
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Towards recovery of native dry forest in the Colombian Andes : a plantation
experiment for ecological restoration

Groenendijk, J.P.

Publication date
2005

Link to publication

Citation for published version (APA):
Groenendijk, J. P. (2005). Towards recovery of native dry forest in the Colombian Andes : a
plantation experiment for ecological restoration. [Thesis, fully internal, Universiteit van
Amsterdam]. Universiteit van Amsterdam, IBED.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/towards-recovery-of-native-dry-forest-in-the-colombian-andes--a-plantation-experiment-for-ecological-restoration(844c2299-b3cf-4800-b01b-a6c9f8970e56).html


Chapter 4. 

Role of soil seed bank in recovery of semi-arid An

dean forests in Colombia 

J.P. Groenendijk, M. van der Linden, J. Struik, and J.F. Duivenvoorden, submitted to 

Basic and Applied Ecology 

Abstract 
Soil seed banks of five vegetation types (grassland, low scrub, high scrub, dwarf 

forest, and plantation forest) were studied in a semi-arid part of the Colombian Andes, in 

order to assess the potential for regeneration of the mature (native) dwarf forest. Seeds in 

soil samples taken at 0-5 and 5-10 cm were allowed to germinate in a greenhouse for a 

period of 12 weeks. A total of 22429 germinated seeds were recorded, represented by 110 

species, which were classified according to their growth form and position in the succes-

sional series of the vegetation in the area. Seeds from woody late-successional species 

were hardly recorded in pioneer vegetation types, where artificial seed supply or seedling 

plantation seems the best way to accelerate natural regeneration. Especially in grasslands, 

the only woody species abundantly found in the soil seed bank was Baccharis macrantha, an 

important species of the first woody stages of succession. Pioneer shrubs that act as 

perch or shelter deserve attention in conservation management in severely degraded 

areas. 
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Chapter 4 

Introduction 

Drylands in the tropics generally have suffered more human population pres

sure than the humid tropics, and hence most of their ecosystems have been severely 

altered (Aronson et al. 2002; Aronson et al. 1993; Murphy & Lugo 1986). Because of the 

diminishing productivity and changing economic incentives, much formerly (over-) ex

ploited land in Latin America has nowadays been abandoned and has become available 

for recover,' of natural woody vegetation (Aide et al. 1995). The (semi-)arid Andean 

zones, in addition, have particularly few remnants of natural vegetation due to high pop

ulation pressure and are susceptible to erosion (Coppus et al. 2003). Restoration of the 

nowadays highly threathened Andean forests is an urgent objective in many parts of 

Latin America, in terms of conservation of biodiversity and of valuable ecosystem func

tions, mainly water and soil protection. 

In many cases, lack of ecological knowledge of the local ecosystem composition 

and processes hampers restoration and rehabilitation. Assessment of the capacity of a 

landscape or ecosystem to recover without human efforts is an important preliminar step 

in vegetation restoration. Natural vegetation succession is often limited by abiotic or 

biotic barriers that persist over a larger time scale than that of short- and medium-term 

ecological and human needs (Nepstad et al. 1991), and hence plantation or other means 

to jump-start successions might be necessary. 

Recruitment by plants of available sites is driven either by soil seed banks or by 

recently dispersed seed. Since seeds from nearby forest often reach the soil within tens of 

meters (Cubina & Aide 2001), soil seed banks are often the main determinants of secon

dary vegetation composition. Composition and density of soil seed banks are influenced 

by different factors related to human disturbance. Fragmentation of surrounding forest 

acting as seed sources also reportedly affects seed availability on a given site (Nepstad et 

al. 1991; Gorchov et at. 1993; Guevara & Laborde 1993; Vieira et al. 1994). Agricultural 

practices have been shown to strongly affect soil seed banks (Quintana-Ascencio et al. 

1996; Wijdeven & Kuzee 2000; Moffatt & McLachlan 2003). 

The semi-arid valley of the Checua River in the Colombian Andes - an affluent 

of the Bogota River, and important for the water supply of the high plain of Bogota -

has particularly few remnants of natural little disturbed vegetation. Many parts have been 

abandoned due to a declining agricultural productivity caused by drought, loss of soil fer

tility and erosion. Moreover, parts of the area have been afforested with Acacia decur-rens, 

which nowadays show a very poor recovery in terms of biodiversity and ecological func

tions. The restoration of die original endemic, and nowadays nearly extinct Condalia 

dwarf forest is a goal of the natural resource authority Corporación Autónoma Regional 

de Cundinamarca (CAR). 
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Soil seed banks 

In this study, we evaluated the potential role of soil seed banks in contributing 

to the regeneration of early and late secondary woody vegetation in dry Andean forests. 

Because of the heavy fragmentation and reduction of the dwarf forest area, and hence 

scarcity of seed sources, we expected woody plant taxa to be poorly represented in 

secondary vegetation. The following questions were addressed: To what degree are early 

and late secondary woody species represented in the seed bank of young secondary veg

etation types? Is the richness of woody taxa in the seed bank at a given site related to the 

composition of the surrounding or locally standing vegetation? To answer these ques

tions, we sampled soil seed banks in abandoned pastures, secondary scrubs, dwarf forests 

and Acacia forests, and compared these with the local woody standing vegetation. 

Methods 

Study site 

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

basin in the Eastern Cordillera of Colombia (Figure 4.1). It concerns a part of the Checua 

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

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

The area receives about 700 mm of annual rainfall, generally concentrated in two short 

rainy periods. Evapotranspiration approximates 1050 mm, leading to an annual deficit of 

about 350 mm (Claro-Rizo 1995). The mean annual temperature is around 13°C (Van der 

Hammen 1998). 

The study area is a mosaic landscape of grassland, scrub, and fragments of 

dwarf forest. Five vegetation types were selected for our research. 

1. Grassland: pasture co-dominated by Pennisetum clandestinum, and either Anthoxan-

thum odoratum or Microchloa kunthii. 

2. Low scrub: open, low (~1 m) shrub vegetation co-dominated by Baccharis macrantha 

and Dodonaea viscosa. 

3. High scrub: dense, high (~2 m) shrub vegetation co-dominated by Dodonaea viscosa 

and Myrsine guianensis, with a low aboveground cover (generally < 5%) of some late-

successional woody species, e.g., Hesperome/esgoudotiana, Myrsineguianensis, and Xylos-

ma spiculifera. 

4. Dwarf forest: relatively little disturbed forest of about 4-5 m height, characterized 

by the small trees Condalia thomasiana — endemic to the Checua Valley (Fernandez-

Alonso 1997) — Croton bogotanus, Duranta mutisii, Hesperome/es goudotiana, Myrsine guia

nensis, and Xylosma spiculifera. This forest was described as Xylosmo — Condalietum, or 

"Condalia forest", by Van der Hammen (1997). 
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Figure 4.1. Locations of the soil seed bank sampling sites in the study area, indicated by symbols 

according to the vegetation types. 

5. Acacia forests: plantation of Acacia decurrens, established between 1980-1984. The 

undergrowth in these forests is poorly developed. The aboveground cover of 

woody non-planted species remains well below 10%, and total herbaceous cover is 

generally less than 30%. 

Soil and vegetation sampling 

In November 2001, in each of the five vegetation types four plots of 30 x 30 m 

were laid out widely distributed over the area (Figure 4.1). The sides of the plots were 

situated parallel to the contour lines. In each plot five random points were chosen under 

the restriction fhat all points were at least 4 m apart from each other. Around each point, 

three soil samples of 9 x 9 cm were taken at 0-5 cm and 5-10 cm depth, and pooled for 

each depth. The litter layer (if present) was included in the upper soil sample. The plot 

altitude ranged between 2635 and 2912 m above sea level. 

A vegetation plot of 70 x 70 m was laid out over each seed bank plot, in such a 

way that the centres of vegetation and seed bank plots coincided and their sides were 

parallel. In fhe vegetation plot, the aboveground cover of woody plant species was re

corded. The cover of scrub (low and high shrub vegetation types combined) and dwarf 

forest surrounding the seed bank plots was estimated on aerial photographs from 1991 

(scale 1:10,000, black & white, panchromatic). For this, circles with 200 and 500 m dia-
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meters were projected on each seed bank plot. The vegetation cover was then estimated 

applying a grid overlay of square cells, each corresponding to 25 x 25 m in the field. 

Germination in greenhouse 

Germination trials were conducted in a ventilated greenhouse, located in a near

by village (Nemocón). A black polypropylene shade cloth, reducing solar radiation by 

75%, was installed under the roof. The soil samples were sieved through a sieve of 4.0 

mm mesh width to remove branches, leaves, and stones. Seeds or fruits bigger than 4.0 

mm - e.g. from Myrsine guianensis and Condalia thomasiana - were removed from the resid

ual and added to the substrate. Subsequently, the samples were washed over a sieve of 

0.19 mm mesh width to reduce their volume, since the period of seedling emergence in

crease with the thickness of the sample layer when spread out in die trays (Bakker et al. 

1996). Immediately after this, the sample was thoroughly mixed and split up in two equal 

parts. One part was gently rubbed with a brick for 20 times, in order to break physical 

dormancy which is reportedly common in dry woodland shrub seeds (Baskin & Baskin 

1998). The other part received no such treatment. Both the rubbed and untreated parts 

of all samples were - separately - spread out in 22 x 27 x 5 cm shallow plastic trays, after 

having filled these with sterile potting soil (so-called Fafard Canadian growing mix with 

Canadian Sphagnum peat moss) topped by a 5 mm layer of sterile white sand. The layer of 

sterile white sand prevented contact between the sample and the potting soil. The bot

tom of the trays was perforated to drain and air the soil. Additionally, eight control trays 

were filled with potting soil, the layer of white sand and again a layer of potting soil, in 

order to detect possible seed contamination from the surroundings of the greenhouse. 

The total of 408 trays (20 plots x 5 samples x 2 depths x 2 treatments + 8 control) were 

placed randomly in the greenhouse, and were watered daily. The seeds were allowed to 

germinate for a period of 12 weeks (December 2001 - March 2002). During this period 

the number of vascular plant seedlings in each tray was counted weekly. Most seedlings 

had emerged after 6 weeks. In order to reduce competition, seedlings were removed after 

identification, or transplanted to a separate pot for later identification. The species iden

tification of the seedlings was made easier by means of a reference seedling collection, 

grown (in the greenhouse) from seeds collected in the study area during fieldwork. The 

position of each species in the secondary succession was defined by means of a local veg

etation study (Groenendijk et al. in press, see Chapter 3). The following categories were 

distinguished: pioneer (39 species), rural (or weedy) (18 species), late-successional (15 

species), unknown (33 species), and planted {Acacia decurrens, Eucalyptus globulus, Pinus 

pa tula). 
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grass- low high dwarf plan-
land scrub scrub forest tation 

Figure 4.2. Persistent seed bank properties at 0-5 cm and 5-10 cm depth in different vegetation 

types, a) Average number of germinated seeds per 243 cm2, b) Average number of vascular plants 

species in germinated seeds per 243 cm2. Bars represent + / - one standard error from 4 plots per 

vegetation type. Data from individual plots were averages taken from 5 samples per plot. 

Data processing 

Per species a paired t-test was used to test for differences in the number of 

germinated seeds due to the brick rubbing treatment. For nearly all species the rubbing 

treatment had no significant effect on die germination. Only the seeds from Dichondra cf. 

evolvulacea germinated better after rubbing. The numbers of seedlings from rubbed and 

not rubbed samples were summed in further analyses. Spearman rank correlations were 

calculated between woody species seed abundance and cover of scrub or forest surroun

ding the plots. Analyses were done with JMP 3.0 for the Macintosh. 
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Results 

General properties of the germinating seeds 

In total, 22429 germinating seeds were counted in the trays, represented by 110 

species of which 66 were fully identified (see Appendix). Ten species were counted more 

than 500 times in the trays. The most abundant species were Mecardonia procumbens, and 

Hypericum silenoides, with 3140 and 2744 germinating seeds, respectively. A total of 87 

species were found with more than 5 seedlings. Of these, two species (Hypoxis humilis 

and Lycianthes lycioides) emerged exclusively in the 0-5 cm soil samples (classified as trans

ient after Thompson et al(\99T)), 66 species emerged in majority in the 0-5 cm soil sam

ples (short-term persistent), and another 21 species occurred mostly in the 5-10 soil sam

ples (long-term persistent). Seedlings of Gamochaeta sp. (296 seedlings) and Sonchus olera-

ceus (13 seedlings) emerged also in the control trays. These two species and the two trans

ient species were deleted from further analyses. 

The average abundance of germinated seeds found in 243 cm" at 0-5 cm varied 

between 180 in grasslands to 76 in low scrub (Figure 4.2a). On average, between 16.7 and 

12.6 vascular species were found at 0-5 cm depth (Figure 4.2b). At 5-10 cm depth the 

abundance and species richness was generally about 20-45% lower than at 0-5 cm soil 

depth. 

Germinating seeds by species group and growth form 

On the basis of all plots at 0-10 cm depth, an average of 56% of the seeds were 

from pioneer species, 17% from rural (weeds), 4% from late-successional, 22% from 

unknown, and less than 1% from the planted species group. On average, 90% of the 

seeds in plots at 0-10 cm depth belonged to herbs, 9% to shrubs, and less than 1% to the 

remaining forms. A total of 12 species in the seed bank samples were woody (shrub and 

tree growth forms). 

Pioneer herbs dominated the seed bank of all vegetation types regarding seed 

abundance and species diversity (Figure 4.3a, c). Seeds from late-successional species, 

both herbaceous and woody, occurred far less abundantly and with lower diversity. These 

species were least abundantly found in the seed bank of pioneer communities (grassland 

and low scrub) and plantation forests, and were best represented in dwarf forests (Figure 

4.3a-d). Seeds from woody pioneers were mostly found in scrub and dwarf forest, and to 

a lesser degree in grasslands and plantation forests. In the grassland plots only seeds from 

two pioneer shrubs (Baccharis macrantha, C.hromolaena leivensis) were found (Table 4.1). 
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herbs shrubs and treelets 

grass- low high dwarf plan-
land scrub scrub forest tation 

grass- low high dwarf plan-
land scrub scrub forest tation 

Figure 4.3. Persistent seed bank properties at 0-10 cm depth in different vegetation types for 

herbs and woody (shrub and tree) species, a) Average number of germinated seeds in 243 cm2, b) 

Average number of vascular plant species in germinated seeds in 243 cm2. Bars represent + / - one 

standard error from 4 plots per vegetation type. Data from individual plots were averages taken 

from 5 samples per plot. 

Woody la/e-successional species in seed bank and standing vegetation 

Many woody late-successional species that were recorded in the standing veget

ation were lacking in the seed bank (Table 4.2). Hesperomeles goudotiana was the only ex

ception. This species was recorded in the seed bank of just 2 plots from the 13 where it 

was recorded as small tree or shrub. In contrast, the wind-dispersed pioneer shrubs 

encountered in this study were generally present in both the seed bank and the standing 

vegetation. Moreover, most of these species were occasionally found in the soil seed 

bank, while absent above-ground. Four woody species (Pbysalis peruviana, Gaya hermanoi-

des, Solatium nigrum, and Ageratina gracilis) were found in seed bank, but not in the stan

ding vegetation. The species most abundantly found in the standing vegetation {Baccharis 

macrantha, Chromolaena leivensis, and Dodonaea viscosa) showed a significant positive correla

tion between above-ground plant cover and numbers of seeds in the local seed bank. 
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Table 4.1. Abundance of germinated seeds per 243 cm2 at 0-10 cm for woody (shrub and tree) 

species. Shown are non-zero averages and 1 standard deviation (between brackets) from 4 plots 

per vegetation type. N is the total number of plots where species were recorded in the seed bank. 

grasslands low scrub high scrub dwarf forest plantation N 

pioneer 

Baccharis macrantha 2.6(3.4) 12.4(13.2) 38.2(52.8) 16.1(8.5) 3.9(3.8) 20 

Baccharis rupicola 0.1(0.1) 0.1(0.1) 3 

Cbromolaena leivensis 0.2(0.2) 1.3(0.8) 2.7(1.8) 2.5(2.0) 0.7(0.9) 16 

Sterna lucide 1.2(1.9) 0.5(0.3) 0.5(0.5) 0.1(0.1) 11 

Dodonea viscose, 0.5(0.5) 1.1(0.7) 1.5(1.0) 0.1(0.1) 12 

rural 

Physatis peruviana 0.1(0.1) 2.0(2.0) 0.1(0.1) 6 

late-successional 

Gaya hermanoides 0.3(0.3) 0.2(0.3) 4 

Miconia squamulosa 0.2(0.3) 0.1(0.1) 0.1(0.1) 3 

Hesperomeles goudotiana 0.3 (0.3) 2 

Solatium nigrum 1.3(2.5) 0.9(1.0) 5.0(6.5) 0.4(0.5) 10 

unknown position 

Age rati na cf. gracilis 1.0(1.9) 2 

planted in plantation 

Acacia decumns 0.2 (0.3) 8.4 (9.8) 5 

This also applied to Acacia decumns. For none of the woody late-successional species was 

the seed abundance at 0-10 cm associated to the cover of scrub or forests within 

distances of 200 or 500 m surrounding the plots. 

Discussion 

Seeds from woody late-successional species hardly available in pioneer vegetation 

Woody late-successional species were hardly found in the seed bank of grass

land or low scrub, or in that of the Acacia plantation. Our study confirmed observations 

that soil seed banks are often largely dominated by pioneer species, even relatively long 

after these species have disappeared from the standing vegetation (Quintana-Ascencio et 

al. 1996; Grandin 2001; De Villiers et al. 2003). Therefore it seems that settlement of late-

successional species in pioneer and plantation communities highly depends on seed 

dispersal events, as is well known from the humid lowlands in the tropics (Nepstad et al. 

1991; Gorchov et al. 1993). However, the dispersal from nearby forests into areas of 

secondary vegetation often covers only short distances (Aide & Cavelier 1994; Holl 1999; 

Cubina & Aide 2001). Perches might increase seed dispersal rates of animal-dispersed 
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Table 4.2. Woody species found in standing vegetation and persistent soil seed bank at 0-10 cm. 

The asterisk (*) indicates significant (p < 0.05) positive Spearman correlation coefficients between 

plant cover in plots and number of seeds in seed bank. 

species 

pioneer 

Baccharis macrantha* 

Baccharis rupicola 

Chrvmolaena kivensis* 

Dodonaea viscosa* 

Sterna lucida 

rural 

Physalts peruviana 

late-successional 

Condalia thomasiana 

Croton bogotanus 

Daka coerulea 

Duranta mutisii 

Goya hermanoides 

Hesperomeles goudotiana 

Miconia squamulosa 

Monnina sp. 

Myrciantes kucoxyla 

Myrica sp. 

Myrsine guianensis 

Psycbotria bogotensis 

Solatium nigrum 

Xylosma spiculiferum 

unknown 

Ageratina gracilis 

planted 

Acacia decurrens* 

Eucalyptus globulus 

Pinus pa tula 

seed dispersal mode 

Anemochory 

Anemochory 

Anemochory 

Anemochory 

Anemochory 

Endozoochory 

Endozoochory 

Autochory 

Barochory 

Endozoochory 

Barochory 

Endozoochory 

Endozoochory 

Endozoochory 

Endozoochory 
P 

Endozoochory 

Endozoochory 

Endozoochory 

Endozoochory 

Anemochory 

Barochory 

Barochory 
Anemochory/ Barochory 

number of plots with 
only as 
plant 

0 
14 

3 

5 

4 

0 

10 

11 

3 

6 

0 

11 

11 

12 

4 

4 

17 

2 

0 

12 

0 

3 

1 

6 

in seed bank and as 
plant 

18 

2 

16 

11 

8 

0 

0 

0 

(i 

0 

0 

2 

3 

0 

(i 

0 

(1 

0 

0 

0 

0 

5 

0 

0 

species 
only in seed 

bank 

2 

1 

0 

1 

3 

6 

l) 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

10 

0 

2 

0 

0 

0 

species into large patches of open vegetation (Guevara & Laborde 1993; Holl 1998). 

Successful dispersal events into areas of open pioneer vegetation do not guarantee sub

sequent establishment and growth. Many late-successional species in general are sup

posed to have short seed longevities (Fenner 1987; Chapin III 1993). O n top of that, 

severe agricultural disturbances of the soil form an extra factor exhausting seed banks 

(Guariguata & Ostertag 2001; Quintana-Ascencio et al. 1996; Moffatt & McLachlan 2003; 

Wijdeven & Kuzee 2000). Even when a seed bank is present, recover}7 might still be 

hampered by soil properties {e.g., nutrient status, compaction), drought, lack of mycor-

rhizae, and competition with exotic grasses. 
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Seed dormang and greenhouse errors 

The optimal germination conditions for many tropical species, especially those 

restricted to semi-arid zones, are not known. The conditions in the greenhouse may not 

have favoured germination of many seeds. Also, some seeds may take a lengthy period of 

time to germinate (Brown 1992). Knowledge on the dormancy type of seeds from espec

ially the woody species found in this study is hardly available. Physical dormancy, though, 

is reported for Dalea coerulea (Baskin & Baskin 1998), Acacia decurrens (Beadle 1940) and 

Dodonaea viscosa (Burrows 1995). In spite of this, the brick rubbing treatment had no 

effect on the germination of the later two species. Also physiological dormancy might 

occur {Solatium nigrum; Baskin and Baskin (1998)). It seems therefore likely that seeds 

from more species would have germinated if greenhouse conditions would have been 

more variable, or if the incubation time would have been longer than the 3 months 

applied in the present study. 

Notwithstanding the above considerations we have confidence in the obtained 

seed bank patterns. Some seeds from the reference collection (e.g., Croton bogotanus and 

Xylosma spiculiferum) germinated in the greenhouse, but did not do so in the sample trays, 

and were safely assumed to be absent from the seed bank samples. Also the observed 

seed densities were quite comparable to other studies in the tropics. Garwood (1989) and 

Wijdeven and Kuzee (2000) reported average grassland densities of around 4200 and 

4900 seeds/m2 , respectively, which is even lower than the average density of 7400 seeds/ 

m2 found in the grasslands near Checua. In mature forests, these authors found averages 

of 3700 and 400 seeds/m2 , respectively, which is of the same magnitude as the dwarf 

forest average of 4700 seeds/m" in the current study. 

Recommendations for vegetation recovery 

Given the scarcity of woody late-successional species in the soil seed bank at 

most sites, and especially in grasslands and low scrub where vegetation recovery (in 

biomass and diversity) is most urgent, artificial seed supply or seedling plantation could 

provide the onset to natural regeneration that might never be accomplished under natural 

conditions. In high scrub, the seed bank starts to contain seeds from species that typically 

occur in mature dwarf forests. This corresponds to observations that more seedlings 

from late-successional species occurred in scrub and dwarf forest vegetation than in 

grasslands (Chapter 3 of this thesis). It reduces the need for enrichment planting with 

such taxa. Weed control in high scrub would probably enhance the survival of the seed

lings from these woody late-successional species. 

Especially in grasslands, the only woody species abundandy found in the soil 

seed bank was Baccharis macrantha. This is an important species of the first woody stages 

of secondary development in the study area (Chapter 3 of this thesis). In grasslands it is 

often found as seedling. Shrubs of Baccharis and Dodonaea, genera with several wind 
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dispersed species that are dominant in pioneer communities in many parts of the dry 

Andes, might act as perch or shelter for small seed dispersing birds and mammals. Such 

shrubs and scrub vegetation types deserve attention in conservation management in 

severely degraded areas (Vieira etal. 1994). 
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Appendix 4.1. List of vascular plant species found as seeds in soil samples. 

Amaranthaceae 
Iresine diffusa Humb. & Bonpl. ex Willd 

Apiaceae 
cf. Daucus 

Asteraceae 
Ageratina cf. gracilis (HBK) R.M. King & H. 

Rob. 
Asteraceae sp. 1,2 

Baccharis macrantha HBK 

Baccharis rupicola HBK 
Bidens rubifolia HBK 
Bidens triplinervia HBK 

Gamochaeta sp. 

Chromolaena leivensis (Hieron.) R. King & H. 

Rob. 
Chromolaena sp. 

Conyryt sp. 

Gnaphalium sp. 

Hypochaeris radicata L. 

Eaenecciafilaginoides DC. 

Noticastrum marginatum (HBK) Cuatrec. 

Schkuriapinnata (Lam.) Cabrera 

Sonchus oleraceus L. 

Stevia lucida Lag. 

Vasque^ia anemonaefolia (HBK) S.F. Blake 

Basellaceae 

Anredera brachystachys (Moq.) Sperling 

Brassicaceae 

Halimolobus hispidula (DC.) O. Schulz 

Yjpidium bipinnatifidum Desv. 

Yjpidium trianae Thell. 

Caryophyllaceae 

Arenana cf lanuginosa (Michx.) Rohrb. 

Cardionema multicaule DC. 

Cerastium vulgatum L. 

Drymaria corrata (L.) Willd. ex Schuit. 

Paronychia bogotensis Triana & Planch. 

Sagina sp. 

Silene gallica I .. 

Silene sp. 

Spergularia villosa (Pers.) Camb. 

Chenopodiaceae 

Chenopodium sp. 

Commelinaceae 

Tnpogandra multiflora (Sw.) Raf. 

Convolvulaceae 
Dichondra cf. evolvulacea (L.f.) Britton 

Crassulaceae 

Echeveria bicolor (HBK) E. Walther 

Cyperaceae 

Carex sp. 1, 2 

Euphorbiaceae 

Chamaesyce thymifolia (L.) Millsp. 

Fabaceae 
Desmodium sp. 

Trifolium pratense L. 

Trifolium repens L. 

Zornia diphylla (L.) Pers. 

Hypericaceae 

Hypericum silenoides Juss. 

Hypoxidaceae 
Hypoxis humilis HBK 

Iridaceae 

Sisyrincbium chilense Hook. 

Juncaceae 

Juncus sp. 

juncus tenuis Willd. 

Lamiaceae 

Stachys bogotensis HBK 

Lythraceae 

Cuphea serpyllifolia HBK 

Malvaceae 
Goya hermanoides HBK 

Modiola caroliana (L.) G. Don 

Melastomataceae 
Miconia squamulosa (H Karst. ex Triana) 

Triana 
Mimosaceae 

Acacia decurrens Willd. 

Oenotheraceae 
Oenothera multicaulis Ruiz & Pav. 

Oxalidaceae 
Oxalis corniculata Lourt. 

Oxalis sp. 2 

Passifloraceae 
Passiflora bogotensis Benth. 

Phytolaccaceae 
Phytolacca bogotensis HBK 

Piperaceae 
Peperomia sp. 
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Chapter 4 

Plantaginaceae 

Plantago linearis HBK 

Poaceae 
jAristida laxa Cav. 

Botriochloa saccharoides (Sw.) Rydb. 

Brachypodium dystachion (L.) P. Beauv. 

]arava ichu Ruiz & Pav. 

Paspalum sp. 

Piptochaetium setifolium Presl. 

cf. S chi^achyrium tenerum Nees 

Setaria geniculate! P. Bcauv. 

Sporobolus indicus (L.) R. Br. 

Poaceae 16 spp. 

Polygonaceae 
Ri/mex acetoseila L. 

Rumex obtusifolius L. 

Primulaceae 
A-nagallis arvensis L. 

Rosaceae 
Hesperome/es goudotiana (Ruiz & Pav. ex 

Lindl) Hook 
Lachemilla sp. 

Margyricarpuspinnatus (Lam.) Kuntze 

Rubiaceae 
Borrena anthospermoides DC. 

Galium sp. 1 -4 

Sapindaceae 
Dodonea viscosa Jacq. 

Scrophulariaceae 
A-lonsoa meridionalis (L.f.) Kuntze 

Castilleja sp. 

Mecardoniaprecumbens (Mill.) Small 

Nuttallanthus subandinus (Diels) D.A. Sutton 

Veronicapergrina (HBK) St. John & Warren 

Solanaceae 
Lycianthes lycioides (L.) Hassl. 

Physalis peruviana L. 

Solatium nigrum L. 

Verbenaceae 
Verbena littoralis HBK 

Unidentified 
indet. 81 
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