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Abstract

This report contains the results of analyses conducted at the
Laboratory of the International Institute of Tropical Forestry
in Puerto Rico between 1981 and 1990. Our objective was to
make available the chemical and physical data developed for
tropical forest ecosystems. The data include species, chemi-
cal composition, tissue type, life zone, soil order, and geol-
ogy and/or parent material. The data are summarized to
facilitate interpretation and to synthesize the range of values
obtained.
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Introduction

The Laboratory of the International Institute of Tropical
Forestry in Puerto Rico was founded in 1981 under the
supervision of Dr. Jorge Frangi, a visiting scientist from the
University of La Plata, Argentina. A year later, Dr, Frangi
returned to Argentina and Mary Jeane Sanchez, a chemistry
student supervised by Ariel E. Lugo, was assigned the re-
sponsibility of directing the Laboratory. Today, the Labora-
tory has a permanent staff of three chemists and temporary
staff of two biological aids.

The Laboratory has the capacity for analysis of total and
available elements in soil and plant tissue, including alumi-
num, calcium, phosphorus, iron, manganese, magnesium,
nitrogen, and potassium, as well as organic matter. In 1981,
the Laboratory conducted 93 analyses for two investigators;
in 1990, it served 17 projects with a total of 14,840
analyses.

This document contains the results of most analyses con-
ducted at the Laboratory between 1981 and 1990. Our objec-
tive was to make available the chemical and physical data
developed for tropical forest ecosystems. The data for plant
and soil sample characteristics include species, chemical
composition, soil order, and geology and/or parent material.
The elemental concentration is described in terms of mean,
standard deviation, median, maximum, and minimum val-
ues. Codes used for the life zones and types of tissue are
defined in Tables 1 and 2, respectively. Data sources are
listed in Appendix 1.

The results of the analyses are not discussed in this report.
However, we did summarize the data to facilitate interpreta-
tion and to synthesize the range of values obtained for tropi-
cal ecosystems. The mean and range of values for elements in
plants and soil are summarized in Tables 3 to 5. Methods of
analysis are described in Table 6.

“Study species and identification numbers are listed in
Appendix 2. Appendices 3 to 5 consist of figures that show
elemental concentration in various plant parts by species.
Appendix 6 contains data about soil samples. Total elemen-
tal concentration in ultisols is shown in a table. The figures
show data on mean concentration of elements and other
constituents in different types of soil. Data on other character-
istics, such as bulk density and effective cation exchange
capacity, are also shown.

We plan to update this report every 10 years, and we wel-
come comments for improving the presentation of data. We
ask for acknowledgment of any use of this information and for
copies of reports, articles, or documents resulting from the
use of this information.
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Table 1—Ecological life zone codes

Code Ecological region

Lmef Subtropical lower montane rain forest
Lmwf Subtropical lower montane wet forest
Sdf Subtropical dry forest

Smf Subtropical moist forest

Subtropical rain forest

Swf Subtropical wet forest




Table 2—Codes for identification of plant tissue samples

L. Soil
I1. Vegetation

1. Trees

2. Shrubs
3. Herbs
4. Climber
5. Moss
6. Other

7. Coarse woody debris

8. Loose litter

9. Litter fall

A. Leaves

o

. Branches
C. Main bole, stem, trunk

D. Twigs

E. Roots

F. Flowers, fruits
G

. Miscellaneous

A. Bark
B. Heartwood
C. Sapwood

A. Leaves
B. Wood
C. Flowers, fruits

D. Miscellaneous

A. Leaves
B. Wood
C. Flowers, fruits
D. Miscellaneous

i. Canopy a. Young
ii. Shade a. Young
iii. Other
i. Bark
ii. Heartwood

iii. Sapwood

b. Mature
b. Mature

c. Other




Table 3—Chemical composition of plant tissue

Aluminum Ash Carbon/ Calcium Cobalt Iron Magnesium

Tissue (mg/kg) (%) nitrogen (mg/g) (ng/e) (mg/kg) (mg/g)

Branches 13,610-10 20.36-0.01 765-35 41.60-0.01 434-4 5.28-0.06

Climber 500 4.53 1.97 330 1.66

Coarse woody debris 1.17-0.33

Flowers & fruits 12.42-5.36 3.37 217

Leaves 9,340-10 33.49-0.50 97-13 49.90-0.36 3.00-0.10 2,250-16 11.31-0.03
Canopy
Mature-canopy 19.97-8.61 80.02-32.04 3.84-2.93
Mature-shade 175-120 15.58-10.16 4.50-3.45

Leaves-Other

Shade 17.55-14.28 97.98-46.54 5.94-3.36

Litter fall
Flowers & fruits 6.31-3.58 13.75-1.70 2.41-1.10
Leaves 11.05-8.22 31.26-9.86 7.40-2.83
Miscellaneous 11.67-7.71 4.04-2.88
Wood 15.75-4.89 32.37-20.70 3.47-2.52

Loose litter
Bark 3.91-1.46 4.93-2.66
Flowers & fruits 8.44-0.45 12.07-0.63 3.07-0.58
Leaves 22.21-2.37 29.26-1.10 7.19-0.75
Miscellaneous 29.40-1.18 23.84-1.47 5.58-0.80
Wood 18.31-1.64 15.82-1.29 3.59-0.78

Miscellaneous 4.33-3.57 3.90-1.84 2.49-1.94

Moss 33,370-2,680  14.57-5.51 4.44-0.41 27,470-1,820  3.09-0.53

Other 17.07-2.09 8.25-0.64

Roots 40 15.57-2.10 318 19.78-1.71 150 3.10-0.82

Shrubs 12.54-6.70 '

Trunk 2,700-10 31.82-0.14  769-43 41.92-0.21 270-3 4.53-0.05
Bark 63.48-10.47 4,17-0.19
Sapwood

Twigs 22.42-0.77 4.33-0.21



Table 3—Chemical composition of plant tissue—con.

Manganese Nickel Nitrogen Potassium  Phosphorus Sodium Wood density
Tissue (mg/kg) (ng/g) (%) (mg/g) (mg/g) (mg/g) (g/cc)
Branches 1,360-10 2.68-0.02  25.30-0.02 2.32-0.01 1.06-0.18
Climber 120 0.39 6.33 0.19
Coarse woody debris 0.31-0.08 2.14-0.20 0.18-0.08
Flowers & fruits 3.43-0.36  16.80-0.65 2.03-0.78
Leaves L113-5  69.75-2.35 4.15-0.04  38.00-0.60 3.44-0.03  56.34-2.00
Canopy 4.57-3.27
Mature-canopy 1.80-0.48  23.99-0.80 5.61-0.21
Mature-shade ¢ 61-37 1.71-1.62  10.72-8.21 0.77-0.60
Leaves-Other 4.30-3.05
Shade 1.59-0.93  26.38—4.99 3.64-0.77
Litter fall
Flowers & fruits 2.50-0.54 11.37-0.49 1.59-0.37 14.65-3.32
Leaves 1.48-0.46 9.13-0.28 0.88-0.07  30.63-6.72
Miscellaneous 0.78-0.41 4.78-3.00 0.44-0.21 12.88-7.76
Wood 1.01-0.61 9.90-0.20 0.61-0.02  13.59-5.09
Loose litter
Bark 0.54-0.25 2.50-0.86 0.17-0.07
Flowers & fruits 2.08-0.17 5.18-0.59 2.74-0.11
Leaves 2.26-0.24  10.50-0.78 0.83-0.11
Miscellaneous 1.58-0.23 6.48-0.94 0.96-0.21
Wood 1.56-0.15 3.81-0.62 0.68-0.05
Miscellaneous 13.89-11.10
Moss 1,420-40 1.43-0.24 6.31-1.25 1.79-0.20
Other 1.65-0.78  20.68-2.25 1.15-0.22
Roots 90 2.63-0.14  13.60-4.60  2.05-0.12
Shrubs 0.70-0.52 5.90-3.00 0.22-0.14
Trunk 330-10 2.43-0.06  44.13-0.30 2.48-0.01
Bark 0.70-0.20  22.28-5.02 1.01—O>.01
Sapwood 3.39-2.59
Twigs 8.53-4.44 1.18-0.02




Table 4—Chemical characteristics of alfisols, entisols, inceptisols, and limestone by soil order or parent material

Alfisols Entisols Inceptisols Limestone
Depth Depth Depth Depth
Element (cm) Value (cm) Value (cm) Value (cm) Value
Aluminum (cmol/kg™ 0-30  0.12-0.09 0-30 0.24-0.04

Bulk density (g/cc) 0-18 1.96-1.18 0-18 1.52-1.11 0-25  1.45-0.52

Calcium (mg/g) 0-30 2.50-2.18 ‘ 0-30 10.36-0.94
Clay (%) 0-30 26-3 0-30 65-64 0-30  85-11 0-30 73-7
30-60 27-5 30-100 37-12

Effective cation 0-30 14.98-9.29 0-30 69.44-16.59

exchange capacity )

(cmol/kg™)
Iron (mg/g) 0-30 16.00-0.20 0-30 0.39-0.01
Loss on ignition (%) 0-100 9.38-8.98 0-30 10.10-3.78
Magnesium (mg/g) -0-30 0.28-0.23 0-30 7.68-0.12
Manganese (mg/kg) 0-30 0.35-0.10 0-10 75.90-1.20 0-30 0.31-0.01

Organic matter( %) 0-30 5.01-0.35 0-30 4.61-0.6 0-30 28.16-0.88 0-30 21.01-3.95
30-100 1.38-0.12

pH (H,0) 0-30 8.86-4.73  0-100 8.26-4.27 0-100 8.09-4.35 0-30  7.80-5.40
pH (KCI) 0-30  5.71-4.69 0-30  7.13-4.65
Phosphorus (mg/kg)  0-30  39-38 0-10  36.30-0.5 0-30  71.00-16.00
Phosphorus-Total 0-100 0.15-0.09 0-30  0.56-0.10
(mg/g) 30-100 0.40-0.06
Potassium (mg/kg) 0-30  150-80 0-10 163.60-15.60 0-30  320-90
Sand (%) © 0-30 83-41 0-100 91-11 0-30 73-7 0-30  45-3
30-100 65-21 0-30  77-20
Silt (%) 0-30 35-0.4 0-100 58-3 0-30 52-5
30-100 42-19

Sodium (mg/kg) 0-30 _ 130-60 0-30  210-50




Table 5—Chemical characteristics of mollisols, oxisols, ultisols, and vertisols by soil order or parent material

Mollisols Oxisols . Ultisols Vertisols
Depth Depth Depth Depth
Elements (cm) Value (cm) Value (cm) Value (cm) Value
Aluminum (cmol/kg™) 0-30 5.46-0.02 0-30 0.06
30-100 2.81-0.01
Aluminum-Total (%) 0-120 22.82-9.89
Bulk density (g/cc) 0-18 1.35-0.70 0-18 1.35-1.25 0-15 1.76-0.59 0-18 1.35
18-63  1.35-0.99 15-30  1.44-0.66
Carbon/nitrogen 0-100 62-9
Calcium (mg/g) 0-30 9.69-2.58 0-15 2.14-0.04 0-30 4.16
. 15-100 1.57-0.01
Clay (%) 0-18 61-7 0-18 27-25 0-30 84-9 0-30 40-29
18-63  48-19 30-100 74-19 .
Effective cation 0-30 65.91-16.38 0-30 19.25-0.21 0-30 38.44
exchange capacity 30-100 15.14-1.72
(cmol/kg™)
Iron (mg/g) 0-30 0.09-0.01 0-30 7.70-0.06 0-30 0.01
30-100 1.34-0.02
Iron-Total (%) 0-100 10.72-3.95
Loss on ignition (%) 0-10 93-18 0-100 18.54-6.15
10-63  10.00-0.24 _
Magnesium (mg/g) 0-30 2.52-0.25 0-15 3.43-0.09 0-30 1.71
Manganese (mg/kg) 0-30 70-50 0-30 520-1 0-30 40
30-100 300-5
Manganese-Total (%) ~ 0-100 0.28-0.03
Nitrogen (%) 0-15 1.62-0.17 0-15 0.46-0.07
18-63  0.12-0.02 15-30  0.22-0.02
30-85 0.38-0.01
Organic matter (%) 0-30 41.33-2.10 0-18 4.72-3.59 0-30 14.58-0.76 0-30 4.40-3.14
30-100 10.50-0.25
0-100  0.06-0.01
pH (H,0) 0-30 8.42-5.07 0-18 5.57-5.43 0-30 7.67-3.98 0-30 8.05-7.64
30-100 5.64-4.02
pH (KCD 0-30 7.36-5.28 0-30 6.35-3.83 0-30 6.99
: 30-100 4.10-3.70
Phosphorus (mg/kg) 0-15 1010-5.10 0-30 110.00-2.00 0-30 63
30-120 2.00-1.00
Phosphorus-Total (mg/g) 0-10 0.77-0.14 0-100  0.90-0.10
Potassium (mg/kg) 0-30  930-10 0-15 1905-20 0-30 420
15-30 661.90-10
30-100 240-10
Sand (%) 0-30 79.60-9.80 0-18 49-36 0-30 78-1 0-30 42-22
: 30-100 56-3
Silt (%) 0-30 70.80-10.70 0-18 37-26 0-30 59-9 0-30 37-29
30-100 41-14
Sodium (mg/kg) 0-30 - 160-70 0-30 244.60-1.00 0-30 520

30-100 250-30




Table 6—Analytical methods®

Sample Analysis Reference
Soil Available-aluminium, calcium, magnesium, sodium Hunter 1974
Available-iron, manganese, phosphorus, potassium Hunter 1974
Total-aluminium, calcium, iron, magnesium, manganese, Huang and Shulte 1985
phosphorus, potassium, sodium
Loss on ignition Wilde and others 1979
Nitrogen Page 1982a
Organic matter Page 1982b
pH (H,0-KCI) Southern Coop. Series 1983
Vegetation Aluminum, calcium, cobalt, iron, magnesium, manganese, Huang and Shulte 1985;

nickel, phosphorus, potassium, sodium
Ash
Nitrogen

Wood density

Chapman and Pratt 1979a
Wilde and others 1979
Chapman and Pratt 1979b
ASTM 1968

*Details on variations in methodology are available upon request.
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Life Geology and/or
Species Element Tissue Mean SD n  Median Max Min Source zone Soil order parent material Notes
Bryophytes Nitrogen (%) II5 063 032 6 0.57 1.11  0.29 26 Bryophytes, other cryptogams
115 078 040 8 0.85 137 024 26 Bryophytes, other cryptogams
115 1.03 023 9 1.00 143  0.76 26 Bryophytes, other cryptogams
Phosphorus (mg/g) II5 047 012 6 043 063 032 26 Bryophytes, other cryptogams
II5 036 0.10 6 0.33 052 024 26 Bryophytes, other cryptogams
115 048 017 8 0.48 074 0.20 26 Bryophytes, other cryptogams
II5 052 024 10 0.48 1.17  0.30 26 Bryophytes, other cryptogams
Potassium (mg/g) 115 229 052 6 222 316 156 26 Bryophytes, other cryptogams
II5 342 199 6 2.37 631 1.87 26 Bryophytes, other cryptogams
5 210 030 8 2.06 257 161 26 Bryophytes, other cryptogams
II5 273 103 10 2.79 416 1.25 26 Bryophytes, other cryptogams
Bucida buceras Calcium (mg/g) II1A 1005 117 2 10.27 1121 842 42 Sdf  Mollisols  Alluvial deposits
1A 2062 6.49 7 19.45 3353 13.18 42 Sdf  Mollisols  Alluvial deposits Adult new leaves
IIA 25.19 482 2 2507 2982 20.80 42 Sdf  Mollisols  Alluvial deposits Mature leaves
I1Ci 5211 087 2 5197 5326 5125 42 Sdf Mollisols  Alluvial deposits
Magnesium (mg/g) IIA 128 0.17 2 127 147 1.1 42 Sdf Mollisols  Alluvial deposits
IITA 230 041 7 2.28 295 149 42 Sdf  Mollisols  Alluvial deposits Adult new leaves
IMA 239 019 2 2.46 254 212 42 Sdf  Mollisols  Alluvial deposits Mature leaves
ICi 097 016 2 0.98 1.12  0.80 42 Sdf  Mollisols  Alluvial deposits
Nitrogen (%) 1A 0.80 0.12 2 0.80 091 0.68 42 Sdf  Mollisols Alluvial deposits Adult new leaves
IIA 122 010 7 1.24 135 1.03 42 Sdf  Mollisols  Alluvial deposits Mature leaves
A 1.10 0.06 2 1.10 1.16 1.03 42 Sdf  Mollisols  Alluvial deposits Old leaves
Phosphorus (mg/g) IMA 064 016 2 0.64 079 047 42 Sdf Mollisols  Alluvial deposits
1A 053 012 7 0.54 066 0.30 42 Sdf Mollisols  Alluvial deposits Adult new leaves
IMA 050 002 2 0.49 052 048 42 Sdf  Mollisols  Alluvial deposits Mature leaves
I1Ci 021 005 2 0.21 026 0.15 42 Sdf  Mollisols  Alluvial deposits
Potassium (mg/g) 1A 1016 108 2 10.26 1121 8.92 42 Sdf  Mollisols  Alluvial deposits
IItA 10.86 247 7 10.51 1545 691 42 Sdf Mollisols  Alluvial deposits Adult new leaves
mMA 10.16 067 2 10.15 10.78 9.57 42 Sdf  Mollisols  Alluvial deposits Mature leaves
IcCi 995 251 2 9.97 12.33  7.52 42 Sdf  Mollisols  Alluvial deposits
Bursera simaruba Aluminum (mg/kg) A 77.00 1 40 Smf Limestone Tuffaceous sandstone New adult leaves
Ash (%) IMA 4.76 1 40 Smf Limestone Tuffaceous sandstone New adult leaves
Calcium (mg/g) IT1A 634 097 2 6.31 727 547 42 Sdf Mollisols  Alluvial deposits
IMA 1043 3,01 7 10.98 1477 528 42 Sdf  Mollisols  Alluvial deposits
IT11A 3.50 1 40 Smf Limestone Tuffaceous sandstone New adult leaves
G 3417 090 2 3417 3480 3353 42 Sdf Mollisols  Alluvial deposits
Cobalt (ug/g) 1A 1.00 1 40  Smf Limestone Tuffaceous sandstone New adult leaves
Magnestum (mg/g) ImA 196 029 2 1.98 222 166 42 Sdf  Mollisols  Alluvial deposits Mature leaves
1A 209 059 7 223 2.68 0.80 42 Sdf Mollisols  Alluvial deposits
II1A 4.35 1 40 Smf Limestone Tuffaceous sandstone New adult leaves
II1Ci 064 001 2 0.64 0.65 0.63 42 Sdf Mollisols  Alluvial deposits
Manganese(mg/kg) 1A 40.00 1 40 Smf Limestone Tuffaceous sandstone New adult leaves
Nitrogen (%) IMA 1.58 004 2 1.58 1.62 1.53 42 Sdf Mollisols  Alluvial deposits Mature leaves
IMA L79 022 7 1.87 196 130 42 Sdf  Mollisols  Alluvial deposits
mA 0.53 1 40 Smf Limestone Tuffaceous sandstone New adult leaves
Nickel (ug/g) IMA 5.90 1 40 Smf Limestone Tuffaceous sandstone New adult leaves
Phosphorus (mg/g) II1A 019 000 2 0.19 020 0.19 42 Sdf  Mollisols - Alluvial deposits Adult new leaves
INA 082 007 2 0.82 088 0.76 42 Sdf Mollisols  Alluvial deposits Mature leaves
1A 092 o015 7 0.95 120 072 42 Sdf Mollisols  Alluvial deposits
1A 1.10 1 40 . New adult leaves
Potassium (mg/g) IMA 1033 084 2 10.32 11.07 9.59 42 Sdf  Mollisols  Alluvial deposits Mature leaves
IMA 1215 229 7 11.23 17.13 10.11 42 Sdf Mollisols  Alluvial deposits
H1A 10.26 1 40 Smf Limestone Tuffaceous sandstone New adult leaves
IICi 2228 046 2 2228 2260 2196 42 Sdf  Mollisols  Alluvial deposits
Wood density (g/cc)  I111B 025 003 3 0.26 026 022 35
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[44

Life Geology and/or
Species Element Tissue Mean Sb n Median Max  Min Source zone Soilorder parent material Notes
Ditta myricoides Ash (%) Imc 0.14 1 31
Calcium (mg/g) 1A 5.63 1 31
I11B 3.63 1 31
Iic 0.89 1 31
CN I11B 35 1 31
Iic 420 1 31
Iron (mg/g) IT1A 0.14 1 31
I11B 0.07 1 31
Inic 0.07 1 31
Magnesium (mg/g) II1A 442 1 31
I11B 1.05 1 31
mic 0.39 1 31
Manganese(mg/g) IIA 0.52 1 31
II1B 0.15 1 31
1mic 0.13 1 31
Nitrogen (%) 193] 1.27 1 31
I1ic 2011 1 31
Phosphorus (mg/g) mA 0.79 1 31
1B 0.52 1 31
1ic 0.20 1 31
Potassium (mg/g) 1A 7.15 1 31
1B 5.31 1 31
I11c 1.54 1 31
Drypetes glauca Ash (%) 111B 1.53 0.87 3 1.09 253 097 18 Swf  Ultisols Tuffaceous sandstone  Wood decay-class 3 SD
1B 1.83 1 18 Swf  Ultsols Tuffaceous sandstone Wood decay-class 2
Calcium (mg/g) I11B 3.33 1.37 3 2,70 490 2.40 18 Swf  Ultisols Tuffaceous sandstone  Wood decay-class 3 SD
I11B 4.47 1 18 Swf  Ultisols Tuffaceous sandstone Wood decay-class 2
Nitrogen (%) 1B 0.24 0.17 3 0.14 044 0.14 18 Swf  Ultisols Tuffaceous sandstone Wood decay-class 3 SD
1I1B 0.31 1 18 Swf  Ultisols Tuffaceous sandstone  Wood decay-class 2
Phosphorus (mg/g) I11B 0.14 0.11 3 0.09 028 0.07 18 Swf  Ultisols Tuffaceous sandstone Wood decay-class 3 SD
II1B 0.22 1 18 Swf  Ultisols Tuffaceous sandstone Wood decay-class 2
Potassium (mg/g) 1B 032 018 3 0.28 052 0.17 18  Swf Ultisols Tuffaceous sandstone  Wood decay-class 3 SD
B 0.30 1 18 Swf  Ultisols Tuffaceous sandstone Wood decay-class 2
Enterolobium cyclocarpum  Wood density (g/cc) 1IIB 037 0.01 5 0.37 038 0.37 35
Erithalis fructicosa Calcium (mg/g) II1A 963 462 2 9.71 13.68 13.68 42 Sdf  Mollisols  Alluvial deposits Adult new leaves
II1A 11.08 290 11 11.53 14.87 2.88 42 Sdf Mollisols  Alluvial deposits Mature leaves
Magnesium (mg/g) 1A 085 046 2 0.83 134 042 42  Sdf Mollisols  Alluvial deposits Adult new leaves
IT1A 272 063 11 2.60 4.09 166 42 Sdf Mollisols  Alluvial deposits Mature leaves
Nitrogen (%) 1A 0.87 0.08 2 0.87 094 080 42 Sdf  Mollisols Alluvial deposits Adult new leaves
1A 072 009 11 0.71 091 0.62 42 Sdf Mollisols  Alluvial deposits Mature leaves
Phosphorus (mg/g) I11A 054 024 2 0.54 075 033 42 Sdf  Mollisols  Alluvial deposits Adult new leaves
1A 025 006 11 0.26 034 015 42  Sdf Mollisols  Alluvial deposits Mature leaves
Potassium (mg/g) ImA 834 073 2 8.29 9.13 765 42 Sdf Mollisols  Alluvial deposits Adult new leaves
IMA 936 197 11 8.46 1279 6.76 42 Sdf Mollisols  Alluvial deposits Mature leaves
Erythroxylum aerolatum Calcium (mg/g) 1A 15.73 1 42 Sdf Mollisols  Alluvial deposits Adult new leaves
IIA 2026  2.11 6 1995 2350 17.06 42 Sdf Mollisols  Alluvial deposits
Magnesium (mg/g) 1A 1.63 1 42 Sdf  Mollisols  Alluvial deposits Adult new leaves
1A 333 051 7 334 412 232 42 Sdf Mollisols  Alluvial deposits
Nitrogen (%) IA 2.26 1 42 .Sdf Mollisols  Alluvial deposits Adult new leaves
II1A 1.69 021 6 1.76 192 1.40 42 Sdf Mollisols  Alluvial deposits
Phosphorus (mg/g) 1A 1.38 1 42 Sdf  Mollisols  Alluvial deposits Adult new leaves
II1A 081 015 7 0.78 1.07 063 42 Sdf Mollisols  Alluvial deposits
Potassium (mg/g) 1A 15.06 1 42 Sdf  Mollisols Alluvial deposits Adult new leaves
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Appendix 1—Data Sources

Data sources are arranged by general area of study. The numbers correspond to sources cited in the tables on the
characteristics of plant and soil samples. The sources are cross-referenced to species in Appendix 2.

Soils

1.

10.

Seasonal dynamics and succession in a subtropical dry forest, Gudnica Study #2508
Investigators: Peter Murphy & A.E. Lugo
Location: Guanica Forest, Gudnica, Puerto Rico
Date of collection: 1981-1983
Guédnica Study #2508
Investigator: Vicky Dunevitz (Michigan State University)
Location: Guénica Forest, Guanica, PR
Date of collection: 1982
Guaénica Study #2508
Investigator: Dan Nepstad (Michigan State University)
Location: Guanica Forest, Guénica, Puerto Rico
Date of Collection: 1983
Study of the colonization of landslide areas in the Luquillo Experimental Area
Investigators: Carmen Varela, Digna Ortiz, Aurea Berrfos, Héctor J. Alvarez-Science Teacher Association Investigation
Location: Landslide along P.R. 191 in Luquillo Experimental Forest, Puerto Rico
Date of Collection: August 1981
Structure and dynamics in the colorado forest of the Luquillo Mountains of Puerto Rico, Study #2503
Investigator: Peter Weaver (Michigan State University, Ph.D. Dissertation)
Location: Luquillo Experimental Forest, Puerto Rico
Date of Collection: December 1981-July 1982
Estudio comparativo de algunas propiedades quimicas y fisicas de suelos de bosque bajo uso natural y plantacién
Investigator: Mary Jeane Sanchez (M.S. Thesis University of Puerto Rico, Mayagiiez Campus)
Location: Luquillo Experimental Forest, Puerto Rico
Date of collection: 1985-1986
Landslide natural disturbance and forest regeneration in the Luquillo Mountains of Puerto Rico
Investigator: Manuel Guariguata (M.S. Thesis University of Florida)
Location: Luquillo Experimental Forest, Puerto Rico
Date of collection: June 1988
Growth studies of plantations of Pinus caribaea var. hondurensis in Puerto Rico, Study #2474
Investigators: Mohammed Zakir Hussain (Ph.D. Dissertation Yale University) & L.Liegel
Location: Pine plantations, various sites
Date of collection: 1984-1985
Effect of topography on the pattern of trees in tabonuco(Dacryodes excelsa) dominated rain forest of Puerto Rico
Biotropica 24(1): 31-42.
Investigator: Khadgas Basnet
Location: Bisley, Luquillo Experimental Forest, Puerto Rico
Date of collection: 1988

Structure, succession, and soil chemistry of palm forest in the Luquillo Experimental Forest.
Tropical Forests: Management and Ecology. pp. 142-177

Investigators: Ariel E. Lugo, A. Bokkestijn, & F.N.Scatena.
Location: Palm Slope Forest (PS-2), El Verde: Luquillo Experimental Forest, Puerto Rico
Date of collection: June 1986

99



11. Land use and organic carbon content of some subtropical soils
Investigators: Ariel E.Lugo, M.J. Sanchez, & S.Brown
Location: Puerto Rico
Date of collection: 1982-1984
12. Revegetation on landslides
Investigator: Jean Lodge
Location: Landslide next to El Verde Field Station, Puerto Rico
Date of collection: December 1988
13. Performance of Anthocephalus chinensis in Puerto Rico. Can. J. For. Res. 15: 577—585.
Investigators: A.E.Lugo, & J. Figueroa
Location: Puerto Rico
Date of collection: May 1983
14. Forest plantings in Puerto Rico and Virgin Islands/Small leaf mahogany survey
Investigator: John Francis
Location: Puerto Rico
Date of collection: 1990
15. Restoration and rehabilitation of tropical forests
Enviromental Sciences Department Course, University of Puerto Rico, Rio Piedras Campus
1 st semester of academic year September—October 1989
16. Study of the ecology of worms in nipe soil
Investigator: H. Huber, Biology Department, Mayagiiez Campus, University of Puerto Rico
Location: Maricao Forest, Puerto Rico
Date of collection: August 1990

Wood Decomposition
17. The invertebrate community in tropical dead trees: Effects on tree cavity formation, nutrient recycling and seedling
establishment (Animal and wood breakdown)
Investigator: Juan Torres
Location: Luquillo Experimental Forest, Puerto Rico
Date of collection: 1989
18. Wood Decay in PS-2
Investigator: Ariel E. Lugo
Location: El Verde, Luquillo Experimental Forest, Puerto Rico
Date of collection: 1982—-1986

19. Litter and root dynamics in a tropical pine plantation and an equal age secondary forest-decomposition
of woody debris

Investigator: Sandra Brown
Location: Guzman Pine, Luquillo Experimental Forest, Puerto Rico
Date of collection: April-October 1988

Mangrove
20. Jobanes mangrove
Investigators: José Lépez & M. Alvarez
Location: Jobanes Mangrove, Guayama, Puerto Rico
Date of collection: 1985
21. Jobanes study—Litter fall collection
Investigators: A.E.Lugo & G. Cintrén (Department of Natural Resources)
Location: Jobos Bay, Aguirre, Guayama: Puerto Rico
Date of collection: May-July 1986
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-22. Jobos Bay-Fresh leaves
Investigator: A.E.Lugo
Location: Jobos Bay, Aguirre, Guayama: Puerto Rico
Date of collection: December 1986

23. Caracteristicas morfolégicas y quimicas de las hojas del Rhizophora mangle en un bosque de franja en Las Mareas,

Puerto Rico
Investigators: Honora Serrano & I.Monefeldt
Location: Santuario Estuarino Jobanes, Las Mareas; Puerto Rico
Date of collection: 1983
24. Pterocarpus officinalis/Litter fall
Investigator: Luis Negrén(Humacao College of University of Puerto Rico)
Location: Rio Ant6n Ruiz Swamp, Humacao; Puerto Rico
Date of collection: 1986

25. Soil salinity, sun exposure, and growth of Acrostichum aureum, the mangrove ferm. Bot. Gaz. 151(1): 41-49. 1990

Investigators: Ernesto Medina, E.Cuevas, M. Popp, & A.E.Lugo
Location: Rio Grande & Vega Baja, Puerto Rico
Date of collection: 1986

Vegetation

26. Biomass of bryophytes and other cryptogams in 2 Montane Palm floodplain Forest

Investigator: Jorge Frangi

Location: Montane Palm Floodplain Forest in Luquillo Experimental Forest; Puerto Rico

Date of collection: 1990

27. Population dynamics of Manilkara bidentata (a.D.C) Cher. In the Luquillo Experimental Forest, Puerto Rico
Investigator: Chenxia You (Ecology Department University of Tennessee; Knoxville, Ph.D. Dissertation)
Location: El Verde; Luquillo Experimental Forest (Nora Devoe's plot), Puerto Rico

Date of collection: February 1987
28. Nutrients and mass in litter and top soil of ten tropical tree plantations
Investigators: A.E.Lugo, E.Cuevas, & M.J .Sanchez
Location: Arboretum, El Verde; Caribbean National Forest
Date of collection: October 1986
29. Plumeria study
Investigator: Eva Dévila
Location: Guanica Forest, Guanica
Date of collection: 1985
30. Porciento de cenizas en la flora epifitica sobre Prestoea montana

Investigator: Carmen L. Baez/Escuela Secundaria University of Puerto Rico

Location: Luquillo Experimental Forest, Puerto Rico
Date of collection: 1985

31. Ecosystem dynamics of a subtropical Floodplain Forest
Investigator: Jorge Frangi

Location: Montane Palm Floodplain Forest in Luquillo Experimental Forest

Date of collection: 1980/1990

32. Comparison of tropical tree plantations with Secondary Forest of similar ages, Study #2501-Understory study

Investigator: A.E.Lugo
Location: Luquillo Experimental Forest; Puerto Rico
Date of collection 1982-1984
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33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

102

Nutrient patches in a subtropical moist forest
Investigators: Pat Kangas & A.E.Lugo
Location: El Verde, Luquillo Experimental Forest, Puerto Rico
Date of collection: August 1986
The influence of density on stand development, biomass partitioning and nutrient allocation in Albizia lebbeck
Investigator: John Parrotta (Ph.D. Dissertation)
Location: Toa Baja Experimental Farm, Puerto Rico
Date of collection: 1985-1986
Wood density
Investigator: John Francis
Location: Puerto Rico
Date of collection: 1985-1990
Restoration and rehabilitation of tropical forests
Environmental Sciences Department Course, University of Puerto Rico, Rio Piedras Campus
1st semester of academic year 1989-1990
Investigator: Ariel E.Lugo
Location: Rio Mameyes (river basin), Luquillo Experimental Forest, Puerto Rico
Date of collection: September—October 1989
Seasonal dynamics and succession in a subtropical dry forest, Guanica Study #2508
Investigators: Peter Murphy & A.E. Lugo
Location: Guénica Forest, Guanica, Puerto Rico
Date of collection: 1981-1983
Leaf decomposition study
Investigator: Yiovani Santiago Molina/Naranjito High School
Location: Bisley Watersheds; Luquillo Experimental Forest, Puerto Rico
Date of collection: 1988
Comparison of tropical tree plantations with Secondary Forest of similar ages, Study #2501-Overstory biomass
Investigator: A.E.Lugo
Location: Luquillo Experimental Forest, Puerto Rico
Date of collection: 1982-1984

Mineral content of leaves from trees growing on serpentine soils under contrasting rainfall regimes in Puerto Rico
Plant and Soil. 13-21, 1994

Investigators: Emesto Medina, E.Cuevas, J.F igueroa , & A.E.Lugo
Location: Maricao Forest, Puerto Rico
Date of collection: June 1990
Nutritional characterization of Mahogany plantations in Puerto Rico
Investigator: Ernesto Medina
Location: Puerto Rico
Date of collection: August 1987
Physiological ecology of dominant woody species in a dry coastal forest on limestone (Gu4nica) forest
Investigator: Ernesto Medina
Location: Guanica Forest, Puerto Rico
Date of collection: 1986-1987
Influence of light intensity during growth on the proportion of light and dark CO, fixation in CAM plants
Investigator: Eresto Medina
Location: IITF Nursery, Puerto Rico
Date of collection: 1987



Appendix 2—List of Species

No. Name Source No. Name Source
1 Acrostichum aureum 25 46  Erithalis fructicosa 42

2 Albizia lebbeck 34 47  Erythroxylum aerolatum 42

3 Alchornea latifolia 18, 35 49  Erythroxylum rotundifolium 42

4  Alchorneopsis floribunda 18 50 Eucalyptus patentinervis 28

5  Aleurites moluccana 35 51 Eucalyptus robusta 35

6  Allamanda violacea 29 52  Eucalyptus saligna 28

7 Amyris elemifera 42 53 Eugenia borinquensis 31

8  Andira inermis 32 54 Eugenia eggersii 31

9  Anthocephalus cadamba 28 55 Eugenia maleolens 42

10 Ardisia glauciflora 40 56 Eugenia rhombea 42

11  Artocarpus altilis 35 57 Eugenia stahlii 32

68 Alteramnus lucidus 42 58 Exostema caribaeum 40, 42
12 Avicennia germinans 22 59 Ficus citrifolia 35

13 Bambusa vulgaris 32 60 Genipa americana 35

14 Beilschmiedia pendula 18 61 Guaiacum officinale 42

15 Bourreria succulenta 42 62 Guaiacum sanctum 42

16 Bromeliads 31 63 Guapira obtusata 40

17 Bryophites and Cryptogams 26 64 Guararibaea turbinada 18

18 Bucida buceras 42 65 Guarea glabra 18, 31, 32, 39
19  Bursera simaruba 40, 42, 35 66 Guazuma ulmifolia 35

20 Byrsonima lucida 40 67 Guettarda scabra 40

21 Byrsonima wadsworthii 31 69 Hernandia sonora 28

22  Calophyllum brasiliense 32,39 70 Hibiscus elatus 28, 35
23 Calycogonium squamulosum 31 71 Hyeronima clusioides 35

24 Capparis cynophallophora 42 72 llex sideroxyloides 31

25 Casearia arborea 32,39 73 Ingavera 38

26 Casearia sylvestris 32 74  Jacquinia berterii 42

27 Cassine xylocarpa 40, 42 75 Kalanchoe pinnata 43

28 Citrus sinensis 35, 39 76 Khaya grandifolia 35

29 Clusia rosea 40, 42, 32 77 Khaya nyasica 28, 35
30 Coccoloba diversifolia 42 78 Khaya senegalensis 35

31 Coccoloba microstachya 40, 42 79 Krugiodendron ferreum 42

32 Coffea arabica 32 \ 80 Laguncularia racemosa 20, 21, 22
33 Colubrina arborescens 42 81 Maesopsis eminii 35

34 Colubrina elliptica 42 82 Magnolia splendens 31

35 Cordia borinquensis 18 83 Manilkara bidentata 18, 27, 32, 39
36 Cordia sulcata 18, 35 84 Matayba domingensis 18

37 Croton poecilanthus 18, 31 85 Melicoccus bijugatus 35

38 Cupania americana 35 86 Miconia prasina 18, 32
39 Cyrilla racemiflora 17, 31 87 Miconia tetrandra 31, 32
40 Dacryodes excelsa 17, 18, 32, 38, 39 88 Micropholis chrysophylloides 31

41 Daphnopsis philippiana 31 89 Micropholis garcinifolia 31

42  Didymopanax morototoni 18, 32, 39 90 Myrcia deflexa 31, 32
43 Ditta myricoides 31 91 Myrcia splendens 32, 39
44  Drypetes glauca 18 130 Neolaugeria resinosa 40

45  Enterolobium cyclocarpum 35 92  Ocotea leucoxylon 31, 32
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Appendix 2—List of Species—con.

No. Name Source No. Name Source
93  Ocotea moschata 35 117 Sapium laurocerasus 18
94 Ocotea spathulata 31 118 Schizolobium parahybum 35
95  Ormosia krugii 18 119 Sloanea berteriana 17
96 Ouratea littoralis 40 120 Spathodea campanulata 35
97 Palicourea crosea var. riparia 32 121 Swietenia humilis 41
98  Phoradendron racemosum 42 122 Swietenia macrophylla 28, 32,39, 41, 42
99 Pictetia aculeata 42 123 Sw ietezia mcfcrop hylla 41

. x mahagoni
100 P{menta rfzcemosa ) . 40 124 Swietenia mahagoni 40, 41
101 Pinus caribaea var. caribaea 19, 28, 39 . ,

] L 125 Swietenia sp. 41
102 Pinus elliotti densa 28 126 Syzygium jambos 39
103 Pinus massoniana 18 127 Tabebuia haemantha 40
104 Pisonia albida 42 128 Tabebuia heterophylla 32,39
105 Pisonia subcordata 40 129 Tabebuia rigida 31, 35
106 Pithecellobium dulce 35 131 Terminalia ivorensis 28
107 Plumeria alba 29 132 Ternstroemia stahlii 40
108 Plumeria obtusa 29 133 Thouinia striata 42
109 Plumeria rubra (red) 29 134 Torralbasia cuneifolia 31
110 Plumeria rubra (white) 29 135 Trema micranthum 32
111 Prestoea montana 18, 19, 30, 31 136 Turpinia occidentalis 39
112 Psychotria berteroana 31 137 Xylosma schwanec{ce.an um 31
113 Psychotria sp. 39 138 Zanthoxylum martinicense 35

139 Forest floor logs 33

114 Prerocarpus macr.ocar.'p s 33 140 Mixed species Guénica Forest 37
115 Pterocarpus officinalis 24, 35 141 Young secondary forest— 36
116 Rhizophora mangle 20, 21, 22, 23, 25 Mameyes Basin
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Appendix 3—Elemental

Composition by Species

in Live Vegetation

The following figures show the concentration of elements by
species in live vegetation. The numbers on the horizontal
axes correspond to species numbers listed in Appendix 2.
The graphs are intended to provide a quick overview of the

range of values obtained and outliers.
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Appendix 4—Elemental

Composition by Species
in Loose Litter

The following figures show the concentration of elements by
species in loose litter. The numbers on the horizontal axes
correspond to species numbers listed in Appendix 2. The
graphs are intended to provide a quick overview of the range
of values obtained and outliers.
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Appendix 5—Elemental
Composition by Species
in Litter Fall

The following figures show the concentration of elements by
species in litter fall. The numbers on the horizontal axes
correspond to species numbers listed in Appendix 2. The
graphs are intended to provide a quick overview of the range
of values obtained and outliers.
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Appendix 6—Elemental
Composition by Soil Order

The total concentration of various elements in ultisols for the
group of 81 samples is shown in Table A6. The figures
show data on mean concentration of elements and other
constituents in different types of soil; data on other character-
istics, such as bulk density and effective cation exchange
capacity, are also shown. The values in parentheses refer to
the number of samples.

Table A6—Total concentration of
elements in ultisols

Element Concentration
Aluminum (%) 12.16
Calcium (mg/kg) ‘ 2,383
Iron (%) 8.23
Magnesium (%) 0.64
Manganese (%) 0.15
Potassium (mg/kg) 557

3

of 1.96 (288) |

Aluminum (cmol/kg-1)

0.06 (1)

AR

0.1 (2) 0.12(3)

) oo - |
Alffisols Mollisols Ultisols Vertisols
2
1.56 (5)
1.33 (6) 131 (@) 1.35 (1)

1.

Bulk density (g/cc)

DN
AR
S

LAY

Alfisols  Entisols Inceptisols Mollisols Oxisols Ultisols  Vertisols
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