Growth of Secondary Forest in Puerto Rico Between 1980 and 1985

ABSTRACT

Successive inventories in Puerto Rico provided the first
estimates of secondary forest growth on a regional basis. The
volume of growing stock trees increased by 32%, and timber
volume by nearly 36%, on all classes of forest land between
1980 and 1985, Timber volume growth rates (in m* ha~" yr—*)
varied by forest class and averaged 2.0 in young secondary
forest, 6.9 in advanced secondary forest, 7.} in abandoned
coffee shade forest, and 1.2 in active coffee shade forest,
Tree diameter growth rates were weakly correlated with
initial tree diameter (£ = 0.16, n = 1090). A slight increase
of valuabie timber species and human intervention in more
than half the forests were othier trends recorded between
SUTVeys,

INTRODUCTION

igratory agriculture, logging, pasture counversion,
and fuelwood harvests have caused notable re-
Zhductions of tropical forests in recent years (3,
13, 19) Furthermore, the problem is most aggravated
in areas of greatest need Deforestation causes the loss
of timber and its increment (16} and, depending upon
its scale, the decline of flora and fauna and accelerated
soil erosion. In the Amazon Basin, concern has been
expressed azbout potential changes in the water regi-
men and quality (6) and possible decreases in rainfall
(18) associated with deforestation. At the same time
that global deforestation is underway, world use of
wood and its derivatives is projected to rise 134% be-
tween 1974 and the year 2000 (17} The need to
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COMPENDIO

Inventarios sucesivos en Puerto Rico suministraron los pri-
meros estimados de crecimiento en bosques secundarios a
nivel regional. El volumen de drboles clasificados como exis-
tencias (growing stock) aumentd en 32%, y el volumen de
pies maderables {madera de aserrio) en 369, para todas las
cluses de terreno desigrado como forestal en 1980 y 1985,
Las tasas de crecimiznto de volumen {en m*ha~" afio ') va-
riaron por clase de bosque y promediaron 2.0 en bosque se-
cundario joven, 6.9 en bosque secundario, 7.1 en sombra para
café abandonada, y 1.2 en sombra para café activa. Se corre-
laciond Jevemente ¢l crecimiento en didmetro con el didmetro
inicial. Un leve aumento de especies madereras valiosas y de
Ia intervencion humany cn mas de la mitad de los bosques
fueron otras tendencias observadas entre los inventarios.

reverse trends in deforestation is evident (9, 13, 19)
so that future requirements for domestic and indus-
trial wood supplies may be met.

One factor that counteracts deforestation is the
regeneration of secondary forests on marginal and
abandoned lands. Some 31 miilion ha in Mexico, Cen-
tral America, and the Caribbean are in distinct stages
of recovery after agricultural abandonment {10} This
represents 40% of the forested arez of the region.
Moreover, 78 million ha in South America have been
classified as “‘forest fallow™ according to a regional
inventory {14). This category includes the regenera-
tion of woody vegetation after shifting cultivation in
areas previously covered with closed broadleaf forest
It is probable that much of this area would be ame-
nable to silvicultural techniques to improve species
composition and growth, The forest fallow area
where silviculture could be practiced is about 50
times as large as the area that was proposed for plan-
tations in Latin America between 1980 and 1985

Of Puerto Rica’s 890 000 ha of land surface, about
96% was forested at the time of the island’s discovery
{20) Subsequent clearing for settlement and agricul-
ture reduced the forested areas to 13% in the mid-
19403, half of which was actually coffee shade forests
{8) At that time, << 1% of Puerto Rico’s original
forests remained in pristine condition {20}, Beginning
in the fate 1940s, the growth of industry caused the
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abandonment of marginal agricultural lands. Migra-
tion from rural to urban areas followed, allowing the
development of secondary forests,

Projections indicated that Puerto Rico’s demand
for timber products would increase five times in vol-
ume and i4 times in commercial value between 1970
and the year 2000 (22). An inventory devised to
assess the island’s timber resources was conducted in
1980; it showed that over 30% of the land surface
was again forested, largely in coffee shade and secon-
dary forests (1}. About 130 000 ha were classified as
timberiand and were characterized by low volumes,
poor form, and a high proportion of trees previously
used in agriculture By 1985, an update of aerial esti-
mates showed that forest cover had further increased
to 34% of the island’s surface (2)

The purpose of this study was to summarize stand
changes and growth that occurred in secondary and
coffee shade forests between inventories. This infor-
mation s required as baseline data for assessing the
etfectiveness of future silvicultural treatments in sec-
ondary stands.

METHODS

In the 1980 survey (1), the island was geopraphi-
cally partitioned to focus the inventory in regions
with commercial forestry potential Two life zones
(7} of the six in Puerto Rico (3) were used along with
four broad groupings of soils, based on their geological
origin and depth, to stratify the island. Excluded
from the field sample were the agricultural lands of
the north coast and interior valieys, all of the dry
south coast, and the steepest mountainous regions
with excessive rainfall The sample arez was concen-
trated in the mountainous interior of the island.

Forest cover estimates were made by dot count on
aerizl photographs. Field sample plots were located
at the intersections of a grid of lines spaced at 3 km
intervals. These were first located on topographic
maps and later transferred to the photographs. The
estimated areas derived from the dot count were
adjusted according to actual land use after verifying
the cover on each of the plots in the field Of the 437
ground locations that were visited, 134 were classed
as forest.

Each forested location was described and perma-
nently marked so that growth, recrujtment of new
trees, mortality, and free harvest could be estimated
in the future. On each plot, trees << 12 .5 ¢m in diame-
ter at breast height (dbh) were recorded in a cirele of
40 m®. Larger trees were sampled by using a basal

area prism with a factor of 2.5 m*ha™  Detailed
measurements, including height, diameter, and defec-
tive portions, were made for each sample tree to de-
termine wood velume and wood quality.

Coffee shade plots {refer to glossary for definitions)
were classified as active or abandoned, and secondary
forest plots were grouped as young or advanced, based
on tree size znd/or information provided by persons
living in the vicinity All trees were identified to
species (11, 12). Fruit and fuelwood tree species
usuaily not included in forest inventories were also
measured

The inventory update of 1983 again used aerial
photographs to determine the total forested area of
the istand A subsample of 52 of the originai 134
foresied plots, stratified by forest class, was used to
estimate stand changes and growth These plots con-
sisted of secondary and abandoned coffee shade for-
ests randomly selected within each group. Plots origi-
nally sampled within the limestone region were not
re-measured because of logistical considerations and
because they were of less interest silviculturaliy than
plots located on the rest of the island The 1980 field
measurements were repeaied, but total and commer-
cial tree heights were measured with an optical range-
finder, whereas in 1980 they had been estimated by
experienced cruisers. The 1985 plots were further
partitioned into those that had been disturbed between
1980 and 1985 and those that had not. These data
sets were treated separately using the same analytical
techniques

Diameter growth rates of timber species were com-
pared among species, and by crown class within
species, using Duncan’s new multiple range test at the
5% probability level. The computation of mean dia-
meter increment involved weighting to account for
the variable probability of selecting trees > 12 5 cm.
Volume growth of individual trees was determined
according to several categories by calculating the dif-
ferences in total growing stock and timber volumes
between inventories Gross volume growth of sample
plots included growth and ongrowth of survivor trees,
ingrowth of new trees, and growth on trees that were
cut or died between surveys{annual growth by species
until the estimated time of cut or mortality). Mortal-
ity and cull increment were subtracted from pgross
growth to obtain net growth.

RESULTS
Area surveyed

Of the 108 900 ha of timberland re-surveyed in
1985, 47 9% was active or abandoned coffee shade
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forest, 41.5% was secondary forest, and 10.5% had
been cleared {Table 1} Fifty-seven percent of the
timberland sampled was disturbed between surveys,
including 36% of the secondary forest, 45% of the
abandoned coffee shade forest, and all of the active

Tabie 1. Areas by forest class and disturbance class for re-sampled timberland in Puerto Rico, 1980-85.

coffee shade forest and landcleared areas. Removal of
trees for fenceposts and cleaning of coffee plantations
in response to fluctuations in coffee market prices

may explain some of the removals

Disturbance class

Forest class Undisturbed Bisturbed Total
Hectares No. of Hectares No. of Hectazres Nao, of
plots plots plots

Secondary

Young 10 829 & 823 4 18 528 10

Advanced 18519 9 8231 4 26 758 13
Colfee shade

Abundoned 17 700 il 14 482 9 32182 20

Active 0 0 20 QoG 3 20 800 3
Landclearing 0 0 1l 449 6 11 449 6

Tatals 47048 26 62393 26 108 904 52
Table 2. Stem changes in undisturbed secondary forests for major timber species.

Number of trees ha~'

Tree species' 1980 stand Ingrowth Ongrowth Monrtality Remaovals 1985 stand
Andira inerinis 1429 393 20 20.5 0.0 1637
Cordia alliodora 46.6 0.5 04 273 040 398
Dacryodes excelo 14 4 0.0 25 00 0.0 16.6
Didymopanax moratotoni 547 13.7 0.0 6 8 0.9 616
Guarea puidonia 631 533 L 68 6.8 1360
Micropholis chrysophylloides 557 273 0 oo 0.0 830
Ormosia krugii 274 0.0 42 00 0.0 316
Spondias momtin 34 0.0 4.6 0.0 0.0 10.0
Tabebuia hererophyllia 1913 0.8 88 416G 04 2299
Sapium laurocerasus 221 0.0 0.0 6.8 0.0 15.3

Subtotal 6533 234 9 253 109.2 6.8 7875
Other species 21886 976.1 48.5 492.0 0.0 27211
Grand total 18419 1201.0 738 601 2 68 35086

1 Timber species listed in Wadsworth and Birdsey (23), plus addition to their Hst

Changes in stem numbers

The total number of stems increased in undisturbed
stands and decreased in disturbed stands between
1980 and 1985 (Tables 2-5). The proportion of timber
species, however, remained the same or increased

slightly in all forest classes between surveys. In undis-
turbed secondary forest, the tofzl number of stems
increased by 24% (Table 2), whereas in disturbed sec-
ondary forest they declined by 1% {Table 3). Timber
trees averaged about 23% of the total in both surveys
in the undisturbed secondary stands, but they in-
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Table 3. Stem changes in disturbed secondary forests for major timber species.

Number of trees ha™!

Tree species’ 1980 stand Ingrowth Ongrowth Mortality Removals 1985 stand
Andira inermis 63 409 0.0 GO i02 670
Buchenavia capitata 63 30 13 G0 00 88
Byirsonima corigeeae 86 G0 6.0 GO 6o 8.6
Didvmopanax morolotoni 509 (L) 36 i02 00 64 B
Guarea guidariia 893 265 1.8 29 00 1207
Inga fagifolia 65 G (eN¢] 0o 102 00 558
Ormosia krugii 47 8 00 00 00 409 6.9
Pourterig multiflora 84d 00 00 0.0 00 8.4
Lugenia stallii 83 102 0.0 00 00 18.5
Magnolia portoricensis 13 00 00 00 08 &5
Manitkara bidentata 3.7 00 4.5 0.0 10.2 16.0
Subtotl 344 4 98 1 i4d 233 621 376.0
Other species 20943 60041 232 3617 3i7.4 20424
Grand total 24392 7022 416 3850 37195 214184

b Timber speeies isted in Wadsworih and Birdsey (23), plus addition to their fist.

creased from 14 to 16% of the total in the disturbed
secondary stands (Table 3).

In undisturbed coffee shade stands, the number of
trees increased by 99, while the proportion of timber
trees increased from 25 to 29% of the total between
surveys (Table 4). In disturbed coftee shade stands,
the total number of trees declined by 19%, whereas
the proportion of timber trees increased from 26 to
28% of the total between surveys (Table 5},

Diameter growth rates

When the mean annual increments in diameter
(MAI) for all trees, regardless of species, were parti-
tioned according to several forest classes, differences
were apparent. MAI in abandoned coffee shade stands
was significantly greater than for the remaining groups,
which averaged only half to one-third as great {Table ).
When MAI was regressed on the initial stem dbh’s
determined in the first inventory, the relationship

Table 4. Stem changes in undisturbed coffee shade forests for major timber species.

Number of trees ha—?

Tree species 1980 stand Ingrowth Ongrowth Mortality Removals 1985 stand
Andira inermis 461 00 3.8 GO co 499
Cordia alliodora 101 0o 735 6.0 0.0 176
Didymopanax morototoni 21 {449 G.0 6o 40 170
Guarea guidonia 2169 670 185 4.9 20 2875
Inga fugifolia 862 74 G0 i6.9 D0 a1 7
Petitia dominguensis 509 0o 6o ;.0 90 59
Tabebuia heterophylla 8.9 0.0 4.0 ¢.0 0.0 8.9
Subtotatt 3762 89.3 388 258 0 478 5
O1lier speeies 11242 I84.1 329 3757 7.4 1 158.0
Grand total 1 5004 1734 717 3015 m'] 4 1 636.5

| Timber species listed in Wadsworth and Birdsey (23)

Turriatha Vaol. 40, No. |, 1990, pp. 12-22
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Table 5, Stem changes in disturbed coffee shade forests for major timber species,

Number of trees ha~'

Tree species 1980 stand Ingrowth Ongrowth Mortality Removals 1985 stand
Andira nermis 337 [g 5 37 39 UG 530
Calophyitum calaba x5 g0 0.0 [{RE: 00 25
Didywmopanax morotaioni 361 156 64 39 78 46.4
Cruarea guidonia 165.7 374 138 39 615 1520
Inga fagifolia 419 0.c 23 156 i4.0 46
Nectandra sinteniyii 424 7.8 0.0 0.0 389 11.7
Subtota’ 3227 80 8 282 373 1222 1833
Other species 910.6 1938 374 2316 303.1 116.6
Granrd total | 2327 374.6 656 2489 4253 998 8

I limber species listed in Wadsworth and Birdsey (23)

MAl = 0.086 + 00164 d — 0000107 d* was derived.
The coefticient of determination (R?) was 016
{Table 7)

Comparison of MAI by crown class was restricted
by sample sizes and was complicated by the field pro-
cedure which did not designate classes for trees
<125 cm in dbh (Table 8) Most of these trees were
probably in the intermediate or suppressed classes
Guarea guidonio grew significantly faster in the domi-
nant class than either the intermediate or non-desig.
nated class. The remaining species did not have
enough replications for meaningful comparisons

Table 6. Comparison of mean annual diameter growth
{(MAI1} on surviving trees, by forest class without
regard to species.’

MAIL (diameter)®  Sample size

Forest class (e yr-' £ SE)*  (No. trees)
Secondary
Young 021 +002b 219
Advanced 919:001b 423

Cotiee shade

Active 021:002b 472t
Abandoned 0.52¢40.174 22
Mean all classes® 021001 1 095

| Minimum tree size was 2 5 em in dbh

Analysis ot variance showed the meuns to be ditferent
(P = 0.0002). Means followed by the same letter are not
significantly different by Duncan’s multiple range test.
3 SE = stndard error of mean

4 Mean is weighted by sampie size

EEe]

Table 7. Analysis of variance of mean annual diameter
growth, by tree size class.’

Sum of Mean i

Source DF  squares square value P> F
Pust diameter 1 2431 3431 [&H6 0G00I
Square of past

diwmeter 1 553 333 384 00001
Leror 088 15691 014

Totul 1096 18675

P Growth=0086 + 0164 ¢ — (000107 d* where d =
initial dizmeter, The coetficient of determination (R*) is
0in

When commercially valuable timber species were
compared without regard to crown class, considerabie
overlap in MAl was apparent {Table 9) Didvmopanax
morototoni grew most rapidly and Andire inermis
grew the slowest

Volume growth rates

The volume of growing stock increased by an aver-
age of 32% for all forest classes and disturbance clas-
ses combined between 1980 and 1985 (Table 10).
The increases in young secondary forest and both
classes of coffee shade forest ranged from 50 to 56%,
whergas advanced secondary forest increased by only
18% The proportion of change in disturbed forests
was greater than that in undisturbed forests

Timber volumes increased by an average of nearly
36% on all classes of timberland combined between
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Table 8. Mean annual diameter growth (MAI) of timber species with > 20 trees, by crown class.
MAI (diameter) by crown class's?
Species D C I 0
em vr~? (n)?

Andira inermis 011¢ ) 9 18( 9) G.18( 8) 0.§5(24)
Didymopanax morototoni 0 58(15) D6 8) G i 2) 023 7
Guarea guidonia 0 8B(46)2 0 7‘3(47)ab (}..37(16)bC 0. 18(46)"
fnga fugifolia Q36N 1.68(11) 603 4) 0 26(14)
Tubebuia heteraphyila 063t 029 1) G.05( 4) 03313
1 Croewn classes: [ = dominant, ¢ = codominant, 1= Intermediate, and O =all trees < 125 ¢m in dbbh that were not classitied to

crows cliss

2 An analysis o variance to test the elfects of crown class showed difterences {or Guareg guidonia (9 = 0 0001) Row means iollowed

by the same [etter are not difterent by Duncan’s multiple range test (P = 0 05)

3 no=number ol individuals measured

1980 and 1985 (Table 10). Secondary forests ranged
from 31 to 37% and coffee shade forests from 19 to
53%. When the lands were partitioned according to
disturbance classes, the proportion of change in un-
disturbed forests was more than twice that in distur-
bed forests. Excluding the landcleared areas, the un-
disturbed advanced secondary forest had the highest
volume per hectare of growing stock and timber at
the beginning of the study, and the disturbed young
secondary forests had the lowest volume per hectare
{Table 10},

Mean annual volume growth rates for growing
stock and timber are shown in Table 11, Landcleared

Table 9. Comparison of mean annual dismeter growth
(MAI) on surviving timber species and other group-
ings with > 20 trees.”

MAI (dizmeter)®  Sample size

Species or grouping {em yr~' = 8E)*  (No. trees)
Didymopanax morototoni 042+ 0 09" 32
Tabebuia heterophylia 035 £ 0 060 3
Inge fagifolia 0.32 10 J0abe 16
Guarea guidonia 0 30 = 0 p3abed 121
Other timber species 025+ 0 pqbed 99
Non-timber dicoty 019200ed 540
Andira inermis 0160059 43
Totat G52

I Open grown trees and overtopped trees were excluded
from the anaivsis. The crown classes ot alf trees were
dominant, codominant, or intermediate

Analysis of varlance showed the mesns to be ditferent
(P = 00001, Means ToHowed by the same letter are not
different by Duncan’s multipie range test (P = 005}

2 SE = Standard error.

I~

areas had negative values in both categories. Advan-
ced secondary forest in the disturbed category and
abandoned coffee shade forest in the undisturbed
category showed the most rapid increases in growing
stock volumes, averaging 50 and 4.2 m*ha ™ yr™?,
respectively. When undisturbed and disturbed cate-
gories were combined by forest class, the growing
stock of abandoned coffee shade forest increased
most rapidly at 36 m*ha”yr™  The most rapid
timber volume increases were for abandoned coffee
shade forest in the undisturbed category and advan-
ced secondary forest in the disturbed category, which
averaged 9.2 and 79 mPha™' hr ™| respectively. When
undisturbed and disturbed categories were combined
by forest class, the timber volume in abandoned
coffee shade forest increased most rapidly at
71 mPhayr

Tables 12 and 13 show the components of annual
change in timber volumes according to forest classes
in undisturbed and disturbed timberland, respectively.
In undisturbed forests, growth of survivors in young
secondary forest, advanced secondary forest, and
abandoned coffee shade forest was 56, 87, and 90%,
respectively, of the gross volume growth (Tabie 12).
These percentazge changes were in the same order as
the original stand volumes. Ingrowth, in turn at 15,
12, and 4%, respectively, was in reverse arder of the
initial stand volumes. In disturbed forest, increment
on survivors ranged from 67 to 88%, and ingrowth
ranged from 6 to 2i% for all forest classes. Neither
was related to initial stand volumes,

Four tree species accounted for 52% of the aver-
age net annual timber growth in volume: Cecropia
peliata, 19 3%; Guarea guidonia 13 8% Ormosio
krugii, 9.9%; and Ervthring poeppigiong, 9 0% An

Turrialba Vol 40, No. 1, 1990, pp. 12.22
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Table 10. Growing stock and timber volumes, by forest class and disturbance class, in Puerto Rico’s timberland for both surveys,

Volume (m?® ha ') by disturbance class

Undisturbed Disturbed Mean' Percent
change
Forest class 1980 1985 1980 1985 1980 1985
Growing Stock ~ Al Species
Secondary
Young 119 170 5.4 92 9.4 140 489
Advanced 592 633 491 74.2 56.1 660 176
Coftee shade
Abuandoned 3i7 587 274 421 333 5112 53.7
Active 0 0 153 240 153 244 564
fand clearing 0 { 83 08 4.3 3 -90.4
Mein' 402 St 201 286 389 382 322
Pereent change 71 423 32z
Timber Species
Seeondury
Young 40 ¢ 5t 8 185 154 31 41.6 32
Advanced 918 1324 91 9 114 8 9215 1270 373
Cotfee shude
Abundoned 16 8 1219 54.4 774 66.7 162.4 334
Active 0 4 4 193 330 393 189
Land clearing {t ¢ 18.5 .2 185 1.2 =933
Meun? 155 L6 41 2 49 3 554 759 158
Percent change 478 196 358

b Means are welghted by land arcas

additional 17% of growth was fairly evenly distrib-
uted among [nge lawrina, Didvriopanax morotoiond,
and Tabebuia heterophvile Cecropia, Didvinopanax,
and Tabebuia are early secondary species, and Guarca,
Eryvehring, and Tnga are coffee shade species Ormosig
is a more frequent component of secondary forests
than undisturbed forests

Three species accounted for 80 6% of the average
net annual mortality: fnga vera, 60.2%; Cecrupia
peltata 13 6%; and Guarea guidonia, 6 8% Mare than
60% of the mortality was attributed to disease and
nearly 10% to human disturbance. The cause of the
remaining mortality was less evident but appeared
largely due to suppression by competing trees and
growth of vines

DISCUSSION
This study constitutes the first regional assessment

of secondary forest growth rates in Puerto Rico. Sev-
eral trends that might be expected in other areas

where agricultural abandonment is followed by the
growth of secondary forests were previewed in this
study. The first was continual human intervention in
more than half of the forests surveyed, presumably to
satisfy local needs for wood or to continue subsistence
cropping (Table 1). Another trend was that commesr-
cially valusble timber species, which comprised 14 to
26% of the stems on all classes of forest land in the
initial survey, increased slightly between surveys
(Tables 2-3). This may be due to the fact that the
commercially vajuable trees are larger and longer fived
and tend to replace other species over time. The last
trend was that growth rates were satisfactory for
many species and forest classes

Diameter giowth for abandoned coffee shade
forest (Table 6) and for many timber species in the
dominant and codominant crewn classes (Table 8)
was in the upper range of values reported elsewhere
in Puerto Rico. Diameter growth rates for many of
the timber species included in this study had been
previously determined in logged-over secondary forest
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Table 11.

Mean annual growth in volume of growing stock

and timber, by forest class and disturbance class,
in Puerto Rico's timbertand between surveys,
1980-85.}

Volume growth {m® ha~' yr—*)

by disturbance class

Forest class Undisturbed  Disturbed Mean'
Growing Stock
Secondary
Young [ 07 09
Advanced 06 R Y 24
Coftee shade
Abandoned 42 28 36
Active 0 17 17
Land clearing 0 13 15
Meant i |7 1y
Timbuy
Sceondary
Young 13 14 20
Advanced 79 46 69
Coftee shade
Abandencd 9.2 46 71
Active 4 12 12
Land clearing 0 ~-3.5 -3.5
Mean' 72 16 44

1 Means are weighted by land arcas

of the luquiiflo Mountzins in northeastern Puerto
Rico (4), an area not included in the inventory. In
that study, Guarea guidoniz averaged 080 cm/yr,
Inga fagifolia tanged from 040 to 060 cm/fyr, and
Tabebuia heterophylla and Didymopanax morotoroni
grew from 0.30 to 0 35 cm/fyr. depending on locale,

Our estimates of timber volume growth are shown
in Table 11. Apparently, volume growth is satisfactory
in the advanced secondary and abandoned coffee
shade stands and certainly is favorable when compared
to volume growth in Puerto Rico's primary forests
{12, 25). Direct comparisons with secondary forest
studies elsewhere are difficult, however, because of
differences in sampling designs and measurements,

Numerous tree species in Puerto Rico’s secondary
forests have timber potential (27). The forests, how-
ever, aie dominated by early secondary species of
limited utility and those previously used in subsis-
tence agriculture (26). Furthermore, they are charac-
terized by poor tree form and low timber volumes

A “new look” at Puerto Rico's timberland (23),
using information from the 1980 inventory, indicated
that there were more than 20 timber species on about
50 000 ha of forest that were adequately stocked in
the poletimber and sapling size classes The study also
posed research questions related to Puerto Rico's sec-
ondary forests. One of them ~*how well can second-
ary forests redeem investments in their produc-
tion?”— is critical to future work. In adequately
stocked stands, existing regeneration would preclude

Table 12, Components of annual change in volume of timber, by forest chass, in Puerto Rico's undisturbed timberland, 1980-85.
Secondary forest Coffee shade
Component Landclearing Young Advanced Abandoned Active Total
1000 m? yr=!

Growth:
Surviver growth (.0 336 134.2 168 4 00 3362
ingrowth Go 87 180 74 g0 340
Growth on cut 6.0 a0 0.0 00 00 Go
Growth on mortality G.0 17.3 2.1 109 00 364

Gross growth 00 596 154 4 186 7 0o 404 6
Mortality 0.0 kTN -55 223 00 624

Net growth 040 1590 1489 HER! 00 3382
Removals 0.0 0.4 04 G.0 a0

Net change 00 25 1489 164 4 (EX0] 3382

Turrialba Vol 40, No. 1, 1990. pp. 12-22
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Table 13, Components of annual change in volume of timber, by forest class, in Puerto Rico’s disturbed timberland, 1980-85.

Secondary forest

Coffee shade

Component Landclearing Young Advanced Abandoned Active Total
1 000 me® yr-*

Growth:
Survivor growth -85 112 40.0 74 1 650 1899
Ingrowtl: co 27 18 228 839 373
Growth on cut GO g2 0.0 74 0.0 76
Growth on mortality ~i.1 0.0 29 4.9 217 284

Gross growth -i.6 141 457 109 2 95.6 363 2
Mortality 0.0 0.0 ~8.8 ~14.4 ~67.0 ~-90.2

Net growth -1.6 i4] 369 94.8 286 1734
Removals -390 ~3.1 0.0 ~17.7 8.0 -58.9

Net change -40.6 120 369 771 286 114 1

the need for costly nursery facilities and planting ef-
forts but would require management of the regenera-
tion. Although the silvicultural techniques required to
stimulate growth (26) have not been widely tested,
previous studies in Puerto Rico’s secondary forests
provide insights for future management. Tree diameter
growth on abandoned agricuitural lands without silvi-
cultural treatment was correlated with crown size
(28) Another study comparing diameter growth of
timber trees in thinned secondary forest with the
same species in undisturbed natural forest showed
that trees in the thinned forest grew more rapidly

(24)

Some important economic considerations that
require scrutiny are the potential utility of mixed

GLOSSARY

Definitions of the important terms used in the text
are included in this glossary.

e Coffee shade: A multi-story, multi-crop system
used principally for the production of coffee and
characterized by an upper story of shade frees. Active
and abandoned categories refer to current use of the
terrain,

¢ Cull increment: The net volume in trees that
change from growing stock to rough or rotten, or
vice-versa {i.e., because of increment on non-defective
logs), during the period between inventories

species in local markets; the feasibility of harvest
from numerous small, scattered, and increasingly frag-
mented properties, and the capability of Puerto
Rico's road system to handle the heavy traffic asso-
ciated with logging. Other pertinent issues relate to
the uniqueness of Puerto Rico in tropical America.
The island is densely populated, has an increasingly
affluent citizenry, and contains a limited number of
natural areas in the mountainous interior for passive
recreational use {15} Moreover, it has a growing need
for additional water supplies for domestic and com-
mercial use, The economic tradeoffs between a grow-
ing demand for wood products (22) and these com-
peting uses remain to be evaluated

o Disturbance class: Undisturbed ~ forests not cut
between inventories: disturbed -- those with evidence
of cutting or removai of stems.

e Growing stock trees: All live trees (sawtimber,
poletimber, saplings, and seedlings), except rough and
rotten trees.

© Growing stock volume: Volume of all sound
wood (excluding sound cull) in the bole of growing
stock trees = 12 5 c¢m in dbh, from stump to a mini-
mum 10 cm diameter outside bark, or to the point
where the central stem breaks into limbs
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e Ingrowth: Number or sound volume of trees
that reach the minimum diameter ¢classof 12.5 cm in
dbh during the period of measurement and that are
recorded for the first time.

e Mortality: Number or sound volume of live
trees dying from natural czuses during the period
between inventories

e Ongrowth: Number or sound volume of trees
> 125 cm in dbh that qualified for the new prism
sampie, but not the original sample, because of dia-
meter increment. Trees that grew from < 125 to
= 125 cm in dbh were classified as ingrowth

@ Rough or rotten trees: Live trees that are un-
merchantable for sawlogs now. or prospectively,
because of defect or rot.

¢ Secondary forest: Forests resulting from the
abandonment of cropland or pasture, and forests
resulting from the regeneration of previously cutover
or disturbed forest land. Young secondary forest
ranged in age from O to 20 years, and advanced sec-
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