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Abstract
Tropical Montane Cloud Forest of Costa Rica is a unique and species-rich habitat. After suffering

severe deforestation over the 20th century, much of the forest today is secondary and in various

stages of succession. This study compared the vascular plant communities of a mature secondary

(>50 years recovery) and intermediate-aged secondary (20 years recovery) cloud forest. Two 1250 m²

areas of forest at 1850-1950m altitude were sampled using systematic transects, and the data

gathered analysed with structural and diversity metrics. It was discovered that the sites did not differ

in tree density or basal area, canopy cover, plant habit distribution or height distribution of the herb

and shrub layers (<2.5m). The sites did not appear to differ in terms of sample diversity or evenness,

although there was insufficient data gathered and high results given for Chao’s estimator of unseen

species. The most abundant families recorded were Aracaceae, Araceae, Cyatheaceae and

Rubiaceae, of which all were represented by understory plants except the hemi-epiphytic climbers

from Araceae. The results appear to confirm that the new growth forest has had 20-30 years of cloud

forest succession and has reached a stage where the understory is indistinguishable from mature

forest. There may still be a difference between the sites at the canopy level. Although the proportion

of species identified was low, there was no evidence of Quercus dominance and further sampling for

diversity analysis of this forest type is recommended. A basic description of the plant functional traits

of the most abundant genera reveals that secondary forest may be important for supporting endemic

species of animals as well as a high diversity of plants.
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Introduction
The tropical montane cloud forests of the Talamanca Cordillera contain huge diversity of flora

(Kappelle et al., 1992). On the insulated Pacific coastal slope, a typically oak-dominated arboreal

vegetation covers a band between 1000m and 3500m altitude (Bubb et al., 2004), whilst the precise

community composition varies substantially (Kappelle et al., 1992). Pressure from human

intervention introduces further heterogeneity in the form of both primary and secondary forest

(Kappelle et al., 1994), particularly in regions recovering from pervasive deforestation in the 20th

century (Sader & Joyce, 1988).

The Costa Rican National Parks authority SINAC states that water provision and the support of

wildlife are amongst the essential services provided by Cloud Forests (SINAC, n.d.). The Cloudbridge

Nature Reserve was established in 2002 by philanthropists Ian and Genevieve Giddy, who shared the

government’s goals of protection and regrowth of this unique habitat. The reserve is found on the

slope of Cerro Chirripó in the Pérez Zeledón region, bordering the Chirripó National Park. It covers an

altitude range of 1600m to 2000m and is host to a patchwork of old growth, naturally regenerating,



and planted forest (see Figure 1). The purpose of this study was to assess the success of forest

restoration in one of these areas of naturally regenerated woodland.

Due to a lack of explicit records, it is difficult to say if the region of old growth forest in the Southern

part of the reserve is truly primary. Secondary forest recovery from human disturbance can be rapid

if it occurs in proximity to true old growth forest (Helmer, 2000) and the time taken for these

landscapes to approach the same conditions of that of primary forest is not fully known (Renner et

al., 2006). Primary forest is expected to have greater biomass, including at the canopy level (Helmer,

2000; Nadkarni et al., 2004), and host a greater diversity of species than secondary forest (Renner et

al., 2006), although it is likely that both sites in this study have experienced some human

disturbance, even if only in edge effects (López-Barrera et al., 2005) from pastureland on the other

side of the Chirripó trail. This study aims to examine the differences between a secondary forest with

20 years of recovery and one with more than 50 years of recovery, referred to here as “new growth”

and “old growth”. The aims are to verify the extent of regeneration possible in the shorter time, and

to assess the structure of secondary forest in both conditions.

Sites are compared in terms of the density, functional and taxonomic diversity of vascular plant life.

Neotropical plant species identification in the field is notoriously difficult, largely due to the high

species richness (Condit et al., 2011), but also because the tropics are relatively under-studied for

their contribution to global diversity (Utteridge & Bramley, 2016). A combination of structural and

taxonomic descriptors creates a more complete picture of plant community composition and reduces

reliance on species identification. Garnier et al. advocate for a movement away from traditional,

taxonomy-based descriptors towards a more functional approach to studies of plant community

structure, including more explanatory parameters such as functional traits (2015). This study

attempts to consolidate the new and old standards to assess as comprehensively as is possible the

vascular plant community structure in restored montane cloud forest.

Methods
Sampling
Systematic line transects were taken from two 1250 m² sites, both within 1850-1950m altitude and

with the same slope aspect (SW-S), on the Cloudbridge Reserve. Site 1 (JILG) was designated “old

growth” and Site 2 (MONT) new growth (see Figure 1). I measured five 25m transects at 5m intervals

at the two sites, noting all plants that had their stem within a 5cm radius of the line (see Figure 2).



Figure 1 A map of the Southern region of the Cloudbridge Nature Reserve. Boxes show 1250m²
regions in which samples were taken. Site 1 is in the ‘old growth’ forest, at the top of the Jilguero and
Gavilan trails. Site 2 is ‘new growth’ forest on the Montaña trail that has been naturally regenerating
since 2002. Both sites are in the range of 1850-1900m altitude.

For every vascular plant in the transect I noted the habit and height, wrote a brief morphological

description, and took photos. I measured heights up to a maximum of 2.5m and approximated tree

diameters by measuring the circumference and dividing by pi, as well as noting the presence of

epiphytes. I used the photos and descriptions for later identification using a variety of reference

material, particularly the comprehensive Woody Plants of Northwest South America by Alwyn H.

Gentry (1996). At 5m intervals along the line (at positions 2.5, 7.5, 12.5, 17.5 and 22.5m) I took a

photo of the canopy from 1.3m directly upwards and passed these photos through the application

%cover (Public Interest Enterprises, n.d.) to obtain a measure of canopy cover for each 5m section.

Figure 2 Site schematic. Red marker flags were placed at 5m intervals around the perimeter.
Transects were measured from the North to the South side.

I generated a comprehensive catalogue of morpho-species for every apparently distinct plant that I

encountered. In addition to reference material, I was assisted in identification by the citizen-science

photographic database iNaturalist (iNaturalist, n.d.). Over the course of my study, I returned several

times to each transect to reassess plant identities. For most plants, species, genus or even family

level identification was very difficult from vegetative characteristics alone or for juvenile individuals.

Therefore, in my analysis of diversity I have investigated the significance of the presence of certain

families that were identifiable, and I have used the morpho species list to approximate overall

diversity.



Data Analysis
To compare structures of the two sites, I analysed the stem density and basal area of trees with

diameter ≥ 3cm. I also compared the percentage canopy cover, abundance of different plant habits

and the height distribution of the herb and shrub layer. Habit distinctions follow Gargiullo and

Magnuson (2008), with the exception that herbaceous and woody vines were grouped together

under “Vine”. “Fern” refers to both Ferns and Fern allies. The few epiphytes recorded (growing below

2.5m) were removed from analysis of habits as they did not represent the true abundance. I analysed

the data using RStudio and primarily used Two-way ANOVAs under either a Gaussian or Poisson

distribution to test for statistical difference between the sites. For the plant habits I used a pair-wise

t-test to compare each habit at each site, and for the Boolean indicator of epiphyte

presence/absence I used a Chi-squared test to compare the probability of epiphyte occurrence for

any given tree at each site.

To compare diversity at the two sites, I used the VEGAN package in RStudio to calculate several

diversity indices, including the Shannon-Weaver and Inverse Simpson’s Index. The Shannon index is

more sensitive to the presence of rare individuals due to the log transformation, whilst Simpson’s

index is more sensitive to dominance (Garnier et al., 2015). I also calculated the Pielou evenness (3),

which aims to compare the spread of abundances across a community of given species richness

(Smith & Wilson, 1996). Finally, I calculated the Sørensen Dissimilarity index (4), a form of beta

diversity that assesses the proportion of unique species that occur in each new sample to the overall

species richness of the site.
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To assess the completeness of my survey, I plotted the species accumulation against sample number

for both sites, using Oksanen’s methods of randomised permutations for the order of samples

(Oksanen, 2022). I used Chao’s estimator of unseen species per site, and for the overall species pool.

This method utilises the proportion of singleton and doubleton species (species which occur only one

or two times over all samples) to suggest how many more could remain in the species pool (Chao,

2006).
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Results
Structural Measures
I found no significant difference between the density of trees with DBH ≥ 3cm (Two-way ANOVA. df =

1, F = 2.8421, p = 0.1428), the stem basal area (F = 1.5924, p = 0.2425) or the canopy cover on the

two sites (F = 2.5678. p = 0.1156). Both sites had a canopy cover level designated “dense” by the

%cover application standard (Public Interest Enterprises, n.d.). I noted the presence of trees of

diameter greater than 50cm on the new growth site (MONT). Similarly, there was no difference

found in the likelihood of a tree hosting epiphytes on either site (Chi-squared. X² = 0.6928, p =

0.4052).

The overall density of vascular plants on the two sites averaged at 27 per m² on Site 1 (JILG, “old

growth”) and 22 per m² on Site 2 (MONT, “new growth”), with distribution across plant habits as

shown in Figure 3. A pair-wise analysis of abundance of different plant habits found no difference

between the two sites (Paired t-test. t = 1.6063, df = 29, p-value = 0.1191).



Figure 3 Top Left: Number of trees per hectare with DBH ≥ 3cm per 10m² on the two sites. Top Right:
Basal area of trees (DBH ≥ 3cm) per 10m² on the two sites. One outlier on the MONT site contained
two very large (DBH > 40cm) trees. Bottom: Plant habit distributions at the two sites. All three graphs
take the results of 5 samples at each site. None show significant difference.

It was not possible to directly measure tree height above 2.5m in this study, so I removed canopy

trees and assessed the height distribution of the shrub and herb layers. I found no difference in the

distributions at the different sites (Two-way ANOVA. df = 1, F = 3.1399, p = 0.0869).

Figure 4 Plant height distribution below 2.5m (hence excluding all sub- and upper canopy trees). No
significant difference in height distribution between the two sites.

Floristic Measures
I recorded 141 morpho species over the course of my survey, of which I was able to identify 31.3% to

family level and 21.6% to genus level. Species level identification was not possible in the available



time frame. 97 of these morpho species were recorded on the old growth site and 81 on the new

growth site.

Figure 5 Species Richness averaged over the 5 samples taken from each site. Each morpho-species is
approximated as representing a different species.

There was no significant difference between the species richness of the two sites (Kruskal-Wallis Test.

Chi-squared = 4, df = 4, p-value = 0.406). I also calculated several diversity metrics shown in Table 1,

none of which suggested a significant variation in sample diversity (Shannon, Simpson & Fisher),

species evenness (Pielou) or between-sample diversity (Sørensen Dissimilarity) on the two sites.

Table 1

Diversity Metrics. Various diversity metrics applied to the morpho species list. Although
inappropriate to test diversity metrics for significant difference, it is apparent that on a broad scale
the two sites were very similar in terms of broad-scale diversity, evenness, and divergence.

Old Growth New Growth
Shannon-Weaver 3.75 3.68

Inverse Simpson’s Index 22.08 22.92

Pielou’s Evenness 0.83 0.84

Sørensen Dissimilarity 0.68 0.62

I used various metrics to estimate the species pool, primarily the Chao estimator (Chao, 2006) via the

VEGAN package (Oksanen, 2022) which suggested that my sampling missed 102 40 species on the±
old growth site and 204 97 species on the new growth site, with a total species pool over both±
sites of 244 29.±



Figure 6 Total species accumulation over samples taken from both sites. Note that for a “complete”
survey we would expect a logistic curve, levelling off at the total number of species present. Design
credit (Sutton, 2020).

Familial Dominance
As levels of taxonomic identification were low, I analysed the groups observed for population

dominance rather than diversity contribution. A summary of abundance by family on both sites is

shown in Figure 7. Note that while “unidentified” counts for a small proportion of the abundance, it

accounts for a relatively larger proportion of the diversity as many of those unidentified were

singletons or doubletons.

Figure 7 Total abundance of individuals by family on each site, including the ‘dustbin group’ of
unidentified plants. Note that this graph displays number of individuals, not number of
morpho-species within each family, hence describing population size rather than diversity.



With singleton and doubleton species excluded, I was able to identify 62.5% of morpho species to a

family level. I modelled the difference in the abundance of Aracaceae (Palms), Araceae

(Spathe-producing Vines), Cyatheaceae (Ferns) and Rubiaceae (Wild Coffee relatives) which were the

four dominant families from both sites. I found no significant difference in the abundance of any of

these groups (Two-way ANOVA. Aracaceae: F = 1.8648, p = 0.2092; Araceae: F = 0.6164, p = 0.4550;

Cyatheaceae: F = 0.3352, p = 0.5786; Rubiaceae: F = 0.8251, p = 0.3902).

Figure 8 Mean abundance across 5 samples of each family on each site. Note significant overlap
between standard deviations for any same-family comparison between the two sites.

Discussion
My results seem to indicate that the two study sites were of the same forest type. The similarity is

seen across structural measures including tree density, basal area, canopy cover and herb/shrub

layer height distribution. An abundance of Palm and Fern plant habits is typical of a lower montane

cloud forest understorey below 2000m, as is a tree density within a range of 600 - 800 stems per

hectare (Kappelle & van Uffelen, 2006). The overall density of canopy cover should be partly

attributed to low sensitivity in the analysis, and investment in an accredited densiometer is

recommended for future studies in this area. However, the 70-80% canopy cover found on both sites

does broadly reflect the observed near total shading of forest floor from the combination of upper

canopy, sub-canopy and shrub layers.

If there were a difference between sites at the canopy level, this would not have been detected in my

investigation. Inability to engage with canopy flora was one of the major limitations of this

experiment, as the layering and epiphytic foliage of the canopy are diagnostic features of forest

maturity (Holz, 2006; Kappelle, 2006a). According to Kapelle, early-successional secondary forest

(10-year recovery period) in this region has an upper canopy of 5 - 14m, late-successional forest

(32-years) reaches 11-18m and a mature forest has a distinct 3-20m subcanopy and upper canopy of

primarily Quercus species reaching 20 – 40m (2006a). I estimate that the upper canopy within the

study areas in question did not exceed 20m, but further investigation is required.

Although it is not unknown for tropical studies to utilise morpho-species in diversity estimates

(Husson et al., 2018; Lodge & Cantrell, 1995; Pither & Kellman, 2002), low levels of family and genus



identification introduce considerable uncertainty to my calculated metrics of diversity. Like Husson et

al., I preferred to aim for a metric as close as possible to true diversity rather than narrowing the

scope of the study to only identified groups (2018). The species richness estimates correspond most

closely to the upper end of Kappelle’s montane forest succession gradient (30-32 years) although

Kappelle presents a notably higher Shannon-Weaver and Reciprocal Simpson’s diversity (2006a). My

results are likely lower because of the incompleteness of my species count, as suggested by the steep

species accumulation gradient in Figure 7 and the suspected high numbers of unseen species.

The mass ratio hypothesis predicts that the most abundant species will have a disproportionate

effect on ecosystem functioning (Grime, 1998). Therefore, the broad functional traits of genera

represented from these groups could be informative of overall ecosystem functioning. I have noted

the abundance of the families Aracaceae, Araceae, Cyatheaceae and Rubiaceae, within which the

genera Geonoma, Chamaedorea, Monstera, Cyathea (sensu latu. including Alsophila), Palicourea and

Psychotria were most prominent.

From the Aracaceae group, the most abundant genera were the Geonoma and Chamaedorea palms.

Geonoma palm species in particular are thought to be understory specialists which occur only in

late-secondary or mature forest (Groot et al., 2006; Kappelle et al., 1995). It is perhaps surprising

then that they coexisted in abundance with Cyathea fern species, which tend to be more abundant

and speciose in disturbed habitat (Arens & Baracaldo, 1998). The ferns often take advantage of open

canopy, but can persist through stages of secondary forest succession and remain in very reduced in

diversity and abundance in mature forest (Arens & Baracaldo, 1998). This suggests that the forest

type represented here was in a late secondary stage of succession, where residual species from the

initial disturbed stages are still present alongside mature-forest species.

From the Araceae, a group of entire-leaved Monstera was best represented, and from the Rubiaceae

I found an abundance of Palicourea and Psychotria species. Whilst less diagnostic of forest maturity,

the response traits of the Monstera may have implications for the hydraulic function of the forest as

studies of other Araceae indicate that the life stages of the group may be sensitive to drought (Groot

et al., 2006). Similarly Palicourea and Psychotria are not thought to be particularly sensitive to forest

maturity but do have many pollinator species (Theim et al., 2014) giving them a functional value in

the plant-pollinator ecology of the forest.

Few total vascular plant species counts have been carried out in the neotropics, but they offer an

insight into the true diversity of vascular plants that could potentially be hosted there

(Linares-Palomino et al., 2009). For example, a total species count by Whitmore in 1985 recorded 233

species in just 100m² of tropical forest (Whitmore et al., 1985). I recommend similar intensive studies

be carried out in the Costa Rican Cloud Forest, so that potentially endemic species of the primary and

secondary rainforests be recorded, and their protection status assessed. The plant-keys I was able to

source for the habitat either displayed only a sub-set of species present, or were collated from

nearby regions and better applied lowland forest studies (Condit et al., 2011; Gentry, 1996).

Therefore, studies in the region may suffer from lack of accessible information and leading to

continued understudying of this globally significant region (Utteridge & Bramley, 2016).

In the wider context of cloud forest regeneration, this study offers some insight into the importance

of semi-mature secondary forest. At a structural level, I found the shrub and herb layers of secondary

forest to be indistinguishable from older or primary forest after just 20-30 years, although the extent

to which primary forest edge effects (Castillo & Ríos, 2008) have contributed to the rate of recovery is

not explored. Furthermore, secondary forest at this altitude hosts a greater diversity of tree species

than the climax state (Kappelle et al., 1995), including plants that support endemic birds (Powell et



al., 2022). As Costa Rica is a tectonically active country that experiences hurricanes, flash-flooding

and wildfires (Quesada-Román & Villalobos-Chacón, 2020; Rozario et al., 2018), disturbance and

regeneration are a natural part of the ecosystem and many species are adapted to thrive in a

post-disturbed habitat (Lawton & Putz, 1988). However, the oak-dominated cloud forest is a unique

and threatened plant community (Kappelle, 2006b), so conservation efforts may be directed towards

restoring or protecting the climax forest state. Secondary forest does have the capacity to develop

that characteristic upper-canopy oak layer at 2000m altitude, but requires a much longer time scale,

in the range of 50 to 80 years of recovery (Kappelle et al., 1995). Whether or not this justifies the

protection of secondary forest as a “bank” from which future Quercus-forest can develop is a

context-dependent decision to be made by land managers and conservationists.

Conclusion
Despite 8 weeks of surveying the vascular plant community of two Cloud Forest sites of different

ages on the Cloudbridge Nature Reserve, I was not able to distinguish the age difference (if one

exists) between the old and the new growth forest. Structurally, and from the limited data I was able

to gather on the diversity and abundance of plant families, the two sites appeared the same.

However, several key factors can be drawn from the information gathered:

The new growth forest has had a minimum of 20-25 years recovery from deforestation (as suggested

by the Cloudbridge records), but also contains trees older than this period. Therefore, I am confident

that the previous phase of deforestation was not total, and the secondary forest that exists there

today may be influenced by the presence of older forest patches. These trees are thought to be

significant in increasing rates of seedling recruitment and overall rate of succession into mature

forest (Castillo & Ríos, 2008; López-Barrera et al., 2005).

Although the proportion of family and genera identified is low, high levels of evenness suggest that

both sites are of the lower-montane secondary forest habitat as described by Kappelle (Kappelle,

2006a; Kappelle & van Uffelen, 2006), just below the altitude threshold for oak-dominated forest

with bamboo understory. It is important to note the canopy at this level is not yet oak-dominated but

rather a great diversity of tree species. Further research is recommended to understand the canopy

composition in this forest type, as it may be neglected from studies that focus on upper oak forest

(>2000m) or lowland tropical forest (<1000m).

In absence of a more comprehensive species list for the area, a functional analysis of the dominant

families reveals that the presence of understory species significantly contributes to the structure and

cover of the shrub and herb layers in secondary Cloud Forest. Hemi-epiphytic climbers may impact

the hydraulic circulation of the forest (Groot et al., 2006), and abundant shrub-layer plants interact

with a host of other species including endemics such as the Northern Emerald Toucanet (observed

eating Geonoma palm fruits) and the White-throated Mountain Gem hummingbird (observed

feeding from Psychotria flowers).
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