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Chapter 5. 

Planting pioneers and late-successional species in ab

andoned dry Andean pastures and scrubs: prospects 

for restoration 

J.P. Groenendijk and J.F. Duivenvoorden, submitted to Forest Ecology and Management 

Abstract 

The results of a plantation experiment with native woody species in the Eastern 

Cordillera of the Andes, Colombia, are presented. We hypothesized that planted seed

lings of native woody pioneers would perform best in open pastures, and that planted 

seedlings of late-successional shrub and tree species would perform better in shrubland. 

Additionally, we evaluated the effect of treatments with stones and fertilizer on seedling 

performance. Moreover, we expected natural succession in the matrix vegetation to be 

accelerated as an effect of canopy establishment by planted species. Plantation with 

species mixtures of pioneers, and of late-successional species, were applied in both pas

tures and shrublands. Seedling performance and matrix vegetation development was 

monitored from 2000 to 2004. Survival was low for some species, probably caused by 

drought and night frost. Seedling growth was generally low: pioneer species reached stem 

heights up to around 1 m, while the late-successional species mosdy did not grow signif-

icandy. Stone treatments enhanced survival for most species, while the fertilizer addition 

increased stem growth for late-successional species. A canopy of planted seedlings was 

established only with pioneer species planted in pastures. In these plots, species turnover 

rate did not differ from that of control plots. We concluded that pioneer shrubs per

formed better in pastures than in shrublands. Late-successional species survived better in 

pastures, but stem growth was higher in shrublands. Stones and fertilizer treatments 

enhance survival and/or growth rates for a number of species. Changes in species com

position were not an effect of the planted canopy. However, total herb cover in these 

plots did increase as an effect of the plantation. We concluded that succession can 

possibly be accelerated by a planted canopy, but more time is needed to be able to detect 

successional changes as an increased turnover, different species composition and inva

sion of typical late-successional species. It is recommended to use mixtures of pioneer 

and late-successional species in future plantation trials. 
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Chapter 5 

Introduction 

Although spontaneous succession has been succesful at some sites (Hodacova 

& Prach 2003; Prach et al. 2001), the "let-nature-take-its-course" way of restoring native 

vegetation has proven to be an unsatisfactory option for many disturbed sites. Secondary 

succession is often either too slow (Parrotta et al. 1997b), or takes a non-desired course 

(Sarmiento 1997; Gibson & Brown 1992). To accelerate and control the course of secon

dary succession, technologies based on ecological theories should be conducted (Goosem 

& Tucker 1995; Golley 1999; Hardwick et al. 2004). Plantation of trees, leading to a 

woody canopy, may accelerate natural succession by permitting typical forest species to 

establish (Lamb et al. 1997). On the ofxier hand, species could be suppressed or even 

become locally extinct as a consequence of woody canopy establishment. 

Natural regeneration of many native vegetation types around die world is often 

hindered by competition wiüh exotic grasses (Cabin et al. 2002; D'Antonio et al. 1998), 

cattle grazing (Hendrix et al. 1988), or altered soil properties (Olff et al. 1997). Moreover, 

many late-successional woody species have large seeds with reportedly very short disper

sal distances (Aide & Cavelier 1994; Cubina & Aide 2001), strongly hampering their re

cruitment of available sites (Wunderle 1997). Perches have increased rates of bird-dis

persed seed dispersal (Shiels & Walker 2003; Holl 1998), although these have not been 

applied in large-scale restoration designs. 

Prior to executing a restoration attempt, it is important to gain basic knowledge 

on habitat requirements of desired species, growing site characteristics of the desired 

vegetation type, and propagule dispersal abilities (Hardwick et al. 2004). Previous vegeta

tion research in our study area (Groenendijk et al. in press, see Chapter 3) pointed out 

that the most important woody species of the climax dwarf forest mostly occur — besides 

the dwarf forests — in relatively developed secondary scrubs, rarely in open low scrubs, 

and not in pastures. These species most probably are limited by seed dispersal, and hardly 

form seed banks either in dwarf forest or in any secondary vegetation (Groenendijk et al. 

in prep., see Chapter 4). Seedlings of these species were rarely found in vegetation sur

veys, and mostly restricted to developed scrubs and dwarf forest (Groenendijk et al. in 

press, see Chapter 3). The classic facilitation model (Connell & Slatyer 1977) would pre

dict that habitat conditions impede early establishment and growth of these late-succes

sional species. On the other hand, establishment could be merely limited by propagule 

supply, growth requirements for seedlings being sufficient even in open scrubs or in 

pastures. In the latter case, artificial insertion of seedlings of these species — even in 

recently abandoned open fields — may lead to successful introduction. 

In this paper we report on the first four years of a succession-based restoration 

experiment in a semi-arid Andean valley, nowadays nearly deprived of native Condalia 

dwarf forest and suffering from severe erosion. Investigating both the performance of 

planted seedlings and the development of the existing vegetation, we hypothesized that: 
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Performance of native species in pastures and scrubs 

1) seedlings of planted late-successional species perform better in shrublands than in 

pastures, 2) seedlings of planted pioneer species perform better in pastures than late-

successional species, 3) additional treatments compensating environmental stress weaken 

the expected differences of the first and second hypotheses, 4) establishment of a planted 

shrub canopy in pastures and open scrubs accelerates succession, 5) species turnover 

rates will be higher in pastures than in shrublands. 

We planted both pioneer shrubs and late-successional shrubs and treelets in 

pastures and in open shrubby vegetation. The latter is the least developed scrub type in 

the area, dominated by the pioneer shrubs Baccharis macrantha and Dodonaea viscosa 

(Groenendijk & Cleef in prep.; Van der Hammen 1997; Groenendijk et al. in press, see 

Chapters 2 and 3). After reporting on performance of planted seedlings in the different 

experimental series, we investigated differences in successional indicators of the matrix 

vegetation in the plots where a woody canopy of planted seedlings was established. 

Succession, defined as a directional temporal change in species composition or relative 

abundances (Pickett & McDonnell 1989), is expressed in species turnover rates, changing 

species composition, changes in vegetation structure, and (woody) species establishment 

and extinction. 

Methods 

Study area 

The fieldwork area is at the edge of the high plain of Bogota, an intramontane 

basin in the Eastern Cordillera of Colombia (Figure 5.1). It concerns a part of the Checua 

River valley, affluent to the Bogota River, situated within the municipality of Suesca, 

Cundinamarca. The height above sea level of the study area is between 2550 and 2950 m. 

The zone receives about 700 mm of annual rainfall, generally concentrated in 

two short rainy periods. Evapotranspiration approximates 1050 mm annually, leading to 

a deficit of about 350 mm (Claro-Rizo 1995). The mean annual temperature is around 

13°C (Van der Hammen 1998). During dry periods, night frost frequendy occurs. 

The area has a hilly terrain morphology. Most of the hills are built up by sand

stones belonging to the Guadalupe Formation (Cretaceous). Northward, the pediment 

material probably is strongly weathered kaolinitic clay of the Balsillas Formation, of early 

Pliocene age (Helmens 1990). The entire area is covered by a volcanic ash cap, which 

varies in thickness from less than 20 cm (upper slopes and summits) to 70 cm (pedi

ments). Due to erosion, the hills are intersected by crevices, up to several meters depth, 

exposing either sandstone or kaolinitic clay. 

Soil formation in the ash layers has taken place under semi-arid conditions. 

Most sites show a natric B horizon primarily containing clay, organic material, and 
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Checua ( * £ . ' D dry pasture 
V sub-humid pasture 
O shrubtand 

73-51' 73°50-W 

Figure 5.1. Locations of the clusters of experimental plots in the study area, indicated by 

symbols according to the matrix vegetation type. 

sodium. This illuviation horizon underlies a strongly leached E horizon, which in ex

treme conditions (on pediments) has formed a hardpan. An A horizon has hardly devel

oped in the pediments. However, in the higher parts of the hills, where more humid 

conditions prevail, this horizon is often found. Slope deposits and fine alluvial caps have 

caused local variations in soil properties. 

The study area is a mosaic landscape of grassland, scrubs, planted exotics' for

est, and fragments of dwarf forest (Groenendijk & Cleef in prep., see Chapter 2). The dry 

andean dwarf forest was described as Xylosmo — Condalietum, or "Condalia forest", by Van 

der Hammen (1997). One of the characteristic treelets, Condalia thomasiana (Rhamnaceae), 

is a recently discovered endemic of this particular zone (Fernandez-Alonso 1997). Distur

bances have been common and severe, and exotic grasses have large cover values. Planta

tions with exotics - mostly Acacia decurrens - have been established in the 1980s for soil 

conservation purposes; however, an understory vegetation has hardly developed, and 

ecosystem function recovery is poor, as compared to the native dwarf forest (Van der 

Hammen 1997, 1998); pers. obs.). 

Plantation species 

Nine species of shrubs and treelets were selected for this experiment. All of 

these are native to the Condalia dwarf forest zone and commonly found there in woody 

pioneer stands a n d / o r in late-successional dwarf forest patches. Their successional 
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Table 5.1. Numbers of individuals of woody species planted per plot, as applied in 

mixtures. Average stem length per species is given, with standard deviations between 

= sub-humid pasture; Pd = dry pasture; S = shrubland. 

the different 

brackets. Ph 

species 

Pioneer mixture 

Baccharis macrantha 

Daka coeruka 

Dodonaea viscosa 

family 

Asteraceae 

Fabaceae 

Sapindaceac 

Late-successional mixture 

Condatia thomasiana 
Croton bogotanus 

Duranta mutisii 

Hesperomeks goudotiana 

Myrsine guiamnsis 

Xylosma spiculifera 

Rhamnaceae 
Euphorbiaceae 

Verbenaceae 

Rosaceae 

Myrsinaceae 

Flacourtiaceae 

successio-
nal affinity 

pioneer 

pioneer 

pion.-mid 

late 

late 

laic 

mid-late 

mid-late 

mid-late 

indi viduals 

pioneer 
mixture 

Pd 

63 

63 

63 

Ph, S 

94-95 

94-95 

per plot 

late-succ. 
mixture 

Pd, Ph, S 

15 

4(1 

40 

14 

411 

41) 

initial stem 
length (cm) 

32.8 

41.1 
17.2 

9.5 

27.1 

32.7 

16.3 

5.0 

25.0 

(9.0) 

(36.0) 

(7.3) 

(5.3) 

(21.1) 
(14.2) 

(16.3) 

(2.3) 

(8.1) 

affinity was investigated by Groenendijk et al. (in press, see Chapter 3), and is summar

ized in Table 5.1. Dodonaea viscosa was categorized as a mid-successional species, but was 

included in the pioneer mixture because it is mostly co-dominant with Baccharis macrantha 

in pioneer scrubs. Similarly, Hesperomeks goudotiana, Myrsine guianensis and Xylosma spiculi

fera were classified as mid-successional, but were included in the late-successional plan

tation mixture because of their frequent co-occurrence with the three other species of 

that mixture in dwarf forest patches. We chose to plant greenhouse-grown seedlings in 

stead of sowing seeds, thus skipping the germination stage in which most plant species 

are vulnerable. 

Seeds of all species were collected from the vegetation present at the study site. 

The plant material for the initial planting was produced in two different nurseries owned 

by the Corporación Autónoma Regional de Cundinamarca (CAR). Plantlets received 

applications of fertilizers and fungicides on a regular basis during the production and 

maintenance period in the nurseries. At the moment of plantation in the field, the 

seedlings were in 707 cm' nursery bags. D. coeruka was grown in bags with a volume of 

2389 cm3. 

Experimental design 

Three vegetation types were selected for this research: two types of abandoned 

pastures, and a scrub type representing the least developed, low-stature woody stage 

(Groenendijk & Cleef in prep., see Chapters 2 and 3; Groenendijk et al. in press). The 

non-planted vegetation will hereafter be referred to with the term "matrix vegetation". 
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Figure 5.2. Temperature and relative air humidity during the day, at 10 cm above ground level in 

the three vegetation types selected for the plantation experiment, and in dwarf forest. Lines 

indicate the average over the number of dataloggers per vegetation types (between brackets), and 

over the davs from 28 November to 11 December 2000. 

Dry pasture (Pd): low, open pasture co-dominated by Pennisetum clandestinum and 

Microchha kunthii. Sparse presence of woody Asteraceae (mosdy Baccharis macrantha and 

Stevia lucida), but with a cover of < 1%. The soils shows a natric B horizon under a 

strongly leached hardpan, sometimes topped with a cap of alluvial sand (< 5 cm). 

Around 35% of the surface was bare soil, and the height of the vegetative parts of the 

herb layer generally did not surpass 10 cm. 

Sub-humid pasture (Ph): pasture co-dominated by Pennisetum clandestinum and 

Anthoxanthum odoratum, found near or at the summit of the hills. Cover of < 1% of B. 

macrantha and other shrubs. Soils also have a natric B horizon, but the upper horizon is 

darker and a hardpan has mostly not developed. Bare soil cover was around 20%, and 

herbaceous vegetative height was about 10 cm. 

Shrubland (S): open, low scrub co-dominated by Baccharis macrantha and Dodo-

naea viscosa. Cover of the shrub layer is 8 - 17%, and the canopy height is generally 

between 60 and 150 cm. Dwarf forest species (e.g., Myrsine guianensis, Xylosma spiculifera, 

Hesperome/es goudotiand) are present, but have low cover values. The herb layer is mostly 

dominated by the graminoids KJjynchospora nervosa, hycurus phalaroides and Aristida laxa. 

Mostly found on slopes with a colluvial soil. 

Figure 5.2 gives an indication of microclimatic differences (measured at 10 cm 

above the soil) between the three vegetation types, and a comparison with Condalia dwarf 

forest, obtained in a two weeks' transition period from rainy to dry season (Groenendijk, 

unpublished results). Clearly higher temperatures were measured in dry pastures and 

shrublands around 2:00 PM, while the relative air humidity drops to lower values, as 
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Figure 5.3. Schematic representation of the experimental set-up of the study. 

compared to sub-humid pastures and dwarf forest. 

The plantation was established in May - June 2000. In each of the three 

vegetation types, five plots of 10 x 15 m were established and planted with seedlings of 

pioneer species. Another five plots were planted with seedlings of the six late-succes-

sional species. Repeats of both the pioneers' series and the late-successional series were 

carried out with two separate additional treatments (Figure 5.3). The stones treatment 

consisted of three or four stones - of about 10 cm diameter - placed around each 

individual plant in the plots concerned, about a week after planting. The stone treatment 

was not applied in shrublands, because we considered those to already have a micro

climate affected by shrubs and tussock grasses. Additionally, the series of plots planted 

with late-successional species was repeated with fertilizer treatment. A quantity of 20 g of 

"triple-15" fertilizer (15% of both N, P, and K, with additional trace elements) was 

applied superficially in the soil, at some 10 cm distance in the upslope direction of each 

plant. This was done in July 2000, about a month after planting, when rain was still fre

quent. 

We organized the series of experimental plots in barbed wire fenced clusters. 

Each cluster contained one plot of the combinations of planted species mixture and 

additional treatment, and a control plot, for a particular vegetation type, as shown in 

Figure 5.3. The minimum distance between plots within a cluster was 10 m. Hence, the 

clusters of both dry and sub-humid pasture each contained six plots, and those of 

shrubland four plots. Thus, a total of 80 experimental plots were laid out for the exper

imental setup. 

Soil samples were taken at the beginning of the experiment, from each of the 

five clusters. In the control plots, five subsamples of superficial ( 0 - 5 cm) mineral soil 

were taken, from the four corners and the center of the plot. The contents of available K, 

Na, Mg, Ca, Al, and organic C in the samples, as well as pH and texture, were analyzed in 

the laboratories of the Instituto Geografico Agustin Codazzi (IGAC, Bogota). For details 
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Table 5.2. Soil properties of the vegetation types. Values are averages of the five blocks, with 

standard deviations between brackets. Corg = organic Carbon; CEC = Cation exchange capacity. 

Soil parameters are expressed as percentage (texture, C„rg, Al saturation, and base saturation); or 

cmol+/kg (CEC, cations, and total bases). 

Drv pasture Sub-humid Shrubland (S) 

(Pd) pasture (Ph) 

sand 
Sill 

clav 

pH 

Corg 

CEC 

Ca 

Mg 

K 

Na 

Al ' 

Al satur. 

tot. bases 

base satur. 

55 

34 

11 

6.0 

0.6 

3.9 

1.3 

0.5 

0.3 

0.0 

-
-

2.1 

53.4 

(14) 

(13) 

(2) 
(0.2) 

(0.3) 

(0.9) 

(0.4) 

(0.2) 

(0.1) 

(0.0) 

(0.7) 

(8.9) 

47 

27 

25 

5.6 

2.2 

13.5 

3.3 

1.6 

0.4 

0.1 

0.3 

8.3 

5.4 

28.5 

(14) 

(11, 

(9) 
(0.2) 

(0.9) 

(5.9) 

(1.5) 

(0.8) 

(0.2) 

(0.0) 

(0.2) 

(13.7) 

(2.5) 

(18.9) 

50 (10) 

35 (5) 

15 (7) 

5.3 (0.1) 

2.4 (0.4) 

11.3 (2.4) 

3.4 (1.1) 

1.6 (0.3) 

0.2 (0.0) 

0.1 (0.0) 

0.4 (0.5) 

6.7 (6.5) 

5.3 (1.4) 

46.4 (4.5) 

' not measured at pH > 5.5 

on the soil analysis procedures, the reader is referred to Groenendijk et al. (in press, see 

Chapter 3). The analyses showed that dry pastures have relatively sandy soils with a high 

p H , and low contents of organic C and available cations (Table 5.2), as compared to sub-

humid pastures and shrublands. 

Plantation: witbin-plot 

Even ' plantation plot had 189 individuals planted at 1 meter's distance, in a 

regular triangular pattern. As three different combinations of species were applied in the 

experimental setup, each had its own basic species quantities (Table 5.1) and spatial 

distribution pattern. The patterns were designed in such a way that the distribution of 

each species was more or less regular, without severe clustering of a certain species at a 

certain place in the plots. 

The first pioneer mix, consisting of Baccharis bogotensis and Dodonea viscosa only, 

was simply planted in an alternating way, resulting in either 95 B. bogotensis and 94 D. 

viscosa per plot, or the reverse (Table 5.1). The second pioneer mix had 63 individuals of 

B. bogotensis, D. viscosa, and Dalea coerulea planted in a simple alternating way. This mixture 

was only applied in dry pastures, because D. coerulea is common around these areas, and 

does not occur in sub-humid pastures nor in B. macrantba - D. viscosa scrubs (Groenen

dijk & Cleef in prep., see Chapter 2). The late-successional species mixture consisted of 

different quantities of each of die six species, due to differences in availability. 
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The seedlings were planted in such a way the species were regularly spread over 

the plot. A hole of about 20 cm depfh was made, in which the plantlet was inserted widi 

all the earth of the nursery bag it was grown in. In November 2000, dead seedlings were 

replaced by living ones of die same species. Individuals that showed high mortality of 

leaves or an otherwise bad condition were also replaced by vigorous ones. 

Monitoring of vegetation 

Survival, length and cover of the planted seedlings were monitored in October -

November 2000 (taken as the initial length), October 2001, and August 2004. The stem 

length of every individual was measured from the ground up to the upper living bud or 

leaf base. Cover of each planted species, and die total planted canopy cover, was estim

ated visually as percentage of the plot area. At the same time, the composition and 

abundance of all non-planted vascular plant species (the matrix vegetation) was recorded 

in all of the experimenal plots, including the control plots. Vegetation structural data — 

bare ground, herb cover, shrub cover — were also recorded. 

Data analysis 

Survival of the planted seedlings in 2004 was analyzed on plot level for each 

species. The arcsine — square root transformed percentages of surviving seedlings in 2004 

were tested by means of ANOVA for differences due to die vegetation type, and effects 

of additional treatments, i.e., stones or fertilizer. The ANOVA's were executed in three 

separate series: a) One-way analysis of differences between vegetation types, including 

only those plots diat had not received fertilizer or stone treatment; b) Two-way analysis 

of the effect of stone treatment, and its interaction with pasture type, thus excluding 

scrub plots and fertilized plots; c) Two-way analysis of the effect of fertilizer treatment, 

and its interaction with vegetation type, thus excluding stone-treated plots. Post-hoc 

multiple comparisons were carried out by means of Tukey's test, in case of overall 

significant differences. 

Differences in stem length of the planted seedlings diat had survived over the 

four years' period were analyzed for each species, by means of Kruskal-Wallis tests 

(ANOVA could not be applied because of unequal sample sizes and variances). The 

dependent variable of the test was the residual fraction of the log-transformed length in 

2004 after linear regression on the log-transformed initial length at planting time. A first 

series of Kruskal-Wallis tests was performed widi vegetation type as explanatory factor, 

and a second series with additional treatment as explanatory factor. The plots included in 

the between-vegetation analyses were those widiout stones or fertilizer treatments. Plots 

analyzed for the between-treatments test were those of dry pasture and sub-humid 

pasture, while those of D. coerttlea were dry pasture plots only. Post-hoc multiple compar

isons were done by means of Dunn's test, with a = 0.05, as explained by Zar (1999). The 

spatial position of planted individuals, widi respect to the plot border and planted neigh-
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S Pd Ph 

vegetation type 

Figure 5.4. Survival of planted seedlings for each species expressed in percentage of total planted 

per plot, clustered per vegetation type and additional treatment. Error bars indicate + / - 1 SD. JV 

= 5 plots for all combinations. Pd = dry pasture; Ph = sub-humid pasture; S = shrubland. 

bours, was assumed to have neglegible effects on seedling performance, after preliminary 

analyses. 

The development of the matrix vegetation was analysed using a number of 

indicators. The relative species turnover from 2000 to 2004 was calculated for each plot, 

as follows (Krieger eta/. 2003; Schoener 1988): 

E + I 
TO 

s,+s. 
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where E = the number of species found in 2000, but not in 2004; 1 = the number of 

species found in 2004, but not in 2000; S\ = the total number of species found in 2000; 

S2 — the total number of species found in 2004. This index is inversely related to 

Jaccard's similarity coefficient. The turnover rates were tested for significant differences 

between vegetation types and planted species mixtures (including control plots), by 

means of ANOVA. All above-mentioned statistical analyses were performed with SPSS 

version 11.0 (SPSS 2001), except Dunn's Multiple Comparisons, which were calculated 

in MS Excel. 

Directional changes in species composition in the plots were analyzed by means 

of a Principal Components Analysis (PCA) of the correlation matrix of plots, including 

the samples of both 2000 and 2004 in one ordination. The analysis was done separately 

for the three vegetation types. Prior to that, Detrended Correspondence Analyses (DCA) 

revealed gradients of 1.80, 2.78, and 1.91 SD length for dry pasture, sub-humid pasture 

and shrubland, respectively. All ordinations were performed with the Canoco program, 

version 4.0 (Ter Braak & Smilauer 1999). 

Results 

Performance of planted seedlings 

Survival 

While the average survival percentages on plot-level of Dalea coerulea were below 

40%, the other two pioneer species performed better, with over 90% survival for D. 

viscosa seedlings in pasture plots (Figure 5.4). Myrsineguianensis performed least in terms of 

survival, the percentage surviving seedlings mostly remaining below 35%. The remaining 

five late-successional species had survival percentages around 50%. 

Survival on plot-level of seedlings of the pioneer species B. macrantha and D. 

viscosa was higher in at least one of the two pasture types than in shrublands, while no 

differences were detected for any of the late-successional species (Table 5.3). Stone 

treatment had a significant survival-enhancing effect for D. viscosa, C. thomasiana, and M. 

guianensis. Fertilizer addition enhanced survival of C. bogotanus, but only in dry pastures 

and scrubs. 

Growth 

Individual growth of planted seedlings was generally poor: the average length of 

the planted individuals after four years was around or well below 50 cm for all late-

successional species. The pioneer species mostly reached a height between 50 and 100 

cm, Dalea coerulea often above 120 cm. Average growth rates were around zero or 

negative for all late-successional species, except Myrsine guianensis that attained a rate of 0 
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Figure 5.5. Average growth (cm) of surviving planted seedlings for each species over a four 

years' period, clustered per vegetation type. Error bars indicate + / - 1 S.D. N is indicated above 

each error bar. Pd = dry pasture; Ph = sub-humid pasture; S — shrubland. 

— 10 cm growth over the four years' period (Figure 5.5). Planted seedlings of X. spiculifera, 

D. mutisii, and C. bogotanus appeared to have "shrunk", i.e., the upper living leaves or buds 

died. Some species, mainly Xylosma spiculifera and Croton bogotanus, showed reiteration 

from the base after mortality of the main above-ground stem. 
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2000 2001 2004 2000 2001 2004 2000 2001 2004 

year 

- ^ i dry pasture 
- -• dry pasture + stones 

i sub-humid pasture 

i sub-humid pasture + stones 

Figure 5.6. Average increase in cover percentages of planted pioneer species between 2000 and 

2004. Error bars indicate + / - 1 S.D. N = 5 for all averages. 

Four out of six late-successional species showed a higher growth in shrubland plots 

(without stones or fertilizer) than in those of at least one of die pasture types, and D. 

mutisii and X. spiculifera more than in those of both pasture types (Table 5.4). Contrarily, 

the pioneer shrubs B. macrantha and D. viscosa showed the highest growth in dry pastures. 

The pioneers B. macrantha and D. coeruka showed a higher overall growth rate for stones-

treated seedlings than non-treated ones, although this does not hold for B. macrantha in 

dry pasture plots (Figure 5.5). This was also the case for the late-successionalspecies D. 

mutisii, M. guianensis, and X. spiculifera. All late-successional species except H. goudotiana 

showed enhanced growth as a result of fertilizer addition. Although we could not test for 

interaction effects between vegetation type and treatment, the benefit of fertilizer looked 

greater in shrubland than in pastures for C. thomasiana and C. bogotanus. 

Cover 

Total cover of the planted seedlings reached average values between 10 - 2 0 % 

only in pasture plots planted with pioneer species (Figure 5.6). The three pioneer species 

showed an increase up to - on average - at least 5% in the pasture plots, B. macrantha and 

D. viscosa remaining sparse in shrubland plots. In die dry pasture pioneer-planted plots, 

total cover values of about 20% were reached in both untreated and stones-treated plots, 

while in die sub-humid ones total cover was around 15%. The six late-successional 

species C. thomasiana, C. bogotanus, D. mutisii, H. goudotiana, M. guianensis and X. spiculifera 

did not increase their cover in any of the plots, nor did the total cover of late-succession

al planted seedlings. 
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Table 5.4. Differences in growth of planted seedlings for each species, between vegetation types 

and between treatments, tested by Kruskal-Wallis tests and Dunn's Multiple Comparisons. 

Vegetation types: Ph = sub-humid pasture; Pd = dry pasture; S = shrubland. Additional 

treatments: n = no treatment; s = stones; f = fertilizer. See text for explanation. N is given in 

Figure 5. 'Pd was not significantly different from either Ph or S. 

GROWTH 

Pioneer mixture 
Baccbaris macrantha 

Da/ea coerulea 

Dodonaea viscosa 

between vegetation types 

Hc 

88.82 

-
358.16 

Late-successional mixture 
Condalia thomasiana 

Croton bogotanus 

Durante mutisii 
Hesperomeks goudotiana 

Myrsine guianensis 

Xyiosma spiculifera 

9.99 

1.59 

58.79 

0.23 

10.12 

35.49 

P 

0.000 

-
0.000 

0.007 

0.449 

0.000 

0.890 

0.006 

0.000 

Dunn's 

M.C. 

Pd>Ph=S 

Pd>Ph>S 

S>Ph* 

S>Ph=Pd 

S=Pd>Ph 

S>Pd>Ph 

II. 

25.11 

10.70 

1.30 

0.14 

3.47 

20.99 

0.02 

30.05 

15.72 

between 

stones 

P 

0.000 

0.001 

0.253 

0.707 

0.063 

0.000 

0.897 

0.000 

0.000 

s>n 

s>n 

s>n 

s>n 

s>n 

treatments 

fertilizer 

Hc 

15.30 

8.97 

62.79 

0.82 

28.96 

51.99 

P 

0.000 

0.003 

0.000 

0.365 

0.000 

0.000 

f>n 

f>n 

f>n 

f>n 
f>n 

Deve lopment of the matrix vegetat ion 

Species turnover rates 

In the dry pasture plots, a total of 75 species was found in 2000, and 83 in 2004. In sub-

humid pastures, these numbers were 98 and 100 for 2000 and 2004, respectively, and in 

shrubland plots 137 and 143. There were no patterns in species increase per plot over 

time. The number of annual species, on average, slightly decreased in most plantation 

series, but again there were no patterns. Average turnover rates varied between 0.20 and 

0.30 for dry pasture and shrubland plots, and between 0.30 and 0.40 for sub-humid plots. 

This difference was significant (ANOVA, F = 6.05, p < 0.005). N o differences in turn

over rates were found between planted species mixtures or between additional treat

ments. Moreover, control plots did not have TO rates different from those of planted 

plots. 

Directional changes in species composition 

Since pasture-plots planted with pioneer species were the only ones yielding a 

total planted canopy cover between 10 - 20%, meaning a substantial change with respect 

to the initial situation, we restrict to showing the analyses of vegetation development only 

for these plots, and control plots. Changes in the remaining plots are probably not an 

effect of the plantation. 

73 



Chapter 5 

1 5 

0.0 I 
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-1.0 

-1.5 
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a—••n pioneers planted 
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sub-humid pasture (Ph) 
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Axis 1 

1.5 -0.5 0.0 0.5 
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Figure 5.7. PCA ordination diagrams of non-planted matrix vegetation, comparing the situation 

in 2000 with that of 2004. Symbols represent plots, the arrow indicating change from 2000 to 

2004. The numbers along each arrow indicates the cluster to which the corresponding plot 

belongs. Percentages of explained variation by the first and second axis are 9.0%, 8.2% (Pd); 

9.6%, 7.6% (Ph). 

Figure 5.7 shows the results of the PCA's executed for dry pasture and sub-

humid pasture plots. Changes in species composition over time were reflected in move

ment of individual plots in ordinal space, with arrows connecting the coordinates of a 

particular plot in 2000 with those of the situation in 2004. Generally, the arrows indi

cating changes over time for the control plots do not have a different length from those 

of the planted plots, so changes in the principal patterns of species composition and 

abundance were of a comparable magnitude. The five clusters of plots within the vegeta

tion types were mostly occupying a certain part of ordinal space. In dry pasture, control 

plots and stone-treated pioneer-planted plots changed mostly towards higher axis 1 

values, while untreated pioneer-planted plots showed no particular pattern. In sub-humid 

pastures, nearly all plots moved towards lower axis 2 values, and slightly higher axis 1 

values. Resumingly, planted plots did not show changes in principal patterns of species 

composition other than those visible in control plots. 

Species involved in vegetation changes 

In pasture plots, we found a few herb species normally found in shrublands (Table 5.5). 

Woody species invading pasture plots were mosdy pioneers. Daka coerulea was found in 

pioneer-planted dry pasture plots, most probably offspring from the planted seedlings. 

The commonly planted exotic Acacia decurrens invaded five shrubland plots. 

In dry pasture plots, among the species mostly increasing their cover over time 

were the grasses Botriochloa saccharoides, Aristida laxa, Sporobolus indicus, and Vennisetum clan-
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Figure 5.8. Average cover change of total herbs and bare ground, in pasture plots without 

plantation and plots planted with pioneer shrub species, expressed as difference in cover % from 

2000 to 2004. Error bars represent 1 S.D. N — 5 for all combinations. 

destinum. The shrub Baccharis macrantha also increased cover. In sub-humid pastures, the 

common grass Anthoxantbum odoratum decreased in cover, while Khynchospora nervosa and 

Cyperus aggregates became more abundant. In shrublands, the most common woody 

species became more abundant (B. macrantha, Dodonaea viscosa), together with the spread

ing herbs Cuphea serpyllifolia and Khynchospora nervosa. The grass Aristida laxa declined its 

cover. 

Changes in vegetation structure 

Figure 5.8 shows that the control plots in sub-humid pasture hardly revealed 

any changes in total herb cover or bare ground area, while most of the pioneer-planted 

ones clearly did show an increased herb cover, and a decreased bare ground area. In dry 

pastures, no strong differences between control and planted plots were detected regard

ing herb cover, while the decrease in bare ground was higher in planted plots than in 

control plots. Changes in cover of the woody layers were not displayed because the cover 

estimation error is probably comparable to the expected changes in cover over the study 

period. 
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Discussion 

Planted seedlings performance 

The planted pioneer species Baccbaris macrantha and Dodonaea viscosa clearly 

performed better in pastures than in shrublands, in terms of survival, stem growth and 

crown cover. Contrarily to our hypothesis, most late-successional species survived better 

in pastures as well. However, stem growth for these species was higher in shrubbv 

vegetation. The high overall rates of mortality, mostly for late-successional species, could 

be explained by night frosts, which have been exceptionally severe during the dry periods 

of January to March 2001 and January to March 2004 (CAR, unpublished data; R. Pena, 

pers. comm. 2004). In addition, drought has probably been another major cause of mor

tality. 

The positive effect of the stone treatment on survival of nearly all species sug

gests desiccation stress for naturally germinated seedlings in both dry and sub-humid 

grasslands. Apart from soil humidity maintenance, an observedly high presence of soil 

fauna and crickets, spiders, small snails etcetera probably provide some nutrient supply. 

Growth of D. viscosa was positively related to soil moisture level in Australian semi-arid 

woodland (Hodgkinson 1992). Preliminary analyses of pF-ring samples showed that, in 

dry pastures, soil moisture retention between 0 — 30 cm depth was very low (mostly 

below 5%), while in sub-humid pastures it ranged between 10 — 15%. We expected the 

effect of the stone treatment to be inversely related to soil moisture retention. However, 

we found no significant interaction between the effect of the stone treatment and pasture 

type on survival, although the difference in average survival between non-treated and 

stone-treated plots were somewhat higher in dry pastures for C. thomasiana, C. bogotanus 

and X. spiculifera. Furthermore, the positive effect of stones on stem growth of several 

species planted in sub-humid pastures was mostly not found in dry pastures, or less 

strongly so. It even appeared negative for B. macrantha in dry pastures. We speculate that 

soil fauna - especially worms —, more abundantly found in sub-humid pastures (and 

shrublands), could have improved soil characteristics (structure and nutrient minerali

zation). The attractive function of the stones for soil fauna could thus help the planted 

seedlings to profit from these additional benefits. 

Fertilizer addition generally increased growth, and not better survival, of the late 

successional species. The degree of increase in nutrient uptake by seedlings — causing 

enhanced performance - resulting from fertilizer addition, depends on local soil physical 

and chemical characteristics. Fertilizer can be expected to make less difference in soils 

where the added nutrients are relatively well available. Preliminary analyses (separate 

from those presented in Table 2) suggested that levels of total N, P, and K were low in 

dry pastures (mostly below 0.1% N, 0.05% P205, and 0.2% K,0 , respectively), relatively 

high in shrublands (above 0.25%, 0.08%, and 0.2%) and intermediate in sub-humid pas-
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hires. However, the positive effect of fertilizer on performance of C. bogotanus seedlings 

was strongest in relatively nutrient-rich shrublands. For the other late-successional spe

cies (except H. goudotiand), similarly, the effect was most prominent in either shrubland or 

sub-humid pasture. Apparently, conditions for nutrient uptake in shrublands and sub-

humid pastures were better than in pastures. Soil moisture, important for nutrient mobil

ity (Marschner 1986; Jensen et al. 2003), is low and strongly fluctuating in dry pastures. 

Moreover, relatively small fractions of clay, and low contents soil organic material were 

found in the soils of dry pastures, which suggests a low nutrient-buffering capacity: in 

semi-arid volcanic soils of the Lesser Antilles, fertilizer N in soil was found to be lost 

more rapidly when soil OM contents were low (Chotte et al. 1998). We do not have any 

data on growth limitation by nutrients for any of the planted species. 

In shrublands, low growth rates and cover could be explained by competition 

for water with the abundant bunchgrasses and shrubs. Seedling survival of D. viscosa was 

negatively related to presence of tussock grass in semi-arid Australian grassland 

(Harrington 1991). The cover of non-planted shrubs is probably not sufficient to provide 

buffering of relative air humidity and temperature fluctuations, since the late-successional 

species did not survive more in shrublands. Additionally, the shallow soils of these sites 

could also explain low overall growth rates. The late-successional species considered here 

are favoured by a certain minimum level of soil humidity, which could be conserved if 

(woody) vegetation cover is sufficient. Probably, the cover of the non-planted shrub layer 

in the shrubland plots was not high enough to have such a facilitating effect, and the 

observed performance of late-successional species was even less than in pastures. 

Since planted seedlings could compete with neighboring ones, there could be an 

effect of number and species composition of planted neighbours on performance. At this 

stage of the experiment, considering the small size of most seedlings, we do not expect 

such effects to have played a role until now, but - depending on root development and 

(lateral) crown development — this could play a major role in the future. 

Although we did not consider the germination phase of the woody species, but 

in stead focused on survival and growth of planted seedlings, our results indicate that the 

lack of natural establishment of late-successional species in open vegetation, and even in 

the shrublands used in this study, is hampered by environmental conditions. 

Development of vegetation: accelerated succession? 

The only effect measured in planted plots that did not occur in control plots 

was an increase in herb cover, obviously inversely related to a decrease in bare ground 

area. Hence, instead of a mere effect of grazer exclusion, this is an effect of planted 

canopy establishment. This might be regarded as the first onset to accelerated succession. 

Shrub crowns at least facilitated horizontal spread of already present herb species. How

ever, the Baccharis-Dodonaea {-Daled) canopy has only recently established, and hence 

microclimatic changes, if any, have not yet had die chance to measurably influence estab-
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lishment of species. Growth of shrubs and treelets is slow, especially of the late-succes-

sional ones, so establishment of a canopy will take place over a scale of decades, in stead 

of years. Establishment of late-successional species not only depends on a suitable habit

at eventually formed by a planted canopy, but also on propagule availability. Seed banks 

of most late-successional species are very sparse, especially in pastures (Groenendijk et al. 

in prep., see Chapter 4). 

Turnover rates were higher in sub-humid pastures than in dry pastures, in spite 

of less initial bare ground surface and hence less available sites for germination. Species 

turnover is generally believed to be higher in habitats with high nutrient availablity and 

soil moisture (Prach et al. 1993; Luken 1990; Tilman 1988), although extreme conditions 

have lower turnover rates (Burrows 1990). Shrublands were found to have a lower turn

over rate as compared to grasslands, which is consistent with results from many other 

authors (Bornkamm 1981; Burrows 1990; Myster & Pickett 1994; Prach et al. 1993). This 

has been attributed to longer life spans of late-successional invading species (Connell & 

Slatyer 1977), and more competition for resources (Tilman 1988). 

Control plots showed changes in species composition similar to planted ones, 

irrespective of the planted species mixture or the treatment. This was hardly surprising, 

since survival and growth of the planted seedlings during the four years' period was not 

enough to establish a woody canopy in many plots. Moreover, even after closure of a 

woody canopy, processes of colonization still take time. The different directions of 

change in species composition, as revealed by PCA, should probably be interpreted as 

few changes at all; the picture is "strongly zoomed" on small changes. This is supported 

by the low fraction of explained variance by the principal components: mostly below 

10%. The changes that did occur, i.e., increased cover of graminoids, were most likely to 

be attributed to exclusion of grazing cattle by the fences. 

Conclusions and recommendations 

The pioneer species used in this experiment are applicable in plantation exper

iments in abandoned pastures, given that their survival rates are high and growth is 

sufficient as to form a significant canopy. Further trials and restoration attempts might 

include combination of pioneers and late-successional species. During canopy formation 

of the pioneers, the late-successional species could at least survive, and growth condi

tions for the latter might improve after some lateral crown growth of B. macrantha and D. 

viscosa. Especially if the seedlings would be treated with (a combination of) stones and 

fertilizer, chances of successful efforts might be further enhanced. Although growth is 

very slow - die rates reported in this paper concern increases of (tens of) centimeters 

stem length per year —, the effects of these treatments are clear. 

Since both growth and propagule availability of the desired species are low, 

successional changes will probably become evident after a relatively long period. We have 

no data that permit speculation about the length of the time span needed for regenera-
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rion of Condalia dwarf forest, but we feel that using plantations we could at least over

come a part of the seed dispersal limitation. If collected seeds would be sown out as an 

alternative for seedling plantation, the loss of individuals would be much higher, and the 

time span for establishment would be even longer. This would not be desirable, in view 

of the urgent need for restoration in many sites. 

The methods used in restoration or rehabilitation practices should be affordable 

for developing countries, but also effective. The costs of plantation are relatively high, 

partly because of the nursery procedures. However, since the cost of labor is relatively 

low in most tropical countries, plantation, even with survival-enhancing application of 

stones, could be an affordable way for many institutions to rehabilitate endangered sites. 
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