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Abstract
•Managed laurel forests in the Canary Islands have undergone clear-cutting with rotation periods of
less than 30 y. Forest owners have recently requested a drastic reduction in the cutting interval. The
effects of this new harvesting cycle on organisms like epiphytic bryophytes are not well known.
• This study investigates how time since last clear-cut, host species and characteristics of tree zones
influence the biomass, cover and richness of epiphyte bryophytes in managed laurel forests in La
Palma, Canary Islands. Four forest ages (8, 15, 25 and 60 y) and three host tree species (Erica arborea,
Laurus novocanariensis and Myrica faya) were studied.
• Biomass, cover and richness of bryophytes increased through the chronosequence, both at the level
of each plot and overall for L. novocanariensis. Most of the biomass (53%) and richness (81%) was
concentrated in one of the tree species (L. novocanariensis), in plots for which 60 y had elapsed since
the last clear-cutting. Trunks supported greater bryophyte biomass and richness than canopies, even
in the oldest plots.
• Our results suggest that the current rotation periods used to manage laurel forests are insufficiently
long to allow for complete reestablishment of epiphytic bryophyte assemblages.
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Résumé – Effets à court terme de la coupe à blanc sur la biomasse et la richesse des bryophytes
épiphytes dans des forêts gérées subtropicales.
• Les forêts de lauriers gérées dans les îles Canaries ont subi la coupe à blanc avec des périodes de
rotation de moins de 30 ans. Les propriétaires des forêts ont récemment demandé une réduction dras-
tique de l’intervalle de coupe. Les effets de ce nouveau cycle de récolte sur des organismes épiphytes
comme les bryophytes ne sont pas bien connus.
• Cette étude examine la façon dont le temps depuis la dernière coupe, les espèces hôtes et les carac-
téristiques des espèces d’arbres influencent la biomasse, la couverture et la richesse des bryophytes
épiphytes dans les forêts gérées de lauriers à La Palma, îles Canaries. Quatre forêts âgées de 8, 15,
25 et 60 ans et trois espèces d’arbres hôtes (Erica arborea, Laurus novocanariensis et Myrica faya)
ont été étudiées.
• La biomasse, la couverture et la richesse des bryophytes ont augmenté à travers la chronoséquence,
au niveau de chaque parcelle et de l’ensemble de L. novocanariensis. La plus grande partie de la
biomasse (53 %) et de la richesse (81 %) est concentrée sur l’une des espèces d’arbres (L. novoca-
nariensis), dans les parcelles pour lesquelles 60 ans se sont écoulés depuis la dernière coupe à blanc.
Les troncs supportent une plus grande biomasse de bryophytes et une plus grande richesse que les
canopées, même dans les parcelles les plus anciennes.
• Nos résultats suggèrent que les périodes courantes de rotation utilisées pour gérer les forêts de lau-
riers ne sont pas suffisamment longues pour permettre le rétablissement complet des assemblages des
bryophytes épiphytes.
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1. INTRODUCTION

Currently, one of the most important focuses of ecology
is an attempt to understand how worldwide deforestation af-
fects the abundance, richness and distribution of organisms.
Forestry practices may elicit different responses from each tax-
onomic group (Gjerde et al., 2005). In this sense, bryophytes
are of great value in evaluating the effects of forest harvest-
ing, because many show a high specificity for particular envi-
ronmental conditions and a low tolerance for habitat perturba-
tions (Dynesius and Hylander, 2007; Humphrey et al., 2002;
McGee and Kimmerer, 2002; Moen and Gunnar-Jonsson,
2003; Pereira and Cavalcanti, 2007).

Tropical and sub-tropical cloud forests are characterised by
the presence of abundant and species-rich epiphytic bryophyte
communities that reflect the prevailing microclimatic condi-
tions (Chia-Chun et al., 2002; Frahm and Gradstein, 1991;
González-Mancebo et al., 2004; Pereira and Cavalcanti, 2007)
and perform significant ecological functions, including in-
creasing global biological diversity; providing microhabitats;
intercepting and retaining soil, rainfall and fog and conse-
quently, influencing both water and nutrient fluxes (Chang
et al., 2002; Veneklaas et al., 1990; Wolf, 1993).

Although epiphytic bryophyte biomass has received at-
tention in various forest ecosystems (Edwards and Grubb,
1977; Hofstede et al., 1993; Köhler et al., 2007; Pócs,
1980; Veneklaas et al., 1990; Zippel, 1998), very few stud-
ies have directly analysed biomass shifts over time (e.g.
McCune, 1993). Furthermore, data on harvesting effects in
(sub-)tropical forests with respect to bryophyte biomass are
extremely scarce (e.g. Chia-Chun et al., 2002; Köhler et al.,
2007; Nadkarni et al., 2004). Regarding bryophyte richness
(i.e. number of species) and cover, most studies that have
explored epiphytic bryophyte assemblages after harvesting
have shown that both parameters increase with forest age
(Boudreault et al., 2000; Kantvilas and Jarman, 2004; Lesica
et al., 1991; Turner and Pharo, 2005).

However, the study of epiphytic bryophytes is still ham-
pered by challenges in accessing the upper strata of the forest.
Most surveys have hence been limited to lowest tree zones,
usually sampling only 2 m above ground level (e.g. Boudreault
et al., 2000; González-Mancebo et al., 2004; Kantvilas and
Jarman, 2004; McGee and Kimmerer, 2002; Turner and Pharo,
2005). Thus, little information is available on the ecology
of canopy-dwelling biota in most forest ecosystems (Köhler
et al., 2007; Nadkarni et al., 2004). Further, analysis of the re-
lation between biomass and richness in forests with different
ages and host tree species might help us explain the factors
that influence the maintenance of epiphytic diversity in (sub-)
tropical forests (Nadkarni et al., 2001).

Macaronesian montane cloud forests (hereafter laurel
forests) are among the most species-rich regions within the
European Union (Fernández-Palacios et al., 2001) and are
consequently considered a top-priority area for conservation
(Martín et al., 2005; Médail and Quézel, 1997). The rich bio-
logical diversity in these laurel forests is evident across a wide
variety of taxonomic groups (Martín et al., 2005). Because of
moderate temperatures, frequent fog, high precipitation rates

and a wide variety of habitats (Fernández-Palacios et al., 2001;
Marzol, 2008), epiphytic bryophytes are widespread in these
forests (González-Mancebo et al., 2004; Zippel, 1998).

Despite their biological significance, laurel forests in the
Canary Islands have a long history of anthropogenic distur-
bances. Currently, less than 20% of the estimated pre-human
area of this forest ecosystem remains (Del Arco et al., 2006;
Fernández-Palacios and Whittaker, 2008). Aborigines, and
later the Castilian conquerors, developed subsistence models
based on cattle and agriculture, respectively, that led to the
logging of many of the mid-altitude laurel forests (Cabrera,
2001; Fernández-Palacios and Whittaker, 2008). During the
20th century, forestry practices switched to clear-cutting
(Bermúdez et al., 2007; Fernández-López, 2001). On islands
like Tenerife and La Palma, clear-cutting operated on rotation
periods of less than 30 y (Naranjo, 2001). The laurel forest
products most in demand have been: (i) charcoal from thin
stems, (ii) agricultural tools from stems, and (iii) green litter
(i.e., leaves and twigs) used as cattle bedding (Bermúdez et al.,
2007; Naranjo, 2001).

In recent years, the demand for laurel forest products
changed; green litter used for compost production in banana
plantations became the most in demand (Bermúdez et al.,
2007). Under such circumstances, forest landlords and work-
ers requested a reduction of the cutting intervals have to 7–10 y
(Bermúdez et al., 2007). The mean age of laurel forests on is-
lands like La Palma is currently very low (Fernández-López,
2001), and the consequences of this new harvesting cycle on
the species-rich communities of epiphyte bryophytes are not
well known.

The few quantitative epiphyte studies that have been con-
ducted in this forest ecosystem have focused on bryophyte
species composition, mainly in the context of host speci-
ficity and climate conditions (Gabriel and Bates, 2005;
González-Mancebo et al., 2003a; 2004; 2008a). For these
forests, there exists only one survey, which is comprised of vi-
sual estimates of epiphytic bryophyte biomass (Zippel, 1998).
Most of these studies have been conducted in undisturbed
forests and have mainly analysed the composition community
associated with lower tree zones.

One exception is previous work that examined the effects
of clear-cutting on epiphytic bryophytes from La Palma island
analysing shifts in species composition on whole trees in for-
est stands with different ages after harvesting (Patiño et al.,
2009). This study indicated that important negative effects
(e.g., prevalence of early-successional species) persist along a
chronosequence of 60 y. Since there is well-documented regis-
tration of previous and current harvesting practices, the study
system surveyed by Patiño et al. (2009) provides a unique
opportunity to investigate the effects of clear-cutting on the
biomass of epiphytic bryophytes. Thus, in the present study,
we analyse biomass and its relationships with richness and
cover for whole trees of three host species. This study is, to
our knowledge, one of the few that attempt to integrate factors
such as longevity of substrata and availability of microhabitats
for epiphytic bryophytes in the context of harvested subtropi-
cal forests.
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The objectives of this research were: (i) to obtain the first
direct measurements of bryophyte biomass among whole trees
in laurel forests of the Macaronesian region; (2) to evaluate the
precision of visual estimate of biomass (previously the only
estimates available); and (3) to determine the ways in which
abundance (i.e. biomass and cover) and richness of bryophyte
communities are influenced by differences in forest age, host
tree species and tree zone. Specifically, based on the assump-
tion that the abundance and richness of epiphytic bryophytes
increases with forest age, we tested the hypothesis that such
an increase in biomass, cover and species number after clear-
cutting is more strongly affected by forest age (i.e. time since
last harvest) than by host identity (i.e. tree species). The main
results of our study are used to propose forest management
policies.

2. MATHERIALS AND METHODS

In studies of succession after harvest, the chronosequence ap-
proach is commonly used. However, space-for-time substitutions ex-
hibit certain disadvantages, such as possible small differences be-
tween the plots with regard to site history, edaphic and microclimatic
conditions or the availability of propagules (Foster and Tilman, 2000;
Johnson and Miyanishi, 2008; Pickett, 1989). Despite such limita-
tions, chronosequence-based studies have been found to be a useful
method for studying temporal succession (e.g. Bermúdez et al., 2007;
Foster and Tilman, 2000; Johnson and Miyanishi, 2008).

2.1. Study area

We carried out fieldwork from November 2001 to November
2002 in laurel forests on Cumbre Nueva, La Palma, Canary Islands
(28◦ 35′ N, 17◦ 73′ W). The study area is exposed to the east, re-
ceiving prevailing NE winds most of the year. Such winds favour the
formation of a strato-cumulus bank where fog drip can even quin-
tuple the rainfall values in summer, when the highest cloud level is
ca. 800–900 m a.s.l. (Marzol, 2008). However stands selected are sit-
uated over 1200 m (1260 ± 84.85 m). Hence they are not strongly
affected by those cloud banks during the summer. The mean annual
temperature and precipitation are 13.6 ◦C and 960.2 mm, respectively
(Del Arco et al., 1999).

The study area covers 3.7 km2, constituting one of the largest
continuously harvested and documented laurel forest areas in the
Canaries. This swath of land includes a mosaic of forest stands of
different ages that have emerged following clear-cutting (Bermúdez
et al., 2007). However, the study area does not include any “old-
growth” forests stands (i.e. stands that have never been clear-cut). On
La Palma Island, “old-growth” forest stands are confined to steeper
north-eastern slopes within natural reserves that exhibit some dissim-
ilar environmental characteristics, such as lower altitude or differing
topography.

The study area was designated to meet the timber and woody
biomass requirements of the local human population; in recent years,
this has meant green litter (i.e., leaves and twigs) for compost produc-
tion at banana plantations. Periodically (current harvesting intervals
are 7–10 y), the stands are designated for clear-cutting. These short
rotation cycles are considered by forest owners and workers to be ad-
equate for economical exploitation of the stand. The stand is totally

cleared and cut trees are removed from the site; this is followed by a
natural regeneration process. However, in these cleared stands, many
snags as well as small broken logs and branches typically remain.

Although laurel forests can show great tree species richness
(Arévalo and Fernández-Palacios, 1998), Erica arborea, Myrica faya
and Laurus novocanariensis were the only abundant and constant tree
species in the study area.We analysed the tree species that separately
accounted for > 5% of the total basal area for each stand studied. We
restricted our survey to these three tree species since others (e.g. Ilex
canariensis, Persea indica) were much less abundant in the study area
and in some stands even absent. Nomenclature follows Acebes et al.
(2004) for vascular plants and González-Mancebo et al. (2008b) for
bryophytes.

2.2. Selection and characteristics of forest plots

Four forest stands with different ages (8, 15, 25, and 60 y after
harvesting; hereafter YAH) were selected. Stands covered between
0.5 and 3 ha. Although the present study initially included three other
younger forest stands (0.5, 1, 3 YAH), these ages were eventually
excluded from analysis due to the absence of epiphytic colonisation
by bryophytes. For more details on the main structural parameters for
each stand considered see previous ecological work on vascular plant
communities (Bermúdez et al., 2007).

Within each forest stand in the chronosequence, three square plots
measuring 25 m2 each (5×5 m) were established systematically along
a transect at regular intervals of 20 to 100 m, depending on the size
of the site. We limited this study to plots with homogeneous altitude,
exposure, topography, slope, tree development (i.e. diameter at breast
height – 1.3 m above ground level; DBH), tree species composition
and density for each phorophyte. To avoid edge effects, each plot was
located at least 35 m from tracks and forest margins. It should be
noted, however, that it is unclear whether this sampling strategy pro-
vides an environment that is free from edge effects. Edge effects are
stronger when stands are isolated or located in a dry environment
(Hylander et al., 2005; Moen and Gunnar-Jonsson, 2003; Pereira and
Cavalcanti, 2007). Since the stands that we studied were influenced
by moist conditions and surrounded by a mosaic of disturbed forest
patches, we believe that edge effects were at least partially attenuated.

For each plot, we measured and identified, at the species level,
both tree density and tree diameter (> 2.5 cm DBH). In the chronose-
quence analysed, Bermúdez et al. (2007) showed that, in general,
tree density decreased, while tree height, basal area (i.e. DBH), tree
biomass and light incidence increased with forest age. If host species
were compared, tree density for E. arborea was initially greater than
for the other two host tree species. M. faya had the greatest basal
area, with the exception of the 60 YAH plots, which showed a dra-
matic decrease in favour of L. novocanariensis (see Bermúdez et al.,
2007). These changes in dominant tree species have been related to
successional processes favouring shade-tolerant species like L. novo-
canariensis (Arévalo and Fernández-Palacios, 1998; Arévalo et al.,
1999).

2.3. Sampling

For each plot in the chronosequence, a total of five trees per host
species that formed part of the upper canopy were randomly selected
and analysed (Tab. I). This minimum goal was not met in the 60 YAH
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Table I. Mean values and standard deviations per plot through the chronosequence for basal area (BA; m2 ha) and tree height (TH; m) of the
sampled trees (see Bermúdez et al., 2007). The three host species are considered separately. ST: total number of sampled trees per forest age;
SN: total number of samples (quadrats) per forest age. For each forest age, the highest value of each structural parameter is shown in bold.

Host tree species Forest age (years after harvest)
8 15 25 60

Erica arborea

BA 2.1 ± 1.2 5.3 ± 3.7 10 ± 5.3 18.3 ± 2.5
TH 4.2 ± 1.2 6.7 ± 1.1 10.2 ± 2.1 11 ± 1.2
ST 15 15 15 7
SN 5 9 240 372

Laurus novocanariensis

BA 2.6 ± 0.1 12.5 ± 8.8 18.7 ± 8.4 40.1 ± 26.1
TH 4.8 ± 1.3 9.3 ± 1.2 12.1 ± 1.4 13.4 ± 1.5
ST 15 15 15 6
SN 2 23 368 678

Myrica faya

BA 2.7 ± 1.2 20.7 ± 11.5 32.7 ± 19.5 11.5 ± 3.4
TH 4.5 ± 1.3 9.2 ± 1.4 11.4 ± 2.7 12.4 ± 1.1
ST 15 15 15 6
SN 7 9 359 364

Total

BA 8.6 ± 0.9 35.7 ± 14.9 62.7 ± 12.5 69.5 ± 17.3
TH 4.5 ± 1.5 8.8 ± 1.7 10.78 ± 1.9 12.59 ± 1.5
ST 45 45 45 19
SN 14 41 967 1414

Standard deviation is related to plot-to-plot variability.

plots (Tab. I). All sampled trees had to fulfil one condition: similar
DBH to the mean DBH calculated for each forest age. Thus, the sam-
pled trees showed a DBH that was within 20% of the mean DBH.
Through this method, we attempted to ensure that the sampled trees
had similar historical development. As shown in Table I, biotic pa-
rameters from the sampled trees were consistent with the general pat-
tern noted previously at the forest-plot level.

Various sampling strategies were used. Since the three youngest
forest plot groups (8, 15, 25 YAH) had been cut to evaluate the re-
covery of the laurel forest after harvest in another study performed
by Bermúdez et al. (2007), we simply had to supervise this operation
to guarantee that bryophytic mass loss would be minimal. Thus, the
trees were cut almost at ground level and then carefully lowered to
the ground.

The sampling method used at plots at 60 YAH was different; our
goal was to conserve a significant part of the oldest forested canopy
in the study area. We directly sampled the trunks in the 60 YAH plots
using a stepladder that extended from the tree base to a height of
4 m. It was impossible to reach the canopy using single-rope climb-
ing techniques due to the lack of strong upper branches. Of all the
main branches that could be cut and lowered safely with a minimal
amount of damage upon lowering, two principal branches per tree
were randomly selected for removal. The cut was performed close
to the branch’s junction with the trunk. Of the 54 main branches
counted for this forest age (60 YAH), 38 (70%) were sampled. The
total number of main branches per tree ranged between two and four
(2.7 ± 0.7); consequently, at least 50% of the branches on each tree
were sampled.

This selection method could have biased our results towards
an overestimate of bryophyte abundance, since the main (i.e.
older) branches usually support greater biomass than younger ones
(Hofstede et al., 1993). However, other researchers have considered
this method adequate for investigating and obtaining rough estimates

of epiphyte biomass on upper branches (Köhler et al., 2007; Nadkarni
et al., 2004). In addition, because most non-sampled branches were
of similar perimeter, development and shape in comparison to those
studied, and also exhibited great similarity in their epiphytic cover,
we consider our posterior estimations reasonable.

We stratified the trees using a modification of the classical method
(Johansson, 1974). We distinguished five zones on each tree: tree
base; trunk; and inner, middle and outer canopy. We then divided each
tree into two aspect zones (NE and SW sides; see González-Mancebo
et al., 2004). Then, considering each aspect zone separately and start-
ing at the bottom of each tree zone, we sampled at 10 cm intervals un-
til we reached the top of each tree zone. To take bryophyte samples,
we used 100 cm2 quadrats whose sides were modified in length de-
pending on the perimeter of the tree zone (i.e. trunk, branch or twig).
For each quadrat, we noted forest age, tree species, tree zone, aspect
zone, height above ground and total cover; the latter was estimated
visually in the field and the percentage of total cover occupied by
each bryophyte species was calculated afterwards in the laboratory.

2.4. Bryophyte biomass

After separating organic debris and bark fragments, all quadrats
were oven dried at 80 ◦C for 24 h and weighed in the laboratory to
estimate the total epiphytic bryophyte biomass. Since the trees at 8,
15 and 25 YAH and the trunks at 60 YAH were sampled completely,
the first extrapolation was made for sections of the canopy at 60 YAH.
Thus, for these extrapolations of biomass, we followed a method very
similar to that employed by Köhler et al. (2007). The total epiphytic
bryophyte biomass of the canopy per tree was estimated by multi-
plying the mean biomass of epiphytic bryophytes of the two sampled
branches by the total number of main branches within the crown.

Total epiphyte biomass at the forest-plot level was obtained by
multiplying the mean biomass estimated for the sampled trees by the
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Table II. Spearman Rank correlation coefficients for the relationships among the bryophyte parameters and the environmental variables at
the plot level. Each host tree species was considered separately (n = 36). Names of tree species indicate basal area of Erica arborea, Laurus
novocanariensis and Myrica faya respectively. Values marked in bold denote strong correlation (R > 0.7, P ≤ 0.001).
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Bryophyte biomass 1
Bryophyte cover 0.954 1
Bryophyte richness 0.884 0.906 1
Forest age 0.947 0.894 0.831 1
Total basal area 0.827 0.795 0.754 0.404 1
Erica arborea ns 0.879 ns 0.462 0.462 1
Laurus novocanariensis 0.802 0.433 0.392 0.375 0.498 0.523 1
Myrica faya ns ns ns ns 0.437 0.398 0.398 1
Tree height 0.793 0.760 0.701 0.939 0.928 ns 0.374 0.348 1
Tree density –0.924 –0.885 –0.809 –0.471 –0.471 –0.472 –0.356 ns –0.937 1

ns = Non-significant correlations.

total number of trees in that plot. Such estimates were made sepa-
rately for each host species within each plot. To calculate the total
number of trees, we considered only those trees with a DBH within
20% of the mean DBH calculated for each plot (Bermúdez et al.,
2007). As noted previously, we used this criterion to remove possible
artefacts caused by illegal cuttings or natural events (e.g., storms). All
of the large trees in each plot were considered initially because each
had a DBH within 20% of the mean. However, our epiphyte biomass
estimates should be regarded as conservative because natural young
trees that exhibited low epiphytic coverage were overlooked. Shrubs
were usually free of epiphytes and were therefore assumed not to
contribute epiphytic bryophyte biomass to the total.

We also recorded background data on the bryophyte biomass per
hectare (kg ha−1). First, we obtained estimates of tree density for each
host species (per hectare) from data provided by Bermúdez et al.
(2007). Then, to extrapolate biomass to the hectare level, we mul-
tiplied the mean biomass estimated for the sampled trees by the mean
density of trees per hectare; each forest age and host species were
considered separately. We are aware that our estimates calculated at
the hectare level probably suffer from substantial imprecision but they
may nonetheless exhibit a clear theoretical profile.

2.5. Data analysis

To examine significant differences in bryophyte biomass, cover
and species richness (means) per plot in order to test the effect of for-
est age, host tree species and zone within the tree, we used two non-
parametric analyses: the Kruskal-Wallis test and a posterior Mann-
Whitney U test (for differences between pairs). Before conducting
these tests, the normal distribution hypothesis of our data was rejected
using a Wilks-Shapiro test with a significance level of P = 0.05. Al-
though we considered our results statistically significant if P < 0.05,
a Bonferroni multiple test correction was later employed to adjust
significance levels (Legendre and Legendre, 1998). In this way, we

tried to limit the possibility of inferring an effect where none existed
(type I error). Non-parametric variance analyses were performed us-
ing SPSS for Windows (Release 17, SPSS Inc., 2008).

Ordination methods are very useful for revealing the relationships
between community variation and environmental variables (Minchin,
1989), and they can be used to evaluate trends through time as well
as space (ter Braak and Šmilauer, 2002). However, since using many
factors in ordination analyses can introduce bias in the results, we
used Spearman correlations to identify collinearity among character-
istics at the forest-plot level.

Of the plot features we surveyed (tree density, tree height, basal
area, tree biomass, photosynthetic biomass and light incidence;
Bermúdez et al., 2007), we used only the most weakly age-associated
forest features for our posterior ordination analyses (results not
shown). At the plot level, a correlation coefficient (R) > 0.7 was
considered evidence of serious collinearity; in such cases, we chose
the variable that was most relevant to bryophytes and the ecosystem.
Thus, we included only basal area and tree density, for which the cor-
relations with forest age were all relatively low (R < 0.471; P < 0.05;
Tab. II).

Principal components analysis (PCA) performed using Canoco
4.5 (ter Braak and Šmilauer, 2002) was selected because it as-
sumes a linear relationship with the underlying environmental gra-
dient (Minchin, 1989). This is consistent with the expected pattern of
epiphytic bryophyte abundance after forest harvesting. In PCA (ter
Braak and Šmilauer, 2002), the relationships between a set of envi-
ronmental variables and an ordination score are plotted on ordination
diagrams, with arrows depicting the direction and magnitude of each
variable considered.

At the plot level, summary statistics of bryophyte parameters (i.e.
biomass and richness), zone within tree (i.e. percentage of each tree
zone covered by bryophytes) and forest characteristics (i.e. forest age,
basal area and tree density) were combined, considering each host
tree species separately. A PCA bi-plot focused on inter-sample dis-
tance was used to examine the differences among plots within each
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forest age class according to the main plot-level environmental and
biotic features.

Reported shortcomings of PCA involving curvilinear distortion
(Minchin, 1989) were not an issue for the current study due to the
low heterogeneity of these data; the gradient length of the ordina-
tion did not exceed 2.5 standard deviations, suggesting that the lin-
ear model of PCA was appropriate (ter Braak and Šmilauer, 2002).
This was confirmed by similar patterns and interpretations when us-
ing nonmetric multidimensional scaling (NMDS; Clarke 1993) with
the Euclidean distance measure (not shown). NMDS was performed
in PRIMER v 6 (Clarke and Gorley, 2006).

The Spearman rank correlation test implemented using the SPSS
package was also used at the plot level to assess the relationships be-
tween summary bryophyte statistics (biomass, cover and richness)
through time. For all correlations, we used data from each host
species separately and considered a probability level of P < 0.05
to be significant. The correlations of forest features with bryophyte
parameters and PCA scores are reported at the plot level.

3. RESULTS

We recorded a total of 47 bryophyte species, 28 mosses
and 19 liverworts. Hypnum uncinulatum and Frullania tener-
iffae were the most common species in the younger forest
plots (8, 15 YAH) and on E. arborea and M. faya in the
60 YAH plots (Patiño et al., 2009). On L. novocanariensis
in the 60 YAH plots, the most abundant species were Porella
canariensis, Neckera intermedia, Isothecium myosuroides and
Cryptoleptodon longisetus. Lists of species and analyses of
our data regarding community composition are reported else-
where (Patiño et al., 2009).

3.1. Forest age

The 60 YAH plots contributed most of the bryophyte
biomass (85% of all biomass), cover (76.64% of all cover)
and species richness (81% of all species). These 60 YAH
plots were followed by forests with 25 YAH (14.01% of
biomass, 16.15% of cover and 71% of richness). In general,
forests with 8 YAH (0.03% of biomass, 4.27% of cover and
19.14% of richness) and 15 YAH plots (0.48% of biomass,
4.94% of cover and 40.42% of richness) contributed mini-
mal percentages, especially with regard to biomass. Biomass
(Kruskal-Wallis test; H = 31.52; d.f. = 11; P < 0.001), cover
(H = 28.21; d.f. = 11; P < 0.001) and richness (H = 25.76;
d.f. = 11; P < 0.001) of epiphytic bryophytes increased signif-
icantly during the chronosequence (Fig. 1). Of all the pairwise
comparisons, only richness levels between the 25 and 60 YAH
plots were not significantly different (Fig. 1.3).

3.2. Host tree species

The differences in bryophyte biomass, cover and richness
among the three host tree species in each forest age were
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Figure 1. Mean values and standard deviations per plot through the
chronosequence for the three parameters of epiphytic bryophytes:
(1.1) biomass (g/plot); (1.2) cover (% cover/plot); and (1.3) species
richness (number of species/plot). Identical letters above the bars in-
dicate non-significant differences. YAH = years after harvest.

significant (Kruskal-Wallis test; at least H > 20.75; d.f. =
8; P < 0.001). Such differences were more evident in the
60 YAH plots (Kruskal-Wallis test; H > 45.38; d.f. = 8;
P < 0.001). Bryophyte biomass (Fig. 2.1) was significantly
higher on L. novocanariensis (53% of all biomass), followed
by E. arborea (20%) and M. faya (13%); these proportions
were recorded at 60 YAH. In contrast, M. faya and L. novoca-
nariensis had significantly higher bryophyte cover at 60 YAH
(Fig. 2.2). In the 60 YAH plots (Fig. 2.3), species richness
peaked on L. novocanariensis (81% of all species), while
E. arborea exhibited the poorest species richness (23%). At
this forest age, species richness decreased weakly for E. ar-
borea and on M. faya (Fig. 2.3).

When each host species was analysed separately, biomass
and cover differed significantly throughout the chronose-
quence (Kruskal-Wallis test; at least H > 16.23; d.f. = 11;
P < 0.01). Most of the possible consecutive comparisons
between pairs of forest ages for each host tree species were
also significant for biomass and cover, especially between 25
and 60 YAH (not shown). For the three host species, richness
also differed significantly over time (H > 14.83; d.f. = 11;
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Figure 2. Mean values and standard deviations per plot through the
chronosequence for the three parameters of epiphytic bryophytes:
(1.1) biomass (g/plot); (1.2) cover (% cover/plot); and (1.3) species
richness (number of species/plot). The three host tree species (Erica
arborea, Laurus novocanariensis, Myrica faya) are showed sepa-
rately. Identical letters above the bars indicate non-significant differ-
ences. YAH = years after harvest.

P < 0.01). However, we failed to find significant richness dif-
ferences between the 25 and 60 YAH plots for E. arborea and
M. faya (not shown).

3.3. Zone within the tree

Considering zones within the tree (Tab. III), the great-
est proportion of bryophyte biomass and cover for each tree
species was located on trunks at 60 YAH. In these oldest plots,
bryophytes colonised young branches of the outer canopy
only on L. novocanariensis (Tab. III). The middle and in-
ner canopy were the uppermost zones occupied on M. faya
and E. arborea, respectively. Inner-canopy biomass increased
strikingly on L. novocanariensis, while it was much lower on
M. faya at 60 YAH than at 25 YAH. For the younger forest
plots (8–15 YAH), biomass was mainly limited to the tree
bases. With respect to biomass and cover, significant differ-
ences were detected between tree zones for the three host

species (Kruskal-Wallis test; d.f. ranging 8 from to 14; at least
H > 28.47; P < 0.001).

Species richness gradually diminished from trunk bases to-
wards the highest zones colonised by bryophytes (Tab. III),
except in the oldest plots. In the oldest plots, the trunks of all
host tree species were richer than the tree bases. Differences
in richness among the tree zones were significant for all three
host tree species (Kruskal-Wallis test; d.f. ranging 8 from to
14; at least H > 17.21, P < 0.007).

Total estimations of bryophyte biomass (kg ha−1) contained
in each distinguished tree zone for each forest age are shown
in Table IV. The two youngest forests (8 and 15 YAH) pre-
sented very low estimates: 0.5 and 7 kg ha−1, respectively.
The 60 YAH forests supported a total of ∼1200 kg ha−1

(of bryophytes), while the 25 YAH plots displayed only
∼200 kg ha−1. In the oldest forests, trunks (including tree base)
supported ∼1100 kg ha−1 (Tab. IV), whereas canopies con-
tained only ∼130 kg ha−1. These estimates were much lower in
the 25 YAH forests, although the differences between trunks
and canopies were similar (Tab. IV). Total species richness
(Tab. IV) followed a parallel trend, except in the tree bases,
where the highest richness was attained at 25 YAH.

3.4. Relationships of bryophytes with environmental
variables

Forest age showed correlations with forest structural fea-
tures (Tab. II). However, we chose not to discard some of
these variables due to the differences observed with respect
to tree density and basal area for each host species across the
chronosequence, and because of the associated lower or null
collinearity. Tree height was discarded since it was strongly
correlated with other variables (basal area and tree zone, re-
spectively; see Tab. II).

As revealed by PCA ordination (Fig. 3), certain factors
could distinguish between the plots with regard to host tree
species and time after clear-cutting: bryophyte parameters
(biomass and richness); the percentage of each tree zone cov-
ered by bryophytes; and the selected variables (forest age, total
basal area, basal area of each host species and tree density).
Thus, Laurus novocanariensis at 60 YAH showed a positive
correlation with axis 1 while the group of younger plots (8, 15,
25 YAH) and of Erica arborea and Myrica faya at 60 YAH
exhibited a weaker correlation (Fig. 3). PCA scores on axis
1 showed a strong correlation with forest age (R = 0.966,
P < 0.001), tree density (R = −0.954, P < 0.001) and basal
area of L. novocanariensis (R = 0.930, P < 0.001). Axis
2 was determined primarily by middle canopy (R = 0.798,
P = 0.001), trunk (R = −0.705, P = 0.001) and tree base
(R = −0.654, P < 0.002); most correlations for axis 2 were
weaker than these (Fig. 3).

In general, epiphytic bryophyte biomass, cover and rich-
ness were strongly and positively correlated (Fig. 4; Tab. II),
especially when correlations were made using each forest age
separately (at least P < 0.001; results not shown). This net
correlation was stronger for cover and biomass than for all
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Table III. Total bryophyte biomass (kg/ha), cover (percentage of cover/25 m2) and species richness (number of species/25 m2) through the
chronosequence. The stratification system is considered for each host tree species, separately. The highest value for each tree zone is shown in
bold and dashes indicate value of zero.

Host species Erica arborea Laurus novocanariensis Myrica faya
Years after harvest 8 15 25 60 8 15 25 60 8 15 25 60

Substrate

Biomassa*

Tree base 0.1 0.2 3.3 47.2 0.1 3.7 41.7 117.1 0.3 3.1 13 23.3
Trunk – – 17.3 117.1 – 0.1 37.2 545.5 – – 56.3 153.7

Inner canopy – – 0.2 23.3 – – 6.6 109.2 – – 28.3 6.3
Middle canopy – – – – – – 1.4 7.1 – – – 0.1

Outer canopy – – – – – – – 1.1 – – – –

Covera

Tree base 5.0 5.7 27.6 30.35 4.5 4.8 25 63.9 5.1 5.9 27.1 27.6
Trunk – – 10.6 97.7 – 1.0 15 94.4 – – 20.5 97.9

Inner canopy – – 3.5 8.3 – – 13.2 60.7 – – 15.7 28.7
Middle canopy – – – – – – 12.6 25.1 – – 1 1

Outer canopy – – – – – – – 15.3 – – – –

Species richnessa

Tree base 4 4.7 7.7 5.3 3 11 15 20.7 4.7 7.3 11.7 8.7
Trunk – – 6.3 7.7 – 1 12.3 30.7 – – 10.7 15

Inner canopy – – 2.5 5 – – 11.2 26.3 – – 8 6.9
Middle canopy – – – – – – 9 12.3 – – 1 1

Outer canopy – – – – – – – 3 – – – –

a Mean values per plot; standard deviations were not included to improve the visualisation of the table.
* Values at the hectare level were calculated using the estimation procedures explained in the bryophyte biomass Section 2.4.

Table IV. Total bryophyte biomass (kg ha−1) and species richness
(number of species per 75 m2) contained in each distinguished tree
zone within each forest age class. The highest value for each tree
zone and forest age is shown in bold and dashes indicate value of
zero.

Zones within Years after harvest
the tree

8 15 25 60

Biomass

Tree base 0.5 7.1 58 187.6
Trunk – 0.1 110.9 934.4

Inner canopy – – 35.2 122.4
Middle canopy – – 1.4 7.2

Outer canopy – – – 1.1

Total 0.5 7.1 205.4 1252.8

Species

Tree base 9 19 27 27

richnessa

Trunk – 1 26 34
Inner canopy – – 20 27

Middle canopy – – 14 17
Outer canopy – – – 15

Total 9 19 34 40

a Species richness is obtained from the sum of the species that occurred
in the three plots of each forest age.

the comparisons with richness (Fig. 4). Richness, cover and
biomass of epiphytic bryophytes were positively correlated
with the majority of forest features, especially with forest
age (Tab. II); these three parameters showed a strong nega-

tive relationship with tree density. The relationship between
bryophyte biomass and basal area in L. novocanariensis was
strongly positively correlated. Similar results were obtained
for the relationship between bryophyte cover and basal area in
E. arborea (Tab. II).

4. DISCUSSION

Most of studies of forestry effects on epiphytic bryophyte
communities have primarily analysed the lower tree zones and
compositional data (e.g. Kantvilas and Jarman, 2004; McGee
and Kimmerer, 2002; Turner and Pharo, 2005) and compo-
sitional data (e.g. Boudreault et al., 2000; Patiño et al., 2009).
Ours is one of the few studies that combines time since forestry
activity with within-canopy direct sampling and host iden-
tity with the aim of whole-forest extrapolation of bryophyte
biomass.

4.1. Influence of forest age and zone within the tree

Our study did not detect epiphytic colonisation in stands
with ages ranging from 0.5 to 8 y, and we found no notable
rise in bryophyte community abundance until 25 YAH. The
earliest epiphytic bryophyte colonisation in the laurel forests
that we observed seemed to require a time period of at least 8 y
since the last harvest. Earlier studies on forestry effects have
shown significant differences (i.e. forest structure and resource
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Figure 3. Principal Components Analysis of bryophyte parameters (biomass and species richness), forest age, basal area total and of each
host tree species, tree density and percentage of each tree zone covered by bryophytes. Each symbol represents the combination of bryophyte
statistics and environmental variables at the plot level. Forest age class represented by symbols: Circles = (8 YAH); squares = (15 YAH);
diamonds = (25 YAH); rectangles = (60 YAH). Host tree species labelled by colours and letters: E = Erica arborea (grey symbols); L = Laurus
novocanariensis (empty symbols); M =Myrica faya (black symbols). For more detail about bryophyte parameters see Table III.

availability) between “old-growth” and secondary forests. In
many cases, such differences might cause the loss of particular
forest-dwelling species (Dynesius and Hylander, 2007; Lesica
et al., 1991; McGee and Kimmerer, 2002), or even the oc-
casional local extinction of entire taxonomic groups (Gjerde
et al., 2005; Moen and Gunnar-Jonsson, 2003).

Certain “old-growth” and/or climatically more favourable
Canarian laurel forests (González-Mancebo et al., 2008a)
exhibit bryophyte richness similar to that found in the
oldest forest age class that we studied (60 YAH). This
remains true even when individual tree species are consid-
ered (González-Mancebo et al., 2003a; 2003b). In contrast,
bryophyte biomass values from the oldest forests (1.2 t ha−1;
Tab. IV) in our study were much lower than indirect estimates
from other “old-growth” laurel forests (Zippel, 1998), which
ranged from 5 to 7 t ha−1. Moreover, our total biomass esti-
mate for 60 YAH was close to that reported for a comparable
forest in the vicinity of our oldest forests (1.6 t ha−1; Zippel,
1998). This suggests that both methods may be useful, at least
for laurel forests with a limited bryophyte-biomass canopy on
the windward side of the islands.

Hence, species richness apparently rose faster than biomass
through the chronosequence. This may be partly related to dis-
persal processes, since it seems unlikely that the distances be-
tween secondary forest stands (from 20 to 1092 m) would be

so significant as to prevent the arrival of propagules. Several
studies (Hutsemekers et al., 2008; Miller & McDaniel, 2004)
have shown that the recruitment of some bryophyte species
from source populations placed within a range of at least 5–
86 km occurred within a period that could range from ∼ 50
to 65 y. In addition, the small logs and branches that remain
in the cleared stands could act as additional diaspore sources
(Humphrey et al., 2002). It should be acknowledged that the
positive dispersal effect and, hence, the high species richness
may be artefacts of the study system rather than a general fea-
ture of secondary laurel forest patches.

Furthermore, climatic factors might also underlie the rel-
atively low biomass (cf. Frahm and Gradstein, 1991). In-
deed, laurel forests that exhibited greater bryophyte biomass
(Zippel, 1998) than the oldest forests studied here were at al-
titudes ranging from ∼ 800 to 1 200 m a.s.l. and were topo-
graphically situated close to mountain peaks. Our forests were
located at a similar altitude (ca. 1 200 m), but they were distant
from the summit (ca. 1 700 m) and were seldom affected by
prevailing NE winds during the summer (Marzol, 2008). This
combination of climate and topography would imply less mist
precipitation and consequently reduced availability of water
for bryophyte (re-) growth.

In conclusion, we suggest the existence of a secondary suc-
cessional stage in our oldest forest age class (60 YAH), which
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Figure 4. The relationship between biomass and cover (4.1), biomass
and species richness (4.2) and cover and species richness (4.3) of epi-
phytic bryophytes at the plot level. Each host tree species was con-
sidered separately (n = 36). Spearman Rank correlation results are
showed within each diagram.

supports previous work on community composition (Patiño
et al., 2009). Three factors seem to support this observation.
First, our findings showed greater epiphyte biomass (as well
as cover and richness) on trunks as compared with branches.
Notably, the biomass obtained for the branch system might
be overestimated slightly due to the sampling method (see
the sampling section). In contrast, “old-growth” (sub-)tropical
cloud forests usually support greater bryophyte development
on their inner branch systems due to a more favourable mi-
croclimate (Chia-Chun et al., 2002; Nadkarni et al., 2004;
Veneklaas et al., 1990; Wolf, 1993). Other data suggest inner
canopy zones exhibit the richest epiphytic bryophyte commu-
nities in comparable laurel forest areas (Patiño et al., unpub-
lish. data).

Second, the differences in biomass, cover and richness of
epiphytes throughout whole trees decreased from the youngest
to the oldest forests. The latter observation is consistent with
the classical pattern where bark-colonisation by bryophytes
and lichens progresses upwards over time (McCune, 1993;
Wolf, 1993). Third, a period of 60 y following disturbance
could represent only ∼40% of the potential life-span of a
tree for the three species analysed (Fernández-López, comm.
pers.). Under such conditions, one could expect even most of
the oldest trees to have an immature tree structure and, hence,
(micro-)environmental conditions that might be unsuitable for
the development of certain epiphytic bryophytes (Dynesius
and Hylander, 2007; Köhler et al., 2007). This would explain,
at least partially, the low epiphytic biomass detected in the
60 YAH forests.

4.2. Influence of host tree species and zone within
the tree

Contradicting the initial hypothesis, our findings showed
that the epiphytic community seemed to be more strongly af-
fected by host identity than by forest age. Indeed, different
rise patterns were recorded with respect to biomass for epi-
phytic bryophyte cover and richness, depending on the host
tree species.

Laurus novocanariensis showed the greatest biomass and
richness across most forest ages, especially at 60 YAH. Poik-
ilohydric non-vascular epiphytes like bryophytes are particu-
larly sensitive to environmental conditions and therefore de-
pend on humidity, temperature and light for their survival
(Frahm and Gradstein, 1991; Humphrey et al., 2002; Köhler
et al., 2007; Pereira and Cavalcanti, 2007). Thus, individual
characteristics of L. novocanariensis, such as its high rate of
stem-flow and leaf size (i.e. high water and moderate light in-
cidence) have been related to its notable bryophyte richness
(González-Mancebo et al., 2004; 2008a). In our study, this was
consistent with a more rapid increase in biomass and species
richness along the tree after clear-cutting. This favourable mi-
croclimate on L. novocanariensis would allow for the devel-
opment of bryophyte biomass on even the youngest branches
and twigs.

In contrast, Myrica faya and Erica arborea were gen-
erally poorer in terms of epiphytic bryophyte richness and
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less well-colonised (i.e. bryophytes reached only the mid-
dle and inner canopy, respectively). This may be related
to more challenging moisture conditions for bryophytes
(González-Mancebo et al., 2003a). Since both host tree species
have exhibited greater species richness in undisturbed laurel
forests (González-Mancebo et al., 2003b; 2008a), they likely
need more time than L. novocanariensis to recover the peak
values for these parameters. In M. faya, poor colonisation by
epiphytic bryophytes was most evident at 60 YAH. This de-
crease occurred in parallel with a basal area reduction that
might be effectively limited by competition with L. novoca-
nariensis (Arévalo et al., 1999).

4.3. Relationships between biomass and species
richness of bryophytes

There was a clear positive relationship between biomass
and richness of epiphytic bryophytes across the chronose-
quence; cover was also considered. There exist reports of a
wide variety of relationships between richness and productiv-
ity (for biomass per surface unit in our case). These are asso-
ciated with factors such as the spatial scale, taxonomic group,
or ecosystem. The productivity-richness relationship is gen-
erally hump-shaped (unimodal) in plant studies and on rela-
tively small spatial scales (Waide et al., 1999; Mittelbach et al.,
2001), with species richness peaking at mid-range levels of
productivity (Gjerde et al., 2005; Groner and Novoplansky,
2003).

The positive relationship between biomass and richness that
we reported may be interpreted as another indicator of imma-
turity, even for the 60 YAH forests. We propose this expla-
nation because one would expect a negative correlation be-
tween richness and biomass when the forest reaches original
condition. However, our results should be treated with cau-
tion, since new studies must be undertaken in different lau-
rel forests before we can draw firm conclusions regarding the
biomass-richness relationships of epiphytic bryophytes.

In contrast to stand level and L. novocanariensis data,
E. arborea and M. faya showed a decrease in richness with in-
creasing biomass. This unimodal pattern might be considered
an indicator of forest maturity. However, since the richness on
E. arborea and M. faya did not peak, it is likely that such de-
creases in the first two species are due to changes in substrate
availability consistent with laurel forest dynamics (Arévalo
et al., 1999). Competitive exclusion due to early-successional
bryophyte species may also play a role (Hutsemekers et al.,
2008; Patiño et al., 2009). Gjerde et al. (2005) showed that
sensitivity to disturbance of certain organisms could be one
possible explanation for unusual patterns.

4.4. Management implications

Our findings are relevant for secondary sub-tropical cloud
forests, where trunk colonisation by bryophytes does not ap-
pear to begin until 8 YAH. Using a theoretical successional
approach, the 60 YAH forests would be categorised as being

in the second phase (i.e. medium-late stage), with bryophyte
biomass peaking on trunks. Hence, the current harvesting
regime of 7–10 y is clearly too short to allow epiphytic “bry-
omass” to reach a level of development comparable to that
found in “old-growth” laurel forests (Zippel, 1998). In such
a scenario, epiphytic bryophyte communities may have diffi-
culty performing their important ecological functions, espe-
cially in the context of water and nutrient fluxes. In conclu-
sion, our study indicates that longer rotation periods should be
used across harvested laurel forest landscapes. This outcome is
consistent with those studies of epiphyte bryophytes that have
been conducted in diverse forest ecosystems (Dynesius and
Hylander, 2007; Kantvilas and Jarman, 2004; Köhler et al.,
2007; Turner and Pharo, 2005).

However, current commercial requirements do not realisti-
cally allow managers to change the short rotation cycle that
is currently in widespread use (Bermúdez et al., 2007). Ac-
cordingly, it is essential to consider retaining mature patches
within the matrix of cleared stands. Such a management strat-
egy has also been recommended for many other forest types
(e.g. Boudreault et al., 2000; McGee and Kimmerer, 2002;
Turner and Pharo, 2005) because it allows maintenance of a
significant diversity of substrates and (micro-)habitats.

Due to their high bryophyte biomass and richness, ma-
ture Laurus novocanariensis trees might also act as propag-
ule sources in adjacent forest landscapes that have been re-
cently clear-cut. Furthermore, preserving old trees of different
host tree species would provide additional value, because cer-
tain species apparently require longer time periods (sometimes
more than 60 y) to reach comparable biomass and bryophyte
species richness. This is especially true for inner canopies.
Since there is clearly an incentive to maintain net epiphyte
biodiversity in harvested cloud forest landscapes (e.g. Köhler
et al., 2007), our results suggest that this can be achieved
by preserving “old-growth” uncut stands that exhibit as much
original host tree diversity as possible.
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