h e r e  were so many i n h a b i t a n t s  t h e  c a p t a i n  d i d  n o t  

w ish  t o  make p o r t "  (Medina 1970). Another example was t h e  p lace  

c a l l e d ,  by  t h e  Spaniards, t h e  Prov ince o f  San Juan, which covered more 

than one hundred and f i f t y  leagues. f o r  t h e  r e s t  o f  t h e  t r i p ,  C a r v a j a l  

con t i nued  m o n i t o r i n g  t h e  presence o f  l a r g e  and smal l  v i l l a g e s ,  I n  

s p i t e  o f  t h e  f a c t  t h a t  t h e y  stopped i n  smal l  v i l l a g e s  t o  avo id  f i g h t s ,  

t h e y  found a cons ide rab le  amount of maize, yuca, f i s h ,  and f r u i t s .  I n  

many o f  these places, t h e y  found roads t h a t  went  i n t o  the i n t e r i o r  o f  

t h e  c o u n t r y  (Medina 1970). I n  t h e  P rov ince  o f  t h e  Gibbets I n d i a n s  

( P i c o t a s ) ,  which extended down t h e  r iver.  seventy  leagues, t h e y  found 

roads made by hand w i t h  f o r e s t  t r e e s  a t  each s i d e  o f  t h e  road (Medina 

197U).  I n  o t h e r  v i l l a g e s ,  t h e y  found a g r e a t  q u a n t i t y  of maize i n  

hampers which were b u r i e d  i n  ashes Fa r  p r o t e c t i o n  f rom weev i l s  (Medina 

1970). They a l s o  found many w i l d  animals used as meat resources, such 

as c r o c o d i l e s ,  manatees, p a r r o t s ,  t u r t l e s ,  t u rkeys ,  ducks, f i s h ,  b i r d s ,  

monkeys, and t ap i  rs. 

Another reason t o  suspect t h a t  t he  Amazon Basin p o p u l a t i o n  p r i o r  

t o  European c o n t a c t  was l a r g e r  than a t  p resen t  i s  t h e  documentat ion o f  

about f i v e  epidemics recorded 15 yea rs  a f t e r  t h e  Jesuits a r r i v e d  i n  

Brazil i n  1549 (Beckerman 1979). I n  o t h e r  reco rds  t h e r e  a r e  examples 

o f  v i r u l e n t  and h i g h l y  communicable diseases, such as smallpox, 

m a l a r i a ,  and y e l l o w  f e v e r ,  i n t r o d u c e d  by  Europeans and by A f r i c a n  



19 

slaves, t h a t  decimated t h e  lower Amazon i n  1621 and upper Amazon i n  

1651 (Meggers 1971). 

Es t imates  of t h e  n a t i v e  p o p u l a t i o n  i n  t h e  Amazon Bas in  va ry  w i d e l y  

(Tab le  2.1). The f i g u r e s  were ob ta ined  by  "educated guess" (Moran 

1974) o r  es t ima tes  w i t h o u t  e x p l a n a t i o n  (Murphy and Murphy 1974). 

Rosenblat  (1945) made h i s  es t ima tes  based on c o l o n i a l  reco rds  and guess. 

Tab le  2.1. Es t imates  of t h e  Amazon Bas in  p o p u l a t i o n  a t  t h e  a r r i v a l  o f  
t h e  f i r s t  Europeans. 

Author  Date Number of i n h a b i t a n t s  

E. Moran 
A. Rosenblat  
J. Steward 
Y.  and R. Murphy 
J. Hemming 
E. Galvao 
W .  M. Denevan 
J. Rondon" 

1974 
1945 
1949 
1974 
1978 
196;' 
1976 
195: 

500,000 
1,400,000 ( B r a z i l  o n l y )  
1,500,000 ( B r a z i  1 o n l y )  
1,500,000 ( B r a z i l  o n l y )  
2,400,000 ( B r a z i  1 o n l y )  
2,000,000 ( B r a z i  1 o n l y )  
6,800,000 

10,000,000 

* I n  Comas (1951, c i t e d  by Denevan 1976). 

The f i r s t  sys temat ic  es t ima te  of Amazonian p o p u l a t i o n  was made by 

Steward (1949). He es t ima ted  1,500,000 people f o r  B r a z i  1 on l y .  W i th  

h i s  method Steward judged t h e  s i z e  o f  each group by c a l c u l a t i n g  t h e  

area t h e  group occupied and e s t i m a t i n g  t h e  d e n s i t y  o f  h a b i t a t i o n .  H i s  

p o p u l a t i o n  d e n s i t y  es t ima tes  ranged over  areas o f  0.07 t o  0.60 km . 
E s t i m a t i o n  o f  t h e  I n d i a n  p o p u l a t i o n  o f  t h e  R i o  Negro r e g i o n  f o r  t h e  

yea r  1500 was made by  Hemining (1978). He es t ima ted  177,000 i n h a b i t a n t s  

f o r  t h i s  r e g i o n  i n c l u d i n g  t h e  Isana and Vaupes R ive rs .  I n  h i s  work he 

2 
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importance to clues f rom chronic 

each reg ion .  

Denevan (1976)  examined the 

20 

of Steward, but Hemming gave more 

e reports and the sail fertility of 

main "habitats" in Amasonia and the 

subsistence patterns of each i n  relation t a  resoimxss estimating the 

possible natjve population density of each. He distinguishes seven 

main areas on the b a s i s  of soil and wildlife resources in order of 

decreasing population density: ( 1 )  floodplain, ( 2 )  Brazilian Coast, 

(3) lowland savanna, (4) upland forest, (5) upland savanna, (6) lowland 

forest, and (7) uninhabitable. The number of people range from 0.1 to 

28.0 per square kilometer. 

EFfECTS OF EUROPEAN SETTLEMENT ON ---- AMAZON POPULATIONS IN THE RIO NEGRO 

s 1 a'Jt?ry 

In t h e  seventeenth century, t h e  main center of operation for 

Europeans was the Central Amazon floodplain where French, English, 

Dutch, and Portuguese settlements began to proliferate, When political 

rivalry among these groups increased, each recruited thousands of 

Indians t o  defend its territories. At the end, the Portuguese 

controlled the area and few natives remained (Meggers 1971). 

After the decimation o f  the indigenous population in this area, 

the Portuguese began, in t h e  late 16OO's, to conduct slave r a i d s  in the 

Upper Rio Negro (Meggers 1971). The upper Orinoco and t he  Kio Negro 

were the t w o  main routes by which the slave trade was made. Trade in 

t he  Rio Negro was dominated by the Portuguese From Para and by t h e  

Manau Indians who lived on the middle Rio Negro and traded Indian 
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s l a v e s  t o  t h e  Portuguese (Wr igh t  1981). I n  t h e  1720's, t h e  Portuguese 

dec la red  war a g a i n s t  t h e  Manau and l a t e r  a g a i n s t  t h e  Maiapena t r i b e .  

As a r e s u l t ,  t h e  Manau and Maiapena I n d i a n s  were e i t h e r  e l i m i n a t e d  o r  

pushed away f rom t h e  banks o f  t h e  R i o  Negro. The Manau peop le  were t h e  

most numerous, powerful,  prosperous, and e n t e r p r i s i n g  people o f  t h e  

m idd le  R i a  Negro V a l l e y  u n t i l  t h e  1730's (Wr igh t  1981). 

Enslavement con t inued  a g a i n s t  t h e  o t h e r  t r i b e s  on t h e  banks o f  t h e  

R i o  Negro. Th is  p e r i o d  i s  c h a r a c t e r i z e d  by massacres o f  thousands of  

I n d i a n s  and by t h e  r e l o c a t i o n  o f  wh3le s o c i e t i e s  (Wr igh t  1981). Sweet 

(1974) s a i d  t h a t ,  "no th ing  i n  t h e  documents f o r  t h i s  p e r i o d  g i v e s  cause 

t o  doubt  t h a t  a minimum o f  1000 s laves  a yea r  were brought  t o  Para 

d u r i n g  t h i s  decade as b e f o r e  ( a  f i g u r e  which makes no account o f  t h e  

perhaps equal numbers r e s e t t l e d  by means of J e s u i t ,  Ca rme l i t e  and 

Mercedar ian "descimentos" f rom u p r i v e r  m iss ions  t o  t h e i r  aldeas on t h e  

lower  v a l l e y ) . "  T h i s  r a t e  was main ta ined from 1690 t o  1730, d u r i n g  t h e  

r u t h l e s s  government operated " t ropas  - de r e s c a t e "  on t h e  R i o  Negro. A 

c o n s e r v a t i v e  es t ima te  of s laves  taken f rom t h e  URN between 1740 and 

1750 was about 20,000 (Wr igh t  1981). By t h e  1760's e n t i r e  t r i b e s  which 

had been prominent  i n  t h e  URN r e g i o n  were gone (Wr igh t  1981). 

C o l o n i a l  Government, t h e  Rubber Boom (1860-1910), and Funes (1913-1921) 

Between t h e  1750's and t h e  1800's, t h e r e  was t h e  i n t r o d u c t i o n  o f  a 

permanent c o l o n i a l  government t h a t  f o r c e d  n a t i v e s  t o  p a r t i c i p a t e  i n  

programs of economic development and C h r i s t i a n i t y .  The main 

c h a r a c t e r i s t i c s  o f  t h i s  p e r i o d  were t h e  r e c r u i t m e n t  o f  I n d i a n s  by means 

o f  "descents", which c o n s i s t e d  of persuading t h e  I n d i a n s  t o  descend t h e  

r i v e r s  f rom t h e  headwaters and s e t t l e  permanent ly  on t h e  Rio Negro, and 
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t o  accept European government (Wright 1981). With this program t h e  

Indians were relocated in new villages on the R i a  Negro, which were 

selected primarily on the basis of military advantage. By 1760 six 

Spanish settlements had been established; the first in t h e  upper 

Qrinoca, called San Fernando de Atabapo. Two other important 

settlements were San Carlos and Don Francisco Solano, located on t h e  

U R N  and Casiquiare. In the 1760's, all Indians in the URN had t o  

accept the direct and continuous presence o f  the military, whose main 

purpose was t o  persuade t h e  native populatlons t o  descend t o  t h e  R i o  

Negro villages (Wright 1981). Furthermore, in the 1760's through the 

1789's, various epiderntcs plagued the R i o  Negro w i t h  devastating 

e f f e c t s  on t h e  population. Many Indians fled Prom villages to t h e  

forestsp and t h e  population in all Spanish territories decreased in 

number. Exceptions were San Carlos, Sztn Francisco Solano, San Fellpe, 

and San Migue7, which accounted for about one-third o f  the entire 

population In the Capuchin0 territory from the upper Orinoco t o  its 

headwaters (Wright 1981 ) 

Colonial programs began to Pail because a substantial labor force 

was needed t o  maintain t h e  crops and conduct military expeditions 

(Wright 1981). By the onset of the 1 8 0 0 ' ~ ~  t h e  process of colonization 

in the R i o  Negro slowed, allowing the few Indians that were still alive 

to return to their traditional homelands and rebuild their societies. 

In 1850 t h e  Portuguese and Spanish failed to revive their programs of 

colonization, which included farced resettlement of Indians, compulsory 

labor programs, and missionation (Wright 11981) 
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Major economic transformations occurred during the "rubber boom" 

in the Amazon region around 1850. However, these changes did not reach 

the URN until the late 1860's and early 1870's. The most important 

trading posts in the Ria Negro were Thomar, Uarcellos, San Gabriel, and 

San Carlos. At the beginning of the 19OO's, most of the adult male 

Indians of the Baniwa, Bare, and Tucano were working in the 

exploitation o f  Hevea s p p .  (rubber tree) as far away as the lower Rio 

Negro (Wright '9981). The annual production around San Carlos 

approached 150 tans per year with a labor force of approximately 2000 

(Tavera-Acosta 1954). 

Another important event in the  URN was the political movement 

organized by Tomas Funes. For a period of eight years, he established 

a dictatorial regional government characterized by murder and terror in 

the Venezuelan-Amazon territory (Alamo 1979). During this time, many 

villages and towns were abandoned, and their inhabitants fled into the 

forests. Many of the old stands, called "rastrojos" (abandoned 

agricultural sites), that are found today in San Carlos are the result 

of the activities at that time. 

MAN AS AGENT OF DISTURBANCE 

Slash-and-Burn Agriculture in the Past 

A slash-and-burn agricultural system was develaped by inhabitants 

o f  tropical forests thousands o f  years ago. In the Amazon Basin it 

was, and still is, the most important form of subsistence, and most o f  

the farming tribes use this method (Lowie 1963). The traditional 

method o f  agriculture practiced by the first inhabitants of t h i s  region 



24 

was c h a r a c t e r i z e d  by t h r e e  iiiaivl t asks :  ( 1 )  c u t  and burn Secondary 

v e g e t a t i o n  o r  mature f o r e s t s  t o  produce a c l e a r i n g ;  ( 2 )  farm f o r  a 

p e r i o d  of two t o  f i v e  years, depending upon f e r t i l i t y  of t h e  sail and 

t h e  ca re  o f  t h e  owner; and ( 3 )  abandonment o f  t h e  s i t e  when 

p r o d u c t i v i t y  dropped (La th rap  1970; Metraux 1963; Meggers 1971 ; 

Levi -St rauss 1963; Wal lace 1969). 

Lowie (1963) i n d i c a t e d  t h a t  some I n d i a n  t r i b e s  comp le te l y  changed 

t h e i r  h a b i t s  because o f  t h e  d i s r u p t i v e  impacts produced by 

conquis tadors.  Two examples a re  t h e  Guayaki and t h e  Mura t r i b e s ,  who 

abandoned c u l t i v a t i o n  and have subs is ted  by h u n t i n g  n a t i v e  animals and 

h a r v e s t i n g  n a t u r a l  p l a n t s  s ince  t h e  Conquest. T h e  opposi te  occurred 

w i t h  a few t . r ibes,  such as t h e  Sh i r i ana ,  t h e  Guaharibo, and t h e  Macu o f  

t h e  R i o  Negro, who f o r m e r l y  d i d  n o t  f a r m  b u t  have adopted fa rm ing  f rom 

t h e i r  neighbors.  

I n  t h e  R i o  Negro area, t h e  p r i m a r y  c u l t i v a r s  were r o o t  crops.  

Seed crops were secondary, b u t  v i r t u a l l y  a l l  t r i b e s  grew seve ra l  

v a r i e t i e s  o f  maize (Lcw ie  1963). Sauer (1963) and Lowie (1963) p resen t  

a l i s t  o f  t h e  main crops used by t h e  I n d i a n s  i n  t h e  Amazon Basin.  

Those found i n  t h e  Rio Negro i nc luded  manioc (Manihot escu len ta ) ,  maize 

(Zea mays), p i j i g u a o  ( B a c t e r i s  m i p a e s ) ,  and beatis (Phasealus spp.). 

._l___l_ 

The Amazon Basin i n  t h e  l a s t  s i x  r n i l l e n i a  has been exposed t o  two 

consecu t i ve  and d i s t i n c t  t ypes  of human use. The F i r s t  corresponds t o  

a s tage o f  n e a r - e q u i l i b r i u m  between i n h a b i t a n t s  and t h e  environment. 

I t  e x i s t e d  before Eurapeans a r r i v e d ,  and d u r i n g  t h i s  t i m e  t h e  Amazon 

Bas in  was p r i m a r i l y  i i i od i f i ed  by c l i m a t i c  and topograph ic  f a c t o r s .  

Human u t i  l i r a t i o n  r e s u l t e d  fr-om adap ta t i ons  t o  t h e  n a t u r a l  c o n d i t i o n s  
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o f  this system. After domestication o f  2a few plants around 5000 to 

3000 B.P. (Lathrap 1970; Meggers 1971, 1982; Roosevelt 1980), man 

changed his life-style to a more sedentary way of life but one that was 

still adapted to the environmental conditions of the area. 

The second type of human use of the Amazon corresponded t o  

cultural changes and alteration of the environment in order to satisfy 

European needs. This began 450 years ago, extended to the present, and 

has been characterized by drastic cultural changes and degradation of 

the environment. Utilization o f  resources changed from limited 

personal use to uncontrolled harvesting and large-scale efforts to 

develop the region, beginning with the extraction of products such as 

sarsaparrilla (Petroselinum saturum) and brazi l-wood (Dalbergia s p p . )  

in the 1500's (Dean 1983). 

Other examples of changes in agricultural habits of the Indians 

can be observed from the historical descriptions presented by Wright 

(1981), based on documents from the end of the 1700's. For instance, 

the Royal Expedition organized by Spain, from the late 1750's until the 

mid-l780's, introduced livestock aqd crops to the Upper Orinoco and 

URN. Livestock included cattle and horses, and the crops included 

indigo, cacao, fruit trees, and other legumes. The total export of 

indigo was over 1400 arrobas ( 2  22 tons) in 10 years (Wright 1981). 

Manioc was produced in quantities that allowed exportation. The two 

main centers o f  manioc production were Lamalonga, which produced 

thirteen tons in the year 1785-86, and the  area between Santa Izabel 

and San Gabriel. Manioc was the most important product of the URN for 

a century (Wright 1981). 
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Present Slash-and-Burn Agriculture 

Traditional shifting cultivation continues to be used i n  t he  URN. 

The areas used in this system are called "conucosp" and they are 

generally found adjacent to the R i o  Negro in the tierra firme forests 

(nonflooded land). Clearing begins with cutting o f  the t rees ,  which is 

done from September through December and burning occurs whenever there 

is an extended rainless period from January t o  the end o f  March. 

Manioc stem seginents are carried t o  the s i t e s ,  and planting begins 

after the rainy season starts. T h i s  is done between remaining standing 

tree stems and fallen logs. The soil is rarely cultivated and is 

weeded by hand. Bitter manioc is usually planted, but sometimes sweet 

manioc is used. Maize is planted in sniall plots (2 to 4 m2) 

throughout the s i t e  where there are accumulations of ashes and charcoal 

that may enhance fertility. Crops such as mapuey (Dioscorea spp.) and 

yam (Ipomoea_ spp.) are planted around the edges. During the first 

year, crops such as bananas and plantains (w spp.), pineapple (Anana 

spp.), aji (Capsicum spp.), and tupiro (Solanum spp.) are planted in 

small areas scattered throughout the field. Close t o  the farm shelter, 

fruit trees such as guama (Inga spp.), cashew (Anacardium occidentale), 

limon (Citrus -- s g p . ) ,  manaca (Euterpe spp.), cumare (Astrocaryum spp.), 

copoasu (Theobroma - spp. ), Yuri (Poraqueiba -__.__ sericea) , avocado (Persea 

_I-p americana), temare (Sapotaceae), p i  jiguao (Bacteris gasipaes), and 

medicinal plants are established. 

Conuco (farm) sizes range from 0.5 to 2 ha, although the old 

people in San Carlos say that 3 ha was a common s i z e  among family 

groups. Conucos are generally round to elliptical in shape and are 
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cultivated for 2 to 4 years before being abandoned for 10 to 60 or more 

years before reuse. 

The system of multiple cropping was a characteristic of the 

traditional system used by the old people, while criollos (non-natives) 

grow only a few species in their conucos. The difference between 

groups illustrates the gradual shift in the agricultural system from 

Amazonian to European traditions. 

Current Subsistence Activities 

In the small villages of the region, the majority o f  the settlers 

still maintain subsistence levels of existence with fishing, hunting, 

and farming. Annually, during a period of three months, they exploit 

forest products such as chiquichique palm (Leopoldina piasaba). On the 

Colombian side of the Rio Negro, more than 50% of the adult male 

population works at this activity. In the larger towns of San Carlos 

and Maroa on the Venezuelan side, many families have government jobs, 

and only a few of them continue to depend upon traditional activities 

(Clark and Uhl 1985). 

Better economic and social conditions in Venezuela result in an 

influx of money which affects the social conditions of the region. 

Small villages on the Colombian side have originated as a result of 

better conditions on the Venezuelan side. This population consists of 

merchants, adventurers from the interior of the country, native people 

from the area, as well as Indians and Caboclos (descendants o f  Indians 

and whites) from Brazil. Such people have been accelerating the 

alteration of the ecosystem begun 400 years ago by the Europeans. 

Alterations are also being made by Indians and non-natives, whose 
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a t t i t u d e s  and behav io r  were developed i n  a d i f f e r e n t  environmental  

c o n t e x t  t han  were those o f  t h e  o r i g i n a l  I n d i a n  i n h a b i t a n t s .  These 

a l t e r a t i o n s  generate new s o c i a l  c o n d i t i o n s  t h a t  are o f t e n  i ncompa t ib le  

w i t h  t h e  l o c a l  ecosystems. 

S UMMHRY 

Al though t r o p i c a l  r a i n  f o r e s t s  are commonly thought  t o  have 

exper ienced l i t t l e  c l i m a t i c  change, s u b s t a n t i a l  evidence i n d i c a t e s  

these  f o r e s t s  have been sub jec ted  t o  i n f r e q u e n t  p e r i o d s  of c l i m a t i c  

s t r e s s  d u r i n g  t h e  p a s t  6000 years.  Data f r o m  the. l a t e  Holocene 

document d r y  p e r i o d s  f rom seve ra l  s i t e s  i n  the Amazon Basin. 

P a l y n o l o g i c a l  s t u d i e s  show t h a t  these events  have e x e r t e d  an e f f e c t  on 

p a s t  v e g e t a t i o n  s t r u c t u r e  and composi t ion.  Man has been p resen t  i n  t h e  

Amazon Basin d u r i n g  t h e  l a s t  6000 years,  Fo r  the  f i r s t  few thousand 

years,  t h e  I n d i a n  p o p u l a t i o n  was sca t te red .  With s h i f t i n g  a g r i c u l t u r a l  

methods, t h e  I n d i a n s  p robab ly  l i v e d  i n  e q u i l i b r i u m  w i t h  env i ronmenta l  

c o n d i t i o n s  o f  t h e  area. A f t e r  t h e  a r r i v a l  of Europeans, s e t t l e m e n t s  

became concentrated,  and u t i l i z a t i o n  o f  resources changed f ro in  a 

l i m i t e d  use o f  m a i n t a i n i n g  t h e  n a t i v e s ,  t o  l a r g e  s c a l e  consumption and 

e x p o r t a t i o n  o f  some resources, I n  r e c e n t  t ime, f o r e s t  c u t t i n g  has 

become more f r e q u e n t  and c l u s t e r e d  i n  some areas o f  t h e  b a s i n  such as 

C e n t r a l  Amazonia. 
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CHAPTER 3 

CHARCOAL I N  S O I L  

INTRODUCTION 

The Amazon r e g i o n  has been regarded as a h i g h l y  s t a b l e  area 

th roughout  most o f  t h e  Qua te rna ry  ( D a r l i n g t o n  1957; R ichards  1952, 

1973; Schwabe 1969; Wal te r  1971). However, s t u d i e s  i n  t h e  l a s t  20 

yea rs  i n d i c a t e s  t h a t  t h i s  r e g i o n  was a f fec ted  by severa l  d r y  ep isodes 

d u r i n g  t h e  P l e i s t o c e n e  (Damuth and F a i r b r i d g e  1970, Van de r  Hammen 

1974). The n a t u r e  and e f f e c t  o f  c l i m a t i c  changes d u r i n g  t h i s  p e r i o d  

p robab ly  had an i n f l u e n c e  on t h e  species d i v e r s i f i c a t i o n  of t h e  reg ion ;  

an assumption which i s  born  o u t  by s t u d i e s  on f o r e s t  b i r d s ,  l i z a r d s ,  

and f l o r a  ( H a f f e r  1974, V a n z o l i n i  and W i l l i a m s  1970, V u i l l e u m i e r  1971, 

Prance 1973). 

The n o t i o n  o f  Amazon f o r e s t  s t a b i l i t y  i s  a l s o  cha l lenged by t h e  

presence o f  cha rcoa l  i n  s o i l s  of t h r e e  f o r e s t  t ypes  i n  t h e  Upper R i o  

Negro [ t i e r r a  f i rme ,  nonf looded f o r e s t  on Oxisols and U l t i s o l s ;  igapo, 

seasona l l y  f l ooded ;  caat inga,  nonf looded f o r e s t  on whi te-sand Spodosols 

( K l i n g e  e t  a l .  1977, Her re ra  1977)]. 'This chap te r  documents t h e  

presence o f  cha rcoa l  i n  t h e  s o i l s  of t h e  URN r e g i o n  o f  Colombia and 

Venezuela. Charcoal presence i n d i c a t e s  t h a t  t h e  p r e s e n t l y  mo is t  

t r o p i c a l  f o r e s t  i s  p o s s i b l y  l e s s  s t a b l e  than  p r e v i o u s l y  thought .  I n  

t h i s  chapter,  charcoa l  amounts, i t s  d i s t r i b u t i o n  i n  t h e  s o i l  p r o f i l e ,  

and t h e  rad ioca rbon  dates are  presented.  The e f f e c t s  of f i r e  

d i s tu rbance  on f o r e s t  v e g e t a t i o n  i s  a l s o  discussed. 
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Charcoal S a m p l i n g  

Charcoal was sampled by two methods a t  84 locations on b o t h  s ides  

~i the  Kio Negro in dri area of approximately 200 around San 

Carlos. Charcoal was col lected from 4 or 5 s o i l  p i t s  (50 x SU x 

100 cm) from Seven stands ( 5  fallows and 2 mature f o r e s t s ) .  Charcoal 

was also col lected f r m  soil  cores from 13 locat ions,  the seven stands 

riientioned above, f i v e  additional ones, and  one caatinga f o r e s t  

(Figure 3 * 1 ) .  The so i l  cores,  8 crn in diameter, were taken t o  a depth 

of 7U cm a t  35-m in te rva ls  along t ransec ts .  All samples were separated 

i n t o  1O-cin layers ;  the cnarcoal was removed by hand w i t h  the  a i d  o f  a 

5-mm-mesh seive,  oven dried a t  90°C and weighed. 

Radiocarbon Dates 

Charcoal samples from d i f f e ren t  depths were "C-dated by the  

benzene method a t  Beta Analytic, Inc., Coral Gables, Florida.  Samples 

n o t  large enough f o r  laboratory analyses were pooled with other samples 

a t  the same depth from d i f f e ren t  pi ts  a t  the  same s i t e .  Tne r o o t l e t s  

were removed from t h e  samples, and a hot acid wash was used t o  

eliminate carbonates. The samples were rinsed t o  neut ra l i ty ,  soaked in 

hot a lka l i  t o  reinave huniic acids ,  and  washed again in acid w i t h  a f i n a l  

r insing t o  neut ra l i ty .  

Shards were submitted t o  Alfa Analytic, Inc., Coral Gables, 

Florida f o r  thernioluminescence dating. The outer 2 mm o f  the  shard 

surface was removed prior t o  dissaggregation. A standard treatment was 

used t o  eliminate light-bleachea minerals. Multiple s e t t i ngs  in 
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ORNL-DWG 84-131 11 

/ 
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SAN CARLOS de RIO NEGRO 

VENEZUELA 

COLOMBIA 

BUENA VISTA 

STUDY SITE 

T.F. AMAZONAS 

Figure 3.1. Map with locations of the study areas, the station o f  the 
Instituto Venezolano de Investigaciones Cientificas 
(IVIC), and a caatinga site (CA) in the Upper Rio Negro 
region o f  Colombia and Venezuela. Each Roman numeral 
corresponds to a stand. Letters designate type o f  
sampling, a = pits, b = cores. 
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acetone were made f o r  separa t i on  o f  t h e  2 t o  8 micron g r a i n  f r a c t i o n ,  

and d a t i n g  was determined by t h e  f i n e - g r a i n  technique.  

RESULTS 

Charcoal was found i n  14 o f  15 mature f o r e s t  (MTF) stands and i n  

each o f  t h e  69 r a s t r o j o s -  I n  t h e  t r a n s e c t s  f rom c a a t i n g a  t o  t i e r r a  

f i r m e ,  charcoal  was o n l y  found i n  t h e  ecotone o f  each f o r e s t  type.  

Ceramic p o t  shards were found between a depth o f  30 t o  80 cm i n  two 

stands, 111 and V I I I .  Charcoal i n  t h e  s o i l  shows a ve ry  uneven 

d i s t r i b u t i o n  w i t h  depth. It i s  mixed w i t h  s o i l  p a r t i c l e s  w i t h o u t  

s p a t i a l  arrangements, D i s t r i b u t i o n  by depth shows t h a t  86 t o  99% o f  

t h e  charcoal  i s  found i n  t h e  upper 50 cm o f  t i e r r a  f i r m e  s o i l s  

(Tab le  3.1). Charcoal abundance g e n e r a l l y  increases f rom surface t o  

20 c m  and i n  some cases t o  30 o r  40 crn (Tab le  3.1, 3.2).  Both sampl ing 

methods g e n e r a l l y  gave s i m i l a r  charcoal  es t ima tes .  

The s i z e  o f  cha rcoa l  p a r t i c l e s  v a r i e d  between 0.7 and 2 cm’ i n  

t h e  t o p  30 t o  5Q em. A t  50 cm, charcoal  pieces are  g e n e r a l l y  less t han  
3 0.5 cm . Charcoal weight  shows no r e l a t i o n s h i p  w i t h  t h e  age of t h e  

vege ta t i on .  Lowest va lues were found i n  two mature f o r e s t  stands 

(Tab le  3.2) when co re  samples were taken. 

Charcoal samples were c o l l e c t e d  f rom t h r e e  mature f o r e s t s  and f i v e  

f a l l o w s  o f  d i f f e r e n t  ages. Charcoal age i n  t h e  f i r s t  10 cm i n  the  

t h r e e  mature f o r e s t s  v a r i e d  between 250 5 60 and 350 5 70 yea rs  before 

p resen t  (B.P.). The age o f  t h e  charcoal  found a t  10 t o  20 cm 

(Tab le  3.3) v a r i e d  between 490 2 80 and 640 - -+ 50 y e a r s  8.P. Charcoal  

age i n  t h e  mature f o r e s t  a t  s tand XI1 v a r i e d  between 350 - + 70 and 3080 

I -+ 1120 yea rs  B.P. The o l d e s t  da te  was 6250 - -+ 110 years B.P., found on 



Table 3.1 

Distribution of  charcoal in metric tons/ha by depth. Values are means from 4 pits (50 x 5U x 100 cm) Per stand 
(except stands I ,  V I I I .  and X i  with 5 pits). Standard deviations are in parentheses. 

Depth (cm) Total 
Years since 

Stand disturoance 0-10 10-20 20-30 30-40 40-50 0-50 Cm 0-100 cm 

I 11 2.76 (2.49) 2.56 (1.83) 3.78 (2.526) 2.14 (1.05) 1.56 (1.420) 12.83 (7.49) 13.41 (7.42) 

111 20 2.43 (0.86) 5.12 

v 3s 5.56 (3.57) 5.79 

VI11 60 0.61 (0.33) 2.02 

X 80 4.40 (3.43) 5.60 

2.77) 5.18 (1.11) 3.91 (2.85) 1.69 (1.08) 18.35 

3.63) 5.31 (b.87) 0.49 (0.65) 0.21 (0.17) 17.37 

1.43) 1.13 (9.57) 1.53 (0.86) 0.56 (0.44) 6.14 

1.99) 3.36 (0.20) 0.38 (0.18) 0.09 (0.06) 13.64 

_ _  
CJ 5.71) 21.37 (9.49) 

9.04) 17.70 (9.13) 

i.52) 0.08 11.77j 

3.51) 13.92 (3.53) 

x1 2 00 0.24 (0.11) 3.31 (1.42) 5.21 (3.25) 1.17 (0.47) 0.\5 (U.13) 10.71 (4.00) 70.83 (4.03) 

XI I 200 0.31 (0.46) 0.61 (u.58) 1.64 (0.64) 0.99 (0.46) 0.20 (0.03) 3.76 (0.909) * 
~ ~~~~ 

*Samples were collected only to 50-cm soil depth. 
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s tand  Y a t  60 t o  70 cm (Table 3.3) .  Three stands, 111, X, X I I ,  had 

dates over 2000 yea rs  B.P., and four o f  e i g h t  stands showed dates f r o m  

1400 t o  1600 yea rs  t3.P. (Tab le  3.3). Dates were g e n e r a l l y  o l d e r  w i t h  

depth, except  i n  s i x  cases where t h e  ages a t  lower  depths were younger. 

Ceramic p o t  shards were found a t  s tdnds I 1 1  and VI[II, Stand I 1 1  

had shards a t  30 t o  86 cm. A t  t h e  o t h e r  stand, they were found a t  40 

t o  50 cm. Two shard p ieces  f rom stand VI11 were thermoluminescence 

dated. The o l d e s t  one was 3750 yea rs  B.P., I + 20% (S.O.), and t h e  most 

r e c e n t  was 460 - + 20% (S.D.). 

D I S C U S S I O N  

Charcoal i s  unevenly d i s t r i b u t e d  i n  t h e  soil  p r o f i l e ,  and t h e r e  i s  

a h i g h  v a r i a t i o n  i n  charcoal  weights  among samples a t  t h e  same depth as 

i n d i c a t e d  by the  standard d e v i a t i o n s  (Tab le  3*1,  3.2). Charcoal i n  t h e  

upperrnost 10 CM o f  s o i l  i s  l e s s  abundant than  i n  t h e  n e x t  10- t o  20-em 

l a y e r s .  T h i s  means t h a t  charcoal  may have washed out ,  f i l l i n g  

depress ions on t h e  f o r e s t  f l o o r .  High cha rcoa l  weight  (16.20 t / h a ,  

S.63, = 9.40) was found i n  f i v e  p i t s  o f  t i e r r a  f i r m e  and c a a t i n g a  w i t h  

s lopes o f  5 t o  20%. T h i s  may i n d i c a t e  t h a t  cha rcoa l  i s  removed from 

t i e r r a  f i r m e  ( h i g h  e l e v a t i o n s )  t o  c a a t i n g a  ( l o w  e l e v a t i o n s ) .  However, 

i t  does n o t  mean t h a t  low e l e v a t i o n  f o r e s t s  such as c a a t i n g a  and igapo 

are n o t  themselves s u s c e p t i b l e  t o  w l  ldfire o r  human occupancy. 

Examples o f  charcoal  and ceramic p o t  shards i n  c a a t i n g a  f o r e s t s  near  

Manaus a r e  evidence t h a t  t h i s  type of f o r e s t  was a l s o  aecupied by 

pre-Columbian Ind ians .  'The dates o f  shards and cha rcoa l  f r o m  t h e  

c a a t i n g a  s i t e s  ranged between 750 2 80 and 1150 2 41 yea rs  B.P. (Prance 

and Schubart 1971, 1978). 
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Distribution of charcoal dates  by d e p t h  did not present an 

apparent pat tern.  For example, a t  20- t o  30-cm d e p t h s  the  charcoal 

da te  was 1560 - + 60 years B.P. a t  stand XI, 910 - .f 50 years B.P. a t  stand 

X, 530 fr 50 years B.P. a t  stand VIII, and 670 - + 50 years 5.P. a t  stand 

V .  These data  show t h a t  the r a t e  a t  which charcoal moves t o  lower s o i l  

d e p t h s  var ies  among s i t e s ,  depending on the  topography, soil textureg 

macroinvertebrates, and s t ra t igraphy a t  each s i t e .  For example, the 

charcoal found a t  stand X I 1  &t 20 t o  30 cm has a date  o f  

1540 - + 80 years  B.P. In cont ras tp  the same date  i s  found a t  70 t o  

80 cm a t  stand I and a t  60 t o  70 cm a t  stand 111. 

Pooled samples from different p i t s  a t  the same d e p t h  a t  several 

stands (X ,  XI, XII)  were sometimes younger than samples from the upper 

layers .  This may be a t t r ibu ted  t o  the st-ratigraphic var ia t ion o f  the 

s o i l s  a t  each s i t e ,  or  the introduction of s t a t i s t i c a l  "no ise"  when the 

samples are mixed, or  s o i l  perturbations by animals, man, and uprooted 

trees. 

Charcoal i s  of ten found i n  mature f o r e s t s  of the  U R N  region f a r  

from the  main river. Ear l ie r  researchers in  the San Carlos project  

(Klinge e t  a l .  1977, Stark and Spra t t  1977, and Herrera 1979) were 

impressed by the frequency w i t h  which charcoal was found in s o i l  

p rof i les .  More systematic sampling i n  areas more d i s t an t  from San 

Carlos, such as  Guanabano (50 km southeast  of San Carlos near t h e  

5razi  1 ian border) , have conf irrned the presence o f  abundant charcoal in 

t i e r r a  firme f o r e s t s  and in some caatingas and igapo fo res t s  (Sanford 

e t  a l .  1985). A thorough assessment o f  charcoal abundance, 



d i s t r i b u t i o n ,  and assoc ia ted  soil t ypes  w i t h i n  t h e  Amazon Basin i s  

1 ack i ng e 

P a l y n a l o g i c a l  da ta  i n d i c a t e s  t h a t  r e l a t i v e l y  d r y  pe r iods  occur red  

i n  c e n t r a l  Hrnazonia d u r i n g  the  Holocene (Absy 1982). S i m i l a r  r e s u l t s  

were found us ing  l413  da tes  and p o l l e n  a n a l y s i s  From t h e  Amazon area, 

t h e  i n l a n d  savannas, and t h e  lower  Magdalena V a l l e y  i n  South America 

(Van de r  Hammen 1982). The most s i g n i f i c a n t  d r y  phases recorded i n  t h e  

mentioned areas a re  between 4200 and 3500 years  8.P., 2700 o r  2400 and 

2000 years  B.P., 1500 years  B.P., 1200 years  B.P., and 700 and 

400 yea rs  B.P. (Absy 1982, Van de r  Hammen 1982). Some of these d r y  

phases may be r e l a t e d  t o  c l i m a t i c  change marked by sea l e v e l  changes 

d u r i n g  t h e  l a s t  5 m i l l e n n i a  ( F a i r b r i d g e  1976) and e p i s o d i c  d r y  p e r i o d s  

between 4500 and 2500 years  S.P. i n  t h e  southern  p a r t  o f  B r a z i l  

( B i g j a r e l l a  1971). 

The p resen t  s tudy  shows rad iocarbon da tes  corresponding t o  those 

d r y  phases a l r e a d y  mentioned by Absy (1982) and Van d e r  Hammen (1982) 

'Two stands, I11 and X, have 14C dates around 2400 and 2000 years  

B.P.; f o u r  stands, I, 111, X I ,  and X I I ,  have rad iocarbon da tes  between 

1400 and 1600 years  B.P.; f i v e  stands, I ,  V, V I I I ,  X I ,  and XI1 have 

da tes  rang ing  f rom 1100 t o  1200 yea rs  B,P.; f o u r  stands, V, V I I I ,  X I ,  

and XI1 have 14C dates  between 400 and 500 yea rs  B.P. Ph is  i n d i c a t e s  

t h a t  under u n u s u a l l y  d r y  c l i m a t i c  per iods ,  f i r e  may have des t royed 

l a r g e  areas a f  f o r e s t  vege ta t i on  p r e v i o u s l y  b e l i e v e d  t o  be r e s i s t a n t  t o  

bu rn ing .  

I n  the presen t  century ,  t h e r e  are  r e p o r t s  o f  unusua l l y  s h o r t  d r y  

p e r i o d s  i n  t h e  URN reg ion ,  Fo r  example, Tavera-Acosta (1%4) ment ions 
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"extreme dry periods" a t  San Carlos in 1910 and 1911. Similar reports 

exist from informants from the URN area who indicated t h a t  the  f o r e s t s  

were burned  d u r i n g  dry periods occurring in the 1940's. Another 

unusually dry year in t h i s  region das the drought of 1958; in northeast  

Brazil the  r a i n f a l l  ranged from 20 t o  90% of the normal amount (Rose 

1980). The most recent droughts i n  the San Carlos area were two 

periods of 20 and 23 consecutive days without ra in  in 1980 and 1983, 

respect ively.  D u r i n g  these dry periods, two f i r e s  occurred near 

San Carlos on an 8-ha low igapo f o r e s t  (seasonally flooded),  and on a 

12-ha hil l top.  o r  "cerro" f o r e s t  (Uhl and Clark 1983). The occurrence 

of dry periods may be  one possible explanation f o r  the amounts and 

extent o f  charcoal on well developed t i e r r a  firme, caatinga,  and igapo 

f o r e s t s .  Extreme dry years seem t o  occur- i n  the  t rop ica l  ra in  fo re s t  

producing devastating e f f e c t s  such a s  the one observed i n  the East 

Kalimatan, Borneo in 1983. In t h i s  region, f i r e  destroyed 3.5 x 

lo6 ha o f  f o r e s t s  (Webster 1984). These examples show t h a t  extreme 

weather conditions may occur i n  "s table  ecosystems" in the wet t rop ic s  

and make them suscept ible  t o  f i r e  disturbances. 

Some anthropologists consider the  Amazon Basin t o  have had the 

lowest pre-Colurnbian aboriginal population densi ty  of any major region 

i n  the  New World (Steward and Faron 1959, Moran 1974, Murphy and Murphy 

1974). Historical  documents and evidence concerning the population 

s ize  of Arnazonia indicate  t h a t  there  a re  many reasons t o  suspect t h a t  

the i n i t i a l  Amazon Basin population was larger  in pre-Columbian times 

than a t  present (Medina 1970, Beckerman 1979, Denevan 1976, Sweet 1974, 

Wright 1981). 
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Anthrosols, "Indian black earths with pot shards,'' have been 

reported throughout t h e  Basin suggesting that precantact, indigenaus 

populations were large and sedentary (Sm-ith 1980, Van Hildebrand 1936, 

Eden et al. 1984). Around San Carlos and in the Casiquiare region, 

there are antkrosols w i t h  ceramic shards (Sternberg cited by Klinge e t  

al. 1977, Sanford et al. 1985). Furthermore, in t h i s  study ceramic 

shards were found at two stands. The oldest piece, 3750 2 20% ( S e l l . )  

years B.P., seems t o  be the oldest ceramic pot shard reported in the 

interior of the Amazon. The oldest radiocarbon d a t e  for an anthrosol 

is 2400 - + 75 years 8.P. from Paredao near Manaus (Hilbert 1968, cited 

by Eden et a l .  1984). 

The amounts, extent, and dates o f  charcoal found i n  the 

well-developed tierra firme forests of the URN may be explained by the 

agricultural system of shifting cultivation used i n  the area. This 

agricultural system war developed  by the inhabitants of troplcal 

forests thousands of years ago (Lathrap 1978), and i n  the Amazon Bas in  

it con t inues  t o  be the most important form o f  subsistence farming 

(Iowie 1963). The area covered w i t h  tierra firme forests (farmable 

forest) in the URN is about 30% (Bennacchio 1981), which means 

agricultural land i n  this area i s  scarce. This explains the presetice 

o f  charcoal on almost all tierra f i r m e  areas bordering major rivers and 

streams o f  the URN, where t h e  human population has been concentrated 

f o r  more than 3 millenia. This illustrates that charcoal in this area 

may also correspond to human occupation as a result o f  large 

populations or the cumulative effect o f  long term or occasional, 

sedentary Indian populations. Areas remote from population centers 
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need to be explored for charcoal presence, and additional charcoal 

samples need to be dated in order to provide more detailed information 

concerning the origin o f  charcoal in this area. 

Radiocarbon dates from the three tierra firme forests indicate 

that they have burned twice in the last 600 years (Table 3.3, 

page 35). The differences in basal area and biomass among these 

three mature forests appear to be related to time since burning. The 

dates represent the accumulated age of the woody tissues at the time of 

the fire. The dates indicate that stand X I 1  was burned for the last 

time 350 - + 70 years B.P. (Table 3 . 3 ,  page 35). Its basal area varied 

between 36.95 and 40.75 m2/ha (Table 4.5, page 58), and biomass 

ranged between 271.20 and 325.77 t/ha (Table 4.3, page 55). In 

contrast, stands XI and IVIC had the last fire disturbance 250 years 

ago (Table 3.3, page 35). Their basal areas ranged from 19.10 to 

36.21 rn /ha, respectively, and biomass varied between 134.62 and 

263.60 t/ha, respectively. The differences in basal area and biomass 

may be attributed to the number of years since the last severe 

2 

disturbance in each stand as suggested by radiocarbon dates o f  charcoal 

in each forest. 

SUMMARY 

Charcoal was found in most of the tierra firme forests surveyed in 

the URN. Its distribution in soil is very uneven with large variations 

in amounts among depths at the same site. Nevertheless, 90% of the 

charcoal in the top meter of soil is found in the upper 50 cm. 

Charcoal weight ranges from 3 to 24 t/ha. 
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Dates o f  charcoal from radiocarbon determinations varied between 

present time and 6260 years B.P. Dry phases recorded during the 

Holocene in other locations in South  America and Central Amazonia 

coincide with several of t h e  charcoal dates found i n  the URN. 

Ceramic p o t  shards were found at two stands. Thermoluminescence 

analysis indicates that the age of two o f  the ceramic pieces are 460 

and 3750 years B.P. The 3750 date is the oldest reported far any 

artifact from interior Amazonia. 

Charcoal presence in the moist, tropical forests of the URN 

indicates that t h i s  region has been subjected to fire disturbance as a 

result of extreme dry periods, human disturbances, or interaction of 

both climate and humans. The charcoal dates suggest the occurrence of 

fire in this forest. f o r  the last 3000 years. 
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CHAPTER 4 

DIVERSITY AND STRUCTURE 

INTKbDUCTIUlY 

Amazonia covers approximately 6 million square kilometers and i s  

the largest  area of t rop ica l  f o r e s t s  on ear th .  Large t r a c t s  o f  Amazon 

fo re s t s  have been cut in the l a s t  50 years t o  make way f o r  pasture and 

crops (National Academy of Sciences 1980). Such deforestation of 

extensive areas covered by fo re s t s  i s  leading t o  the disappearance of 

countless p l a n t  and animal species which may represent a genetic 

resource of inestimable value. Moreover, t h i s  widespread deforestation 

i s  hindering research processes a n d  mechanisms o f  succession following 

natural o r  anthropogenic disturbances. 

In temperate areas, several invest igators  have t r i ed  t o  explain 

succession. Classical concepts o f  plant succession (Clements 1916, 

Weaver and Clements 1937) assume tha t  f o l l o w i n g  disturbance, an orderly 

process o f  successional patterns occurs. More recent work (Egler 1954, 

Urury and Nisbet 1973, 8ormann and Likens 1981, Peet and Christensen 

1980) suggests t h a t  a t  ear ly  stages of succession a l l  plants ,  including 

those t h a t  are dominant in l a t e r  stages,  are present, and the change i n  

species composition i s  a thinning process. Several researchers 

(Boerboom 1974, Swaine and Hall 1983) have observed similar pat terns  in 

ear ly  stages of succession on t ropical  s i t e s ,  b u t  t h i s  study documents 

a d i f fe ren t  conclusion. 

Some studies  have documented ecosystem recovery in terms of 

f l o r i s t i c  and s t ruc tura l  composition a f t e r  the use o f  sh i f t ing  
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c u l t i v a t i o n  (Uhl  e t  a l .  1981, U h ?  and Jordan 1984). An e x t e n s i v e  

d e s c r i p t i o n  o f  changes i n  species composi t ion and s t r u c t u r e  on 

success ional  v e g e t a t i o n  has been made, m a i n l y  i n  C e n t r a l  America 

(Budowski 1961, Blum 1968, K n i g h t  1975). Recent ly,  an a u t o e c o l o g i c a l  

s tudy  o f  seve ra l  t r e e  species was conducted i n  Costa R i c a  ( H e r w i t z  

1981). Severa l  s t u d i e s  have been conducted on mature f o r e s t s  of  

Arnazonia p r i i i i a r i l y  f r o m  a s t r u c t u r a l  (Takeuchi 1961) and 

p h y t o s o c i o l o g i c a l  s t a n d p o i n t  (B lack e t  a l .  1950, P i r e s  e t  a l .  1953, 

Cain e t  a l .  1956). 

The o b j e c t i v e s  o f  t h i s  chap te r  are:  ( 1 )  t o  document changes i n  

species d i v e r s i t y  and f l o r i s t i c  cornposi t ion th rough  t i m e  f o l l o w i n g  

slash-and-burn a g r i c u l t u r e ;  ( 2 )  t o  d e s c r i b e  t h e  changes i n  s t r u c t u r e  

th rough  t ime; and ( 3 )  t o  determine t h e  time r e q u i r e d  f o r  abandoned 

f a r m  t o  a t t a i n  a basa l  area which approximates t h a t  of a mature f o r e s t .  

METHODS 

Species I d e n t i f i c a t i o n  

Species i d e n t i f i c a t i o n  was made by l o c a l  woodmen who have been 

work ing w i t h  t h e  San Car los  p r o j e c t  f o r  t h e  l a s t  7 years.  Yree 

i d e n t i f i c a t i o n  was based an stem shape, l e a f  t y p e  and t e x t u r e ,  c o l o r  

and odor o f  t h e  bark and wood, and presence o f  l a t e x  or o t h e r  t ypes  a f  

sap. A r e f e r e n c e  c o l l e c t i o n  was organized w i t h  specimens taken a t  each 

s i t e  and common names assigned. Genera l ly ,  c l a s s i f i c a t i o n  o f  t h e  

species was accurate,  b u t  i n  same cases seve ra l  spec ies were c l a s s i f i e d  

under one name. C l a r i f i c a t i o n  was accomplished by comparison w i t h  t h e  

r e f e r e n c e  c o l l e c t i o n .  Fo r  new species, common names were assigned and 
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used for future identification. Tk,e collected specimens were sent for 

identification to Howard Clark at the Institute of Ecology, University 

o f  Georgia, and to Marcano Verty, Universidad de 10s Andes, Merida, 

Venezuela. A list of scientific na-nes of trees found i n  the Upper Kio 

Negro i s  presented in Appendix A.l. 

Species Diversity 

Differences in species diversity among fallows of different ages 

were examined to determine the changes of species richness and 

abundance through time. The following determinations were made 

separately for all trees having a dbh > 1 cm and f o r  those with a dbh 

- > 10 cm: (1) total number of species; (2) species-area curve; 

( 3 )  Simpson's index of dominance in the community, 

2 D = 1 - C s  1=1 (Pi) Y 

where Pi = proportion of individuals of the ith species in the 

community, and S is the number o f  species in the sample (Simpson 1949); 

(4) Shannon-Wiener index o f  general diversity, 

S H - C. Pi log2 Pi, 
1 =1 

where Pi and S are the same as above; and (5) the importance value 

(IV) index (Curtis and McIntosh 1951). The relative iiiiportance value 

(RIV) was calculated for each species by dividing the IV of each 

species by the total I V  of all species in the stand. 

Structure 

Various measurements were taken of the individual trees in each 

stand. Diameter was measured at 130 crn or above buttresses, 
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whichever was lower.  T o t a l  h e i g h t  and h e i g h t  t o  t h e  base of t h e  crown 

were measured w i t h  a 10-m p o l e  o r  es t ima ted  by  eye and p e r i o d i c  checks 

w i t h  an Haga a l t i m e t e r .  The h e i g h t  t o  t h e  base of t h e  crown was 

measured a t  t h e  f i r s t  l i n e  branch o r  stem f o r k ,  whichever was lower.  

Crown maximum and minimum diameter  was appra ised by eye w i t h  p e r i o d i c  

checkings done by  s t r e t c h i n g  a s u r v e y o r ' s  t ape  between p o i n t s  d i r e c t l y  

below t h e  edges o f  t h e  crown. 

A two-dimensional p r o f i l e  diagram was c o n s t r u c t e d  far two 

success ional  stands, 11 and 40 y e a r s  o l d ,  and an MTF (Richards 1952). 

Fea tu res  used f o r  . th is r e p r e s e n t a t i o n  were t o t a l  he igh t ,  h e i g h t  t o  t h e  

f i r s t  branch o r  f o r k ,  and maximum and minimum diameter  of t h e  crowns. 

I n  three,  10- x 30-m, p l o t s  w i t h i n  each stand, a l l  t r e e s  - > 10 cm dbh 

t h a t  had v i s i b l y  damaged crowns were counted, Standing dead t r e e s  w i t h  

a dbh - > 10 cm were recorded i n  one, 50- x 50-m p l o t .  

Leaf  samples from each o f  44 t r e e s  were c o l l e c t e d  and pressed. 

They were oven d r i e d ,  weighed, and t h e i r  s u r f a c e  area c a l c u l a t e d  b y  

u s i n g  a L I - C O R  area meter model LI-3100. L i n e a r  reg ress ions  were 

developed t o  e s t i m a t e  l ea f  area based on l ea f  d r y  weight.  The genera l  

model has t h e  f o l l o w i n g  form: 

Y = a + b X  , 

where Y i s  t h e  l e a f  area of t h e  whole t r ee ,  and X i s  t h e  l e a f  weight .  

Separate r e g r e s s i o n s  were developed f o r  palms, ye1 Sconia spp., and a1 1 

o t h e r  t r e e  species.  Leaf area c a l c u l a t i o n s  f o r  stands were made by 

p l a c i n g  the  t r e e s  i n t o  one of t h e  t h r e e  groups mentioned above. Leaf 
2 area by  group was summed f o r  each s tand and expressed i n  m /ha. 
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RESULTS 

Species Diversity Changes Through Time 

Among the trees - > 1 cm dbh on the 2.1 ha of cumulative plot 

area, approximately 290 tree species were identified; 141 species had a 

dbh - > 10 cm (Table 4.1). The species number increases from 

10-year-old fallows to MTF, e.g., 33 to 96 species were found when 

considering trees - > 1 cm in contrast to 5 to 30 species for trees 

- > 10 cm dbh. The ratio, number stems/number species, drops more 

sharply for trees - > 1 cm than for those 10 cm dbh when 

considering young and old stands, For example, when including the 

smaller size class, a mean of 11 stems/species was found in the 

10-year-old stands, and a mean of 5 steins/species was found for MTF 

stands. When trees 2 10 cm dbh are considered, the number of 

stems/species show small differences between young and MTF stands, 

i.e., the mean for 10-year-old stands i s  4 compared to 2 for the MTF. 

Diversity (H) ranges from 3 . 3 2  to 5.93 for the successional stands 

(Table 4.1). In MTF, it varies between 4.75 and 5.45. The data show 

little if any trend. The Simpson index indicates that dominance i s  

high for the 10-year-old stands, declines somewhat at 20 years, and 

remains more or less constant thereafter. The ratio, E, o f  H and 

(Brower and Zar 1984) indicates a relatively high degree of Hmax 
species eveness. Figure 4.1 shows that there was a sharp increase i n  

curnulative species number each time a new stand was surveyed. 
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Figure 4.1. Relationship between cumulative number o f  species f o r  
stands o f  similar  age i n  the Upper R i o  Negro r e g i o n  of  
Colombia and Venezuela. 
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Species Dominance 

The species are  grouped according t o  t h e i r  re la t ive  importance 

value ( R I V ) .  I n  the 10-year-old stands, two t o  f ive  species comprise 

60% o f  the RIV ( Appendix Table A.2) .  species , ~ _ _ _  Vi smi a j apurensi s 

and Bellucia c s s u l a r i o i d e s ,  have the highest RIV in three of the four 

10-year-old s t ands .  B o t h  species together comprise approximately 60% 

o f  t h e  number of stems and basal area o f  the stands,  The remaining RIV 

i s  shared by three Lo 1 2  species depending u p a n  the s t a n d .  

In 20-year-old successional stands, fou r  t o  eight species comprise 

60% of the RIV (Appendix Table A.3). Different species are dominant in 

each stand, and t h e i r  R I V  ranges f r o m  11.41 f o r  Inga  sp. t o  21.14 f o r  

Vochysia --I sp,; Vismia I... japurensis  and Vismia -_II_ lauriformis, two species 

from ear ly  s tages  o f  succession, are s t i l l  among the dominant species 

on  t w o  of the four stands. 

The RIV f o r  the fou r ,  30- t o  30-year-old, stands are presented in 

Appendix Table 8.4. Hutneria - -  balsamifera and  Eperua purpurea are the 

dominant species i n  density and basal  area i n  three of the f o u r  

stands. - I _ ~  Hurrieria _- balsamifera cotiprises almost 40% o f  the RIV i n  stand 

XII.  Other species (e.g., Bellucia E s s u l a r i o i d e s  -. and Vismia 

japurensis) pe r s i s t  from e a r l i e r  stages of succession. Four t o  s i x  

species cons t i tu te  60% of the RIV. 

The RIV fo r  60-year-old stands ranges from 13,97 t o  35.90 f o r  the 

dominant species (Appendix Table A . 5 ) .  T h e  species with the highest 

KIVs are Eperua purpurea, GoupSa j l a b r a ,  and Vachysia _. obscura. I The 

most vis ibly daminant species was Q e r u a  I_- purpurea, which represents 314: 
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of  t h e  number of stems and 58% of t h e  basa l  a rea  o f  s tand XIII. Three 

t o  10 spec ies  compr ise 60% of t h e  RIVs i n  t h e  60-year -o ld  stands. 

The dominant spec ies i n  80-year-o ld  s tands a r e  presented  i n  

Appendix Table A.6. The KIVs of t h e  most dominant spec ies  range f r o m  

13.40 t o  22.68. Three species, B e l l u c i a  g r o s s u l a r i o i d e s ,  A lcornea s p . ,  

and Pro t i um sp., were among t h e  dominant ones found i n  t h r e e  o f  t h e  

f o u r  stands. Seven t o  11 spec ies  comprise 60% o f  t h e  R I V .  

The RIVs f o r  t h e  MTF species a r e  shown i n  Appendix Table A . Z .  

F i v e  t o  12 spec ies  comprise 60% of t h e  RIVs. The h i g h e r  R I V s  va ry  f rom 

10.58 t o  21.74. Two species, Eperua purpurea and S w a r t z i a  

schomburgki i ,  have va lues  over  18% f o r  number o f  stems and basal  area 

i n  s tands X X I  and X X I I ,  r e s p e c t i v e l y .  

Other  F o r e s t  C h a r a c t e r i s t i c s  

Most o f  t h e  species of t h e  mature f o r e s t s  and success ional  s tands 

have we1 l-formed, s lender ,  and c y l i n d r i c a l  stems. Some species a t t a i n  

a combina t ion  o f  b u t t r e s s  and r o o t  mass reach ing  more than  3 m up t h e  

t r u n k ,  e.g., Monopter ix  sp. and some palm spec ies  have prop  r o o t s .  A 

few spec ies  grow b u t t r e s s e s  between 0.50 and 1 m t a l l ,  e.g., Conceveiba 

gu ianens is  and M ic randra  spruce i .  

T h i r t y  t o  40% of t h e  i n d i v i d u a l s  sampled i n  t h e  mature f o r e s t s  

produced a w h i t e  t o  y e l l o w i s h  l a t e x ,  a r e d d i s h  sap, r e s i n s ,  o r  o i l s .  

These substances were found i n  Sapotaceae, Moraceae, Clusiaseae, 

Mimosaceae, Myr i s t i caceae ,  Caesalpinaceae, Apocynaceae, and Fabaceae. 

Wood samples o f  t h e  dominant spec ies  were c o l l e c t e d  f o r  d e n s i t y  

measurements. The wood was weighed, oven d r i e d  a t  106”C, weighed 

again, and t h e  d e n s i t y  c a l c u l a t e d  and expressed as t h e  r e l a t i o n s h i p  o f  
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d r y  weight  t o  volume. The d e n s i t y  o f  dry wood increases from young 

stands t o  mature f o r e s t s  (Tab le  4.2). Mean va lues range f rom 

0.50 g/cm3 i n  s tand 111, 12 yea rs  o l d ,  t o  0.66 g/cin3 i n  s tand  

X X I I I ,  an MTF. Otie excep t ion  i s  s tand X I  t h a t  has a mean d e n s i t y  of 

0.63 g/cm . A p o s s i b l e  e x p l a n a t i o n  o f  i t s  h i g h  d e n s i t y  i s  t h e  

dominance a f  seve ra l  spec ies such as WumerA h l s a m i f e r a ,  B e l l u c i a  

s o s s u l a r o i d e s ,  --____ and Goupia " g l a b r a  __I_- which have a wood d e n s i t y  between 

0.60 and 0.67 g/cm . 

3 

3 

Sprou t ing  i s  more common i n  young secondary f o r e s t s  than  i n  mature 

f o r e s t s .  Numbers range f r o m  22 t o  4516 sp rou ts /ha  ( F i g u r e  4.2). 

Number of sp rou ts  increases toward t h e  10- t o  35-year-old c lasses  and 

d e c l i n e s  toward o l d  secondary and mature f o r e s t s .  The excep t ion  was 

s tand  X I X  which had 1644 sprouts /ha and 150 wind-damaged trees. 

Tree Dens i t y  by DBH and Height  

Table 4.3 shows t h e  d i s t r i b u t i o n  o f  stems by diameter  c l a s s  f o r  

t h e  23 stands. The t o t a l  number of  sterns f3r trees w i t h  dbh < 1 cm 

and h e i g h t  > 1 m ranges f r o m  8,799 t o  21,94?/ha, and f o r  those t r e e s  

w i t h  dbh - > 1 and h e i g h t  - > 2 in, t he  range i s  f r o m  4,913 t o  

11,988/ha. The h i g h e s t  c o n c e n t r a t i o n  o f  t rees  was f m n d  among t h e  t w o  

s m a l l e s t  dbh c lasses  (dbh - < 1 and 1 5 dhh < 5 cm). The t o t a l  

number o f  stems i n c l u d i n g  sp rou ts  i n  these t w o  c lasses  ranged from 

6,776 to 20,180 (Tab le  4,3) r e p r e s e n t i n g  76 to 95% o f  t h e  t o t a l  number 

o f  stems on  each stand. 

The number o f  s tems i n  t h e  t w 8  s m a l l e s t  dbh c lasses  rep resen ts  61 

t o  85% o f  ,the t o t a l  w i t h  a maximum o f  10,200 stems/ha i n  s tand V I  

(Tab le  4.3). The number o f  stems i n  t h e  5- t o  20-cm diameter  c l a s s  i s  
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Table 4.2 

Mean d e n s i t y  o f  wood (oven dry) by stand.  

Years s i n c e  Wood 
Stand d i s t u r b a n c e  d e n s i t y  (g/cm3) 

I 
I 1  

111 
I V  

V 
V I  

V I 1  
V I 1 1  

I X  
X 

X I  
X I  I 

X I 1 1  
X I V  

x v  
X V I  

X V I I  
X V I  I I 

x I X  

x x  
X X I  

X X I  I 
X X I  I I 

9 
11 
12 
14 

20 
20 
20 
20 

30 
35 
35 
40 

60 
60 
60 

80 
80 
80 
80 

MTF 
MTF 
MTF 
M TF 

0.52 
0.54 
0.50 
0.59 

0.54 
0.55 
0.53 
0.54 

0.58 
0.63 
0.58 
0.65 

0.66 
0.57 
0.58 

0.57 
0.60 
0.59 
0.61 

0.67 
0.65 
0.64 
0.66 
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Figure 4.2.  Number of sprouts in successional and mature fo re s t  stands 
in t h e  Upper R i o  Negro region o f  Colombia and Venezuela. 



Table 4.3 

Number of stems (by dbh) per ha. Values are  totals o f  three plots (10 x 30 m) per stand except for 
XI1 and XVII which have four plots. 

dbh class (cm) 

Years since Total Total 
< 1 1 t o  < 5 5 to < 20 20 to < 40 40 t o  < 60 60 to < 90 > 90 2 1 all classes Uisturbance - Stand 

I 
I I  

I 1 1  
iV 

V 
V I  

V I 1  
VIII 

IX 
X 

X 1  
X I  I 

XI11 
X I V  
xv 

xv1 
XVII 

XVIII 
x IX 

X X  
X X I  

XXI I 
XXIII 

9 
11 
12 
14 

2u 
20 
20 
20 

30 
35 
35 
40 

60 
60 
60 

80 
80 
80 
80 

MT F 
MTF 
MT F 
MTF 

2872 
3354 
5942 
5547 

4977 
Y954 
3422 
6928 

8463 
81 34 
6087 
13600 

5393 
5878 
8354 

7126 
6594 
4889 
741 1 

8090 
8485 
9976 
5328 

5144 
3556 
4111 
3544 

5755 
10200 

3255 
3767 

5722 
6324 
6.1 58 
6580 

3181 
4684 
4565 

4922 
5528 
397 1 
5944 

6158 
6539 
7751 
4660 

181 1 
1 ti89 
1844 
1711 

1645 
1788 
2 : 3 5  
1489 

1499 
1302 
2056 
883 

1566 
800 
745 

1233 
1258 
1133 
967 

1200 
1133 
116? 
945 

0 
c: 

33 
11 

33 
0 
44 
100 

1 1  
121 
78 

225 

155 
165 
189 

.I 55 
167 
223 
233 

166 
72’1 
166 
99 

0 
0 
0 
u 
0 
0 
0 
0 

0 
3 
0 
8 

11 
6 6  
22 

1 1  
16 
0 
0 

1 1  
55 
33 
44 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

1 1  
1 1  
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

ij 
0 

1 1  
1 1  

6355 
5445 
5988 
52bb 

7433 
11988 
5545 
5356 

7232 
7747 
8292 
76% 

491 3 
5715 
5521 

632 1 
6969 
5327 
7144 

7546 
7859 
9128 
5759 

9827 
8799 

.I 1930 
10813 

12410 
21942 
8965 
12284 

15695 
15881 
14979 
21296 

103U6 
11593 
13875 

13447 
13563 
10216 
14555 

15636 
16344 
19104 
1 1 U87 
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large for  the young stands, declining in number toward the MIF 

(Table 4.3).  For t r ees  20 t o  40 cm d b h ,  sterns were concentrated in the 

old second-growth and MTF with fewer sterns in most of the 20-year-old 

o r  younger stands (Table 4.3) .  Considering a l l  stands,  stems i n  t h e  

40- t o  60-crn d b h  range are most prevalent in the older stands. These 

t rees  were present i n  40-year-old and older stands w i t h  the exception 

o f  two of the 80-year-old stands (Tab le  4 .3) .  Trees with d b h  - > GO cm 

were found  only in the four MTF stands. Several t r ee s  in stand XXIII 

were more t h a n  150 crn dbh, the largest  being 213 cn? d b h .  

The number of sterns was also grouped by height and placed i n  s i x  

height c lasses  (Table 4.41, Sterns < 1 crn d b h  and 1 t o  2 rn i n  height 

represent 29 t u  64% of the total  number of stems. These values reach 

48 t o  82% of the t o t a l  derisity f o r  t r e e s  l e s s  t h a n  4 m i n  height 

(Table 4 . 4 ) .  Trees m > 1 7  m in height were absent in s ix  of the stands 

younger t h a n  40 yews .  Trees t a l l e r  than 26 in were missing in most of 

the successional stands except in stands XIV and XVII, 60 and 80 years 

old,  respectively,  b u t  they were present i n  a l l  MTF (Table 4 . 4 ) .  

Basal Area o f  Living Trees 

Basal area was grouped into s ix  d b h  c lasses .  Total basal area 

varied from 11.12 t o  36.95 m2/ha (Table 4 .5 ) .  There were s ign i f icant  

differences ( P  - < 0.05) i n  t o t a l  basal area between the means of MTF 

and successional stands (Appendix Table A.8). There were also 

differences between 60- and 80-year-old and t h e  10- and 20-year-old 

stands. 

Basal area of t rees  smaller t h a n  5 crn d b h  ranged from 1.56 t o  

5.20 m /ha (Table 4 . 5 ) .  Significant differences ( P  - < 0.05) were 2 



Table 4.4 

Number o f  stems > 1 m i n  he igh t  per ha. Values a r e  t o t a l s  of  t h r e e  p l o t s  
(10 x 30 m )  pe r  s t and  except  f o r  XI1 and XVII which have f o u r  p l o t s .  

Height c l a s s e s  ( m )  

Stand d i s t u r b a n c e  1 t o < 2  2 t o < 4  4 t o c 9  9 t o  < l ?  
Years s i n c e  

1 7  t o  < 26 > 26 To ta l  - 

I 
11 

I I 1  
IV 

V 
V I  

VI1 
Viii 

I X  
X 

X I  
X I  I 

XII I  
X I V  

X \ ,  

XVI 
X'JII 

XVI I I 
x I X  

x x  
X X I  

XXI: I 
XXIIl 

9 
I 1  
12 
14 

20 
20 
20 
2U 

30 
35 
35 
40 

60 
60 
60 

80 

80 
8U 

MTF 
M i F  
KTF 
MTF 

80 

2872 
3354 

5547 

4977 
9954 
3420 
6928 

8463 
8134 
6587 

13600 

5393 

8354 

7126 
6594 
488 9 
741 1 

8090 
8484 
9976 
5328 

5942 

55713 

1833 
7012 
1755 
161 1 

2556 
4955 
1267 
1589 

3089 
387b 
3327 
3967 

2278 
291 1 
3028 

3420 
3358 
209 1 
3700 

3683 
461 6 
4445 
3338 

4789 
2833 
2900 
2Yll 

3600 
5933 
2767 
2844 

3200 
287 1 
3281 
2837 

1688 
2b27 
1815 

1795 
2510 
2258 
2600 

2853 
2754 
351 3 
1517 

333 
1600 
1300 
744 

1266 
1100 
1489 
889 

943 
1000 
1082 
65 1 

747 
522 
61 1 

906 
684 
71 1 
7 00 

7'1 1 
7 90 
793 
727 

0 
0 

33 
0 

1 1  
0 

2 2  
34 

0 
0 

102 
24 1 

2 uo 
244 

67 

200 
392 
267 
144 

283 
21 1 
255 
133 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
1 1  
0 

0 
25 
U 
0 

11 
89 

122 
44 

9827 
8799 

7 1930 
10813 

12410 
21 942 

8965 
12284 

cn 
v 

15695 
1 588 1 
14979 
21294 

10306 
11 593 
13875 

1 3447 
13563 
10216 
14555 

15636 
16344 
19104 
1 IO87 
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only found between the means of 60- and 20-year-old s tands (Appendix 

Table A.18). 

Trees 5 t o  20 ciii dbh  have high basal a rea  among some of the s tands 

younger than 40 years  and low values among the 60-year-old group. 

Basal a rea  f o r  t h i s  s i z e  category ranges from 5.91 t o  13.88 in2/ha 

(Table 4.5) and represents  55 t o  79% of the t o t a l  basal a rea  of s tands 

younger than 40 years .  There were s i g n i f i c a n t  d i f f e rences  ( P  - < 0.05) 

between the means of the 60-yezr-old s tands and the o ther  s tands 

including the  MTF (Appendix Table A.8) 

Trees 20 t o  40 cm d b h  a r e  concentrated in  the o lder  successional 

s tands  and IVITF. The basal a rea  values range between 0 and 

13.34 m /ha (Table 4.5) which represents  37 t o  55% of t h e  t o t a l  basal 

a r ea  f o r  60- and 80-year-old successional s tands  and 17 t o  35% f o r  

those  of the MTF. There were s i g n i f i c a n t  d i f fe rences  ( P  - < 0.05) 

between the basal a rea  values o f  s tands  60 and 80 years  old and those 

35 yea r s  o ld  and younger ( A p p e n d i x  Table A . 8 ) .  

2 

2 Basal a rea  o f  t r e e s  40 t o  60 cm d b h  ranged from 0 t o  11.21 m /ha 

(Table 4.5). Trees in  this size category represent 10 t o  34% o f  the 

t o t a l  basal a rea  on 60-year-old and MTF s tands .  Trees with a d b h  

l a rge r  than 60 cm were only recorded i n  the MTF. Their values ranged 

froin 3.30 t o  12.95 m /ha (Table 4.5) and represent  from 9 t o  35% of 

the t o t a l  basal area.  

2 

Total basal a rea  of standing dead trees ranges from 0.41 t o  

4.50 m /ha w i t h  the l a r g e s t  values in  the  80-year-old s tands and one 2 

2 MTF ( X X I ) .  Basal a rea  values f o r  dead t rees  o f  1.54 and 1.58 m /ha 

were found among trees 40 t o  60 em d b h  on stand XI11 and X V I I ,  60 and 
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8 0  y e a r s  o l d ,  r e s p e c t i v e l y .  Stand X X I ,  a m a t u r e  f o r e s t ,  has a s t a n d i n g  

dead t r e e  u a s a l  a rea  of 2,15 rn /ha when c o n s i d e r i n g  trees 20 t o  40 cm 

dbh .I 

2 

Basa l  a r e s  va lues  f o r  a l l  s tands were f i t  t o  a l i n e a r  and a 

l o g a r i t h i n i c  r e g r e s s i o n  t o  e s t i m a t e  t he  t i m e  r e q u i r e d  f o r  an abandoned 

f a r m  t o  g a i n  s i m i l a r  va lues  o f  an MTF ( F i g u r e  4.3). R e s u l t s ,  u s i n g  

b o t h  r e g r e s s i o n s ,  a r e  as f o l l o w s :  

2 where Y i s  t h e  mean basa l  area i n  ni !ha, and X i s  age i n  y e a r s  

(Appendix Tab le  A.8). By s o l v i n g  for X w i t h  t h e  above r e g r e s s i o n  
2 c o e f f i c i e n t s ,  where Y i s  equal t o  34.80 til /ha  (mean b a s a l  a rea  o f  

f o u r  MTF), t h e  t i m e  r e q u i r e d  for t h e  b a s a l  a rea  o f  a s u c c e s s i o n a l  

f o r e s t  t o  a t t a i n  t h e  b a s a l  area  o f  an M'TF i s  140 y e a r s  u s i n g  t h e  l i n e a r  

model and 199 y e a r s  u s i n g  t h e  logarithm-ic model .  

Tree  H e i g h t  and Diar t ie ter  

f i g u r e  4,4 d e p i c t s  a s igmo id  r e l a t i o n s h i p  between t r ee  h e i g h t  and 

dbh. Acco rd ing  t o  the  da ta ,  a t r e e  w i t h  a s m a l l e r  dbh reaches  t h e  

canopy and may reach  tne p l a t e a u  o f  t h e  c u r v e  w i t h  a dbh o f  30 t o  40 cm. 

Severa l  r e g r e s s i o n s  were used t o  de te rm ine  t h e  b e s t  e s t i m a t o r  o f  

t r e e  h e i g h t  as a f u n c t i o n  o f  dbh. The most s a t i s f a c t o r y  r e s u l t  was 

o b t a i n e d  u s i n g  a r e g r e s s i o n  e q u a t i o n  o f  t h e  f o l l o w i n g  forni :  

ti = 2.95 3 1.43 0 - 0.02 02 , 
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Figure 4.3. Relationship between basal area (m2) and time (years 
since disturbance) i n  the Upper Ria Negro region o f  
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Figure 4.4. K e l a t i o n s h i p  between height and dbh o f  t rees  i n  t h e  Upper 
K i o  Negro region o f  Colombia and Venezuela. 
regression equation i s  H = 2.95 + 1.43 0 - 0.02 D , 
where H = h e i g h t  (m) and D = dbh (cm). T h e  regression was 
statistically s i g n i f i c a n t  ( P  < 0.0001). 
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w i t h  n = 131, r = 0.92, P < 0.0001, C V  = 24.06%, maximum dbh = 

94 cm, and minimum dbh = 1 cm, where H i s  t r e e  h e i g h t  and D i s  dbh. 

There i s  c l o s e r  agreement between t h e  observed h e i g h t s  and t h e  

p r e d i c t e d  values, generated by t b e  model, f o r  d iameters - < 60 cm t h a n  

f o r  l a r g e r  t r e e s .  

2 

S t r a t i f i c a t i o n  

F i g u r e  4.5a d e p i c t s  t h e  p r o f i l e  of an l l - y e a r - o l d  stand. The 

t r e e s  a t  t h e  l e f t  a r e  ad jacen t  t c j  an MTF. They a re  10 t o  13 m t a l l ,  

and 6 t o  12 cm dbh. Toward t h e  m i d d l e  o f  t h e  stand, t r e e s  a re  6 t o  9 m 

t a l l  and 5 t o  10 cm dbh w i t h  seve ra l  s t a n d i n g  dead t r e e s .  A t  t h e  

r i g h t ,  t r e e s  a r e  8 t o  10 in t a l l  and 6 t o  12 cm dbh. The sha l l ow  

depress ion i n  t h e  m i d d l e  o f  t h e  diagram r e v e a l s  t h e  apparent e f f e c t  o f  

more i n t e n s e  l a n d  use. The s tand has one l a y e r  w i t h  t r e e  crowns l y i n g  

p r i n c i p a l l y  between 5 and 12 m w i t h  some palm and H e l i c o n i a  spp. crowns 

between 3 and 6 m. 

F i g u r e  4.5b d e p i c t s  a 40-year-old stand. The f o r e s t  has two 

d i s t i n g u i s h a b l e  l a y e r s .  The upper l a y e r  i s  formed b y  a r e g u l a r  canopy 

approx ima te l y  14 t o  19 m i n  h e i g h t .  Severa l  t r e e s  have broad crowns as 

a r e s u l t  o f  m u l t i p l e  stem sprouts .  The second l a y e r  i s  9 t o  14 m i n  

h e i g h t ,  

f i g u r e  4 . 5 ~  r e p r e s e n t s  t h e  p r o f i l e  of an MTF. The upper s t r a t u m  

i s  formed by  a s c a t t e r i n g  o f  l a r g e  t r e e s  r e a c h i n g  35 m i n  h e i g h t  and 

120 t o  213 cm dbh w i t h  i r r e g u l a r l y  shaped crowns l y i n g  i n  t h e  18- t o  

35-in s t ra tum. Below t h i s  l a y e r  a r e  a few t r e e s  10 t o  14 m t a l l  w i t h  

c o n i c  crowns. To t h e  l e f t  of t h e  t a l l e s t  t rees ,  t h e r e  i s  a gap and a 

m i x t u r e  o f  t r e e s  w i t h  h e i g h t s  v a r y i n g  f r o m  10 t o  25 m. Below 9 rn, 



Figure 4.5, Profiles o f  t h w e  tierra f i r m  f o ~ e s t s  i n  t h e  Upper Rio  
Negro regian o f  Colombia and  Venezuela. The diagram 
r e p r e s e n t s  a s t r i p  7.6 x 60 rn; ( a )  F o r e s t  11 yea rs  o l d ;  
( b )  f o r e s t  40 years  o l d ;  ( c )  mature f o r e s t .  
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there  a re  several trees w i t h  small round and conic shapes without a 

layered pattern.  

Leaf Area Index (LAI) 

Leaf area was estimated by u s i n g  three allometric regressions; one 

f o r  Heliconia spp . ,  one f o r  palms, and one f o r  a l l  o ther  t r e e  species 

(Table 4.6). Leaf area i n d e x  var ies  f r o m  4.93 t o  7.66 m2/rn2 f o r  

successional stands and from 6.90 t o  7.88 rn /m f o r  MTF (Table 4 .7) .  2 2  

Tab12 4.6 

Regression equations used f o r  calculat ions o f  leaf area i n d e x  
( Y  = leaf area and X = leaf biomass). 

Type o f  tree Equation r2 cv ( X I  n 

Heliconia s p p .  Y = 0.141 + 3.330 X 0.99 4.60 10 

I_ 

Palms Y = 6.535 + 3.387 X 0.98 13.19 18 

Other t r e e  species Y = 10.202 -+ 6.151 X 0.94 32.69 80 

Damaged and Dead Trees 

The number of t r e e s  w i t h  broken crowtis varied from 0 t o  150/ha. 

T h e  highest numbers, 131 and 150, were found in stands XVII and  XIX, 

respectively (Appendix Table H.9). In the MTF the number of damaged 

t r e e s  ranged from 12 t o  43. Standing dead t r e e s  were found i n  the  

successional stands as well as in the MTF. The la rges t  numbers were 

detected in stands 80 years old (Appendix Table A.9). Mature f o r e s t s  

have 20 t o  44 dead t r e e s .  
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Table 4.7 

Leaf area index ( L A I )  o f  three t r e e  spec ies  groups. 

Years since Other t r e e  
d i s t u r b a n c e  Palms Heliconia s p p .  spec ies  Total 

_I 

Stand 

5.25 
4.69 
5.75 
4.67 

5.93 
5.52 
6.43 
5.42 

I 
I 1  

111 
I V  

9 
11 
12 
14 

0.68 
0.83 
0.65 
0.75 

0.00 
0.00 
0.03 
0.00 

1.63 
0.82 
1.73 
0.90 

0.09 
0.01 
0.39 
0.00 

5 -63  
6.78 
4.12 
5.52 

7.35 
7.66 
6.24 
6.42 

V 
V I  

V I  I 
V I 1 1  

20 
20 
20 
20 

30 
35 
35 
40 

0.66 
0.87 
l . l b  
0.90 

0 .oo 
0.00 
0.20 
0.00 

5.18 
5.95 
6.03 
5.50 

5.84 
6.82 
7.39 
6.40 

1 X  
X 

X I  
X I 1  

3.95 
5.46 
4.89 

4.93 
6.26 
5.71 

X I 1 1  
X I V  

x v  
60 
60 
60 

0.98 
0.80 
0.82 

0 .oo 
0.00 
0.00 

80 
80 
80 
80 

1 .IO 
1.07 
1.24 
0.78 

0.01 
0 .00 
0.00 
0 “00 

5.17 
5.56 
4.67 
5.92 

6.28 
6.63 
5.91 
6.70 

X V L  
X V I  I 

X V I I I  
X I X  

MTF 
MTF 
MTF 
MTF 

0.92 
0.74 
1.07 
0.72 

0.00 
u .OO 
0.00 
0 .00 

6.54 
7.04 
6.81 
6.18 

7.46 
7.78 
7.88 
6.90 

x x  
X X I  

X X I I  
X X I I I  



DISCUSSION 

The number of spec ies increases f rom e a r l y  successional  stands t o  

MTF w i t h  t h e  most r a p i d  inc rease i n  t h e  f i r s t  10 years.  Then, t h e  

species number remains r e l a t i v e l y  cons tan t  toward MTF. S i m i l a r  r e s u l t s  

were r e p o r t e d  b y  K n i g h t  (1975) oi7 Barro  Colorado Is land.  H is  s tudy  

i n d i c a t e d  a r a p i d  inc rease i n  species r i c h n e s s  d u r i n g  t h e  f i r s t  10 t o  

15 years.  However, he suggested t h a t  t h e  nurnber o f  species may 

c o n t i n u e  i n c r e a s i n g  very  s l o w l y  a f t e r  50 t o  60 years.  Uhl  and Jordan 

(1984) s t u d i e d  succession on a c u t  and burned area i n  t h e  URN and 

r e p o r t e d  t h a t  56 t r e e  species occur red  a t  f i v e  years.  T h e i r  spec ies 

number i s  h i g h e r  than t h r e e  of t h e  10-year-old stands i n  t h i s  s tudy b u t  

i s  s i m i l a r  t o  t h e  number found i n  s tand I V .  The lower  numbers i n  t h e  

p r e s e n t  s tudy  can be exp la ined by t h e  use o f  t h e  l a n d  f o r  a g r i c u l t u r e  

f o r  f o u r  years  w h i l e  Uhl and Jordan's p l o t s  were c u t  and burned and 

a l lowed t o  succeed. 

I n  t h e  URN, 67 t r e e  species 10 cm dbh were encountered i n  an 

area  o f  3600 m . T h i s  va lue  i s  low compared t o  o t h e r  s t u d i e s  i n  2 

Amazonia t a k i n g  i n t o  account t r e e s  o f  t h e  same s ize .  For  example, 

B lack e t  a l e  (1950) r e p o r t e d  79 and 87 species on two, l-ha, p l o t s ;  

P i r e s  e t  a l .  (1953) r e p o r t e d  179 species on a 3.5-ha p l o t ;  Prance e t  

a l .  (1976) found 179 species > 15 cm dbh and 235 species > 5 cm dbh 

i n  1 ha. The l a s t  f i g u r e  represents  t h e  h i g h e s t  va lue  recorded f o r  a 

n e o t r o p i c a l  lowland f o r e s t .  

The species area curves ( F i g u r e  4.1, page 49) show t h a t  a 

cons iderab le  number o f  a d d i t i o n a l  spec ies w i l l  be found f o r  each o l d e r  
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age c a t e g o r y  sampled, The accumulated number of spec ies o f  t r e e s  

> 10 cm dbh i s  141 f o r  the  URN. 

The average Shannon-Wiener d i v e r s i t y  va lues  i n  t h e  URN range f r o m  

3.98 t o  5.19 f o r  f o u r  10-year-o ld  and f o u r  MPf stands, r e s p e c t i v e l y  

(Tab le  4.1, page 48). These va lues p r e s e n t  sma l l  d i f f e r e n c e s  from 

those  r e p o r t e d  by K n i g h t  (1975) and close t o  va lues  c a l c u l a t e d  b y  U h l  

and Murphy (1981). K n i g h t ' s  va lues for  seven young and f i v e  o l d  f o r e s t  

s tands on Bar ro  Colorado I s land ,  Panama, ranged f rom 4.4 t o  5.4, 

r e s p e c t i v e l y ;  Uhl  and Murphy (1981) r e p o r t e d  5.17 f o r  t h r e e  mature 

f o r e s t s  near  t h e  s t u d y  area. The Simpson index  i n  t h e  s t u d y  a r e a  

v a r i e s  f r o m  0.90 t o  0.96 which i s  v e r y  c l o s e  t o  t h e  va lues  of 0.92 and 

0.95 r e p o r t e d  by Kn igh t ,  and Ut i1  and Murphy. 

T r a d i t i o n a l  s h i f t i n g  c u l t i v a t i o n  i n v o l v e s  t h e  c l e a r i n g  of smal l ,  

i s o l a t e d  p l o t s  and c o n v e r t i n g  t h e  f o r e s t s  i n t o  c u l t i v a t e d  l and ,  Not 

o n l y  i s  t h e  o r i g i n a l  v e g e t a t i o n  destroyed, b u t  t h e  s i t e  i s  sub jec ted  t o  

con t inued  p e r t u r b a t i o n  by f i r e ,  cropping,  and weeding. 

Severa l  works i n  temperate areas ( E g l e r  1954, D ru ry  and N i s b e t  

1973, Horn 1976, Heinselnian 1981) suggest t h a t  l o n g - l i v e d ,  p r i m a r y  

f o r e s t  spec ies e s t a b l i s h  t o g e t h e r  w i t h  p i o n e e r  species.  The species 

dominants i n  t h e  l a t e r  s tages a r e  t h e  r e s u l t  of a pr-olonged t h i n n i n g  

process t a k i n g  i n t o  account d i f f e r e n t i a l  growth and s u r v i v a l  o f  each 

i n d i v i d u a l .  

I n  t h i s  s tudy  t h e  number of p r i m a r y  t r e e  spec ies  (dbh - > 1 cm) 01-1 

10-year -o ld  stands i s  l e s s  t h a n  one-ha l f  of t h e  t o t a l  found i n  t h e  

mature f o r e s t s .  P r imary  t r e e  species i nc reases  w i t h  t h e  age o f  t h e  

stand. Species r e c r u i t e d  as p ioneers  d i e  d u r i n g  t h e  f i r s t  29 yea rs .  
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Later, new species enter as gaps are produced by t r e e  f a l l s .  The 

species composition and dominance a t  each s t a n d  seems t o  be determined 

randomly. The species composition of the mature forest  depends on a 

small fraction of primary species able t o  survive from early stages of  

succession and on the introduction of many primary t ree  species a t  

l a t e r  stages o f  succession. 

Once the s t a n d  i s  abandoned for  agricultural  use, several species 

that  are aggressive colonizers and have competitive ab i l i t y  cover the 

ground.  Uhl (1982a) reported t h a t  farms which are abandoned are 

covered by forbs, herbs, grasses, and some successional woody plants 

within 4 months. Other woody species that  are dispersed by birds and 

small mammals begin colonizing the area. A few trees  from the original 

fores t s  may produce shoots, sprouting from stems and roots (Ducke and 

Black 1953, Snedaker 1970, Uhl e t  81. 1981), and the surrounding forest  

serves as a seed source t o  promote regeneration. Five years la te r ,  10 

t o  20 woody species may occupy one abandoned area ( U h l  1983). 

In  the present study, 87 species were found ( d b h  I > 1 cm) among 

the four, 10-year-old, stands. Each s t a n d  had from 33 t o  56 species 

(Table 4.1, page 48). A f t e r  30 t o  40 years, species such as Humeria 

balsamifera, Epeura purpurea, -- Vochysia sp. ,  and Goupia glabra began t o  

increase in number and basal area (Appendix Table A.4). A t  t h i s  stage 

the early successional species are replaced by groups o f  other f a s t  

growing and more persistent species such as Vochysia sp., Alcornea sp. 

and Jacaranda copaia .  These species can a t ta in  40 cm d b h  and 25 rn 

height a t  30 years. These species will become dominant  i n  the number 
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o f  sterns and basal area for the next 50 years and in some cases may 

continue to be important i n  the IVITF. 

Major floristic changes take place on 40- to 80-year-old stands. 

Species such as Conceveiba ..- guianensis, __I__- Goupia glabra, Vochysia obscura, 

VoChySia .. _ _  sp . ,  and Alcornea sp. are dominant in basal area and biomass. 

The most important changes at this stage are senescence of previously 

dominant species, tree falls, and reduction o f  the importance value o f  

the early dominant species. Doniinance is then attdined by some of the 

PITF species (Eperua I- purpurea, Swartzia schomburgki i , Micrandra sprucei 
- Monopterix - uaca, and Licania s p . ) .  The intensity of disturbance 

produced by the replacement of the dominant trees determines which 

species next occupy the fallow. In the study area there are stands 

that demonstrate the variation i n  time required for the introduction of 

mature forest species. Stand XIV is an example of t h e  replacement o f  

canopy dominants without producing dramatic changes in the structure o f  

the forest. In this stand, dead trees and tree falls are absent. This 

implies the Stdnd is approaching the composition o f  mature stages. 

Absence of gaps in this stand could be attributed to the fact that the 

dominant species in the canopy have not reached senesence. 

In contrast, 60- to 80-year-old stands have high concentrations o f  

dead biorriass, dead trees (Appendix Table A.9) ,  tree falls, and species 

from earlier stages of succession. These findings indicate extensive 

alterations i n  tne structure and composition o f  the forests and may 

delay the introduction o f  species from mature forests. 

Mature forests are characterized by a large number o f  tree 

species. There were 155 tree species with dbh _. > 1 crn found among the 
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f o u r  MTF. According t o  the assessment of dominance measured by the I V ,  

no single species expresses dominance for  these MTF. However, the IV 

f o r  t rees  - > 10 crn d b h  shows t h a t  some species are co-dominants. For 

example, Sperua - purpurea ...- and ._I- Protium sp.  together represent 49% of the 

number o f  stems and 48% of the basal area on stand X X I .  High values 

were also found  for  Swartzia schomburgkii and a leguminoseae on stand 

X X I I I  (Appendix Table A.7) .  Similar resul ts  were f o u n d  by Uhl and 

Murphy (1981) in one t i e r r a  firnie forest  i n  the same region where 

Licania sp. reached an importance value o f  19.1. I n  general, the d a t a  

suggest that  the I V  decreases from succession t o  MTF because of the 

increase in t h e  number o f  species from successional t o  MTF. 

Differences i n  I V s  among dcminant species were common i n  the 

successional fallows as well as MTF stands. Species t h a t  are common in 

one stand can be rare  or absent i n  anot.her of the same age. This 

implies t h a t  chance events related t o  dispersal and establishment may 

largely determine which species arc? present on a given stand. Uhl and 

Murphy (1951) and Prance e t  a l .  (1976) iqorking i n  two t i e r r a  firme 

fores t s  i n  Atnazonia found similar patterns of species distribution. 

The secondary and mature fores t  vegetation of the U R N  i s  

characterized by numerous small t rees .  The distribution of the number 

o f  stems by dbh c lass  i s  represented by a reversed J-shaped curve, 

often with t rees  missing in the large s ize  classes. Tpee density by 

d b h  and height classes i s  very similar in a l l  stands. Most  o f  the 

t r ees  (80L o r  more) do  n o t  reach 5 cm dbh o r  9 m in height; less than 

3% have a dbh greater t h a n  20 cm and are t a l l e r  than 17 m. The main 
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d i f f e r e n c e  between dbh and h e i g h t  i s  t h a t  more t r e e s  peach t h e  canopy 

t h a n  t r e e s  a t t a i n i n g  t h e  l a r g e r  dbh c lasses  ( >  60 cm dbh). 

Stands t h a t  a re  o l d e r  than  40 years have s i m i l a r  numbers o f  canopy 

t r e e s  i n  t h e  17- t o  26-m h e i g h t  range. However, canopy dominants 

( >  26 m h e i g h t )  a re  more numerous i n  MTF stands, He igh t  of t h e  t r e e s  

seems t o  i n d i c a t e  t h a t  t h e  t r e e s  g a i n  g r e a t e r  e l o n g a t i o n  w i t h  smal l  

d b h ,  i.e., a t r e e  w i t h  o n l y  5 cm dbh i s  - 2, 12 rn t a l l  and w i t h  39 cm 

dbh i s  2. 27 m t a l l .  Several  species ( L i c a n i a  -----.-.I_ spp., Eschwei lera - sp., 

Pro t ium sp., -- Ocotea sp., - X i l o p i a  spruceana - and o t h e r s )  reach t h e  canopy 

w i t h  25 or 33% of t h e i r  maximum dbh. 

S i m i l a r  stein d i s t r i b u t i o n  by dbh was observed i n  La Se lvag  Costa 

R i c a  (Har t sho rn  1978). More t h a n  14% o f  t h e  t r e e s  t h e r e  a t t a i n  a t  

l e a s t  40 cm dbh compared t o  l e s s  than  1% i n  t h e  URN. Har t sho rn  (1978) 

a t t r i b u t e d  t h e  ?ow stem d e n s i t y  i n  one l a r g e  dbh c l a s s  t o  the h i g h  

frequency o f  n a t u r a l  t r e e  f a l l s  which p reven ts  most t r e e s  from 

a t t a i n i n g  l a r g e  diameters.  

I n  t h e  URN t h e  l a r g e  number o f  sma?l i n d i v i d u a l s  (up t o  11,000 

t r e e s f h a  < 5 cm dbh) i n  a l l  stages o f  success ion i s  a r e s u l t  o f  

spec ies s t r a t e g i e s  f o r  s u r v i v a l  i n  a dynamic ecosystem t h a t  i s  caused 

by low so i l  n u t r i e n t  a v a i l a b i l i t y .  Trees appear t o  gerininate, 

e s t a b l i s h ,  and then  rernain as seed l i ngs  and s a p l i n g s  f o r  a 

compara t i ve l y  l o n g  p e r i o d  o f  t ime. The es tab l i shmen t  o f  new 

i n d i v i d u a l s  depends upon t h e  dynamics of replacement i n  t h e  upper 

s t r a t a  and t h e  a b i l i t y  o f  seed l i ngs  and s a p l i n g s  t o  s u r v i v e  under 

1 i m i t e d  c o n d i t i o n s .  Canopy p o s i t i o r i s  a re  a t t a i n e d  by e i t h e r  those 

t r e e s  t h a t  can grow f a s t  f o r  s h o r t  p e r i o d s  o f  t i m e  and can t a k e  
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advantage o f  d is tu rbance o r  those t r e e s  t h a t  grow s l o w l y  over  long 

p e r i o d s  o f  t i m e  and a r e  n o t  a f f e c t e d  b y  n a t u r a l  d is tu rbance.  

Among mature f o r e s t s  i n  lowland r e g i o n s  of t h e  Amazon Basin, t h e  

d i s t r i b u t i o n  o f  stems by dbh c l a s s  v a r i e s  cons iderab ly .  Uhl and Murphy 

(1981) r e p o r t e d  l a r g e  t r e e  d e n s i t y  f o r  t r e e s  > 10 cm dbh; Black e t  

a l .  (1950), P i r e s  e t  a l .  (1953) and Takeuchi (1961) found t r e e s  w i t h  10 

t o  20 cm dbh a t  a low d e n s i t y  and t r e e s  > 40 cm dbh w i t h  h i g h  d e n s i t y  

va lues (Table 4.8). Tree d e n s i t y  i n  t h e  Amazon f o r e s t s  compared w i t h  

t h a t  o f  Ecuador shows low numbers m a i n l y  among t r e e s  > 20 cm dbh. 

The Ecuadorian f o r e s t s  o f  Armenia V i e j a  c o n t a i n s  up t o  40% more stems 

th rough a l l  s i z e  c l a s s e s  t h a n  the URN f o r e s t s .  D e n s i t y  d i f f e r e n c e s  

among these f o r e s t s  apparent ly  r e f l e c t  v a r i a b i l i t y  due t o  s o i l s ,  

s t r u c t u r e ,  m i c r o r e l i e f ,  and f requency o f  d is tu rbance.  Table 4.8 shows 

t h a t  t h e  r a t i o  between d iameter  c lasses,  A (dbh - > 10 cm) and B (dbh 

- > 20 cm), was g e n e r a l l y  l a r g e r  f o r  t h e  URN than f o r  t h e  o t h e r  f o r e s t s  

i n  C e n t r a l  Amazon, Ecuador, and B r i t i s h  Guiana. 

The number o f  t r e e s  > 10 cm dbh i n  success ional  and MTF stands 

i n  t h e  URN shows an increase i n  d e n s i t y  toward t h e  o l d  success ional  and 

mature f o r e s t  stands w i t h  h i g h  v a r i a b i l i t y  i n  t h e  l a r g e  s i z e  c l a s s e s  

(dbh - > 40 cm). The r a t i o  o f  smal l  v w s u s  l a r g e  t r e e s  was h i g h  f o r  

10-year-old stands, 15.27, and low f o r  o l d e r  stands and MTF, 2.20 and 

3.16, r e s p e c t i v e l y  (Table 4.8). La te  success ional  stands have a lower  

r a t i o  va lue than t h e  MTF because of t h e  presence of more t r e e s  20 t o  

40 cm dbh i n  t h e  success ional  stands t h m  i n  t h e  MTF. 
2 The mean basal  area i n  t h e  URN ranged f r o m  12.78 m /ha (S.E. = 

1.51) i n  10-year-o ld  stands t o  34.80 in / h a  (S.E. = 1.48) i n  t h e  MTF 2 



Table 4.8 

Fo res t  t r e s  d e n s i t y  by s i z e  c lass  f o r  t r o p i c a l  lowland and t i e r r a  f i r rne  f o r e s t s  a t  S@VWal S i t e s  
I n  the  A m t o n  Basln and elsewhere. Numbers I n  oarentheses are one standard er;POI". 

S i t e  
A l t t t u d e  
(d 

Years s ince 
d 1 sturbance 

A 
3i-gi 10 5 dbh 5 20 dbh 2 40 3 

UnPi 

IJR9 

URN 

UHN 

URN 

URN 

San Carlos* 
Uhl and Murphy 1981 

San Carlos 
Uhl and Murphy 1981 

Tefe* 
Black e t  a l .  1950 

Beiern* 
Black e t  a l .  1950 

8e!ern* 
P i r e t  e t  a l .  1953 

Beiem* 
Cain e t  a l .  1956 

Manaus** 
Takeuchi 1961 

Sh ingu lp ino l  
Grubb e t  a l .  1963 

Arakil 
Grubb e t  a l .  1Y63 

B imbinol  
Grubb e t  a l .  1963 

Hrmenia V i e j a l  
GrubD e t  a ] .  1963 

B r i t i s h  Guianal 
Davis L RIchard 
( 1933- 1934) 

120 

120 

120 

120 

120 

120 

120 

120 

95 

< 30 

< 30 

< 30 

< 50 

< 400 

< 400 

< 400 

< 400 

< 30 

10 

20 

35 

BO 

80 

MTF 

60 

MTF 

MTF 

ATF 

MTF 

MTF 

MTF 

MLF 

MLF 

MLF 

MLF 

MLF 

335 (127) 

467 (109) 

476 (65) 

447 (40) 

594 (16)  

585 (18)  

51 8 

743 

NA 

443 

423 

585 

540 

592 

657 

7 96 

882 

461 

325 (119) 

423 (74)  

365 (52)  

244 (22)  

329 (30 )  

400 (8 )  

NA+ 

51 1 

NA 

228 

236 

NA 

290 

NA 

NA 

NA 

NA 

NA 

22 (IO) 0 

44 (23) 0 

111 (51)  2 ( 2 )  

203 (;1) 33 (18) 

201 (18) 7 ( 5 )  

185 (12) 47 (12) 

NA NA 

232 32 

220 NA 

195 NA 

1 a7 58 

NA NA 

250 64 

291 NA 

280 NA 

366 NA 

473 NA 

247 NA 

15.27 

10.61 

4.28 

2.20 

2.95 

3.16 

NA 

3.20 

NA 

2.29 

2.26 

NA 

2.16 

2.04 

2.38 

2.18 

1.86 

1 .87 

*Data represent  one stand. 

'NA = da ta  not ava i l ab le .  

**Mean o f  th ree  p l o t s  i n  one stand. 
2 'The f i gu res  were reea lcu la ted  f rom a 10.000 f t  p l o t .  

MLF mature lowland f o r e s t .  
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(Table 4.5, page 58). The variability of basal area within the same 

stand increased when a 0.25-ha plot was measured. Basal area of MTF 

ranged from 19.10 to 40.75 m /ha in four, 0.25-ha, plots. In 

contrast, basal area in 12, 8.83-I1a, plots ranged from 30.44 to 

36.95 m2/ha. The mean MTF value of 34.8 m /ha is similar to the 

34.28 m reported by Jordan and Uhl (1978) for another tierra firme 

stand in the area, and considerably less than the 40- to 60-m2 values 

for lowland wet forests found in Costa Rica (Woldridge 1972). 

2 

2 

2 

The height frequency distribution of trees on successional stands 

and MTF did not show a pattern that implies the presence of canopy 

strata. The highest number of stems occurs from 2 to 4 m in height 

(Table 4.4, page 57). The number o f  stems gradually declines from 4 t o  

9 rn in height and falls steeply after 9 m, with the sharpest decline 

among trees greater than 17 m in height. Similar results were found by 

Davis and Richards (1933, 1934) on Voraballi Creek, British Guiana. 

The results obtained using profile diagrams show better stratification 

in the two successional stands than in MTF. They show one stratum at 

early stages of succession, a 10-year-old stand, two strata in a stand 

48 years old, and no strata in the MTF. The MTF has trees of different 

heights but  with no indication that the forest is uniformly layered. 

This means that the number o f  strata increases from an early stage o f  

succession to some point in succession where the trees still have 

similar heights and homogeneous species composition. In MTF, the 

presence of strata depends on the rate o f  recruitment, growth, 

mortality, and the probability o f  natural disturbances. 



Estimates of leaf area index ( L A I )  obtained in other tropical 

forests range widely, e.ge9 from 3 in Costa Kica (Stephens and Waggoner 

1970), 5.2 in San Carlos (Jordan and U h l  1978), 6 t o  7 in Puerto R i c o  

(Odum et al. 1963, Jordan 1969), 6.9 in the lower K i o  Negro (Williams 

et al. 19721, and 12 in Thailand (Kira et a l .  1967). I n  the U R N ,  the 

variation in the LA1 is related to the differences in estimated leaf 

weight. Jordan's leaf weight value was 8.02 t / h a  (Jordan and Uhl 

1978). In this study, leaf weight ranged from 8.59 to 10.67 t / h a .  

Gap frequency, number of dead trees and stern sprouts, and basal 

area o f  standing dead trees indicate that natural disturbances are 

comrnon events in the URN. These disturbances produce small and large 

scale differences in the structure of the forests and may help explain 

differences in structure within and among stands o f  the same age. On a 

small scale, an unbalanced picture o f  the forest; m i g h t  emerge. For 

example, a wind storm may throw several hectares of an MTF, or a 

secondary forest 60 to 80-years-old can contain many senescing canopy 

dominants. On a large scale, the forest is a mosaic o f  different-aged 

patches and structural characteristics with high variability among 

stands depending on s a i l s ,  microrelief, species composition, and 

disturbance dynamics. 

The data indicate that natural disturbances play a dominant role 

in determining the structure of the URN farests .  The size-class 

distribution of stems in the MTF stands shaws a reversed J-shaped curve 

with the majority of trees in small size classes. The distribution of 

living biomass by dbh shows that some dbh classes are missing. Large 

trees (40 to 90 cm dbh) were uncommon arnong the four MTF (Chapter 5 ) .  
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Gaps were frequent i n  the study s i t e s  and the four MTF showed 

several gaps from 0.06 t o  0.25 ha. The presence o f  gaps i s  probably 

the primary reason f o r  the biomass difference between the 0.03- and 

0.25-ha p lo ts  in stand XXII. U n t i l  recent ly ,  l i t t l e  a t tent ion has been 

given t o  the e f f e c t s  and frequency o f  gaps s ince the v is ib le  damage 

does n o t  p e r s i s t  f o r  more than 10 years (Poore 1968). 

Other works i n  the  U R N  report the presence of t r e e  damage and gaps 

i n  the  fores t s .  For example a 0.41-ha area of MTF was h i t  by wind and 

80% of the t r e e s  > 20 cm d b h  were uprooted (Uhl 1982b) .  E i g h t  gaps 

from 0.20 t o  0.60 ha were found i n  several MTF and caatinga f o r e s t s  

d u r i n g  1984 (Kate Clark 1983). Uhl  (1982b) reported mechanical damage 

as an important cause of t r e e  mortal i ty  i n  San Carlos. Uhl a l so  

reported two dead t r e e s  - > 20 cm dbh/ha/yezr (based on a 5-year study 

in a 1-ha f o r e s t ) .  Wind damage could be a strong disrupt ive force  in 

the  Amazon f o r e s t s .  Thunderstorms w i t h  h igh  wind speeds occur commonly 

in t h i s  area. Kornarek (1964) c i ted  60 storm days f o r  the URN in 1963. 

The f a s t  turnover r a t e  f o r  t r e e s  i n  the U R N  f o r e s t s  i s  a mechanism 

f o r  sustaining a f o r e s t  on  nutrient-poor s o i l s .  The frequent death of 

t r e e s  w i t h  the  subsequent, rapid decomposition i s  an important f a c t o r  

in nutrient a v a i l a b i l i t y  i n  these f o r e s t s .  The turnover r a t e  explains 

par t  of the basal area v a r i a b i l i t y  among and within stands and the 

s t ruc tura l  c h a r a c t e r i s t i c s  of t h i s  f o r e s t  marked by a h i g h  density o f  

small t r e e s  and few larger  ones. 

SUMMARY 

Approximately 290 t r e e  species 1 crn d b h  and 141 t r e e  species 

- > 10 cm dbh a t  23 stands were encodntered. The t r e e  d ivers i ty  ranged 
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from 33 t o  96 species i n  900-rn2 p l o t s .  The Shannon-Wiener index o f  

general diversity showed an increase in species diversity from 

10-yearaold stands to MTF. The opposite occurred with species 

dominance expressed by the Simpson index which indicates high species 

aoninanre at early stages of succession and a reduction through the MTF. 

lhe  distribution o f  stems by size class shows that from 76  to 95% 

of the trees are within 1 t o  5 cm dbh i n  the URN. Trees - > 40 crn are 

only found i n  stands 40 years and older and always represent less than 

1% o f  the t o t a l  stems. 
2 Basa l  area ranges from 11.12 in /ha  for a 10-year-old stand t o  

36.95 m / h a  in an  MTF. Basal area of standing dead trees increases 

from IO-year-old stands toward MTF. The largest values were found an 

the 80-year-old stands and MTF. Approximately 140 t o  200 years are 

required for an abandoned farm to attain the basal area o f  an MTF. The 

leaf area index increases from 5.93 m2/tn2 at 10-year-old 

successional stands to 7.88 m /m for an MTF. 

2 

2 2  

Small areas disturbed by slash-and-burn agriculture recover their 

original species composition, but the time required is more t h a n  

80 years, depending upon the intensity and frequency of disturbance in 

the area. Gap frequency, number of dead trees, stem snaps, and broken 

crowns indicate that natural disturbances are common events in the URN 

and have: an important role in the structure o f  the forests. The 

dynamics of the forests result in differences in structural 

characteristics of the stands and are a mechanism for making nutrients 

available to a system that is nutrjent poor. 
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CHAPTER 5 

B I QMAS S 

I NTRODUCT IO N 

I n  temperate areas, e c o l o g i s t s  s t u d y i n g  biomass dynamics have 

c o n s t r u c t e d  chronosequences from stands of d i f f e r e n t  ages on s i m i l a r  

s i t e s  (Ovington 1957, Swi tzer  e t  a l .  1966). Recent ly,  t h i s  method has 

been used b y  Cooper (1981) i n  n o r t h e r n  Mich igan t o  document 70 years  o f  

change i n  biomass and p r o d u c t i v i t y  p a t t e r n s  of a b i g t o o t h  aspen 

(Populus g r a d i d e n t a t a )  --- f o r e s t ,  and by Peet (1981) who used a s e r i e s  a f  

s tands t o  m o n i t o r  f o r e s t  biomass dynamics f o r  50 years  i n  t h e  mountain 

r e g i o n s  o f  Colorado and t h e  Piedmont o f  Nor th  Caro l ina .  

Few s t u d i e s  documenting ecosystem recovery  a f t e r  t h e  use o f  

slash-and-burn a g r i c u l t u r e  have been conducted i n  Amazonia (Fearns ide 

1980, Uhl  1982a, Uhl  and Jordan 1984). However, a cons iderab le  amount 

o f  work on ecosystem recovery  has been done i n  Cent ra l  America (Blum 

1968, Budowski 1961, Ewe1 1971, Harcombe 1977, Snedaker 1970). Most o f  

t h i s  research  has been done on t h e  process of ecosystem degradat ion and 

recovery  f o l l o w i n g  human d is turbance.  Bartholomew e t  a l .  (1953) 

es t imated  wood biomass of four  f a l l o w s  (2,  5, 8, and 17 t o  18 y e a r s  

o l d )  i n  t h e  Be lg ian  Congo. S i m i l a r  work was done by Greenland and 

Kowal (1960) i n  Ghana on a f a l l o w  approx imate ly  50 years  o l d .  I n  

t r o p i c a l  America, S c o t t  (1977, 1978) es t imated  t h e  biomass o f  t h r e e  

success ional  s i t e s  ( 3 ,  10, and 25 t o  30 years  o l d )  and determined t h e  

recovery  t i m e  r e q u i r e d  f o r  a f a l l o w  i n  t h e  Gran Pajonal ,  Peru. Other 

s t u d i e s  have concentrated on e a r l y  stages of succession, e . g . ,  Snedaker 
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(1970)  i n  Guatemala and Ewe1 (1971) i n  f i v e  success ional  a reas  i n  

C e n t r a ?  Anierica. 

The o b j e c t i v e s  of t h i s  c h a p t e r  are t h r e e f o l d :  ( 1 )  t o  p r o v i d e  d a t a  

on  l i v i n g  (aboveground and belowground) and dead biomass o f  t i e r r a  

f i rme f o r e s t s  (MTF) i n  t h e  Amazon Bas in ;  ( 2 )  t o  determitre the time 

r e q u i r e d  f o r  a success iona l  s%and t o  reach  a biomass e q u i v a l e n t  o f  an 

MTF; and ( 3 )  t o  d e s c r i b e  t h e  accumu la t i on  o f  aboveground l i v i n g  

biomass.  The s t u d y  u i i  l i z e s  p l o t  chronascquences i n  a n a l y z i n g  biomass 

accumu la t i on  and p r o v i d e s  t h e  longest known record o f  success iana l  

deve 7 opine fit f o r  t h e  Amazon r e g i o n .  

METHODS 

Abovegraund Biomass 

Trees were cut  and weighed t o  deve lop  r e g r e s s i o n  e q u a t i o n s  fo r  

e s t i m a t i n g  biomass of a l l  t r e e s  measured i i? each s tand.  These t rees  

were randomly s e l e c t e d  t o  i n c l u d e  a l l  s i z e  c l a s s e s  and spec ies .  

F o r t y - f o u r  t r e e s ,  10 t o  127 cm d-iameter a t  b r e a s t  h e i g h t  of 1.3 ti1 

(dbh) ,  were s e l e c t e d  i n  areas of secondary and p r i m a r y  forests. 

Twenty-e ight  t r e e s  were h a r v e s t e d  f r o m  e i t h e r  80-year-old fallows or 

MTF and 16 t r e e s  were harves ted  fram 10- t o  35 -yea r -o ld  f a l l o w s .  I n  

a d d i t i o n ,  18 palms,  10 Heliconia_ spp. and 54 sma.11 t r e e s  ( 1  < dbh 

< 10 cm) were taken f r o m  e i t h e r  young falluws (<  3Q y e a r s )  a r  MTF. 

Biomass d a t a  c a l l e c t e d  b y  Jordan (unpub l i shed ,  1977) were added t o  t h e s e  

d a t a  io i n c r e a s e  t h e  number o f  species and t r e e s  g r e a t e r  t h a n  40 ~ r n  dbh. 

Measurements o f  126 selected t rees  were t aken  p r i o r  t o  h a r v e s t .  

D iameter  was measured a t  130 crn dbh o r  above buttress, whichever  was 
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lower .  Crown maximum and minimum diameters were measured by s t r e t c h i n g  

a surveyor  tape between two p o i n t s  d i r e c t l y  below t h e  edge of t h e  

crown. A f t e r  t h e  t r e e  was f e l l e d ,  f o u r  h e i g h t  measurements were made: 

(1) f rom t h e  ground t o  stump top, ( 2 )  from t h e  b u t t  t o  t h e  f i r s t  

branch, ( 3 )  f rom t h e  f i r s t  branc'q t o  t h e  base o f  t h e  crown, and 

( 4 )  f r o m  t h e  base o f  t h e  crown t o  t h e  t o p  of t h e  crown. Trees were 

t h e n  sec t ioned i n t o  stem, branches ( l i m b s  w i t h  d iameters > 1.5 cm), 

t w i g s  (branches s m a l l e r  than 1.5 cm d iameter )  and leaves. Each s e c t i o n  

o f  a t r e e  was weighed u s i n g  a hanging scale.  The stump was c u t  a t  

ground l e v e l ,  weighed, and added t o  t h e  weight  of t h e  stem. Stem 

weights  o f  l a r g e  t r e e s  were c a l c u l a t e d  u s i n g  volume and wood d e n s i t y .  

Biomass f o r  t r e e s  l e s s  than 2 m t a l l  and non-woody p l a n t s  was n o t  

es t imated  because of t h e i r  smal l  c o n t r i b u t i o n  t o  t o t a l  biomass. 

Samples of t h e  stem, branches, twigs,  and leaves were c o l l e c t e d  f rom 

each t r e e ,  immediate ly  weighed, and packed f o r  l a t e r  d r y  weight  and 

l e a f  area de terminat ions .  Trees, 1 - < dbh < 5 cm, were d i v i d e d  i n t o  

wood and f o i i a g e  f o r  weight  and mois tu re  de terminat ions .  

Bark less  c r o s s  s e c t i o n  samples ( 2  t o  3 cm t h i c k )  of  stems g r e a t e r  

t h a n  5 cm d iameter  and branches g r e a t e r  t h a n  30 cm i n  d iameter  were 

t r a c e d  on acetate,  and t h e  areas c a l c u l a t e d .  The volumes o f  t h e  d i s c s  

were es t imated  u s i n g  these areas and t h e i r  th ickness .  The r e l a t i o n s h i p  

o f  d r y  weight  and disc  volume was used t o  estimate s p e c i f i c  wood 

d e n s i t y .  

Est imates of aboveground biomass were based on t h e  weight  

measurements made on i n d i v i d u a l  t r e e s  ( i  .e. , stem, branches, twigs,  and 

leaves) ,  dbh, t o t a l  he ight ,  l e n g t h  of crown, l e n g t h  t o  t h e  f i r s t  
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branch, diameter of the crown, volume of the crown, area of the crown, 

and wood density. 

Regressions were developed to estimate whole tree and component 

biomass (leaves, twigs, branches, and stems), Most regressions are 

Ingarithmic, but a few are linear. The general logarithmic model has 

t h e  following forin: 

In Y = a + 5 In X, I- c In X 2  + d In X3 ; 

where Y is the biomass sf the whole tree or a component, X1 is dbh, 

X2 is t o t a l  height, and X3 is wood density per species, T h e  linear 

equation has the following form: 

Y = a + b X1 + c X2 ; 

where Y is the biomass of the whale tree and XI and X2 represent 

dbh and total height. 

Biomass calculations for each stand were made by placing trees 

into three classes based on dbh, and using regression equations to 

estimate component and whole-tree biomass. Tota l  biomass by size 

categories (1 (dbh 5 cm, 5 ~ d d b h  < 20 cm, dbh 2 20 cm) was 

summed far each stand and expressed as metric tons per hectare (t/ha). 

Total stand biomass estimates were obtained by summing the biomass 

values for all size categories. Contributions o f  tree components to 

total aboveground biomass were calculated. 

For estimation of aboveground living and belowground root biomass, 

logarithmic transformations o f  the different components were used 

because o f  the wide range in the size of the individuals. logarithmic 

transformations may cause systematic errors (Crow 1971, Baskervi lle 

1972, Beauchamp and Olson 1973) because of the differences between 
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logarithmic and arithmetic means. However- according to Jordan and Uhl 

(1978) and Whittaker and Marks (1975), corrections are unlikely to 

improve the estimates, and for this study, the logarithmic regressions 

were not adjusted. 

Aboveground biomass obtained in three, 0.03-ha, plots was used to 

estimate total biomass because 0.03-ha plots were established at all 

stands, and trees 1 cm dbh were sampled. In contrast, 0.25-ha 

p l o t s  were located only on stands older than 20 years, and trees 

- > 10 cm dbh were sampled. Both size plots are used for biomass 

comparisons. 

Aboveground Dead Biomass 

Two components of aboveground dead biomass were surveyed. First, 

standing dead trees were sampled in a plot (0.25 ha) in stands older 

than 20 years. DBH was recorded for trees - > 10 cm. Dead biomass was 

estimated using the regression equation as follows: 

ln Y = a + b In X ; 

where Y is biomass o f  the standing dead tree and X is its dbh. 

Twenty-two trees - > 10 cm dbh were sampled to develop the regression 

equation. All dead branches and stems with diameters larger than 5 cm, 

lying on the forest floor, were weighed from three plots (2 x 60 m) per 

stand. When boles were t oo  heavy, volume estimates were made based on 

length and diameter measurements. Several wood samples were collected 

from standing and lying dead logs t o  determine wood density and 

moisture content. 
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6elQWgrQund Root 8iOmasS 

Root biomass was sampled from f o u r  p i t s  (50 x 50 x 100 cm) 

d i s t r i b u t e d  throughout  the  stand a t  s i x  o f  t h e  study s i t e s  r e p r e s e n t i n g  

t h e  f u l l  range OF age c lasses,  P i t  l o r a t l o n s  were marked w i t h  a 8.5- x 

0.5-m inetal  frame. L i t t e r  was removed, and a l l  r o o t s  an t h e  s o i l  

s u r f a c e  were c o l l e c t e d  and separa ted  i n t o  s i z e  c lasses .  Soil was t h e n  

removed i n  10-cm l a y e r s .  The r o o t s  were separated f r o m  the s a i l  by 

hand a t  each 10-cm depth, cleaned, weighed, and d r i e d  a t  9 P C  t o  

cons tan t  weight .  

Belowground r o o t  biomass f o r  each stand was es t ima ted  by 

c o r r e l a t i n g  basal  area of t r e e s  (dbh - > 1 crn and h e i g h t  - > 2 rn i n  5- 

x 5-m and 10- x 10-rn p l o t s )  w i t h  t h e  amount o f  r o o t  biomass found i n  

t h e  p i t s ,  Kegression equat ions were developed t o  e s t i m a t e  belowground 

r o o t  biamass f o r  stands where r o o t s  were n o t  sampled. The equat ions 

express mean t o t a l  d r y  root  biainass a t  10-cm depth i n t e r v a l s  as a. 

f u n c t i o n  of mean b a s a l  area f o r  each stand. The t o t a l  was determined 

by summing the r o o t  biomass values between t h e  surface o f  t h e  s o i l  t o  

70 cm depth. The genera l  equa t ion  has t h e  f o l l o w i n g  form: 

I n  Y = a + b I n  X ; 

where Y i s  t h e  mean belowground root  blomass a t  t h e  r e s p e c t i v e  depth 

and X i s  t h e  mean basal  area o f  t h e  t r e e s .  

Abovegraund Biomass 

T h e  aboveground biomass f o r  i n d i v i d u a l  t r e e s  and t h e i r  components 

i s  presented i n  Table 5.1. The d e c i s i o n  t o  use t h r e e  equa t ions  was 



Table 5.1 
Regression equations used f o r  c a l c u l a t i o n  of aboveground biomass 

Size Component 
category 

(cm) Y X1 x2 x3 Equation* r 2  C V ( % )  N 

Trees Tree D2 H Y -0.292 + 0.369 XI - 0.087 X2 
1 5 UBH < 5 Stem 0' H Y = -0.912 + 0.209 X 1  + 0.156 X2 

Twigs & leaves D2 H Y = 0.620 + 0.159 X1 - 0.243 X2 

0.93 27.58 49 
0.89 33.54 49 
0.63 91.37 49 

Trees Tree D2 H d I n  Y = -1.981 + 1.047 I n  XI + 0.572 I n  X2 + 0.931 I n  X3 0.92 5.84 39 
0.94 6.19 22 

Branches D2 H d I n  Y = 0.043 + 1.352 I n  X1 - 0.576 I n  X2 + 4.588 I n  X3 0.88 23.87 18 
Leaves D2 H d I n  Y = -1.981 + 1.049 I n  X1 - 0.584 I n  X2 + 0.550 I n  X3 0.56 45.85 39 
Twigs D2 H d Y = -15.363 + 0.125 XI - 1.5983 X2 + 66.318 X3 0.82 48.63 20 

3 5 5 UBH < 20 Stem D2 H d I n  Y = -5.961 + 1.074 I n  XI + 1.656 I n  X2 + 0.566 111 X 

Trees 
DBH 20 

Palms 
( a l l  
i nd i v idua ls )  

Hel iconia spp 
( a l l  
i ndi  v i  dual s ) 

Tree 
Stem 
Branches 
Twigs 
Leaves 

A l l  p l a n t  
Stem 
Leaves 

A l l  p l a n t  
Stem 
Leaves 

1 /u2 
0 
u 

D 
D~ H 
D 

H d 

H d 
H d 

I n  Y = -1.086 + 0.876 I n  X, + 0.604 I n  X2 + 0.871 l n  X3 
I n  Y = -8.298 + 0.536 I n  X 1  + 3.336 I n  X2  + 0.459 I n  X 3  
I n  Y = 5.558 + 1.285 I n  X1 - 2.720 I n  X2 + 1.551 I n  X3 

i n  Y = -4.111 + 0.605 I n  X i  + 0.848 In Xp + 0.438 I n  X3 
H d 1 2  Y = -1.439 + 0.424 I n  XI + 0.740 I n  X2 + 0.586 I n  X3 
H d 

ti 

H 

H 

I n  Y = -6.3789 - 0.877 I n  X1 + 2.151 l n  X2 
ln Y = -8.170 + 1.248 I n  X 1  + 3.182 I n  Xp 
I n  Y = -5.332 + 2.623 I n  XI + 0.303 I n  X2 

H I n  Y = 5.502 + 1.481 I n  X 1  + 2.000 I n  X2  
I n  Y = -7.630 + 1.451 I n  X, 
l n  Y = -3.956 + 1.923 I n  X i  + 0.288 I n  X2 H 

0.93 
0.95 
0.93 
0.47 
0.48 

0.89 
0.92 
0.76 

0.96 
0.88 
0.78 

4.09 43 
4.94 22 
7.12 20 

15.79 34 
28.21 43 

13.17 19 
15.80 19 
26.45 19 

16.55 10 
53.01 10 

118.85 10 

*Y  = biomass component (kg),  0 = diameter (cm) a t  130 cm aboveground (OBH), li = height  (rn), d = dens i t y  of wood (s/cm3), 
A l l  regressions were s t a t i s t i c a l l y  s i g n i f i c a n t  (P c 0.0ooi) except C V  = c o e f f i c i e n t  of va r ia t i on ,  and N = number of i nd i v idua ls .  

t l e l i con ia  spp. (P < 0.004). 
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based on the best estimates among bioniass values obtained directly in 

the field, and those obtained by allometric regressions (Table 5.2). 

Expressions o f  goodness of fit of the allometric regressions are 

given by the "coefficient of determination" (r ) and the "coefficient 

o t  variation" or "relative errors o f  estimate" ( C V ) .  The best 

2 

regressions were obtained for whole trees and stems of trees with a 

dbh - > 20 cin. These regressions have an r2 > 0.95 and a 

C V  < 877. The other models for treesp 1 I < dbh < 5 ctn, and leaves 

and twigs yielded expressions af goodness of f i t  (0.47 I < r 

- < 0.93) and a C V  between 15.79 and 91.37%. The regressions for palms 

2 

and Keliconia spp. show highly significant coefficients o f  

determination (0.75 5 r2 5 0.96) and moderate to high 

coefficients o f  variation (13.17% 5 C V  2 118.85%). 

Estimation of leaves, branches, and t w i g s  presents a variety o f  

problems. Total height, dbh, and wood density were not the most useful 
2 independent variables. The CV were large, 25%, and the r 

accounted, in several cases, for less than 69% o f  t he  variation o f  

biomass components as a function o f  sterii size (Table 5 * 1 ) .  

Stands were classified into s i x  age groups. The first group 

represents the four youngest stands, 9 to 14 years o l d ,  Biomass values 

for all size classes varied from 43.91 to 81.76 t/ha (Table 5,3). The 

highest value was found among trees 5 t o  10 cm dhh, and the total 

distribution o f  biomass across the dbh classes varied between 2.5 t o  

37.5 t/ha (Appendix Figure 8.1). 

For t h e  four, 20-year-old stands, trees are distributed between 1 

and 40 crn dbh, with t h e  main contribution of biomass from trees between 
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Table 5.2 

Percent d e v i a t i o n  of actua l  biomass weights f rom p r e d i c t e d  values 

Component 

Tree compartment 

A l l  t r e e s  10 11 19 -13 -1 7 
Trees 1 - < DBH < 5 crn -2 1 NU NR 5* 

Trees UBH - > 20 cm -1 8 1 16 2 
Palms -38 -16 NR NR -21 
H e l i c o n i a  spp. 3 5 NR NR -9 

Trees 5 - < DBH < 20 cm -4 -2  -3 -19 -13 

* = f o l i a g e .  

NH = n o t  recorded. 



Table 5.3 
Bianass estimated f r m  single (1.e.. whole tree) and separate allanetrlc equation5 for 

l e a f ,  t w g ,  branch, and stem blO.aSS. 

Aboveqround bionaas (t/ha) B i m a s s  (Una! 

rota1 
fears 
since Xhoie Tree Uhole Tree h8Dl RBDZ RED3 RBD4 Total  

Stand oisturbance tree 1’ components I** tree 2+ component 2++ (%) (’L) ( X )  ( X )  &lo*ground llvlnq(1) Dead ~livlng + deaoi 

I Y 
1 1  1 1  

I I I  12 
I Y  la 

V 20 
V I  20 

VI1 20 
vi11 20 

I X  30 
X 35 

X I  35 

X I 1 1  60 
X I 7  60 

x ‘4 60 

X V I  30 
XVI I YO 

XYIlI 80 
X I X  80 

kX MIF 
X X I  MTf 

xxii M E  
XXIIi )“TF 

43.91 
52.91 
81.76 
53.38 

6j.31 
61.48 
63.65 
97.63 

53.80 
109.33 
107.99 
159.40 

116.22 
19:.4J 
i37.87 

134.08 
177.5Y 
144.21 
141.93 

223.19 
262.09 
263.60 
271.20 

44.83 
51.47 

55.63 

86.27 
63.19 
63.12 
102.39 

58.83 
139.27 
117.94 
171.13 

106.04 
jld.24 
152.55 

121.50 
166.70 
129.76 
155.60 

212.22 
233.47 
245.73 
243.12 

77.48 

HR 
NK 
kh 
NP 

19 
hK 
#R 
NR 

5>.02 
84.41 
61.09 
107.b1 

171.38 
L55.74 
144.49 

113.32 
188.61 
122.5: 
134.63 

219.08 
204.4: 
139.62 
325.77 

NR 
IR 
HR 
NK 

NR 
xtl 
I 
XR 

58.6? 
94.31 

105.63 

152.00 
145.28 
140.20 

134.55 
169.44 
131.73 
129.85 

215.54 

li3.55 
2‘21.37 

7a.m 

181 .a4 

-2 WR KK NR 
3 W t A l N R  
5 f4R ME RR 
-4 NR R NR 

-4 kR t+R NR 
-5 NK NR NH 
1 HR I R  NR 

-5  HK hR k8 

-9 -2 0 -7 
-27 23 32 -12 
-9 43 33 -29 
-8 32 38 z 
9 -48 -43 12 
10 21 18 7 

- 1 1  -5 8 3 

5 i 5  -6 -iY 
6 -6 -2 10 

10 15 14 9 
-10 5 1: 4 

5 2 - 2  2 
11 22 22 i l  
7 49 46 1 
10 -20 -20 11 

7.45 
7.88 
16.42 
7.40 

16.75 
i1.65 
16.02 
1a.m 

8.11 
20.59 
21.49 
27.36 

17.07 
47.09 
31.30 

26.03 
35.50 
29.43 
27.89 

45.48 
60.38 
62.20 
64.50 

51.36 
60.79 
98.18 
60.iB 

\0.06 
73.34 
79.E7 

116.51 

bl.Y1 
129.92 

i86.76 

133.29 
244.45 
169.17 

i60.il 
213.09 
173.64 
lb9.82 

268.57 
322.35 
325.80 
335.70 

1m.m 

31.22 82.58 
22.47 83.26 
2.44 1W.62 
15.23 76.01 

0.7G lOL’.7b 
i -65 74.97 
0.83 50.10 
3-21 112.52 

9.01 10.92 
8.51 138.93 
1.03 130.51 
5.69 192.45 

32.40 165.69 
2.74 247.23 
34.!E 203.35 

8.23 168.3 
7.60 220.69 
40.40 214.04 
1i1.03 179.85 

8.18 276.85 
53.03 375.50 
15.:2 340.92 
14.01 353.31 

~~ 

*Who12 tree 1 = abvrground bimass vaiues obtdinec from three allometric equations (lable 5.1) accordins to rhe 0ZH of trees (i.e.. 1 cn 
< DdH c 5 cm and talier than 2 m, 5 cm 5 D8H c 20 cm, J6H z 2il cm) in three. IO- x 3O-m. plots (stands X I 1  and YY:I have four plo;s). - 

“iree cwponents 1 = aboveground trromass valws ontalned fran aliometrtc equatloni (Table 5 . 1 )  for :edf, twig. branch and stm accoroung to 
1 cm 5 DSH c 5 cm and taller than 2 in, 5 r m  5 D8H < 20 an. DBH 1 2 0  Cia) 111 three. IC- x .?&SI, plots {stands X I 1  the dUti of tree, (?.e.. 

and xirir  have four plots). 

+Uhole tree 2 = same as whole tree 1 but  for trees 5 10 cn UBH ?n one, 50- x 50-m, plot. 

“Tree cwonent 2 = hame as tree component 1 but Tor trees 2 i 0  cm OBt! anc in one, 50- x 501.  plot. 

RBDi = % cifference between whole tree 1 ana tree cmponent 1 relative to wnote tree i bimass. 

kSD2 = L Gifferrnce between whole tree I and wnoje tree 2 reldtive t o  whole tree ? b?caass. 

RilO3 = X djfferertce between tree cmqonmt 1 and tree ccinponent 2 relatrve to tree cmpoiieni I ~ i m a s s .  

ROD4 = % drfference between whole tree 2 and tree component 2 relative to whole tree 2 biomass. 

NK = not recorded. 

( I )  T o t a l  1 i b i n g  = whole tree ! + belowground. 



89 

1 and 20 cm dbh (Appendix Figure B.2).  The total aboveground living 

biomass for all stands in this group ranges from 61.48 to 97,63 t/ha 

(Table 5.3). Stands VI and VII, which have the lowest biomass values, 

have larger numbers of stems in the smaller dbh classes,  with biomass 

concentrated in trees no greater than 10 cm dbh. Stands V and VIII, 

which have the highest biomass values, have a bell-shaped biomass 

distribution with maximum values for trees 10 and 20 crn dbh. The 

differences between stands with low and high biomass may be attributed 

to differences in the intense use of the land. Stands VI and VI1 have 

been used for agriculture twice in the last 40 years. 

The third group consists o f  fou r ,  30- to 40-year-old, stands. It 

has the largest variation in biomass among trees of similar age, i.e., 

from 53.80 to 159.40 t/ha (Table 5.3). Trees were distributed between 

1 and 40 cm dbh, and biomass values ranged from 5 to 37.5 t/ha among 

dbh classes (Appendix Figure B . 3 ) .  Biomass is greater in t h e  smaller 

dbh sizes for stand IX and approached a normal distribution for the 

other stands. 

Three stands, 60 years old, had noticeable differences i n  biomass 

among plots o f  the same size, possibly due to canopy gaps. Estimated 

biomass ranged from 116.22 t/ha to 197.40 t/ha (Table 5.3). Values o f  

144.49 to 171.88 t/ha were obtained for the larger plots (0.25 ha). 

The trees were distributed between 1 and 60 cm dbh. Biomass varied by 

size class between 5 and 50 t/ha (Appendix Figure 8.4). Stands XI11 

and XV contained two and five tree-fall gaps, respectively, in the 

0.25-ha plots. 
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The biomass va lues  f o r  f o u r ,  80-year -o ld ,  s tands  (Appendix 

F i g u r e  8.5)  a r e  r e l a t i v e l y  c o n s i s t e n t  v a r y i n g  f r o m  134.08 t o  

177.59 t / h a .  G r e a t e r  v a r i a t i o n  among s tands  was seen f o r  t h e  0.25-ha 

p l o t s  w i t h  biomass va lues  f r o m  113.32 t o  188.61 t / h a  ( T a b l e  5.3). The 

t r e e s  were d i s t r i b u t e d  between 1 and 55 cm dbh w i t h  maximum biomass i n  

t h e  10 t o  35 crn s i z e  c lasses .  Biomass d i s t r i b u t i o n  by  s i z e  c lass  was 

f r o m  5 t o  35 t / h a .  Biomass d i s t r i b u t i o n  i n  t h e  80 -yea r -o ld  s tands  

showed m i s s i n g  t r e e s  i n  t h e  l a r g e r  dbh c lasses ,  and two o f  t h e  s tands  

had m i s s i n g  t r e e s  between 30 and 45 cm dbh (Appendix F i g u r e  B.5). 

The l a s t  group i s  formed by f o u r  MTF (2 200 y e a r s ) .  Biomass 

va lues  were v e r y  s i m i l a r  across  s tands  and among p l o t s  o f  d i f f e r e n t  

s i z e s .  The s i n g l e  e x c e p t i o n  i s  s tand  X X I I  wh ich  has a lmost  50% l e s s  

biomass i n  t h e  0.25-ha p l o t  (Tab le  5.3). F o r e s t  biomass ranged froin 

223.19 t o  211.20 t / h a  (Tab le  5.3). The d i s t r i b u t i o n  o f  t r e e s  b y  s i z e  

c l a s s  shows an absence o f  i n d i v i d u a l s  i n  t h e  upper i n t e r m e d i a t e  range 

o f  40 t o  90 cm dbh (Appendix F i g u r e  8 . 6 ) .  Biomass va lues  v a r i e d  

between 7 and 103 t / h a  p e r  s i z e  c l a s s  w i t h  t h e  h i g h e s t  va lues  f o r  t r e e s  

..” 1 9 0  cm dbh. 

Aboveground Biomass Es t ima tes  Us ing  D i f f e r e n t  A 1  l a m e t r i c  Regress ions  
and P l o t  S i zes  

Severa l  comparisons were made t o  e s t i m a t e  the  v a r i a b i l i t y  o f  

ahoveground biomass a c c o r d i n g  t o  p l o t  s i z e  and r e g r e s s i o n  t ype .  Data  

were o b t a i n e d  f r o m  two p l o t  s i z e s .  The s m a l l e r  p l o t s  were 10 x 30 m 

(0.03 ha).  Three of t h e s e  p l o t s  were sampled a t  each s t a n d  w h i l e  an 

a d d i t i o n a l  50- x 50-m (0.25 ha) p l o t  was sampled a t  s tands  o l d e r  t h a n  

20 yea rs .  Comparisons were made between biomass va lues  found  f r o m  a 
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s i n g l e  whole t r e e  r e g r e s s i o n  equat ion  and t h e  sum o f  separate t r e e  

component regress ions,  among p l o t s  of t h e  same s i z e  and combinat ions o f  

t h e  two p l o t  s i z e s  (Table 5.3). 

Percentage d i f f e r e n c e s  betwe2n biomass es t imates  f o r  t h e  whole 

t r e e  and t r e e  components were low f o r  t h e  0.03-ha p l o t s .  When s i n g l e ,  

separate equat ions were used, t h e  percentage d i f f e r e n c e  between whole 

t r e e  1 and t r e e  component 1 i n  r e l a t i o n  t o  whole t r e e  1 biomass (RBD1, 

Table 5.3) f o r  a l l  stands was - + 11%, w i t h  t h e  except ion  of s tand X 

where t h e  biomass was underest imated by 27%. R e l a t i v e  d i f f e r e n c e s  f o r  

t h e  0.25-ha p l o t ,  RBD4, i s  2 12% w i t h  t h e  except ion  of stands X V I  and 

X I  where biomass was underest imated by 19 and 29%, r e s p e c t i v e l y .  

However, t h e  r e l a t i v e  d i f f e r e n c e s ,  RBD2 and RBD3, ranged between - + 48%. 

Leaf Biomass 

Leaf  biomass ranged f r o m  5.76 t o  10.73 t / h a  (Table 5.4), s i m i l a r  

t o  success ional  s i t e s  and mature f o r e s t s  i n  o t h e r  areas o f  t h e  t r o p i c s  

( F o l s t e r  e t  a l .  1976, K l i n g e  e t  a l .  1975, S c o t t  1977). The percentage 

o f  t h e  t o t a l  biomass represented by l e a f  biomass d e c l i n e s  i n  a reversed 

J shape d u r i n g  succession ( F i g u r e  5. la) .  The h i g h e s t  values, 8 t o  13%, 

occur red  among stands younger than 30 years  and dropped t o  5% f o r  

s tands 60 t o  80 years  o l d  and f rom 2.8 t o  3.5% i n  t h e  MTF (Tab le  5.4). 

Twig Biomass 

Twig biomass ranged f rom 9.96 t o  16.73 t / h a  f o r  stands no o l d e r  

than 20 years,  11.03 t o  20.61 t / h a  f o r  stands 30 t o  80 years  o ld ,  and 

19.19 t o  22.57 t / h a  i n  MTF (Table 5.4). Percent  o f  t o t a l  biomass 

represented b y  t w i g s  d e c l i n e s  i n  a reversed J shape f rom 21% i n  younger 



Table 5.4 

Components o f  aboveground biomass f o r  successional  s tands  and mature f o r e s t s .  Values a r e  from trees 2 1 cin dbh 
.in t h r e e  p l o t s  (10 x 30 m )  per s tand;  t h e  except ions a r e  s tands  X I 1  and X V I I  wnich have f o u r  p l o t s .  Each 

t r e e  component i s  est imated from s e p a r a t e  a1 lometric equat ions  (Table 5 .1) .  Percentage of each 
t ree  component i s  calci l ia ted r e l a t i v e  t o  t o t a l  l i v i n g  biomass. 

Biomass ( t / h a )  

Total above- 
Years ground based 
s i  nce on t r e e  Belowground Total  

Stand dis turbance leaf  % l eaf*  twig % twig* branch % branch* sterr! % stem* coniponents r o o t  l i v i n g  

__ - 

I 

111 
I v 

v 
V I  

V I  1 
V i l I  

I X  
x 

X I  
XI I 

X I 1 1  
X I V  

x v  

X V I  
X V I I  

X V I  i I 
X I X  

x x  
X X I  

X X I  I 
X X I I I  

3 
1 1  
1 2  
14 

20 
20 
20 
20 

30 
35 
35 
40 

60 
60 
60 

30 
60 
80 
ao 

MI F 
MTF 
NTF 
MTF 

6.96 
6.50 
7.84 
6.24 

i 0.73 
9.93 
9.45 
8.12 

8.59 

8.01 

b.80 

10.29 

5.76 
7.67 
6.82 

8.76 
8.63 
7.73 
8.4i  

9.82 
10.05 
10.67 
8.59 

13.31 
10.95 

8.35 
9.90 

10.42 
13.23 
11.94 
6.70 

10.16 
5.44 
7.38 
4.02 

4.68 
3.40 
3.71 

5.31 
4.27 

4.58 

3.81 
3.42 
3.47 
2.75 

4.86 

1 1.22 
11.44 
16.45 
13.30 

16.73 
12.43 

4.96 
17.22 

13.71 
20.61 
18.93 
17.45 

11.03 
16.11 
13.65 

15.92 
17.83 
73.79 
16.80 

22.57 
21.93 
19.58 
19.19 

21.46 

17.56 
21.10 

16.24 
16.56 
12.59 
14.20 

20.48 
12.89 
13.58 
8.76 

8.96 
7.15 
7.43 

10.37 
8.82 
8.66 
9.15 

8.76 
7.46 
6.36 
6.24 

i9.28 
5.88 

12.34 
16.02 
15.22 

20.24 
13.31 
15.20 
40.15 

17.37 
75.40 
41.36 
89.88 

46.1: 
76.61 
92.45 

42.42 
48.01 
49.90 
80.93 

72.86 
75.79 

85.14 
70.69 

16.95 
20.79 
17.06 
24.15 

19.65 
17.73 
19.21 
33.:1 

25.95 
47.17 
29.67 
45.15 

37.45 
34.00 
50.29 

27.63 
23.74 
31.35 
44.11 

28.27 
25.79 
22.95 
27.68 

17.75 
21.18 
37.'11 
20.55 

38.55 
27.53 
25.50 
36.89 

20.95 
34.56 
47.34 
56.38 

43.12 

39.62 

60.99 
92.21 

49.45 

136.95 
125.69 
144.79 
130.18 

77.85 

58.32 

33.55 
35.69 
39.52 
33.08 

37.42 
35.65 
36.01 
30.42 

31.30 
21 - 6 2  
33.55 
25.32 

35.03 
34.55 
21.55 

39.73 
45.60 
36.64 
26.95 

41 -50 
42.77 
47.02 
42.32 

44.83 
5: .47 

55.63 
77.48 

86.27 
63.19 
63.12 

102.39 

58.83 
139.27 
117.94 
171.73 

1 06.04 
178.24 
152.55 

127.50 
166.70 
-! 2 9.7 6 
155.60 

2;2.22 
233.47 
245.73 
243.12 

7.45 
7.65 

16.42 
7.40 

15.75 
11.86 
16.G2 
18.38 

8 . i l  
20.59 
21.49 
27.36 

i7.07 
47.09 
31.30 

26.03 
35.50 
29.43 
27.89 

45.48 
60.33 
62.20 
64.50 

52.28 
59.35 
93.90 
63.03 

103.02 
75.35 

1 2 1 . 2 7  
13 

79.14 N 

56.94 
159.86 
13Y.43 
i 95 .09  

123.11 
225.33 
'83.85 

153.53 
202.20 
159.19 
183.49 

257.70 
293.85 
307.33 
307.62 

*Percentage of t o t a i  l i v i n g  biomass. 
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Figure 5.1. Relationship between leaf, twig, and branch biomass 
percentages and years since disturbance in the Upper Rio 
Negro region of Colorrbia and Venezuela. The equations are 
as f o l l o w s :  ( a )  leaf = 15.19 - 0.35 age + 0.003 age2 - 
1.06E-5 age3; (b )  twig = 24.94 - 0.53 age + 0.005 age2 
- 1.58E-5 age3; and Jc) branch = 0.14 + 1.71 age - 0.02 
age2 + 7.03E-5 age . The three regression equations 
are statistically sigqificant ( P  < 0.001). 
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s tands  t a  6% i n  MTF ( F i g u r e  5 . l b ) .  T h i s  p a t t e r n  i s  s i m i l a r  t o  t h a t  o f  

t h e  l e a f  biomass a l t h o u g h  t h e  va lues  a r e  h i g h e r .  The r e s u l t s  i n d i c a t e  

t h a t  as age increases ,  s tands  become more u n i f o r m  i n  t w i g  biomass. 

t3ranch Biomass 

Stands 10 t o  20 y e a r s  o l d  had 8.88 t o  40.15 t / ha ,  s tands  30 t o  

80 y e a r s  o l d  had 17.37 t o  92.45 t /ha ,  and t h e  MTF had 72.86 t o  

85,14 t / h a  of  branch biomass ( T a b l e  5.4) .  The r e l a t i v e  c o n t r i b u t i o n  o f  

b ranch t o  t o t a l  biomass inc reased  u n t i l  40 t o  60 y e a r s  and t h e n  

decreased f o r  MTF ( F i g .  5 . 1 ~ ) .  Percentage o f  b ranch biomass f o r  

success iona l  s tands  10 t o  80 y e a r s  o l d  ranged between 16.99 and 50.29%0, 

and MTF v a r i e d  f r o m  22.95 t o  28.27% ( T a b l e  5.4). These va lues  

i n d i c a t e d  t h a t  t r e e s  have more branches d u r i n g  l a t e  success iona l  s tages .  

Stem Biomass 

Stem biomass ranged f r o m  17.75 t o  38,55 t / h a  f o r  t h e  f i r s t  

20 years ,  20.95 t o  56.38 t / h a  f a r  s tands  30 t o  40 y e a r s  o ld ,  and 49.45 

t o  144.79 t / h a  f o r  s tands  80 y e a r s  o l d  and MTF ( T a b l e  5.4). The 

percentage o f  stem biomass r e l a t i v e  t o  t h e  t o t a l  was o p p o s i t e  f r o m  

b ranch  biomass, i n d i c a t i n g  t h a t  i n  success iona l  s tages  w i t h  open spaces 

t h e  t r e e s  have more branches and l a r g e  crowns w i t h  s m a l l e r  p r o p o r t i o n s  

o f  stem biomass t h a n  those  of MTF ( F i g .  5.2a). The r e l a t i v e  

c o n t r i b u t i o n  o f  stems and branches t o  t o t a l  biomass inc reases  t o  a peak 

a t  SO years ,  t h e n  d e c l i n e s  th rough  MTF ( F i g .  5.2b). Values o f  b ranch 

and stem biomass t o g e t h e r  v a r i e d  f r o m  26.63 t o  215.47 t / ha ,  

r e p r e s e n t i n g  between 51 and 70% of t h e  t o t a l  aboveground biomass. 
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Figure 5.2. Relationship between woody stem and branch and stem 
biomass percentages and years since disturbance in the 
Upper Rio Negro region of Colombia and Venezuela. The 
equations are as follows: (a) woody stem = 44.33 - 0.79 
age + 0.01 age2 .. 3.97E-5 age3; and (b) branch and 
stem = 44.49 + 0.92 age - 0.01 age2 + 3.05E-5 age3. 
The two regression equations are statistically significant 
( P  < 0.03). 



96 

Aboveground Bioinass Recovery 

Abovegrouna l i v i n g  biomass d a t a  f r o m  t h e  URiV were f i t t e d  t o  a 

l i n e a r  and l o g a r i t h m i c  r e g r e s s i o n  equa t ion  t o  e s t i m a t e  t h e  t ime  

requi reo l  f o r  an abandoned fa r i n  s i t e  t o  reach  t h e  mean biomass 

c h a r a c t e r i s t i c s  o f  an iVlTF ( F i g u r e  5.3) .  Resu l t s ,  u s i n g  b o t h  

reg ress ions ,  a re  as f o l l o w s :  

Y = 48.73 +- 1.43 X 
( t i  = 19, rL = 0.67, P U.0001, C V  =: 25.5077); and 

I n  Y = 2.71 + 0.54 I n  X 

( n  = 19, r2 = 0.74, P < 0.0001, C V  = 5.29%) , 

where Y i s  t h e  aboveground l i v i n g  biomass i n  t//ha, and X i s  age i n  

years.  By s o l v i n g  f o r  X where Y i s  t h e  mean aboveground biomass of 

255 t / h a  f o r  MTF, t h e  t i m e  r e q u i r e d  f o r  t h e  biomass o f  a success ional  

f o r e s t  t o  reach t h e  biomass o f  an MTF i s  144 yea rs  u s i n g  t h e  l i n e a r  

model and 189 yea rs  u s i n g  t h e  l o g a r i t h m i c  model. 

Aboveground Dead Biomass 

The r e g r e s s i o n  equa t ion  used t o  e s t i m a t e  dead biomass i s  as 

f o l l o w s :  

ln Y = -1.80 + 2.00 I n  X ; 

( r 2  = 0.82 ,  P < 0.0001, C V  = 14.95%, n = 2 2 ) ,  where Y i s  dead 

biomass ( k g )  and X i s  dbh (cm). Dead biomass inc reased  th rough  

succession, v a r y i n g  between 0.70 and 53.03 t / h a  (TaDle 5.3, page 8 5 ) .  

Lowest dead biomass va lues were found i n  s tands t h a t  had been s u b j e c t e d  

t o  s lash-and-burn a g r i c u l t u r e  w i t h i n  t h e  l a s t  50 years.  Dead biomass 

i s  low on these yaunger s tands because t h e  soft-wooded species t h a t  

dominant t h e  e a r l y  s tages o f  succession decay q u i c k l y .  
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(t/ha) and time (years since disturbance) in the Upper K i o  
Negro region o f  Colombia and Venezuela. 
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I n  t h e  10-year-o ld  stands, dead biomass ranged f rom 2.64 t o  

31.22 t / h a  (Tab le  5.3, page 88). Approx imate ly  95% o f  t h e  t o t a l s  came 

f r o m  t r e e s  of t h e  former f o r e s t s  which had n o t  y e t  f u l l y  decomposed. 

The 20-year-o ld  stands had t h e  l e a s t  dead biomass o f  a l l  age c lasses  

arid c o n s i s t e d  o f  dead t r e e s  f rom e a r l y  success ional  stages. Dead 

biomass va lues  ranged From 0.90 t o  1.63 t / h a  (Tab le  5.3, page 88). 

Such low values p robab ly  have r e s u l t e d  f r o m  decomposi t ion of t h e  wood 

d u r i n g  t h e  20 y e a r s  s i n c e  c l e a r i n g  and loss o f  woody m a t e r i a l  d u r i n g  

bu rn ing .  

Dead biomass va lues i n  t h e  30- t o  40-year-old stands ranged from 

1.03 t o  9.01 t / h a  (Tab le  5.3, page 88). More than  80% o f  t h e  dead 

woody m a t e r i a l  caine f r o in  success ional  t r e e s .  Stand I X  i l l u s t r a t e s  t h e  

impact o f  i n t e n s e  use o f  a s i t e  d u r i n g  s h i f t i n g  c u l t i v a t i o n .  It had 

t h e  l a r g e s t  amount of dead biomass and t h e  l e a s t  aboveground l i v i n g  

biomass. Most of t h e  dead biomass l y i n g  on t h e  f l o o r  was from 

success ional  vege ta t i on .  Few l a t e  success ional  or p r i m a r y  f o r e s t  

spec ies were p resen t .  An even more dramat ic  example of how i n t e n s i v e  

human use can slow succession occu r red  i n  an area 3000 m away f r o m  

stand I X  where t h e  o rgan ic  m a t t e r  was removed t o  c o n t r o l  weeds and 

e s t a b l i s h  crops. Fourteen yea rs  l a t e r ,  o n l y  a few t r e e s  were p resen t  

w i t h  maximum h e i g h t s  between 3 and 4 m. 

Dead biomass va lues f o r  t h e  60-year-o ld  s tands ranged f r o m  2.74 t o  

34.18 t / h a  (Tab le  5 . 3 p  page 88). Stand X I V  had t h e  l e a s t  dead biomass 

w h i l e  s tand  X V  had t h e  h i g h e s t  o f  i t s  age c lass .  Both stands l o c a t e d  

i n  t h e  same a rea  showed a major  d i f f e r e n c e  i n  t h e  number o f  s t a n d i n g  
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dead trees 50 to 60 cm dbh. 

than 50 cm dbh in stand X I I I .  

There were also several dead trees greater 

Four, 80-year-old, stands yielded dead biomass values from 7.60 to 

40.40 t/ha (Table 5.3, page 88). Dead trees were in the larger size 

classes (40 to 70 cm dbh), and their presence in some cases may explain 

missing size classes. 

There was a large variation in dead biomass of MTF with values 

ranging from 8.18 to 53.03 t/ha (Table 5.3, page 88). At stand X X I  

approximately half of the total dead biomass consisted of logs between 

80 and 130 cm diameter. In stand X X I I ,  there were several logs  lying 

on the forest floor with diameters larger than 80 cm in the 0.25-ha 

plot, indicating a high value for the stand, but they were not 

sampled. Stand X X  shows a low biomass value because it only includes 

dead biomass lying on the floor and not standing dead biomass. 

Belowground Root Biomass 

Root biomass data from six stands were used to develop regression 

equations for estimating root biomass for the 23 stands (Table 5.5, 

Figure 5.4). The best regressions were based on basal area obtained 

from 10- x 10-m plots centered on the 50- x 50- x 100-cm pits where 

root biomass was sampled. The correlation coefficient ranged from 0.50 

to 0.90, and the coefficients o f  variations were 8.47% to 35.41% 

(Table 5.5). The regressions for surface root mat and the first 10 cm 

account for 50 to 63% of the variation with the coefficient of  

variation at 17.95% and 35.41%, respectively. 

Other allometric regressions were used to predict belowground root 

biomass between 10- and 70-cm depth. These models have similar slopes, 
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Table 5.5 

Regression equations used f o p  c a l c u l a t i n g  
belawground root  biomass. 

X Y Equat ions r2 C V ( % )  

- B ~ ( 1 )  ( s u r f a c e )  I n  Y = -2 ,516 + 1.375 I n  x 0.50 

B P(2) (10 cm) I n  Y = -1.802 $. 1.431 I n  X Ob63 

B V ( 3 )  (20 cm) I n  Y = -2.695 + 1.852 I n  X 0.89 

B Q(4) (30 cm) In Y = -2.642 + 1.863 I n  X 0.90 

E V ( 5 )  (40 cm) I n  Y = -2.518 f 1.839 I n  X 0.89 

b g(6) (50 cm) I n  Y 2.422 + 1.813 In X 0.88 

a(7) (60 cm) I n  Y = -2.354 f 1.80 I n  X 0.88 

IT a(8) (70 cm) l n  Y = -2.343 -+ 1.80 I n  X 0.88 

35-41 

17.95 

9.15 

8.47 

8.67 

8.66 

8.74 

8.76 

Ti = mean basa l  area ( f o u r ,  OeOl-ha, p l o t s  for s i x  s tands ) .  

= mean belowground r o o t  biomass, four p i t s  per- stand, 
samples Prom su r face  t o  70 cm depth (shown i n  parentheses) .  

C V  = c o e f f i c i e n t  o f  v a r i a t i o n .  

A l l  regressions are  s t a t i s t i c a l l y  s i g n i f i c a n t  
( P  < 0.01). 
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low c o e f f i c i e n t s  o f  v a r i a t i o n  (8.47% t o  9.15%), and a c o e f f i c i e n t  o f  

d e t e r m i n a t i o n  f rom 0.88 t o  0.90. 

Root biomass va lues ob ta ined  i n  t h e  f i e l d  v a r i e d  f rom 6.88 t o  

38.66 t / h a  f o r  an l l - y e a r - o l d  and an MTF stand, r e s p e c t i v e l y  

i l ao l e  5.6). k success ional  stand, 60 yea rs  o ld ,  had t h e  h i g h e s t  

value, 42.01 t / h a  (Tab le  5.6). 

F o r  f i v e  o f  t h e  s i x  stands where d a t a  were c o l l e c t e d ,  t h e  

r e g r e s s i o n  equa t ions  overest imated t o t a l  r o o t  biomass by 13 t o  39%; one 

stand, VI, was underest imated by 27%. E s t i m a t i o n s  by t h e  r e g r e s s i o n  

models t o  a 70-cm depth v a r i e d  froin 7.45 t o  64.50 t i h a ,  f o r  a 

9 -yea r -o ld  s tand and MTF, r e s p e c t i v e l y  (Tab le  5.6). A t  t h e  surface, 

t h e  va lues ranged f r o m  2.23 t o  11.55 t /ha,  Root biomass decreased w i t h  

depth except f o r  t h e  MTF stands which had t h e  g r e a t e s t  va lues a t  t h e i r  

10- t o  20-cm depths.  

The p r o p o r t i o n  o f  t o t a l  r o o t  bicmass t o  a 30-cm depth ranged f r o m  

86 t o  78% f o r  10- and 20-year-old stands, 93 and 94% f o r  30- to 

80-year-o ld  stands, and 85% f o r  MTF (Tab le  5.7). The r a t i o  o f  

belowground r o o t  biomass t o  aboveground biomass showed some 

v a r i a b i l i t y ,  r a n g i n g  f rom 0.14 t o  0.25 (Tab le  5.6). There i s  no 

apparent t r e n d  o f  belowground t o  aboveground biomass between 

success ional  stages and MTF. 

Root biomass was d i v i d e d  i n t o  d iameter  c lasses  (< 1, 1 t o  c 3, 

3 t o  < 6, 6 t o  < 10, 10 t o  < 20, 20 t o  < 40 and > 40 mm) 

(Tab le  5.7). F i n e  r o o t s  ( <  1 mm) were concen t ra ted  on t h e  surface o f  

s o i l  and decreased w i t h  depth. The p r o p o r t i o n  of r o o t s g  c 6 mm 

d iameter  between t h e  su r face  and t h e  30-cm depth, v a r i e d  between 18 and 

- 



Table 5.6 

(values in parentheses indicate actual field data). 
Estimated belowground root biomass for successional stands and mature forests 

Mean belowground root biclmass (t/ha) 
Be lowground 

root biomass/ 
Surface to aboveground 

Years 
since 

Stand disturbance Surface ( 1 )  0-10 cm (2) 10-20 cm (3) 20-30 cm (4) 70 cm (5) biomass 

I 
I 1  

111 
I V  

V 
V I  

V I 1  
V I 1 1  

I X  
X 

X i  
X I 1  

X I 1 1  
X I V  

X V  

X V I  
X V I I  

X V I  I I 
X I X  

xx 
X X i  

X X I I  
X X I I I  

9 
1 1  
12 
14 

20 
20 
20 
20 

30 
35 
35 
40 

60 
60 
60 

8U 
80 
80 
80 

MTF 
MTF 
MTF 
MTF 

2.23 
2.32 (2.45) 
4.07 
2.21 

4.13 
3.17 (2.86) 
3.99 
4.52 

2.37 
4.83 (3.88) 
4.Y9 
6.00 

4.19 
9.09 (16.64) 
6.65 

5.78 
7.32 
6.35 
6.09 (4.18) 

8.85 (4.77) 
10.98 
11.23 
11.55 

2.98 0.69 0.50 7.45 0.17 
3.12 (1.99) 0.80 (0.89) 0.53 (0.54) 7.88 (6.88) 0.15 
5.69 3.53 1.18 16.42 0.20 
2.98 0.68 0.50 

5.78 3.64 
4.36 (6.03) 1.98 
5.57 3.38 
6.37 4.43 

8.92 

5.87 
13.41 
9.62 

8.28 
10.66 
9.15 

3.20 0.86 
6.83 (5.71) 5.08 
/.01 5.43 

7.81 

3.76 
14.45) 16.68 

9.49 

7.26 
11.33 
8.68 

1.22 

1.15 
1.39 

0.56 

1 .bO 
2.09 

2.37) 0.83 (1.13) 

5.03) 1.53 (0.89) 

1.24 

2.42 
5.60) 3.80 (2.21) 

1.98 
2.78 
2.26 

7.40 

16.75 
11.8b (15.1b) 
16.02 
18.88 

8.11 
20.59 (16.75) 
21.49 
27.36 

17.07 
47.09 (42.01) 
31.30 

26.03 
35.50 
29.43 

0.14 

0.20 
0.19 
0.25 
0.19 

0.15 
0.19 
U.ZO 
0.17 

0.15 
0.24 
0.23 

0.19 
0.20 
0.2u 

8.75 (7.64) 8.03 (3.39) 2.14 (0.99) 27.89 (17.19) 0.20 

13.04 (7.89) 15.92 (15.62) 3.64 (4.42) 45.48 (38.66) 0.20 
16.42 23.18 4.98 6G.38 0.23 
16.83 24.08 4.90 62.20 0.24 
17.33 25.24 5.36 64.50 0.24 

(1) Estimated by equation q(1) (Table 5.5). 

(2) Estimated by equation r(2)-V(l) (Table 5.5). 

(3) Estimated by equation j(3)-2(2) (Table 5.5). 

(4) Estimated by equation P(4)-E(3) (Table 5.5). 

(5) Estimated by equation V ( 8 )  (Table 5.5). 
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62% of the total root biomass, with the highest values in stand V I .  

The percent of root biomass > 20 mm varied from 0 to 59% of the total 

with the lowest values for 9- and 20-year-old stands and the highest 

for 60-year-old and MTF stands. 

Mean Biomass by Age Class 

The mean aboveground living biomass for the s i x  age groups ranged 

from 58 (S.E. = 8.21) t o  255 (S.E. = 10.79) t/ha (Table 5.8). 

Successional stands, 10 to 80 years old, had 23 to 59% of the 

aboveground biomass of MTF. The mean aboveground biomass o f  mature 

forests was significantly greater ( P  - < 0.05) than those found in the 

successional stands (Table 5.8). Among successional stands, 

significant differences occurred between 60- to 80-year-old stands and 

10- to 20-year-old stands. 

The mean belowground root biomass varied from 10 (S.E. = 2.21) to 

58 (S.E. = 4.30) t/ha (Table 5.8). Successional stands had 17 to 55% 

of the belowground biomass when compared with MTF. The mean 

aboveground dead biomass for 10-year-old stands to MTF had 18 (S.E. = 

6.04) to 23 (S.E. = 10.20) t/ha wit9 low values o f  1 and 6 t/ha in 20- 

and 35-year-old stands (Table 5.8). There were no significant 

differences ( P  - < 0.05) in aboveground dead biotnass among MTF and 

successional stands (Table 5.8). 

The sum of total living and dead biomass ranged from 86 

(S.E. = 5.30) to 336 (S.E. = 21) t / ha  for 10-year-old t o  MTF stands 

(Table 5.8). Total mean biomass for 10- to 80-year-old stands 

corresponded to 26 and 62% for that o f  an MTF. There were significant 

differences (P - 0.05) among successional stands and MTF. There were 
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Table 5.8 

Biomass changes through time. Numbers are means w i t h  one standard 
error, n = 4, except age class 60 with n = 3 ,  Statistics were 

calculated using one way ANvVH and Duncan's multiple range 

(in parentheses) were not significantly 
different at the P 5 0.05 level. 

test. Means aesignated with t h e  same letter 

Years since Mean biomass % o f  MTF 
Biomass type disturbance (t/ha) S,E.  biomass 

Aboveground 10 57.99 ( D )  8.21 22.74 
20 76.56 ( C D )  8.55 30.02 
35 107.63 ( B C )  21.56 42 e 20 

80 149.45 ( B )  9.62 58.60 
60 150.49 (B) 24.27 59-01 

200 255.02 ( A )  10.79 100 .oo 

Belowground* 10 9.78 ( D )  2.21 16.82 
20 15.87 ( D )  1.47 27.30 

50 31.82 ( 6 )  8.66 51.10 
35 19.38 (CD)  4,04 33.33 

80 29.71 (BC) 2.05 54.73 
200 58.14 ( A )  4.30 100.00 

Total living 10 67.77 ( 0 )  10.36 21 "64 
20 92.43 ( C D )  9.83 29.52 
35 127.01 ( B C )  25.52 40.56 
69 182.31 ( B )  32.76 58.22 
80 179.16 ( 6 )  11.65 57.21 
200 313.16 ( A )  15.09 100.OO 

Aboveground dead 10 17.89 ( A )  6.043 

35 6.06 ( A )  1.828 
60 23.10 ( A )  10.196 
80 16,49 ( A )  7.990 

20 1.05 ( A )  0.202 

200 22.73 ( A )  10.221 

To t  a1 b i oinass 10 85.66 (C) 5.29 25.50 
20 93.48 (C) 9.72 27.83 
35 133.07 ( C )  24.86 39.62 
60 205.41 ( 6 )  23.56 61.15 
80 195.65 ( B )  11.72 58.25 
200 335.89 (A) 20" 99 100.00 

~ 

*Koot biomass i s  estimated from regression equations. 
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a l s o  d i f f e r e n c e s  between 60- t o  80-year-o ld  s tands and 10- t o  

20-year-o ld  stands. 

The p r o p o r t i o n  o f  t o t a l  biomass rep resen ted  by  aboveground l i v i n g  

biomass ranged f rom 53.17 t o  83.0804. The percentage o f  belowground and 

dead f r o m  t o t a l  biomass v a r i e d  f r o m  9 - 0 2  t o  19.85% and f rom 0.69 t o  

37.81%, r e s p e c t i v e l y .  

DISCUSSION 

The r e s u l t s  f o r  s tand ing  biomass were ob ta ined  u s i n g  a l l o m e t r i c  

r e g r e s s i o n s  s p e c i f i c  t o  s i z e  c l a s s  and based on dbh, he igh t ,  and 

species-wood d e n s i t y .  Biomass f o r  whole t rees ,  stems, and branches was 

ove res t ima ted  by  10 t o  19% f r o m  t h e  va lue  o b t a i n e d  i n  t h e  f i e l d  when a 

s i n g l e  r e g r e s s i o n  was used f o r  a l l  s i z e  c lasses.  However, t h e  e s t i m a t e  

o f  t o t a l  biomass was w i t h i n  4% when t r e e s  were grouped i n t o  t h r e e  dbh 

c a t e g o r i e s .  Twig and l e a f  biomass was underest imated by 13 and 17%, 

when t h e  genera l  r e g r e s s i o n  was used; t h e  r e g r e s s i o n  f o r  t r e e s  5 t o  

20 cm dbh underest imated these  components by 19 and 1377, r e s p e c t i v e l y  

(Tab le  5.2, page 87).  Leaves and branches were ove res t ima ted  by 2 and 

1 %., r e s p e c t i v e l y ,  when a r e g r e s s i o n  f o r  t r e e s  g r e a t e r  t han  20 cm dbh 

was used. 

ldiomass e s t i m a t i o n s  by who1 e - p l o t - h a r v e s t  i n g  produced h i g h  

v a r i a b i l i t y ,  sugges t ing  t h a t  seve ra l  r e p l i c a t e  p l o t s  should be 

ha rves ted  (UNESCU 1978). Howeve?, biomass es t ima tes  f r o m  harvested 

p l o t s  a re  f r e q u e n t l y  used t o  assess t h e  amount o f  biomass on 

success ional  stands (Brown 1980, Lug0 and Brown 1982). Biomass 

v a r i a b i l i t y  by  h a r v e s t i n g  whole p l o t s  has been c a l c u l a t e d  f o r  many 

s t u d i e s .  I n  Panama, G o l l e y  e t  a l .  (1976) assessed t h e  biomass o f  a 
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4-year-old successional stand by harvesting three, 3-  x 341, plots. 

The mean biomass was 4940 g/m2 and the standard error was 7110. 

Similarly high variability was found in Thailand by Ogawa et (11. (1965) 

who examined the variation of biomass by clear-felling four, 10- x 

lO-m, plots. The mean and standard error for stems and branches 

together were 3.95 t/ha and 3.28, respectively. A fundamental problem 

of whole-plot-harvesting is determining the number o f  plats required to 

sample forest biomass adequately. For example, Hozumi et al. (1969) 

estimated that over 300, 2- x 2 4 ,  plots would be b-equired far 

estimating biomass at the 95% confidence level. In the present study, 

regressions for biomass o f  the whole tree and tree components using 

diameter, height, and wood density as independent variables allowed the 

estimation o f  biomass. 

There were differences as high as I + 48% in aboveground biomass 

values between plots of different sizes (0.03 and 0.25 ha) within the 

same stand (Table 5.3, page 88). Similar results appeared in other 

rain forest studies where regressions were used. Ogawa et al. (1965) 

reported differences as much as 20% among biomass values on several 

plots of the same size in Thailand. Folster et al. (1976) presented 

differences of 53% among mature forest stands in Colombia. Biomass 

differences reflect variability in the forests related to the size of 

plots sampled and the sampling method. These differences can also be 

attributed to the variability in so i l s ,  species composition, 

microrelief, and disturbances. 

Wood density values for the species in the URN vary from 0.26 t o  

The weighted mean for wood density based on 0.80 g/cin3 dry weight. 
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biomass contribution of the speczes per stand for all trees > 1 cm 

varied from 0.50 g/cm3 for the 10-year-old stands to 0.67 y/cm3 for 

the MTF (Chapter 2). These wood density values are close to the range 

reported by Chudnoff (1980) o f  0.57 to 0.62 g/cm3 for other tropical 

forests. Omitting wood density as an independent variable in the 

biomass regression equation will result in differences in the estimated 

values of biomass. Early successional forests, dominated by 

fast-growing species with low wood density, have relatively high stand 

volumes but may show low biomass values when wood density i s  considered. 

Biomass of crown components has been estimated by allometric 

regressions based on stem diameter and total tree height (Kira 1978, 

Ogawa et al. 1965, Jordan and Uhl 1978, Folster et al. 1976). The 

estimation of crown biomass as a function o f  dbh and height has low 

reliability (Whittaker and Woodwell 1968, UNESCO 1978, Madgwick and 

Krek 1980). A reason for this discrepancy i s  that dbh and height 

increase during the life o f  the tree, whereas leaf and branch biomass 

fluctuates from year to year according to the position of the tree in 

the forest. Several a1 lometric regressions were tried, but the biomass 

estimates were not included in the total biomass results because crown 

dimensions (area and volume of the crown) were not recorded for all 

trees. The addition of crown cross-sectional area o r  volume as an 
2 independent variable gave the best results with an increase in the r 

value from 0.47 to 0.82. 

Mean leaf biomass reached a value of 6.88 (S.E. = 0.35) t/ha in 

10-year-old stands. Leaf weight shows little variation, remaining 

relatively constant among successional stands and attaining a mean 
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v a l u e  o f  9.78 (S.E. = 0.43) t / h a  i n  MTF. Sim-ilar r e s u l t s  were r e p o r t e d  

i n  o t h e r  t r o p i c a l  r a i n  f o r e s t s  w i t h  va lues between 7 and 10 t / h a  

( A u b r e v i l l e  1938, Ogawa e t  a l ,  1965, G o l l e y  e t  a l .  1969, K l i n g e  e t  a l a  

1975). A p o s s i b l e  e x p l a n a t i o n  Fo r  t h e  sma l l  v a r i a t i o n  i n  l e a f  biomass 

aetdeen success ional  stages and MTF i s  made by Monsi and Saeki (1953) 

who suggest t h a t  l e a f  amounts i n  a p l a n t  community a re  l a r g e l y  

determined by i n c i d e n t  l i g h t  i n t e n s i t y  and e f f i c i e n c y  o f  l i g h t  

e x t i n c t i o n .  The r e l a t i v e  p r o p o r t i o n  o f  l e a f  and t w i g  biomass was h i g h  

i n  t h e  e a r l y  s tages o f  succession, d e c l i n i n g  toward t h e  mature f o r e s t ,  

T h i s  i n d i c a t e s  t h a t  f o l i a g e  remains r e l a t i v e l y  c o n s t a n t  i n  r e l a t i o n  t o  

t o t a l  aboveground biomass. 

C a l c u l a t e d  branch biomass was h i g h e r  than  stern biomass f o r  seve ra l  

s tands between 40 and 80 yea rs  o l d .  I n  these  stands, canopy t r e e s  grow 

w i t h o u t  c o i n p e t i t i o n  f o r  space, t hus  deve lop ing  l a r g e  crowns. T h i s  i s  

e s p e c i a l l y  t r u e  f o r  t r e e s  w i t h  seve ra l  sp rou ts .  The o p p o s i t e  occured 

i n  t h e  mature forests  where t h e  t r e e s  compete t o  reach t h e  canopy and 

develop r e l a t i v e l y  smal l  crown biomass cornpared t o  b o l e  biomass. The 

r e l a t i v e  p r o p o r t i o n  o f  branch t o  t o t a l  aboveground biomass i n  t h e  MTF 

v a r i e d  between 25.79 t o  28.27% and 70 t o  85 t / h a  (Tab le  5.4, page 9 2 ) .  

These va lues a re  h i g h e r  than  those r e p o r t e d  i n  Colombia (14% and 

23.6 t l h a ;  F o l s t e r  e t  a l ,  1976) and s i m i l a r  t o  those  f rom B r a z i l  (20% 

and 101 t / ha ;  K l i n g e  e t  a l .  1975). Stem biomass va lues i n  MTF ranged 

f rom 106.95 t o  144.79 t i h a ,  r e p r e s e n t i n g  low v a l u e r  compared t o  o t h e r  

t r o p i c a l  r a i n  f o r e s t s  (134 t o  360 t / ha ;  A u b r e v i l l e  1938, Ogawa e t  a l .  

1965, K l i n g e  e t  a l a  1975, F o l s t e r  e t  a l .  1976). 
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The mean t o t a l  aboveground and belowground l i v i n g  biomass f o r  t h e  

f o u r  MTF i s  313 t / h a  (Table 5.8) and i s  s i m i l a r  t o  t h e  va lue  o f  

309 t / h a  r e p o r t e d  by Uhl and Jcrdan (1984) f o r  San Carlos.  Other  

s t u d i e s  concern ing l i v i n g  biomass of t r o p i c a l  f o r e s t s  around t h e  w o r l d  

r e p o r t  b o t h  h i g h e r  and lower  va lues compared t o  those found i n  t h i s  

study. G o l l e y  e t  a l .  (1969) es t imated  biomass f r o m  284.13 t o  

380.23 t / h a  f o r  a t r o p i c a l  m o i s t  f o r e s t  i n  Panama. Ogawa e t  a l .  (1961, 

1965) showed va lues from 200 t o  350 t / h a  f o r  t h e  nor thwest  h igh lands  

f o r e s t  and 326 t o  404 t / h a  f o r  a f o r e s t  i n  t h e  reserve  o f  Khao Chong. 

However, i n  t h e  Pasoh f o r e s t  o f  Malaysia,  Kat0 e t  a l .  (1974, c i t e d  i n  

Jordan and Uhl 1978) est imated values o f  475 and 664 t / h a  f o r  two 

p l o t s .  K l i n g e  e t  a l .  (1975) r e p o r t e d  989.9 t / h a  ( f r e s h  weight  

450 t / h a  d r y  we igh t )  near Manaus, B r a z i l ,  w h i l e  i n  t h e  Magdalena 

Val ley,  Colombia, F o l s t e r  e t  a l .  (1976) r e p o r t e d  aboveground biomass 

f o r  t h r e e  p l o t s  between 171.89 and 325.81 t /ha .  Extens ive s t u d i e s  

across t h e  Amazon b a s i n  a long t r a n s e c t s  c o v e r i n g  an area o f  15.05 ha 

i n d i c a t e d  t h a t  approx imate ly  50% o f  t h e  area surveyed had aboveground 

biomass va lues l e s s  than 200 t o  220 t / h a  (Brown 1980). 

The d a t a  on aboveground dead biomass b y  age ca tegory  i n d i c a t e  

t h a t :  ( 1 )  a mean of 17.89 t / h a  (S.E. = 6.04, Table 5.8) f ro in t h e  

former f o r e s t  s t i l l  remains on f a l l o w s  10 years  a f t e r  abandonment; 

( 2 )  t h e  mean d e c l i n e s  t o  a va lue  o f  about 1.05 t / h a  (S.E. = 0.20) on 

20-year-old stands; (3 )  an increase begins a t  20 years  and reaches 

23.10 t / h a  (S.E. = 10.19) i n  60-year-old stands; ( 4 )  a f t e r  60 years  t h e  

va lue  v a r i e s ;  and ( 5 )  t h e  occurrence of s t o c h a s t i c  events, such as 

storms, may t o p p l e  l a r g e  t rees ,  t h u s  adding l a r g e  amounts of p r e v i o u s l y  
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living biomass to t h e  dead biomass compartment. Examples of large 

amounts o f  aboveground dead biomass with values between 32.49 and 

53.03 t/ha were found in URN in QO-year-old successional stands and MPF 

(‘Table 5 . 3 ,  page 88). 

Some studies show h i g h  values o f  dead blomass for tropical 

successional sites; 17.40 and 71.96 t/ha In 18 and 50 year secondary 

forest in Yangambi, Belgian Congo, and Kade forest ,  Ghana, respectively 

(Bartholomew et al. 1953, Greenland and Kowal 1960). Other workers 

report lower values. F o r  example, Golley et al, (1969) estimated 

14.64 t/ha in a Panatnanian forest, Klinge et al. (1975) reported 

25.8 t/ha for a forest in Central Amazonia, Jordan and Uhl (1978) 

reported values ranging from 1.83 to 8.31 t/ha for four MTF in the 

San Carlos area. 

Total belowground root biomassp to a depth of 70 cm, was greater 

in MTF than in successional stands. The mean belawground root biomass 

ranged fram 9.7% to 29.71 t/ha for 10- and 80-year-old stands, 

respectively, and 58.14 t/ha for MTF (Table 5.8, page 106). 

Belowqround biomass for stand XI11 was probably underestimated by the 

regression because UT the low basal area values for the 0.03-ha p l o t s .  

These low basal area estimates are the result o f  recent tree Pa 

if the basal area o f  the 0.25-ha plot is considered its root 

would be 30 to 40 t/ha instead of 17 t / h a .  

A mean root biomass o f  58.14 t/ha is shown for the f 

(Table 5.8, page 106). This value i s  greater than the range of 

32.80 t/ha reported for other tropical forests (Santantonio 

Is, and 

b i amas s 

lur MTF 

0.40 to 

e t  a l .  

1977). However, this value i s  close to that of 56 t/ha reported by 
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Stark  and S p r a t t  (1977) f o r  an MTF f o r e s t  p l o t  near San Carlos. The 

r o o t  biomass values f o r  successioncl s i t e s  i n  the  URN are low compared 

t o  those f o r  e l  Gran Pajonal, Peru, where Sco t t  (1977) showed 45.0, 

59.8, 84.6 t / ha  f o r  10- 17- and 32- t o  37-year-old stands, respec t i ve l y .  

I n  a l l  URN stands, f i n e  r o o t s  were concentrated i n  the  upper 10-cm 

l a y e r  and decreased w i t h  depth. The p r o p o r t i o n  o f  t o t a l  f i n e  r o o t s  

found t o  a 30-cm depth was h igher  f o r  a l l  successional stands than f o r  

t h e  MTF, w h i l e  t h e  biomass o f  l a r g e  diameter r o o t s  was g rea ter  i n  

stands o l d e r  than 40 years. To ta l  f i n e  r o o t  biomass t o  a depth o f  

30 cm i n  successional stands ranged from 56% t o  83% o f  t h a t  f o r  a 

mature f o r e s t .  The except ion was stand X ,  which was 19% greater .  F ine 

r o o t  biomass, t o  a depth of 70 cm, was between 49 and 95% of t h a t  f o r  a 

mature f o r e s t .  Temperate s tud ies  have repor ted  decreasing amounts o f  

f i n s  roo ts  w i t h  s o i l  depth (Fogel and Hunt 1979, McQueen 1968, 1973). 

These r e s u l t s  i n d i c a t e  t h a t  i n  an environment poor i n  n u t r i e n t s ,  t he  

f i n e  r o o t s  n o t  on l y  cover t h e  f i r s t  30 cm of s o i l  i n  e a r l y  stages of 

succession, b u t  they  cont inue pene t ra t i ng  t o  deeper 1 ayers and 

developing an extens ive system t h a t  prov ides n u t r i e n t s  t o  t rees .  

Large r o o t s  (diameter > 40 mm) were absent i n  t-he f i r s t  40 years 

o f  succession. I n  o l d e r  stands, they represent  between 9 and 5oX o f  

t o t a l  belowground biomass t o  a 30-cm depth i n  t h e  s o i l .  The p ropor t i on  

o f  t o t a l  belowground r o o t  biomass i n  the upper 30 cm ranged f rom 78 t o  

94% (Table 5.7, page 104). Th is  shal low system renders the  f o r e s t  more 

suscept ib le  t o  wind and storm e f fec ts .  

Aboveground l i v i n g  biomass i n  t h e  URN accumulated a t  a slower r a t e  

i n  some successional stands than i n  o ther  t r o p i c a l  r a i n  fo res ts .  
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Table 5.8, page 106, shows t h e  mean t o t a l  l i v i n g  biomass w i t h  va lues of  

07.77 t / h a  (S.E. = 10.36), 121.01 t / h a  (S.E. = 25.52) and 179.16 t / h a  

(S.E. = 11.65) f o r  10- 35- and 80-year-o ld  success ional  stands, 

r e s p e c t i v e l y .  These va lues a re  e q u i v a l e n t  t o  2 2 ,  41 and 57%, 

r c s n e c t i v e l y ,  o f  t o t a l  aboveground l i v i n g  biomass of an MPF. 

Studies o f  aboveground biomass recove ry  on abandoned t r o p i c a l  

f a l l o w s  have est imated t h a t  30 t u  40 y e a r s  are r e q u i r e d  t o  a t t a i n  a 

biomass e q u i v a l e n t  t o  t h a t  o f  a mature f o r e s t  (Snedaker 1970, Lug0 e t  

a! 1974, S c o t t  1977). The p resen t  s tudy i n d i c a t e s  a l onger  t i m e  i s  

r e q u i r e d  f o r  a s tand t o  a t t a i n  biomass va lues o f  a mature f o r e s t .  One 

reason f o r  th i s  d i f f e r e n c e  i s  t h a t  t h e  URN r e g i o n  s o i l s  a re  poor  i n  

n u t r i e n t s  compared t o  those i n  inany o t h e r  t r o p i c a l  areas. Comparisons 

between n u t r i e n t s  i n  so i l s  f rom URN and Costa R i c a  show 10- t o  130 - fo ld  

d i f f e r e n c e s  i n  a v a i l a b l e  c a t i o n s  (K,  Ca, Mg), and f o u r  t o  f i v e  t imes  

more carbon and t o t a l  n i t r o g e n  (Hardy 1961, c i t e d  by  Harcombe 1977, U t i 1  

and Jordan 1984). Also, evidence f rom t h i s  s tudy  i n d i c a t e s  t h a t  some 

methods desc r ibed  i n  t h e  l i t e r a t u r e ,  f o r  e s t i m a t i n g  biomass values, a r e  

b iased  toward a s h o r t e r  t i m e  r e q u i r e d  f o r  biomass accumulat ion.  Fo r  

exariiple, d a t a  f r o m  fallows l e s s  than  10 yea rs  o l d  were f i t t e d  t o  a 

r e g r e s s i o n  equa t ion  t o  determine recove ry  t i m e  (Snedaker 1970); bioiiiass 

e s t i m a t i o n s  were based on o n l y  14 t r e e s  w i t h  smal l  dbh s i z e s  ( 2  t o  

10 cm) and heavy weights  ( i .e. ,  a t r e e  10 cm dbh weights  200 kg d r y  

we igh t )  ( S c o t t  1977); biomass va lues were ob ta ined  by h a r v e s t i n g  fewer  

than  t h r e e  p l o t s ,  producing a r e l a t i v e l y  h i g h  biorriass va lue  

(Bartholomew e t  a1 (. 1953, Greenland and Kowal 1960); age-biomass 
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correlations included data suggesting biomass overestimations were used 

(Lug0 et al. 1974). 

This study is based on a chronosequence of stands of different 

ages that have been used in slash-and-burn agriculture. The time of 

abandonment of the farms imposed an even-aged condition that allowed 

temporal ordering of the studied stands. Biomass accumulation occurs 

in the following way. The first stage is equivalent t o  the 

"reorganization" phase o f  Bormann and Likens (1981); a rapid cover of  

the site by forest vegetation, herbs, and grasses. Living aboveground 

biomass increases from 9.64 t/ha at 1 to 2 years (Uhl et al. 1981) to 

57.99 t/ka (S.E. = 8.21) (Table 5.8, page 106) at 9 t o  14 years. 

Individual trees can reach 20 cm dbh, 13 t o  16 m height, and 70 kg dry 

weight during this period. Dead biomass declines from 97 t/ha (S.E. = 

10.4) at 3 to 4 years to 17.89 t/hn (S.E. = 6.04) (Table 5.8, page 106) 

at 9 to 14 years. Trunks from the previous forests account for more 

than 95% of the dead biomass. In the first 5 years, dead biomass was 

greater than the net accumulation cf living biomass. 

The second successional stacje corresponds to the "aggradation" 

phase of Bormann and Likens (1981). It occurs on fallows abandoned for 

15 to 80 years. Canopy dominants in the best sites may reach 90 cm 

dbh, 30 m height, and dry weight. up to 4 tons. Aboveground living 

biomass averaged 7Q8 t/ha (S.E. =: 21.56) and 149 t/ha (S.E. = 9.62) 

(Table 5.8, page 106) in 35- and 80-year-old stands, respectively. 

During this phase, dead biomass showed high variability with the lowest 

value, 1.05 t/ha (S.E. = 0.20), at 20 years. After this, dead biomass 

increased t o  a peak; 23 t/ha (S.E. = 10.19) at 60 years and remained 
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r e l a t i v e l y  cons tan t  u n t i l  80 years,  T r e e - f a l l  gaps beg in  t o  appear a t  
2 20 yea rs  f o r m i n g  openings o f  100 m on stands 20 t o  40 yea rs  o l d .  I n  

stands 60 t o  SO yea rs  o l d ,  t r e e  f a l l s  a r e  t h e  r e s u l t  o f  windthrow and 

t h e  senescene o f  spec ies o f  secondary s tages t h a t  a re  canopy dominants 

such as Aicornea spp,, and Vochysia sp.  The end o f  t he  "aggradat ion"  

phase may occur  between 60 t o  80 yea rs  acco rd ing  t o  t h e  f o l l o w i n g  

c h a r a c t e r i s t i c s :  spec ies d i v e r s i t y  a t t a i n s  t h e  h i g h e s t  d i v e r s i t y  v a l u e  

(Chapter 4) a t  t h i s  age, f o r e s t  s t r u c t u r e  begins t o  resemble mature 

f o r e s t  (Chapter 4 ) ,  and aboveground l i v i n g  biomass i s  50 t o  60% o f  t h e  

va lue  reached f o r  an MTF. 

The t h i r d  s tage i s  c a l l e d  "s teady s t a t e "  of Bormann and L ikens 

(1981). Mature f o r e s t s  a re  composed o f  t h e  l a r g e s t  t r e e s ,  60 t o  220 cm 

dbh, 30 t o  40 m t a l l ,  w i t h  d r y  weights  o f  i n d i v i d u a l  t r e e s  approaching 

11 tons. These t r e e s  rep resen t  l e s s  than  1% o f  t h e  number o f  sterns 

- > 1 cm dbh. T h e i r  basal  area ranges f r o m  4 t o  13 111 /ha ( 1 0  t o  35% 

o f  t o t a l  basal  area of t h e  s tand)  (Chapter 41, and t h e i r  aboveground 

biomass v a r i e s  from 50 t o  103 t / h a  ( 2 2  t o  38% o f  t h e  t o t a l  biomass o f  

t h e  s tand) .  Dead aboveground biomass shows h i g h  v a r i a b i l i t y  among 

d i f f e r e n t  s i z e  p l o t s  r a n g i n g  f r o m  8 t o  53 t / h a  (Tab le  5.3, page 8 8 ) .  

2 

I n  a d d i t i o n  t o  senescence, suppression, disease, and damage by 

animals, wind and f i r e  have n o t  been considered impor tan t  agents i n  t h e  

dynamics o f  spec es composi t ion,  s t r u c t u r e ,  and biomass o f  Amazonian 

f o r e s t s .  Uhl ( 982b) ment ions an example o f  sma l l - sca le  damage by  

e p i s o d i c  wind storms i n  t h e  URN f o r e s t s .  Ka te  C la rk  (1984) found 

12 gaps r a n g i n g  f r o m  9.4 t o  1.0 ha t h a t  were formed d u r i n g  a s torm i n  

1983, and Sandford e t  a l .  (1985) documents t h e  presence o f  f i r e  i n  t h i s  
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area  i n  t h e  past.  Other evidence such as a reversed J-shaped curve  f o r  

stem dens i ty ,  i.e., v e r y  low numbers o f  l a r g e  t r e e s  (Chapter 4), and 

m i s s i n g  biomass va lues f o r  large i -  dbh c a t e g o r i e s  ( F i g u r e  6.5, B.6) 

suggest t h a t  f o r e s t  d is tu rbance occurs r e g u l a r l y  and s e v e r e l y  i n  t h e  

s tudy  reg ion .  Komarek (1964) r e p o r t s  60 t o  200 thunderstorm days p e r  

year  f o r  t h e  Amazon Basin i n c l u d i n g  t h e  URN reg ion .  Nevertheless,  i t  

i s  p o s s i b l e  t h a t  winds a r e  n o t  s t r o n g  enough t o  d e s t r o y  l a r g e  f o r e s t  

areas as h u r r i c a n e s  o r  cyc lones do i n  o t h e r  p a r t s  of t h e  wor ld .  

However, wind f requency over long p e r i o d s  of t i m e  may t rans form t h e  

mature f o r e s t s  t o  success ional  stands. 

The t i e r r a  f i r m e  f o r e s t s  o f  t h e  URN appear s t a b l e  and und is tu rbed 

t o  human p e r c e p t i o n  because o f  s ize ,  s t r u c t u r e ,  and l u x u r i o u s  

vegeta t ion .  I n  r e a l i t y ,  t h i s  f o r e s t  i s  a mosaic of stands of d i f f e r e n t  

ages and growth r a t e s  r e s u l t i n g  from n a t u r a l  and anthropogenic 

d is tu rbances .  Observed changes i n  l i v i n g  aboveground biomass 

accumulat ion d u r i n g  succession i n  t h e  URN cannot be e x p l a i n e d  c l e a r l y  

i n  terms o f  t h e  l o g i s t i c  model o f f e r e d  b y  Odum (1969), t h e  s h i f t i n g  

mosaic model showed by Bormann and L.ikens (1981), o r  t h e  t i m e  l a g  model 

presented by Peet (1981). A f t e r  t h e  a g r i c u l t u r a l  f i e l d  i s  abandoned, 

aboveground biomass accumulates s t e a d i l y  t o  a p l a t e a u  a t  60 t o  80 

years.  A t  t h i s  t i m e  a p e r i o d  o f  d i s r u p t i o n  and replacement occurs when 

canopy-dominant secondary species beg in  dying. These species a r e  

rep laced by o t h e r s  f r o m  mature stages. The r a t e  of replacement depends 

on t h e  species camposi t ion.  Major  changes occur  when many dominant 

t r e e s  senesce a t  t h e  same t ime, g i v i n g  an opening t o  species found a t  

e a r l i e r  stages of succession. Replacement of canopy dominants i n  
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stands w i t h  species o f  d i f f e r e n t  ages w l l l  occur  w l t h o u t  mador 

d i s r u p t i o n  of s t r u c t u r e  and bloomass o f  t h e  f o r e s t .  T h i s  t y p e  of forest  

w i  11 p robab ly  c o n t i n u e  accumulat ing biomass toward mature f o r e s t  I 

With t h e  mature f o r e s t ,  l i v i n g  aboveground biomass reaches tire 

~rlrgest  values w i t h  d l f f e r e n c e s  i n  biomass values arnang s tands 

utpending on the  productivity o f  t h e  site, t i m e  o f  t h e  l a s t  

d is turbance,  and s u s c e p t i b i l i t y  o f  the s i t e  t o  wind damage, A 

temporary "steady s tage"  occurs when p r o d u c t i v i t y  I s  equal t o  losses* 

The d u r a t i o n  o f  t h e  "steady stagell  w i l l  depend on n a t u r a l  o r  

af. tnrCgogenic d is turbances.  I f  t h e  l o s s  o f  t r e e s  i n  the stand .Is over 

a short; per iod ,  due t o  f i r e  and windthrow, l i v i n g  biomass w i l l  reduce 

d r a s t i c a l l y  t o  levels o f  success ional  stands 3U t o  40 years o l d  o r  

younger. I f  t h e  r e d u c t i o n  o f  canopy t r e e s  i s  gradual ,  because o f  

senescence, suppression, or compe t i t i on ,  t h e  s tand W S  11 r 

e s s e n t i a l l y  unchanged, 

S LJMMARY 

Changes i n  biomass f rom 10- t o  80-year-o ld  and mature f o r e s t  

s?.ands were s t u d i e d  i n  t h e  t i e r r a  f i rme  f o r e s t s  o f  t h e  Upper- R i o  Negro 

r e g i o n  o f  Colombia and Venezuela. To e s t i m a t e  aboveground biornass i n  

each stand,  r e g r e s s i o n  equations were developed from t r e e s  harvested i n  

t h e  f i e l d  acco rd ing  t o  dbh, he igh t ,  and woad density.  Regressions were 

then a p p l i e d  t o  t h e  d a t a  c o l l e c t e d  i n  each s tand  t o  d e s c r i b e  biomass 

amounts by stand. A s i m i l a r  approach was u t i l i z e d  t o  es t ima te  

aboveground dead and belowground r o o t  biomass . Aboveground biomass 

d i f f e r e n c e s  up t o  48% were found i n  some o f  t h e  stands. The h i g h  

v a r i a b i l i t y  i n  biomass i n  some o f  t h e  stands i s  p r o b a b l y  t h e  r e s u l t  o f  
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natural disturbances such as windthrows that seem to occur frequently 

in this region. 

Biomass of tree components accumulates at different rates. Leaf 

and twig biomass reach maximum values early in succession, remaining 

relatively constant and independent of total aboveground biomass. 

Branch biomass attains maximum values between 40 and 80 years, but high 

variability occurs among these stands. Branch biomass values in MTF 

are close to the largest figures reported for 60- to 80-year-old stands 

and have low variability. Stem biomass increases through time, gaining 

maximum values at MTF. Fifty percent of stem biomass is reached with 

80-year-old stands. 

Aboveground dead biomass still remains high 14 years after 

disturbance of the former forest. The lowest dead biomass is attained 

at 20 years. Dead biomass then increases, reaching the largest value 

at MTF. However, some o f  the stands between 60 and 80 years old also 

attain high values. 

Belowground root biomass was greater in MTF than in successional 

stands. The proportion of root biomass i n  the upper 30 cm accounts for 

78 to 94% of the total. Fine root biomass in successional stands was 

49 to 95% of those at MTF. Large roots were found only in stands older 

than 40 years. 

Aboveground biomass increasss linearly throughout the first 

40 years, but is highly variable depending on frequency of past 

disturbances, intensity of land use, and soil characteristics. No 

significant changes occur for the next 40 years, but small declines 

appear between 60 to 80 years wheq canopy dominants begin dying. The 
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largest abovegrsund blomsnss values are Faund at MTF, but t h e r e  I s  4 l g h  

verdabdlity arnong am! w l t h i n  stands .  T h i s  variability I s  w result of: 

t h e  dlsslmilar ckaractertstics amtausg the s l t e s  and the s t ~ e s s  caused by 

natural d l  sturbanc s. large dead bleirnass values  and numerous t r e e  

fa3  1s l n d l c a t e  increased dynarnlcs a t  mature  s t a g e s .  Under c e r t a l n  

natural condltisns, e,g .  L) simultaneous death of several large treesp 

blmmass o f  an MPF may decreasep appvsachlng values close to t hose  found 

i n  38.. t o  40syear-old stands. Above round living blamass in t h e  U 

accumulates very slewly. Approximately 140 t o  190 years arc requlrsd 

for an abandclned farm t o  attain a biomass value  comparable t o  t h a t  o f  

an MTF. Recovery is flve t o  seven times longer In t h e  URN compared t o  

tropical rain forests I n  other areas. S ~ l l s  low I n  nutrients 

contribute t o  the slow recovery of t h e  forests in t h e  URN. 

In the URN reg ion ,  some patches o f  mature forests declln 

living biomass1 others accumulate blomass as part o f  the  recclve 

process,  and  others rernaln s tab le .  The mature for generally in 

eyullibrium with p e r i o d s  o f  InslabSllty o f  unpredictable duration, 

accordlng to environmental and biological c e n d l t i o n s .  
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CHAP-IEK 6 

CONCLlJS IONS 

This study provides evidence of periodic disturbances in the 

Amazon forests  o f  the Upper Rio Negro region o f  Colombia and 

Venezuela. Charcoal was found in most of the t i e r r a  firine forest  

stands, and ceramic shards were found a t  two of the stands, indicating 

human habitation in the inter ior  of the Amazon forests .  Radiocarbon 

dates of chdrcoal varied from the present t o  6260 years before present, 

a u t  most o f  the dates correspond t o  a period within the l a s t  3000 

years. Thermoluminescence analysis showed ceramic s h a r d  ages t o  be 460 

t o  3750 years old. The presence of  charcoal in the rain forests  of the 

Upper iiio Negro suggests that  t h i s  region has been subjected t o  f i r e  

d u r i n g  extreme d r y  periods and indicates periods of human disturbance 

for  the l a s t  3000 years. 

The research discussed in th i s  dissertation shows that  the 

slash-and-burn regime of the t i e r r a  firme forests  has had a continuing 

influence on the present composition and structure o f  the forest  

vegetation. Species diversity increases significantly during the f i r s t  

80 years o f  forest  succession; the most r a p i d  increase i s  i n  the f i r s t  

10 years. B o t h  successional and mature forest  stands were 

characterized by h i g h  density of sterns i n  smaller size classes; the 

mature forests  show an increased number of  steins i n  the larger s ize  

classes. Analyses of the data collected for  th i s  study show t h a t  

successional development t o  a mature t i e r r a  firme forest  in the Upper 

Kio Negro region i s  slower t h a n  t he  recovery time f o r  forests  in other 



1 2 2  

t r o p i c a l  areas. From 140 t o  200 years a re  required f o r  an abandoned 

a g r i c u l t u r a l  p l o t  t o  approx imate  the basal aooea and biomass o f  a mature 

f a r e r t .  
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'iable A.l 

S c i e n t i f i c  names of t r e e s  found i n  successional and mature f o r e s t  stands. 

Accioa schul tes i i  Maguire 

Aegiphila i n t e g r i f o l i a  (Jacq.) Jacq. 

Alcornea sp. 

Aldina kunhardtiana Cowan 

Amaxagorea brachycarpa R .  E. Fr ies  

Ampirrox sp. 

Aspidosperma sp. 

Astrocaryum sp. 

Bactri s cubarro Kart. 

Bactr is  gasipaes HBK 

Be 1 1 uc i a gross u 1 a r  i o i des ( L . ) Tr i a;? a 

Bellucia sp. 

Birsonima sp. 

8 irsoniina wurdacki i Anderson 

Bombacopsis sp. 

Buchenavia grandis c f .  Ducke 

Calycophyl lum ObOVatum (Ducke) Ducke 

Caraipa longipedicellata Steyerrnark 

Carpotroche grandif lora  Spruce 

Carpotroche sp. 
Caryocar glabrurn (Aublet) Pers. 
Caryocar g r a c i l e  Wittm. 

Casearia aculeata Jacq. 

Casearia arborea ( L . C .  Rich.) Urban 

Caseari a jav i  tensi  s HBK 

Cassia sp. 

Catostema c f .  commune Sandw. 

Cecropia f i c i f o l i a  Snethlage 

Cecropia s p .  
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Tab le  U.1 Cont inued,  

Cedre l  i n g c  sp 

Chamaecr i ta  a d i a n t i f o l i a  Spruce ex Bentham v a r ,  p t e r i d o p b l l a  (Sandw.) I r w .  
- C l a t h r o t r o p i s  b r a c h y p e t a l a  (Tu1 . )  K l e i n h .  
C l i d e m i a  s e r i c e a  D. Uan 
C l u s i a  sp. 
C l u s i a  v i s c i d a  Eng l .  
Coccoloba m a r g i t a k  Bentham 
Coccoloba w u r d a c k i i  Howard 
Compsoneura d e b i l i s  Warb. 
Conceveiba - g u i a n e n s i s  A u b l e t  
C o n c e v e i b a s t r u c  r n a r t i  anum ( B a i  1. ) Pax and Hoffm . 
C o r d i a  n a i d o l p h i l a  Johns ton  
C o r d i a  sp. 
Couepia b e r n a r d i i  Prance 
Couepia sg. 
Couma sp. 
Couma u t i l i s  (Mar t . )  Muel l . -Arg.  
I Coussarea l e p t o l o b a  (Bentham and HBK. ) Muel 1 .-Arg 

Cupania sp. 
Cyb ian thus  de te rgens  M a r t i u s  
Cybi an thus  f u l  vo-pu l  v e r u l e n t u s  (Mez) Agost i n  i 
D i a l i u m  quianense - ( A u b l e t )  Sandw. 
-- Oidymopanax sp. 
Didymopanax spruceanum ~ Seem. 
-- Dimorphandra macros tachya Bentham 
Dimorphandra p e n n i g e r a  T u l .  
a u e t i a  f l a g e l l a r i s  Hub. 
Dugue t ia  sp. 
D u r o i a  sp. 

E l i z a b e t h a  macros tach ia  Bentham 
Emmotum - h o l o s e r i c u m  Ducke 
Emmotum sp. 
Eperua l e u c a n t h a  Bentham 
Eperua p u r p u r e a  Bentham 

-.-- 

-__I_ 

-_1_11 

---- 

--- 
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Table A.l Continued. 

Erytroxilum sp. 

Eschweilera bracteosa (Poepp.) Miers 
Eschweilera collina Eyma 
Escliwei lera sp. 
Euterpe oleraceae Mart. 
Euterpe sp. 
Faramea sp. 
Ficus guianensis Desv. ex Harms 
Ficus sp. 
Galactophora crassifol i a (Muel 1 .-Arg. ) Woods 
Glycoxilon sp. 
Goupia glabra Aublet 
Guarea sp. 
Guatteria latipetala R.E. Fries 
Guatteria schomburgkiana Martius 
Guilielma sp. 
Gustavia sp. 

Havet i ops i s sp . 
Heisteria maytenoides Spruce ex Engler 
Heliconia sp. 
He lycostyl is tomentosa (Poepp. ) Rusby 
Hevea guianensis Aublet 
Hirtella bullata Bentham 
Hirtella sp. 
Humeria balsamifera (Aublet) S t .  Hil. 
Inga inflata Ducke 
Inga sp. 
Iryanthera lancifolia Ducke 
Iryanthera sp. 
Jacaranda copaia (Aublet) D. Don 
Jessenia bataua (Mart.) Uurret 
Lacunaria sp . 
Leopoldina piassaba Wallace 
Licania apetala (E. Mey.) Fritsch 
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‘Table A . l  Continued. 

-.>-.- Licania  -- heteromorpha Bentham var. heteromorpha 

-_....- Licania  longizt- (Mo0k.f . )  Fr l t s ch  

*..--..-- Licania  ina l l i s  Bentham 
..PI.-. L i c a n i a  s i l v a e  Prance 

-.-._- Licania  sprucei (Ho0k.f.)  Fr i t s ch  

-._--- Macairea rufescens D.C. 
---. Macrolobium -.._- 1 imbatum Spruce ex Bentham 
Macrolobiurn s p .  
Macro 1 obi  urn v e n u  1 o suiii Benth am 

M a l o u t e i a  sp ,  

Mani 7 kara sp 
Mataiba sg.  
_--. Mauri t ia  f lexuosq  L.f. 

_I-.-- Maximi 1 iana - regia Mart. 

Maximiliana sp. 
-_--._ Mezi laurus  sp. 
-l_l_ Mezilaurus s p r u c e i  .- (Meissn.) Taub. ex Me2 

Miconia d i s p a r  Bentham 
M i con i a myr i an t  h .I a Bent h am 

Micrandra - --- F u c e a n a  (8a i  11 . )  Schultes 
_-.l____l Micrandra sprucei  (Muell .-Arg.) Schul tes  

Minquarti a gu ianens i s  Aublet 

Monopteryx uaca Spruce ex Bentham 

Mouriri f i c o i d e s  Morley 

Mouriri- uncitheca_ Morley and Wurdack 

M y c i a  ._-- aff. s y l v a t i c a  (Meyer) D . C .  

Kyrcia - brac tea t a  (Rich, )  U.C. 
Q r c i a  sp.  

Myrcia subsessilis __I Berg, 

______ Neea -- obovata Spruce ex Heimerl. 

-.- Ocotea c o s t u l a t a  -_1 (Nees)  Me2 

-_I_ Ocotea esmeraldana Moldenke ex Gleas. 

Ocotea o p i f e r a  Martius 

Mabea --_L sp.  

--..____D 

-___I-- 

--.___I 

-..- 

-..- 

__.l__l 

_-I___ ___I- 

-- 
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Table A.1 Continued. 

Ocotea sp. 
Ormosia s p .  
Oryctanthus florulentus (Rich.) Urban 
Ouratea sp. 
Pagamea aplicata Spruce ex Bentham 
Palicourea corymbifera (Muell .-Hrg.) Standley 
Palicourea lasiantha Kr. 

Parahancornia sp. 
Paraprot i um sp . 
Paraqueiba sericea Tul. 
Parinari excelsa Sabine 
Parinari sprucei Ho0k.f. 
Piper sancarlosianum C. DC. 
Pithecellobium arnplissimum Ducke 
Pithecellobium ferrugineum Bentham 
Pithecellobium jupunta ( W . )  Urban 
Pithecellobium leucophyllum Spruce ex Bentham 
Potal ia amara Aublet 
Pouruma sp. 
Protium sp . 
Psychotria deflexa D.C. 
Psycotria iodotricha Muel1.-Arg. 
Psycotria poeppigiana Muell.-Arg. 
Qualea esmeralde Standley 
Qualea pulcherrima Spruce ex Warm. 
Quiina pteridophyl la (Radlk.) Pires 
Kapatea longipes Spruce ex Korn. var. longipes 
Ketiniphyllum martianum Muell.-Arg. 
Retiniphyllurn truncaturn Muel1.-Arg. 
Rhodognaphalopsis discolor A. Robins 
Rhodognaphalopsis humilia (Spruce ex Dcne.) Kobyns 
Hinorea sp. 
Roucheria punctata aff. Ducke 
Kudgea ayangannensis Steyermark 
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Table A.1 Continued. 

Rudgea - berryi  Steyerinark and Dwyer 

Kudgeg duidae (S tandley)  Steyermark 

Rudgea - k l u f ) i i  Steyermark 

Sapindus saponaria  1.. 
Scheelea sp. 
Sclerolobium sp, 

Simira  p j s o n i i f o r r n i s  (Ba i l lon )  Steyermark 

Siparuna sp.  
Slaanea maroana Steyermark 

Sloanea sp. 

S a1 anum a1 t i ss i m u m  P i t i e r  

Solanum subinerme Jacq. 

Swartzia  f lor ibunda  Spruce ex Bentham 

-.- Swar t r ia  schomburgkii Bentham i n  Martius 

Swartzia sp. 

Symptionia g l o b u l i f e r a  L . f .  
Tabebuia sp .  

Tachiga l ia  r i g i d a  Ducke 

T a p i r i r a  guianensis  A u b l e t  

Tap i r i r a  sp. 
P Ternstroerni a sp.  
T e t r a g a s t r i s  panamense c f .  (Engl.)  0. Kuntze 

pII 

Theabroma sp. 
-__I_ 

Tococa macrophysca Spruce ex Triana 

Unonopsis s t i p i t a t a  - Diels  

--- Vatitanra parvif  lo= Lam. 

Virola  c a l o p h i l l a  (Spruce) Warb. 

Vi r o  1 a sur i namens i s (Ro 1 ander ) W arb.  

Vismia j apurens i s  Keich 

Vi smia Lauriformis  c f .  (Lam.) Choisy 

Vochys i a obscura Warming 

Vochysi a_ sp . 
Xilopia  spruceana Bentham 
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Table A.2 

Dominant species in the 9- to 14-year-old stands with their RIV up to 60%. 

Stand Species name 

- Relative* Re1 ative* 

Basal Importance Importance 
Frequency Density area value value 

I Vismia japurensis Reich 

Cecropia sp. 
20.0 
30.0 

I 1  Vismia japurensis Reich 25.0 
Bellucia grossularioides (L.) Triana 16.6 

Cecropia sp. 16.6 

111 -__ Bellucia grossularioides (L.) Triana 15.78 
Ocotea opifera Martius 5.26 
One unidentified species (Bombacaceae) 15.78 
Sapindus saponaria L. 5.26 
Alcornea sp. 5.26 

_______ 

I V  Bellucia grossularioides (L . )  Triana 23.07 
Vismia japurensis Reich 23.07 

42.85 37.26 
23.80 25.17 

35.29 35.99 
23.52 21.61 
11.76 17.49 

24.13 22.21 
20.68 18.51 
13.79 10.64 
5.17 10.33 
5.17 6.72 

37.03 38.76 
29.62 29.06 

100.12 
78.96 

96.29 
61.80 
45.92 

62.14 
44.47 

40.22 
20.77 
17.15 

98.88 
81.77 

33.37 
26.32 

32.09 
20.60 
15.30 

20.71 
14.82 
13.40 
6.92 
5.71 

32.96 
27.25 

*Percent o f  all individuals 10 cm dbh. 
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T a b l e  A.3 

Dominant s p e c i e s  i n  t h e  2 0 - y e a r - o l d  s t a n d s  w i t h  t h e i r  R I V  up t o  60% 

Basa l  Impor tance  I m p o r t a n c e  
F requency  D e n s i t y  a r e a  v a l u e  v a l u e  S tand  Spec ies  name 

9.52 
4.76 

14.28 

9.52 

9.52 
9.52 

22.22 

16.51 

9.25 

7.40 

7.40 

5.55 

31.70 

16.24 

8.09 

5.76 

4.62 

5.38 

63.44 

39.52 
31.64 

22.69 

21.55 

20.46 

21.14 

13.17 

10.54 

7.56 

7.18 

6.82 

V Vochys ia  sp .  

S c l e r o l o b i u m  SD. 

Goupia g l a b r a  A u b l e t  

V i s i i i i a  l a u r i f o r i i i i ?  c f .  (Lam.) C h o i s y  

B e l l u c i a  g rossu . j -a r j o ides  ( L . )  T r i a n a  

B e l l u c i a  s p .  
I__ 

_-- 

5.26 
10.52 

10.52 
5.26 
5.26 

5.26 

5.26 
5.26 

16.0 
12.0 

8.0 

8.0 
4.0 

4.0 
4.0 
4.0 

12.97 
i 1.49 

10.79 

8.25 
5.18 

7.69 

6.87 
5.94 

34.23 
34.02 

29.31 

21.51 
18.45 

16.96 

16.13 
15.20 

1 I .41 
11.34 

9.77 
7.17 

6.15 

5.65 
5.37 
5.06 

V i  SD. 

Vis in ia  japurensj -s .  R e i c h  
A s t r o c a r y i u m  s ~ .  

One u n i d e n t i f i e d  s p e c i e s  

. G u a t t e r i a  . schomburgk iana M a r t i u s  

4 l c o r n e a  sp .  
One u n i d e n t i f i e d  s p e c i e s  
Caryoca r  g l a b r u i n  ( A u b l e t )  Pe rs  

__-- 

14.28 
14.28 

9.52 
14.28 

31.57 
13.15 

15.76 
10.52 

35.53 
11.45 

10.84 
11 .Ob 

81.39 

38.89 
36.15 
35.87 

27.13 

12.96 

12.05 
11.95 

V I 1  A s t r o c a r y i u m  sp .  
V is i r i ia  l a u r i f o r r n i s  c f .  (Lam.) C h o i s y  

M y r c i a  b r a c t e a t a  ( R i c h . )  D . C .  
.. V ism ie  ._ japurens - i s -  R e i c h  

___ 
____ ___.. 

8.82 
8.82 
8.62 

5.88 

5.88 
2.94 

2.94 

5.88 

14.28 
8.16 
a .16  

4.08 

6.12 

10.20 
2.04 

4.08 

16.16 
10.81 

6.45 

11.25 

6.62 
5.48 

9.17 

4.00 

39.27 
27.80 
23.43 

21.22 

18.63 

16.83 
14.16 

13.96 

13.09 
9.26 

7.81 
7.07 

6.21 

5.61 

4.72 

4.65 

V I11  One u n i d e n t i f i e d  s o e c i e s  
Ocotea o p i f e r a  M d r t i u s  
B e l l u c i a  sp. 

A l c o r n e a  sp. 
~- 
___ 
Inga sp. 
S c l e r o l o b i u m  sp.  
Sap indus  saponar ia -  L. 

Conceveiba g u i a n e n s i s - A u b l e t  
-I_ 

* P e r c e n t  o f  a l l  i n d i v i d u a l s  10 cm dbh.  
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Table A.4 

Dominant species in the 30- to 40-year-old stands with their RIV up to 60%. 

Stand Species name 

- Re 1 at i ve* Re1 at ive* 

Basal Importance Importance 
Frequency Density area value value 

I X  Goupia glabra Aublet 
Bellucia grossularioides (L . )  Triana 
Guatteria schomburgkiana Martius 
Ocotea esmeraldana Moldenke ex Gleas 
Miconia dispar Bentham 
Eperua purpurea Bentham 

X 

X I  

XI1 

Eperua purpurea Bentham 
Humeria balsamifera (Aublet) St Hi1 
Goupia glabra Aublet 
Astrocaryium sp. 
Micrandra spruccei (M-Arg) Shultes 
Oialium guianense (Aubl.) Sandw 

Bellucia grossularioides (L.) Triana 
Humeria balsamifera (Aublet) St Hi1 
Goupia glabra Aublet 
Bellucia sp. 
Vismia japurensis Reich 
Clusia sp .  

Humeria balsamifera (Aublet) St Hi1 
Eperua purpurea Bentham 
Vochysia obscura Warming 
One unidentified species (Arecaeae) 

15 20.68 
15 17.24 
10 10.34 
10 6.89 
10 6.89 
5 10.34 

12 32.65 
8 14.28 
8 12.24 
8 6.12 
8 4.08 
4 2.04 

10.34 18.86 
10.34 16.98 
10.34 13.20 
10.34 5.66 
10.34 5.66 
6.89 7.54 

14.28 50.79 
4.76 17.46 
9.52 4.76 
9.52 4.76 

23.91 
14.56 
10.89 
5.96 
5.75 
7.06 

26.62 
15.02 
14.28 
4.74 
1.90 
6.39 

25.87 
23.24 
11.13 
4.57 
4.54 
4.64 

53.66 
16.44 
5.15 
1.62 

59.59 
46.80 
31.23 
22.86 
22.64 
22.41 

71.27 
37.31 
34.52 
18.87 
13.98 
12.43 

55.08 
50.57 
34.68 
20.57 
20.55 
19.08 

118.74 
38.67 
19.44 
15.91 

19.86 
15.60 
10.41 
7.62 
7.54 
7.47 

23.75 
12.43 
11.50 
6.29 
4.66 
4.14 

18.36 
16.85 
11.56 
6.85 
6.85 
6.36 

39.58 
12.89 
6.48 
5.30 

*Percent of  all individuals 2 10 cm dbh. 
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T a b l e  A.5 

Dominant  s p e c i e s  i n  t h e  6 0 - y e a r - o l d  s t a n d s  w i t h  t h e i r  R I V  up t o  60%. 

S tand  Spec ies  name 

__ Re1 a t  i ve* Re1 a t i v e *  ~ _ _ _ _  
Basa l  I m p o r t a n c e  I m p o r t a n c e  

F requency  Densi  t y  a r e a  v a l u e  v a l u e  

X I 1 1  Eperua p u r p u r e a  aentham 
GoSJja g lab ra -  A u b l e t  
P r o t i u m  sp. 

X I V  Goupia g l a b r a  A u b l e t  
Vochys ia  obscura- Warming 
Jacaranda copaia ( A i i b l e t )  D. Don 
Aspidosperma sp. 

Eperua  p u r p u r e a  Bentham 
A l c o r n e a  sp. 
Monopter  i 5 sp . 
One u n i d e n t i f i e d  s p e c i e s  
P r o t i u m  s p .  - .. _ _  .. . . .- 

Goupia g l a b r a  A u b l e t  
A l c o r n e a  sp.  
- V o c 9 s i a  o b s c u r a  Warming 
Conceveiba g u i a n e n s i s  A u b l s t  
Ocotea sp. 
One u n i d e n t i f i e d  s p e c i e s  (A recaceae)  
L i c a n i a  s i l v a e  Prance 
Jacaranda c o p a i a  ( A u b l e t )  D. Don 
Rudgea k l u g i i  Steyermark 
Sloanea sp. 

I__._ X V  

--I..._ 

___._ 

_I_ 

.-____ ____ 

15.78 
15.78 
10.52 

7.14 
3.57 
7.14 
3.57 
3.57 
3.57 
3.57 
3.57 
7.14 

10.34 
10.34 

3.44 
6.89 
6.89 
3.44 
3.44 
3.44 
3.44 
3.44 

31.25 
21 .a7 

9.37 

18.60 
6.97 
4.65 
6.97 
6.97 
4.65 
4.65 
2.32 
4.65 

15.90 
13.63 

2.27 
6.81 

6.81 
4.54 

2.27 
4.54 
4.54 
4.54 

57.64 
17.06 

5.51 

16.19 
15.49 
13.70 

7.09 
5.69 
7.81 
7.01 
7.10 
1.08 

19.26 
20.12 
15.07 
6.92 
3.47 
1.86 
5.88 
2.98 
2.78 
2.48 

104.68 
54.73 
25.42 

41.93 
26.04 
25.49 
17.64 
16.24 
16.03 
15.23 
13.00 
12.87 

46.21 
44.10 
20.79 
20.63 
14.91 
12.13 
11.16 
10.97 
i o .  78 
10.47 

35.90 
18.25 
8.47 

13.97 
8.68 
8.49 
5.88 
5.41 
5.07 
5.07 
4.33 
4.29 

15.40 
14.70 

6.93 
6.87 
4.97 
4.04 
3.87 
3.65 
3.59 
3.49 

* P e r c e n t  o f  a l l  i n d i v i d u a l s  2 10 cm dbh. 
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Dominant species in the 80-year-old stands with their R I V  up to 60%. 

_I_ 

Relative* Relative* 

Basal Importance Importance 
Stand Species name Frequency Density area value value 

___I__ 

XVI Conceveiba guianensis Aublet 
One unidentified species (Arecaceae) 
Vochysia obscura Warming 
Alcornea sp. 

Protium sp. 
Micrandra sprucei (M-Arg) Shultes 
Bellucia sp. 

XVI I Vochysia obscura Warming 
Aspidosperma sp. 
Paraqueiba sericea Tul. 
Vochysia sp. 

One unidentified species 
Swartzia schomburgkii Rentham in 
Martius 
Xilopia spruceana Bentham 

XVI I I Goupia glabra Aublet 
Sclerolobium sp. 
Bellucia sp. 
Protium sp. 
Alcornea sp. 

Astrocaryium sp. 

Bellucia grossularioides (L . )  Triana 
Euterpe sp. 
Paraqueiba sericea Tu1 
Ocotea opifera Martius 
Macrolobium liinbatum Spruce ex Bentham 
_I_____ 

XIX Eperua purpurea Bentham 
Vochysia sp. 

-- Hiimeria balsamifera (Aublet) S t .  Hil. 
Goupia glabra Aublet 

One unidentified species (Annonaceae) 
Protium sp. 

* sp. 

11.53 
11.53 

7.69 
11.53 

7.69 
3.84 

3.84 

8.57 
8.57 
8.57 
8.57 
2.85 
5.71 

2.85 

7.69 
5.12 
5.12 

5.12 
5.12 

5.12 

5.12 
5.12 
2.56 
2.56 
2.56 

10.34 
6.89 
10.34 
6.89 

6.89 

3.44 

3.44 

11.11 
18.51 
11.11 
5.55 

9.25 
9.25 

1.85 

13.51 
10.81 
17.56 

4.05 
6.75 
4.05 

5.40 

12.06 

10.34 
6 .a9 
6.89 

6.89 
3.44 

3.44 
3.44 
1.72 
3.44 
3.44 

28.00 
12.00 
6.00 
6.00 
6.00 
4.00 
6.00 

17.53 
7.24 

16.83 
6-08 

8.19 
4.86 

12.77 

23.05 
20.76 
12.74 

6.79 
7.03 
2.36 

3.83 

22.74 
13.09 
10.49 

5.75 
8.52 

5.03 
6.92 
1.04 
4.92 
2.56 
1.30 

29.70 
12.94 
5.82 
8.10 
9.98 
4.19 
3.77 

40. 18 
37.30 

35.64 
23.17 
21.81 
21.29 
18.47 

45.14 
40.14 

38.88 
19.42 
16.64 
12.13 

12.09 

42.50 
28.57 
22.51 
17.77 

17.09 
17.05 
15.50 

9.61 
9.21 
a. 58 
7.31 

68.04 
31.84 
22.17 
21 .oo 
19.43 
15.09 
13.22 

13.40 
12.44 

11.88 

7.72 
7.27 
6.16 

5.20 

15.04 
13.38 

12.96 
6.47 

5.54 
4.04 

4.03 

14.18 
9.53 
7.51 
5.93 
5.70 

5.69 
5.17 
3.21 
3.07 
2.86 
2.44 

22.68 
10.61 
7.39 
7.00 
6.47 
5.03 
4.40 

*Percent o f  all individuals 2 10 cm dbh. 
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Tab le  A . 7  

Dominant spec ies  i n  t h e  MTF s tands  w i t h  t h e i r  R I V  up t o  60%. 

Stand Species name 

Re1 a t  i v e *  Re1 a t  i ve* 

Basal  Importance Importance 
Frequency D e n s i t y  a rea  v a l u e  v a l u e  

X X  U n i d e n t i f i e d  spec ies  
.._ C a r i o c a r  .^..___ glabrurn  ( A u b l e t )  Pers 
M i c r a n d r a  s p r u c e i  ( M u e l l  . -Arg)  S h u l t e s  
M o u r i r i  u n c i t h e c a  M o r l e y  Wurdack 
One u n i d e n t i f i e d  spec ies  
V i r o l  a sur inamens i  s (Ro lander )  Warb. 
_I- D i a l i u m  guianense ( A u b l e t )  Sandw. 
g l o p i a -  spruceana Bentham 
L i c a n i a  a p e t a l a  ( E .  Mey.) F r i t s c h  
I i r y a n t h e r a  sp. 
L i c a n i a  heteromorpha Bentham 
One u n i d e n t i f i e d  spec ies  (Annonaceae) 

_I__ ------ 

_ I _ ~  

7.5 
5.0 
2.5 
5.0 
7.5 
5.0 
2.5 
5.0 
5.0 
2.5 
5.0 
2.5 

X X I  Eperua p u r p u r e a  Bentham 9.52 
P r o t i u m  sp. 14.28 
E s c h w e i l e r a  51). 14.28 
Monopter ix  uaca Spruce ex Eentham 4.76 

One u n i d e n t i f i e d  spec ies  9.52 

X X I I  _I--__ S w a r t z i a  schombutik-jij- Benthaill i n  5.40 
M a r t i u s  
Jessen ia  bataua- ( M a r t . )  B u r r e t  8.10 
One u n i d e n t i f i e d  spec ies  8.10 
-I__ Ocotea o p i f e r a  M a r t i u s  5.40 
Conceveiba z i a n e n s i s  Aub le t  5.40 
One u n i d e n t i f i e d  spec ies  (Sapotaceae) 2.70 
I r y a n t h e r a  sp .  5.40 
___ D i a l i u m  gu ianense ___l.l_ ( A u b l e t )  Sandw. 5.40 
M o u r i r i  u n c i t h e c a  M o r l e y  Wurdack 2.70 

X X I I I  S w a r t z i a  schornburgki i  Bentham 9.09 

-___ P r o t i u m  sp. 9.09 
V i r o l a  c a l o p h i l l a  (Spruce)  Warb. 9.09 

E s c h w e i l e r a  ___ c o l l i n a  Eyrna 6.06 

Ced-rel inga  sp. 6.06 

Roucher ia  p u n c t a t a  a f f  Ducke 6.06 

13.72 10.44 
3.92 18.11 
3.92 18 2- 
3.92 7.80 
5.8R 2.33 
5.88 3.30 
3.92 6.39 
3.92 2.14 
3.92 2.10 
5.88 2.03 
3.92 1.37 
3.92 2.33 

20.00 35.70 
29.09 12.59 
10.90 4.75 
10.90 8.68 

3.63 9.77 

5.88 34.04 

13.72 5.03 
5.88 6.54 
3.92 7 - 4 6  
3.92 5.55 
7.84 3.14 
5.88 1.58 
3.92 1.50 
? .96 6.14 

18.75 28.57 
2.08 40.07 

16.66 3.64 
10 .4 i  4.07 

6.25 2.76 
6.25 2.47 

31.70 
27.03 
24.71 
16.72 
15.71 
14.18 
12.81 
11.06 
11.02 
10.41 
10.30 
9.60 

65.22 
55.97 
29.95 
24.35 
22.93 

45 I 3 2  

26.87 
20.53 
16.79 
14.88 
13.68 
12.87 
10.82 
10.81 

56.41 
45.18 
29.40 
23.58 
15.07 
14.78 

10.58 
9.02 
8.24 
5.88 
5.24 
4.73 
4.27 
3.69 
3.68 
3.47 
3.44 
3.20 

21.74 
18.66 
9.98 
8.12 
7.64 

15.12 

8.96 
6.85 
5.60 
4.96 
4.57 
4.29 
3.61 
3.61 

18.81 
15.07 

9.80 
7.86 
5.03 
4.93 

*Percent  o f  a l l  i n d i v i d u a l s  10 cm dbh 
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Table A . 8  

Sasa1 area changes through time. Numbers are means with one 
standard error, n = 4, except age class 60 with n = 3. 
Statistics were done using one way ANOVA and Duncan's 
multiple range test. Means designated with the same 

letter ( i n  parentheses) were not  significantly 
different at the P - < 0.05 level. 

Mean asal area 
dbh classes (cm) disturbance (m 9 /ha) S.E. 

Years since 

5 < to < 20 - 

20 < to < 40 - 

40 < to < 60 - 

60 5 to 90 

> 90 

Totals 

- 

10 
20 
35 
60 
80 
200 

10 
20 
35 
60 
80 
2 00 

10 
20 
35 
60 
80 
2 00 

10 
20 
35 
60 
80 
2 00 

200 

200 

10 
20 
35 
60 
80 
2 00 

2.59 (AB)  
3.30 (A) 
2.75 ( A B )  
1.98 ( B )  
2.32 (AB)  
2.67 (AB) 

9.80 (A) 

10.16 (A) 
6.13 ( B )  

9.31 (A) 

0.39 ( D )  
2.24 (CD) 
5.40 (BC) 

11.39 (A) 

9.16 (a) 

10.79 (A) 
11.16 (a )  
8.88 (AB)  

0.00 
0.00 
0.28 ( B )  
5.59 (A) 
1.33 ( B )  
6.64 (A) 

1.88 

5.42 

12.78 (C) 
16.92 (C) 
18.59 (BC) 
24.48 (8)  
23.98 ( B )  
34.80 (A) 

0.26 
0.69 
0.1 1 
0.22 
0.20 
0.23 

1.30 
0.88 
1.42 
0.12 
0.68 
0.39 

0.28 
1.22 
2.43 
1.19 
1.15 
0.97 

0.28 
2.65 
0.79 
1.78 

1.10 

3.25 

1.51 
0.89 
2.41 
3.85 
0.88 
1.48 



1 5 2  

Table A.9 

Broken crowns and s tand ing  dead trees by stand. 

Years s ince  Broken 
Stand d i s tu rbance  crowns Dead s t e  

I 
I 1  

111 
I V  

V 
V I  

V I  I 
V I 1 1  

I X  
X 

X I  
X I 1  

X I 1 1  
X I V  

x v  
X V I  

X V I  I 
X V I  I I 

X L X  

x x  
x x  I 

X X I I  
X X I  I I 

9 
11 
12 
14 

20 
20 
20 
20 

30 
35 
35 
40 

50 
60 
60 

80 
80 
80 
80 

MTF 
MTF 
MPF 
MTF 

0 
0 

NR 
21 

0 
43 
43 
87 

0 
Q 

43 
16 

43 
Q 

38 

43 
131 

21 
150 

43 
43 
12  
22 

NR" 
NR 
NR 
NR 

NR 
NR 
NR 
NR 

60 
76 
32 
36 

36  
0 
4 

36 
82 
56 
72  

NR 
44  
40 
2 2  

*NR = not  recorded. 
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Figure 6.6. Abovegrourrd l i v i n g  biomass by d b h  class  f o r  f ou r ,  mature 
forest ,  s tands  i n  the Upper Rio Negro region o f  Colombia 
ana Venezuela. 
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