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Secondary forest succession in a tropical dry
forest: patterns of development across a 50-year
chronosequence in lowland Bolivia
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ABSTRACT. Stand structure, species richness and population structures of tree
species were characterized in 12 stands representing 50 y of succession following
slash-and-burn agriculture in a tropical dry forest in lowland Bolivia. Estimates of
tree species richness, canopy cover and basal area reached or surpassed 75% of
mature forest levels in the 5-, 8-, and 23-y-old stands respectively. Total stem
density of the 50-y-old stand was amost twice that of the mature forest stand.
This rapid recovery may be due to a high percentage of sprouting tree species,
potentially high seed fall into abandoned fields, or the disturbance history of the
mature stand. The even-aged size-class structures, dominance of long-lived pion-
eers, and presence of charcoal and pottery shards in soils of the mature forest
stand suggest it formed after a severe disturbance, possibly fire of anthropogenic
origin.

KEY WORDS: disturbance history, forest management, forest structure, second-
ary forests, species richness, succession, tropical dry forests

INTRODUCTION

Peatterns of tropicd foret successon on &bandoned agricultura  fidds have
been documented by many dudies in the past severd decades (reviews by
Brown & Lugo 1990, Finegan 1996, Guariguata & Ostertag 2001). Most of
these dudies, however, were conducted in humid or wet tropica forests. Com-
paratively few sudies have focused on tropicd dry forests, despite the fact that
dry forests occupy a larger area of tropicd foret land than wet or humid
forests, and their rate of converson to secondary forests has been higher histor-
icaly (Mooney et al. 1995).

Seasond  variation in rainfdl crestes fundamentd differences in  paterns of
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successon characterigtic of dry and humid tropicd forests. For example, veget-
dive regeneration is more common in the dry tropics (Ewel 1980), due to the
susceptibility of seedlings to drought and the greater proportion of biomass
invested in root systems. Succession in dry forests is adso reported to be forist-
icaly smpler and the number of seral Sages fewer than in the wet tropics
(Ewel 1980). Growth rates are Sower in dry forests than wet, but because dry
foreds ae lower in height and ther dructure is smpler than wet forests, they
have the potentiad to recover to a mature state more quickly than wet foredts,
and therefore are consdered more redlient (Ewel 1980, Murphy & Lugo 1986).

Forest dynamics in late successional stages are also expected to differ
between the dry and more humid tropics Researchers who have worked in
tropicd dry forests redize that ggp phase dynamics, the paradigm of forest
dynamics in humid and wet forests, does not adequately describe the dominant
disurbance and regenerdtion pattens characteristic of dry forests. Certainly
tree fdls ae a common feature of dry forests, but many of the tree species
appear to be dependent on larger, more intense disturbances (Dickinson 1998,
Snook 1996).

This paper describes patterns of forest successon across a 50y chronosequ-
ence of abandoned agriculturd fidds in a dry fores in the lowlands of Bolivia
Changes in stand structure, species richness, and population structures of
sdected tree species ae documented. Hidtoric  disturbance regimes and their
implications for the sustainable management of dry forests in this region of
Bolivia are dso discussed.

STUDY SITE

This study was conducted in the dry forests of Chiquitania, a geographic region
in the eastern lowlands of Bolivia located in the Province of Nuflo de Chavez,
Department of Santa Cruz (16°45’S, 61°45'W). Chiquitania is situated in a
trangtion zone between the humid forests on the southern rim of the Amazon
basn and the thorn scrub formations of the Gran Chaco. The naturd vegeta
tion is classified as tropical dry forest (sensu Holdridge 1967). The regional .
cimate is chaacterized by pronounced seasondity with a drong dry season
that corresponds to the austral winter. Most of the canopy trees are seasondly
deciduous, shedding their leaves from June to September. The mean annud
temperature at Concépcion (- 70 km from the study site) is 24.3 °C; mean
annud precipitation at Conctpcion is 1129 mm (Killeen e d. 1990). The land-
scgpe is dominated by low hills composed of granite, gneiss and metamorphic
rocks of Precambrian origin (Geobold 1981) punctuated by exposed granitic
outcrops (inselbergs). Elevation varies between 400 and 600 m ad. The soils of
the aea ae clasdfied as Inceptisols (group: Ustropepts) and Oxisols (group:
Eutrusox; Iporre 1996). Although these soils are mildly acidic (pH = 5.8 to 6.8
in the A horizon; Iporre 1996) with a low to moderate cation exchange capacity
(L4-73 me 100 g7'; Iporre 1996), they ae redivey fetile compared to the
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more highly wesathered soils found in savaneas and humid forests in lowland
Balivia (Killeen et al. 1990).

Canopies of mature foret are dominated by trees of the Leguminosee (60%
of totad basad aea of trees > 10 cm dbh); trees in the families Bignoniaceee,
Anacardiaceae and Bombacaceae are also abundant (Killeen et al. 1998).
Understorey trees are mostly represented by the families Sapindaceae and
Myrtacese. A spiny ground bromeliad, Pseudananas sagenarius (Arruda) Cam-
argo, is very abundant and occurs in clumps of up to 2000 m?.

Chiquitania is so0 named for the Chiquitano indigenous people, the largest
of the lowland indigenous groups in Bolivia, with a population of around 72 500.
Lomerio, where this study was conducted, is a politicd region within Chiquit-
ania made up of 27 Chiquitano communities with a totad population of around
5000. The Chiquitanos of Lomerio have been managing their forests for timber
gnce 1982 with technicd and financid support from severd internationa ingti-
tutions. Shifting agriculture is the principd occupation of the Chiquitanos and
there is an abundance of fdlow agriculturd fidds abandoned a various times
in the past. Agriculture in Lomerio is traditiond dash-and-burn. At the begin-
ning of the dry season (May-Jdune), understoreys of sdected forest land are
dashed with machetes and then trees are felled by axe. Slash is dlowed to dry
for a leet 2 mo until the end of the dry season (August-September), when
fidds are burned. Fields are not ploughed. Crops are planted after the dart of
the rainy season (October-November). Each field, or chaco, that is opened can
be used for 35 y. The genera sequence of crop rotation for filds on more
soils is rice, corn and occasondly beans the fird year, manioc and plantains
the second year, corn and rice again in the third year, ard manioc Or Sugar
cane the fourth year. While the dte is being activdly farmed it must be weeded
2-3 times a year to prevent second growth vegetation from taking over. Aban-
doned fidds are sometimes cultivated agan after 1520 y, dthough many fidds
are left for much longer periods as falows, or barbechos. The Sze of agriculturd
fidds varies from 1-7 ha, dthough mogt fidds ae 2 ha (McDanid 2000). Mogt
fidds are surrounded by mature foret or older falows, and therefore seed
sources are locdly avaladle.

METHODS

The forest fallows chosen for this study were located in lands communally
owned by the town of San Lorenzo. Fourteen falows representing 12 different
ages from 1 to 50 y were located with the help of loca Chiquitano farmers.
Each age had one replicate except for the I-y-old fadlow, which had three replic-
ates. The replicates for the |-y-old falow were used to show variaion among
fdlows of same age, but were averaged for anadyses. Falow ages were estim-
aed by interviewing the owners of the origind fiedds. Ages of fdlows ae only
edimates and confidence of age decreases with fallow age. The mature forest
dand used for comparison is owned by the community of Las Trancas, located
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roughly 20 km from the town of San Lorenzo. This dte was chosen because it
is the focus of a number of sudies conducted jointly by BOLFOR and the
Museo de Higoria Naturd Nod Kempff Mercado, including an intendve flor-
istic inventory (Killeen ¢t a. 1998).

Data collection

Tree inventories in falows were conducted during the wet season (February
and March) of 1998. Within each fdlow, sx 50-m x 20-m plots were randomly
located aong transects, with ‘plots separated by 50-100 m. Each plot was com-
posed of nested quadrats, with smaler quadrats Stuated within larger ones
(Figure 1). This sampling desgn follows that of Killeen et a. (1998). In each
quadrat, dl trees within the targeted Sze class were identified to species, ther
diameter a breest height messured (1.3 m, dbh), and total height estimated
visudly. Sprouts were counted as individuads. Due to abundant seed production
of Anadenanthera colubrina severd months before this fidd sudy, newly germin-
ated seedlings of this species were distinguished from seedlings > 1 y old.
Mature forest values of basal area, stem density and canopy height were
obtained from a 1995 inventory of 100 plots in a 300-ha aea (Killeen et al.
1998). Tree species richness of the mature forest was estimated from a subsam-
ple of sx plots randomly sdected from the 1995 data set.

A
A L

Quadrat A: Sizeclass6  (dbh > 40 cm)

Quadrat B: Sizeclass5  (dbh 20-40 cm)

50 m Quadrat C: Sizeclass4  (dbh 10- 20 cm)
> Quadrat D: Sizeclass3  (dbh 5 - 10 cm)
Quadrat E: Size class 2 (dbh <5 cm, > 2 m tdl)
Sm
R Quadrat E: Sizeclass 1 (dbh <5 cm, < 2 m tal)
Ci1D
10 m
4m I E
A 4
20 m
Figure ], Layout of sample plot used to measure tree structure and richness in abandoned shifting agricul-

turd fields. Each plot had nested quadrats of five dzes (A-E) with a different tree sze class (I-6) targeted
for exh quadrat. The smalest quadrat (E) had two targeted sze dasses (1 and 2).
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In forest fdlows, totd plant cover < 2 m tdl and per cent cover < 2 m tdl
by life foom was esimaed visudly for four 1-m? subplots per plot. Life form
categories were: graminoids (grasses, sedges, rushes), herbs (non-woody plants
excluding graminoids, bromdiads and herbaceous vines), ground bromdiads
(Pseudananas  sagenarius), shrubs (woody, multiplestemmed), herbaceous and
woody vines, and trees. Canopy cover was edtimated with a spherica densi-
ometer a one corner of each plot. For the mature foredt, tota plant cover <
2 m tdl, per cent cover < 2 m tdl by life form (graminoids, herbs, bromdiads,
ghrubs, lianas and trees), and canopy cover were determined in March 1998 in
32 4-m? subplots randomly distributed throughout the mature forest (Kennard
2000). Voucher specimens were collected and identified at the Museo de Histo-
ria Naturd de Nod Kempff Mercado, Santa Cruz.

RESULTS

Species richness and forest structure

Tree species richness (stems > 2 m heght) reached 75% of mature forest
richness within 5 y after agricultural abandonment (Figure 2a). Basal area
(¢tems > 2 m height) was dower to recover, reaching 75% of the mature forest
vaues in the 23-y-old dsand (Figure 2b, c). Based on visud estimates, canopy
height also appeared to reach 75% of mature forest values a 20-40 y. Tota
stem density (stems > 2 m height) was highly variable in stands up to the
30-y-old sand (Figure 2d); total stem dendty of the 50-y-old stand was amost
twice that of the mature forest stand.

Changes in sem dendty and basd aea by Sze class reveded important
devdlopments in forest dructure (Figure 3). Mogt of the varidaion in tota stem
dengty between the 50-y-old stand and mature forest was largely due to the
gregter abundance of these smal gems in the younger sand. In contrast, the
vaidion in totd basd aea adong the chronosequence was due more to large
gems > 20 cm dbh, reflecting the contribution of large trees. Basd aeas of
the five size classes were similar in the 50-y-old and mature forest stand,
although the mature forest stand had comparatively more basal area in the
> 20-cm dze cdasses and less in the < 20-cm Sze classes.

Canopy cover and understorey cover

Canopy cover was low in the I-, 2-, and 3-y-old stands (10-22%), but
increased to 56% in the > 5-y-old stand. Canopy cover of the mature stand was
78%. Tota cover < 2 m was high in the |-y-old stand (100%) and declined to
50% in the 8vy-old stand (Figure 4). More variaion was detected in the per
cent cover of individud life forms, which reveded changes in cover of different
plant groups with successonad age. Grasses and herbs were a dominant part
of plant cover in the young dands but ther cover declined in older sands.
Shrubs were absent in young stands but more abundant in stands older
than 8 y. The same paten emerged for a very common ground bromdiad,
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Figure 2. Tree species richness (stems > 2 m tall), canopy height, total basal area (stems > 2 m tal) and
total stem density (stems > 2 m tall) of agricultural fallows |-50 y after abandonment. Dotted lines repres-

ent 75% of mature forest values for each index. Tree species richness is the total number of tree species
found in each fallow. Canopy height, total basal area, and total stem density are averages (with standard
errors) of the six sampling plots used in each fallow. Mature forest values are designated on the x-axis by

an ‘M’.

Pseudunanas, which covers about 15% of mature forest understoreys, but was
only present in large quantities after 20 y of post-agricultural succession. Tree
regeneration lost dominance in the understorey in stands > 15 y old, likely
due to saplings recruiting into larger size classes combined with reduced
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agricultural fallows 1-50 y after abandonment. The mature forest stand is designated on the x-axis by an
‘M
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Figure 4. Per cent understorey cover < 2 m by life form. The mature forest stand is designated on the
x-axis by an ‘M’.

recruitment into seedling and sapling classes. Vine cover varied from 5 to 18%
throughout the dands of the chronosequence with no digtinct pettern in cover
with gand age.

Importance values and dominance throughout the c/zronosequence

Importance values for 36 species are displayed in Table 1 in descending
order. The combined importance vaues of commercid tree species (bottom
line of Table 1) tended to decline with increesng fdlow age. Figure 5 depicts
the dominance of four regeneration guilds (short-lived pioneers, long-lived
pioneers, partially shade-tolerant and shade-tolerant) throughout the 50-y
chronosequence.  Classifications are based on shade tolerance of species
obtaned from Pinard ¢t al. (1999). Long-lived pioneers dominated al <ands
throughout the chronosequence. Shadetolerant species became more  domin-
ant in older stands, but did not dominate long-lived pioneers even in the
mature stand. Short-lived pioneers and partidly shade-tolerant species did  not
dominate the successond dands a any point in the chronosequence.



Table 1. Importance values ((relative abundance + relative dominance + relative frequency)/B) of individual tree species in each of 12 differently aged stands in a
50-y chronosequence of abandoned agricultural fields (stems > 2 m tall). Only species with total importance values for all stand ages greater than 5% are reported.

Species are listed in descending order of summed importance values.

Stand age
Species Family/Subfamily 1 2 3 5 7 10 15 20 23 30 40 50 M
Centrolobium microchaete (C. Martius ex Benth.) Papilionoideae 27 10 32 2 9 i 5 15 24 13 7 4 1
H.C. de Lima
Anadenanthera  colubrina (Vell.) Brenan Mimosoideae 9 8 11 13 11 15 11 7 15 11 11 9 13
Astronium - urundueva (Allemao) Engl. Anacardiaceae 9 22 § 18 10 10 8 5 2 ! 5 7 2
Acosmium cardenasii H. S. Irwin & Arroyo Caesalpiniodeae 9 1 4 1 5 3 4 6 14 13 30
Phyllostylon  rhamnoides (Poisson) Taub. Ulmaceae 2 2 2 9 2 9 6 6 14 14 |
Casearia gossypiosperma Briq. Flacourtiaceae 6 5 2 4 5 3 4 5 4 4 4 3 2
Caesalpinia floribunda Tul. Caesalpiniodeae 9 4 3 4 4 5 3 3 2 4 6 3
Cordia alliodora (Ruis & Pavon) Qken Boraginaceae 8 5 7 6 0. 4 2 3 4 0.5 1 2 0.3
Aspidosperma rigidum Rusby Apocynaceae 7 2 3 3 1 2 1 2 ] ! 3 5
Chorisia speciosa St. Hilaire Bombacaceae 1 | 3 3 3 8 4 4 2
Machaerium  acutifolium J. Vogel Papilionoideae 1 2 0.4 2 3 1 | 3 4 4 2 3
Galipea trifoliata Aubl. Rutaceae 04 1 2 2 2 2 2 3 5 4 3
Rhamnidium elaeocarpum Reissek Rhamnaceae 1 4 3 3 1 4 3 5 1
Simira rubescens (Benth.) Bremek. ex Steyerm. Papilionoideae 0.4 1 | 2 | 2 2 2 | 5 1 4 !
Allophyllus pauciflorus Radik. Sapindaceae 1 ] 7 1 1 4 1 3 2
Spondias mombin L. Anacardiaceae 6 5 2 1 | 3 1 1 1 2 1
Guazuma ulmifolia Lam. Rubiaceae 4 ! 4 ! 7 2 | .
Combretum Jeprosum Mart. Combretaceae 5 2 4 ! 4 04 2 0 !
Acacia loretensis J.F. Macbr. Mimosoideae I 2 10 | | 3
Machaerium  seleroxplon Tul. Papilionoideae 0.4 5 1 3 2 ! 1 1 1 2
Cecropia concolor Willd. Moraceae 2 3 5 5 3 1 0.0
Bougainvillea modesta Heimerl Nyctaginaceae 1 2 5 2 4 2
Cariniana estrellensis (Raddi) Kuntze Lecythidaceae 0.4 1 4 | 6
Sterculia apetala (Jacq.) Karsten Sterculiaceae 3 1 ! 3 1 2 9 1
Pterogyne nitens Tul. Caesalpiniodeae 3 2 1 1 2 1 2 2 !
Cedrela fissilis Vell. Meliaceae 6 4 ] 0.1
Talisia esculenta (Camb.) Radlk. Sapindaceae I 2 2 3 | 1 | 0.01
Neea hermaphrodita S. Moore Nyctaginaceae 0.3 0.3 1 0.4 | 2 5
Cybistax antisyphilitica (C. Martius) C. Martius  Bignoniaceae 0.3 1 | 2 2 0.4 | 1 | 0.2 |
ex DC.
Rollinia herzogii R.E. Fries Annonaceae 2 1 ! I 2 1 !
Celtis pubescens (Humb. & Bonpl.) Spreng. Ulmaceae 1 2 ! 05 | | 1 ! 0.2
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Table 1. Continued

Species

Family/Subfamily

Pogonapus tubulosus K. Schum.

Eugenia flavescens 0. Berg

Samanea saman (Jacq.) Merr.

Enterolobium contortisiliguum (Vell.) Morong
Unknown sp.

Trema micrantha (L.) Blume

Commercial species
Total species

Rubiaceae
Myrtaceae
Mimosoideae
Mimosoideae
Combretaceae
Ulmaceae

Stand age
15 20
5 1
! 2
2 !
2 3
35 44
83 90

0.3
0.02
0.01

28
80

CN

5
3
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Table 2. Comparison of rates of recovery of basal area, tree species richness and canopy height reported by
other studies of forest succession in the tropics and subtropics. For each index, the age by which secondary
stands reach 75% of the mature forest stand and the mature stand values are reported.

Basd area (m’ ha)

Canopy height

Tree species richness

Age a Mature Agea Mature  Age a Mature
Forest type 75% (y) (m® ha') 75% (y) (m) 75% (y) (no.) Source
montane >>30 603 >>30 36 15 20 Kappelle et al. 1996
lower montane  >35 62.8 1 21 >35 105 Kuzee et a. 1994
subtropical wet 20 338 20 24 >21 37 Brown & Lugo 1990
subtropical wet 25 20 Aide et al. 1995
tropical moist >80 34.8 >35 25-35 60 67 Sddariaga et al. 1986
tropical moist >80 35.6 5 66 Sddarriaga et al. 1988
tropical wet 17 33 >17 70 Guariguata et al. 1997
tropical dry >10 10.4 10 25 Aweto 1981 a, b
tropical dry 23 25 23-40 25 5 37 This study
>> signifies that the mature stand value was more than twice that of the oldest secondary stand
reported.
Total species richness.
1.0
08 - — short-lived pioneers
o s
= : -+ longlived  pioneers
E PR X - = patidly shade tolerant
0.6 : co
'Q .
- - .. = Shade tolerant
L
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Figure 5. Dominance (proportion of total basal area) of four different regeneration guilds (short-lived
pioneers, long-lived pioneers, partialy shade-tolerant and shade-tolerant) over the 50-y chronosequence of
forest falows following agricultural abandonment. Classification of species into regeneration guilds follows
Pinard et al. (1999). The mature forest is represented by an ‘M’.
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DISCUSSION

Althbugh a diginct pattern emerged from the chronosequence, there was not-
able vaiation in dructurd trats among the different sands not explained by
differences in age. For example, the 23-y-old stand had higher stem dengties
and canopy height than expected. This may be due to a number of factors that
likdly varied between fidds formed a different times and in different locations,
including differences in the length of cultivation, soil type, size of clearing,
avalability of propagules, and ranfal during the fird years of deveopment;
or, disurbance by fire, cattle grazing, or fud wood collection in the years after
abandonment. Substantial differences among the three stands formed in the
same year suggest that variation among factors operating very ealy in succes
gon, such as initid dte conditions, seed dispersd, germination, and predation,
could aso account for much of the variation among <ands. The three |-y-old
sands had ranges of tree species richness of 11-18 species, basd area 0.84-
2.28 m? ha” and stem densty of 9880-42 800 stems (dl stems < 5 cm) ha’
dbh. The lack of replication within stands aged 2-50 y therefore limits the
interpretation of results to generd trends.

The patterns of change in forest sructure observed among the abandoned
agriculturd  fidds in this sudy follow descriptions of tropicd secondary forest
dynamics reviewed by Brown & Lugo (1990), specificdly, totd dem densty
decreases during stand development as tree density > 10 cm, canopy height
and basal area increase. These changes occurred relatively quickly in this
chronosequence: tree gpecies richness recovered to 75% of mature forest rich-
ness in the 5y-old stand;, basd aea and canopy height reached 75% that of
mature forest values in the 23-y-old stand. It is important to note, however,
that although species richness was high in young successional stands in
Lomerio, species compostion is dmost dways dower to recover than species
richness (Finegan 1996).

These rdaive rates of recovery ae among the higher rates documented in
other sudies of tropicd forest regeneration, particularly for gpecies richness
(Table 2). The fast redive recovery of the Bolivian dte may be due to severd
factors. Firs, a high percentage of tree species in these forests regenerate by
sprouting (Kennard 2000). Forests with a high percentage of sprouting Species
are thought to be more resilient to disturbance (Corlett 1981, Ewel 1980,
Janzen 1975, Nyerges 1989), as growth rates of sprouts are generdly higher
than those of seedlings dlowing sprouts to form taler and larger crowns soon
ater digurbance (Miller & Kauffmann 1998). Secondly, dthough not quanti-
fied in this sudy, seed fdl of tree species into abandoned fidds was potentidly
high due to the large percentage of wind-dispersed tree species in this forest
(Justiniano 1997) and the reativey smdl sze of foret dearings (usudly ~ 2
ha).

A discusson of the disturbance history of the maure stand may adso hep to
explan the apparently repid rate of forest recovery a this dte, as the mature
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forex was used as the reference sand. Severd lines of evidence suggest the
mature foret formed &fter a severe disturbance; this evidence includes the
dominance of longlived pioneers and their even-aged sSze class dructures and
soil charcod fragments found a vaious locations and depths (Kennard 2000).
If the mature stand is, in fact, a very old successional stand, then general
estimates of stand recovery to mature forest values are likely to be over-
esdimates. However, disturbance dso gppears to have been a pervasve influ-
ence on forests in this region, and therefore, this mature stand may be repres
entative of mature forests in Lomerio. For example, dendrochronology of
Cedrela fisilis, one of the few species tha creates annual rings, indicated that
intense fires have occurred roughly every 30-60 y in Lomerio (J. Huffman, pers.
comm.). Although the exact causes of these past fires are unknown, pottery
shards found a sx different locations within the mature forest (Kennard 2000)
suggest that a leet some fires were anthropogenic in origin. Denevan (1976)
edimated that the pre-European contact population dendty of the region that
includes Chiquitania was nine times higher than other Amazonian lowland
forests. In fact, present population densities in Lomerio (- 20 people km™)
are only slightly higher than the pre-contact density estimated by Denevan
(0.6-1.8 people km™). The even-aged population sructures and dominance of
long-lived pioneers may, in fact, be the legacy of centuries of dash-and-burn
cultivaetion by indigenous peoples in this region. Although some may ague tha
a dand that has escaped human disturbance is the only appropriate yardstick
agang which to measure forest recovery, in Lomerio, an undisturbed sand
may not be a reevat reference.

The results of this sudy aso have important implications for foret manage-
ment in Lomerio, where approximately half of the commercial timber tree
goecies are long-lived pioneers and found in abundance in forest falows. Using
foret fdlows as a source of shadetolerant timber species may be a viable
dterndive to regenerating these gpecies in mature forests
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