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Seedling bank’s structure
and dynamic of the relict laurel
forest of the Canary Islands
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and *Fernandez-Palacios, J.M.

Abstract. The structure and species composition of the laurel forest depend considerably
on the regeneration strategies of the tree species that make up its canopy. In this study,
since regeneration of the climax species takes place primarily by seedlings, we inquire into
the seedling bank’s temporal dynamic of this community in the Anaga Rural Park (Ten-
erife). To this end, all seedlings from six 10 m x 10 m plots, were identified and monitored
monthly from 2000 to 2003. Two extra samplings were done in November 2005 and 2011.
Additional information on adult species and suckers was also recorded. Laurus novocanar-
iensis was the dominant seedling species, followed by Persea indica and Picconia excelsa.
More representative canopy tree species were Erica arborea and L. novocanariensis. Less than
50% of seedlings reach the first year of life and only 10% live until the third year. Survival
rates differ significantly between species. The highest survival rates were found for P. ex-
celsa and Rhamnus glandulosa, which may be explained by its non-pioneer reproductive
strategy that implies a permanent seedling bank able to growth under a closed canopy.
The highest establishment takes place in summer, the warmest season and when the trade
winds reach the greatest intensity. The highest mortality is found in the nextseaser, when
the rainy season and consequent runoff starts.
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Introduction

The Atlantic Laurel forest, present in the Macaronesian oceanic archipelagos of
Azores, Madeira and the Canary Islands is considered to be an old relict of the for-
mer much wider distributed Palaeotropical Geoflora, which was the main forest
type in Central and South Europe as well as in North Africa, during the Tertiary,
lasting there until the final deterioration of the climate that reached its zenith in
the onset of the Pleistocene Glaciations (MAI, 1989, 1991; POSTIGO MIJARRA et al.,
2009; FERNANDEZ-PALACIOS et al., 2011). Due to the yertical migration pessible in
high volcanic islands, and the tampon effect exerted by the ocean, this ecosystem,
although in an impoverished version, was able to survive until nowadays in the
Atlantic islands. After the onset of the Mediterranean type climate, some 3 My
BP, coinciding with the Pleistocene Glaciations, the laurel forest was able to with-
stand the summer drought imposed by this climate type refuged in the influence
area of the trade winds orographic cloud layer, which in the Canaries is distribut-
ed among 600 and 1200 m at the windward (northern) slopes of the central (Gran
Canaria, Tenerife and La Gomera) and western (La Palma and El Hierro) islands.

Its floristic composition is dominated by palaeoendemic fern and tree species,
sharing the distribution of many of the ferns and some of the trees still with Iberia,
where they have been able to survive in Pleistocene refugia such as Cadiz, the Al-
garve, Galician or Cantabrian mountains, constituting the Iberian-Macaronesian
floristic element. Within the Macaronesian archipelagos, many tree species are
shared by Madeira and the Canaries, whereas the Azores although poor in spe-
cies due to its isolation, posses a fair proportion of endemic tree species (Table 1).

Although several works have been published in the last years dealing with
the regeneration dynamics of this forest (FERNANDEZ-PALACIOS and AREVALO,
1998; FERANDEZ-PALACIOS et al., 2004; AREVALO and FERNANDEZ-PALACIOS,
1998, 2000, 2005, 2007; AREVALO et al., 1999, 2007, 2008, 2011, 2012) our knowl-
edge about the real role of the seedling community in the canopy substitution is
still very poor. The aim of the present work is to offer some insights in this topic,

which are crucial for the reforestation efforts of this unique forest.
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@able 1 - Distribution and species adscription of the main Macaronesian laurel forest genera.
bold, endemic genera.

Tree Genus Azores Madeira Canaries Iberia
Erica azorica maderensis
platycodon arborea 6]
platycodon arborea
Ilex azorica canariensis
perado canariensis 6]
perado aquifolium =
Laurus azorica novocanariensis novocanariensis nobilis
Morella faya faya faya
rivas-martinezii faya ? ’a
Rl
Prunus lusitanica lusitanica lusitanica lusitanica
Vaccinium cylindraceum padifolium several sp.
Euphorbia stygiana mellifera mellifera
Juniperus brevifolia cedrus cedrus
Picconia ’a azorica excelsa excelsa
=
Sambucus lanceolata palmensis nigra
Rhamnus glandulosa glandulosa several sp.
Apollonias barbujana barbujana
Heberdenia excelsa excelsa
Ocotea foetens foetens
Persea indica indica
Visnea mocanera mocanera
Viburnum treleasi rigidum several sp.
Frangula azorica
Clethra arborea
Pittosporum coriaceum
Arbutus canariensis unedo
Pleoimeris canariensis
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Material and methods

Anaga Rural Park

—— Rural Park berders
o 3 e

Figure 1 - Map of Tenerife and Anaga Rural Park, showing the different study stations and the plots.

Study site

The study was conducted in the Anaga Rural Park in the northeast corner of Ten-
erife, Canary Islands (28° 19'N, 16° 34’W) (Figure 1). The park encompasses a 7-8
million-year-old basaltic massif (ANCOCHEA et al., 1990) covering ca. 130 km?,
and representing 7% of Tenerife’s total area. Tenerife’s evergreen laurel f has
been extensively exploited since the arrival of the Europeans in the 15th@ury
(PARSONS, 1981). The 10% of the remaining forest has been formally protected
since 1988. Anaga was selected to carry e this study for encompassing the best
preserved laurel forest remnants of the island, which occupy around 2000 ha in
size, and being the most biodiverse area of the island.

The laurel forest is distributed between 600 and 900 m altitude and, depending
on the slope, the canopy is 1020 m in height. The laurel forest of Anaga contains
a total of 19 tree species (SANTOS, 1990). Dominant species include Laurus novo-
canariensis, Erica platycodon, E+ies arborea, llex canariensis, Prunus lusitanica, Morella
faya and Viburnum rigidum. The dominance of a given species depends on site con-
ditions. For example, E. platycodon dominates on forest ridges, L. novocanariensis in
mesic zones and E. arborea in more disturbed areas (ANON., 1973).
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The annual precipitation of the park reaches 900 mm, but can be twice this amount
if fog drip is accounted for (KAMMER, 1974). The mean annual temperature is
close to 15°C with minimal annual and daily fluctuations and no frost events.
Two seasons can be differentiated, winter and summer, but in most years differ-
ences between the two most extreme months are not great (differences between
the averages of the extreme months: 8°C, 5% relative humidity and 100 mm of
rain) (CEBALLOS and ORTUNO, 1976). The soils have been classified in the order
Entisol, suborder Orthens.

Sampling design

In the year 2000 we selected two study stations within the Anaga Laurel forest “El
Moquinal” and ‘Barranco de los Nufiez" (Figure 1) under similar environmental
conditions. In each station we located three permanent 10 x 10 m plots. This scale
provided a good representation of the vegetation of the area, additionally, a small
scale allow a better relation of the results with biological interactions because the
environmental gradient is shorter (WIENS, 1989). To record data with a high degree
of precision and minimal amount of sampling error, all plots were permanently
marked with iron bars and geo-referenced with fixed UTM coordinates.

Within each plot we recorded the Cartesian coordinates (X, Y) of trees, suckers and
seedling of each species. We measured the DBH (diameter at breast height) and
height of trees and suckers. Each seedling was permanently marked with a label,
and establishment and death date were recorded. Sampling was carried out month-

ly form 2000 to 2003. Two extra samplings were done in November 2005 and 2011.
Statistical analyses

Normality of the data was checked with the Shapiro-Wilk test and the homosce-
dasticity of the data with a multiple F test. According to exploratory analyses,
studied variables were not normally distributed, so non-parametric statistical
methods were applied.

To ensure that selected study stations (El Moquinal and Barranco de los Nufiez)
are comparable in terms of species composition we used the Multiple-Response
Permutation Procedure (MRPP) in PC-Ord statistical package (MCCUNE and MEE-
FORD, 1995). Relative Sgrensen (Bray-Curtis) was used as distance measure be-
cause it takes into account both composition (presence-absence of species) and

abundance (basal area values).
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Survival curves of seedlings were estimated using Kaplan-Meier’s method (KA-
PLAN and MEIER, 1958). Independent analyses were run for the whole seedling
bank and for each species seedling bank. Differences in the shape of curves among
species were tested by the log-rank test (PYKE and THOMPSON, 1986). Wilcoxon's
test was used to detect differences in seedling establishment and mortality be-

tween seasons. Analyses were done using SPSS statistical package (SPSS, 1986).

Results

A total of 21,702 seedlings were monitored during the study period. Laurus no-
vocanariensis was the dominant seedling species (84% of the seedlings), followed
by Picconia excelsa (10%) and Persea indica (4%). Viburnum rigidum, Apollonias bar-
bujana, Rhamnus glandulosa and Ilex perado were also present in the seedling bank,
although contributing with less than 2% te-theseedling-bank. More representative
canopy tree species, in terms of basal area, were L. novocanariensis (13.18 m?/ha)
and Erica arborea (11.76 m?*/ha), followed by P. indica (7.86 m*/ha), I. perado (7.33
m?/ha) and Morella faya (6.69 m?/ha). Other trees contributing to the canopy were
Prunus lusitanica (5.28 m?/ha), Ilex canariensis (3.72 m?/ha), P. excelsa (1.48 m?/ha),
A. barbujana (0.11m?/ha) and V. rigidum (0.08 m?/ha). Mean basal area of the plots
was 57.99 m?/ha.

Species composition did not differ significantly between study stations (MRPP,
p > 0.05). Consequently, statistical analyses were applied to the whole data set.
Kaplan-Meier curves indicate that less than 50% of seedlings reach the first year of
life and only 10% live until the third year. Around 5% of the seedlings survive up
to eleven years (Figure 2A). Seedling survival differs significantly among species
(Log-rank test, p < 0.05). The highest survival rates fell on P. excelsa (near 20% of
survival after 5 years), R. glandulosa (10% of survival after 5 years) and V. rigidum
seedlings (5% of survival after 5 years) (Figure 2B).

Mean annual establishment was 793 + 250 seedlings. Mean annual mortality
was 602 £ 239 seedlings. Seedling establishment and mortality varied between
seasons (Wilcoxon’s test, p < 0.05). The highest seedling establishment took place
in summer (Figure 3A), while highest mortality was found in the next season,

autumn (Figure 3B).
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Figure 2 - Kaplan-Meier survival curves for A) the whole seedling bank, B) the seedling bank of each
species. *Significant differences among curves (Log-Rank Test, p < 0.05).
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Figure 3 - Seedling bank A) seasonal establishment and B) seasonal mortality. Only those years with a
monthly monitoring (2001-2003) were included. Note that graphs have different scales. Bars indicate
C.I. at 95%. Different letters above the bars indicate significant differences (Wilcoxon test, p < 0.05).
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Discussion

Despite the high number of seedlings established during the study period the
contribution by species was uneven. Laurus novocanariensis seedlings were pre-
vailing over the other tree species which together only accounted for 16% remain-
ing. This superabundance might be related to the dominance of adult Laurus trees
in the stands; however other trees with similar participation in the forest canopy
(Erica arborea, Persea indica, llex canariensis or Morella faya) appeared with little or
no representation in the seedling bank.

The absence of E. arborea and M. faya from the seedling bank has been previ-
ously recorded in the laurel forest, although both species are present as viable
seeds on the seed bank (AREVALO and FERNANDEZ-PALACIOS, 1998; AREVALO
and FERNANDEZ-PALACIOS, 2000). This lack of relationship between the seedling
bank and the canopy composition has been explained by different regeneration
strategies adopted by tree species within the laurel forest (FERNANDEZ-PALACIOS
and AREVALO, 1998). E. arborea and M. faya are pioneer species (WHITMORE, 1989)
that regenerate primarily by seedlings (although M. faya also produces suckers)
and are unable to germinate under shady conditions and thus are not present in
the seedling bank unless natural or human disturbances increase light conditions
in the understory. The occurrence of E. arborea and M. faya trees in the studied
stands indicates a mid-late successional stage of the forest (FERNANDEZ-PALACI-
0S and AREVALO, 1998; AREVALO et al., 2012).

Non-pioneer species, represented by the four Lauraceae species, show both
sexual and asexual regeneration (WHITMORE, 1989) and are able to germinate
under shady conditions, obtaining the reserves from their big seeds. As we have
observed in our study, Lauraceae species usually display a dense seedling bank;
differences in their dominance are, in this case, directly related with their parent
trees abundance. Other non-pioneer species relatively abundant on the seedling
bank are P. excelsa, V. rigidum and R. glandulosa, in this group asexual regeneration
is not common and seeds have short latent periods relaying in the seedling bank
for its regeneration (AREVALO and FERNANDEZ-PALACIOS, 2000). In general we
found correspondence between the abundance of trees and seedlings for these
species, however is striking that P. excelsa is the second species dominating the
seedling bank whereas trees of this species are among the less abundant. Based

on the measurement around isolated trees from P. excelsa, we know that;seedlings
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reached distances nermally further than 30m from the parent tree base (ARTEAGA
et al., 2006), thus seeds might have fallen or dispersed from nearby trees outside
the plot. Finally, trees adopting a remnant strategy (ERIKSON, 1996), represented
in our study by . canariensis, 1. perado and P. lusitanica, are characterized by asex-
ual regeneration (suckers), and therefore seedlings are almost absent in the forest.

Similar average values obtained for the overall establishment and mortality
denote a constant turnover, entailing the persistence of the seedling bank through
time. Summer came out as the best season for germination, very likely due to a
combination of suitable environmental conditions (light, temperature and humid-
ity) and fruit production timing. A greenhouse experiment monitoring seed ger-
mination from soils collected in the same area also detected higher germination
rates in summer (AREVALO and FERNANDEZ-PALACIOS, 2000). The analysis of
fruit fall, in the same site, did not show any seasonal difference in species com-
position, however, a general trend for almost all the species revealed more fruit
production in winter and spring whereas it decreased in summer (AREVALO et al.,
2007). Accordingly, the season with highest mortality (autumn) follows the sea-
son of highest germination (summer), where seedling density has increased and
competition processes result in higher mortality (HUTCHINGS, 1997). In addition,
recent germinated seedlings are in their most vulnerable stage being threatened
by predation, drought events, unusual temperatures or pathogens (CRAWLEY,
1997; KITAJIMA, 2007). Another reason for high mortality during autumn is the oc-
currence of intense rain episodes that generate water runoff uprooting seedlings
(HAMPE and ARROYO, 2002).

Despite the higher values of mortality observed ferthe study half of the popu-
lation of seedlings gstill alive after the first year, which is considered to be the
most sensitive life stage for many plant species (AUGSPURGER, 1984; GERHARDT,
1996). Survival probabilities become even lower after three years of life; however,
a small proportion of the seedlings can survive for ten or more years within the
laurel forest. Shade-tolerant species are able to maintain seedling/sapling banks
through long time periods until suitable conditions to promote to adult stages
become available; this is known as the Oskar’s syndrome (SILVERTOWN, 1982).
Other species can grow even under the closed canopy until they reach adult tree
sizes. This is the case for the species showing highest survival probabilities in our
study (P. excelsa, R. glandulosa and V. rigidum). Many factors may act jointly to in-
crease the chances of seedling survival, such as abiotic factors (water availability,
temperature, soil nutrients or litter depth), biotic factors (pathogens, herbivores)

or functional traits (seed size, cotyledons morphology, root development, carbo-
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hydrate storage or chemical properties) (ALVAREZ-CLARE and KITAJIMA, 2009). A
reason for the longer survival of these three species could be related to their regen-
eration strategy. They all are non-pioneer species mainly relaying in the seedling
bank for its survival as they do not produce suckers. Another common feature is
their relatively large fruit (9-19 cm length and 0.2-0.6 g of weight) which provide
seedlings with additional reserves (AREVALO et al. 2007), although this is a tem-
porary benefit. More important on the determination of seedling survival are the
distance- or density-dependent factors (JANZEN, 1970; AUGSPURGER, 1984). An
escaping pattern was proven for P. excelsa, where older seedlings tended to clump
significantly further from parent trees because there is probably lower seedling-
seedling and parent-seedling competition for resources (ARTEAGA et al., 2006). The
role of seed dissemination either by gravity or frugivores dispersal is determinant
to escape from the parent tree. Density--dependent factors affecting survival, such
as predation or diseases, might be less common in these three species since their

contribution to the seedling bank is much lower compared to L. novocanariensis.
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