
l'1

C

BOSQUE FRAGMENTADO

Tesis
entregada a la

Universidad de Chile
en cumplimiento parcial de los requisitos

para optar al grado de Magister en Ciencias
Biológicas con mención en Ecología

y Biología Evolutiva

Facultad de Ciencias

Carlos Eduardo Vald¡v¡a Prats

Director de Tesis:

Dr. Javier A. Simonetti

Noviembre de 2003

Por



FACULTAD DE CIENCIAS

UNIVERSIDAD DE CHILE

INFORME DE APROBACIÓN

TESIS DE MAESTRíA

Se informa a la Escuela de Postgrado de la Faculiad de Ciencias que la Tesis
de Maestría presentada por el candidato:

Carlos Eduardo Valdivia Prats

Ha sido aprobada por la Comisión de Evaluación de la tesis como requ¡sito para
opiar al grado de Magister en Ciencias Biológicas con mención en Ecología y
Biología Evolutiva, en el examen de Defensa de Tesis rendido el día 7, de
Noviembre de 2003"

Director de Tesis:

Dr. Javier A. Simonetti

Comisión de Evaluación de Tesis:

Dr. ltalo Serey

Dr. Ram¡ro Bustamante

11



AGRADECIMIENTOS

Varias son las personas que me ayudaron en la realización de esta tesis y a

quienes debo el cumpl¡miento de esta meta. Ciertamente, el apoyo y paciencia

brindados por mi tutor Javier Slmonetti fueron fundamentales para la

continuación de mis estudios de postgrado. Agradezco también a todos los

"chiquillos del laboratorio" quienes con su buen humor hicieron de este lugar un

sitio agradable para trabajar, y a Fernando Campos, guardaparque de Los

Queules, por la val¡osa ayuda prestada en terreno.

Las facilidades dadas por CONAF y Forestal Millalemu permitieron la

realización de este trabajo, el cual fue financiado por el proyecto Fondecyt

1010852 a J. Simonetti.

lfl



INDICE

Página

iv



LISTA DE TABLAS

Table 1 . Regeneration niche, tequency of adults, and abundance of seeds and
seedlings at the continuous forest and forest fragments ............. ..................... 14

Table 2. Conspecific and heterospecific effects of seeds' abundance on
seedlings' recruitment including (ln) and excluding (Ex) seeds' abundance of the
focal species . . ..... . .......... 15

Table 3. Richness, abundance, diversity (Shannon-\Menef s index) and
evenness (Pielou's index) of seed and seedl¡ngs at the continuous forest and
forest fragments ................... ......... "................... 16

Table 4. Relationshíp of richness, abundance, and diversity between seeds and
seedlings at the cont¡nuous forest and forest fragments ......... "........................ 16



DENSITY-DEPENDENT SEEDLING RECRUITMENT IN A FRAGMENTED

FOREST

Carlos E. Valdivia

Departamento de Ciencias Ecológicas, Facultad de Ciencias, Universidad de
Chile. Casilla 653, Santiago, Chile.

e-mail: cvaldiviap@yahoo.com



RESUMEN

El reclutamiento denso-dependiente negativo de plániulas mantiene la

diversidad de árboles en bosques tropicales y templados, pues las especies

más abundantes no excluyen las menos abundantes. Sin embargo, la

fragmentación cambia las condiciones bióticas y ab¡ótlcas de los fragmentos

respecto del bosque cont¡nuo, lo cual puede alterar los procesos de

reclutam¡ento y consecuentemente, la diversidad arbórea. Si la fragmentación

desarticula el reclutamiento denso-dependiente negativo, esperaríamos una

menor diversidad de plántulas en los fragmentos. Se analizó el proceso de

reclutamiento, comparando un bosque continuo de 600 ha (R.N. Los Queules) y

cuatro ftagmentos de bosque nativo de 1 a 6 ha, determinando la abundancia

de semillas y plántulas para est¡mar los efectos de la fragmentac¡ón del bosque

sobre las transiciones sem¡lla-plántula. En el bosque continuo, tres de las cuatro

especies evaluadas presentaron reclutamiento denso-depend¡ente negativo,

mientras que en los fragmentos de bosque ninguna de las tres especies

evaluadas presentó reclutam¡ento densodependiente- Adicionalmente, la

riqueza y diversidad de semillas fue mayor en el bosque continuo, mientras que

la diversidad de plántulas no difirió entre ambos sitios. Por consiguiente, la

fragmentación del bosque desarticula el reclutamiento denso-dependiente de

plántulas, lo que sin embargo no se traduce en una disminución en la diversidad

de plántulas.
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ABSTRACT

Density dependence relationships between the abundance of seeds and

seedlings of a tree assemblage was estimated in order to evaluate forest

fragmentation effects on seed to seedling transitions. ln continuous forest, three

out of four species presented negative seedling recruitment related to seed

abundance, whereas in forest fragments this relationship was uncoupled. ln

addition, seed richness was 1.5 t¡mes higher at the cont¡nuous forest, while

seedling richness did not differ between these sites. ln opposit¡on, seed

abundance did not differ between continuos forest and fragments, whereas

seedling abundance was three times h¡gher at the continuous forest.

Consequently, seed diversity, assessed through Shannon-\A/ieneds index was

two times higher at the continuous forest than fragments, while seedling

diversity did not differ between these sites. ln the same way, seed evenness,

assessed through Pielou's index was 1.5 times higher at the continuous forest

contrary to seedling evenness that was 1.3 times lower at the continuous forest.

Thus, at the continuous forest seed diversity was around two times higher than

seedling d¡versity, but not at the fragments where seed diversity did not d¡ffer

respect to seedling diversity. Furthermore, at both continuous forest and

fragments seed evenness was 1.3 and 2.5 times lower than seedling evenness

respectively. Therefore, we conclude that forest fragmentation afiects seedling

recruitment uncoupling seed to seedling transitions, which nonetheless did not

translate into a reduction in seedling diversity.
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INTRODUCTION

Several mechanisms can account for the maintenance and coexistence of trees

species in forests (Chesson 2000). lntra-specific relationships of density-

dependence, positive or negative ones, are one of the most important

mechanisms (Wills et al. 1997, Wright 2002). Negative density{ependence

occurs when nearby conespecif¡cs rec¡procally impair their performance more

intensively at higher abundances. Allelopathy, intraspecific competition, and pest

facilitation may all contribute to modify the probability of individual seedling

survival in dense stands affecting seedling divers¡ty. Negative density-

dependence contributes to maintain seedling diversity (Harms et al. 2000), as

precludes abundant species of eliminating rare ones by covering all available

recruitment sites (Condit et al. 1994, Wlls et al. 1997, Web & Peart 1999).

Similarly, the density of heterospecific neighbours can modify survivorship or

reproduetive success of trees by facilitating or avoid¡ng seedlings' recruitment

among other causes (see Peters 20O3). This kind of relationship has been

posited as a potentially ¡mportant mechanism for the maintenance of the

arboreal richness in a wide array forests such as tropical forests of Central

America and Asia as well as temperate forests in North America (Wills et al.

1997, Web & Peart 1999, Lambers et al. 2002).
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Abiotic and biotic factors (e.9., nutrient availability, mmpetition, predation)

can determine densitydependence relationships (Wills et al. 1997). These

factors and the results of its performance, m¡ght be modified by forest

fragmentation. ln fact, fragmentation significantly alters abiotic and biotic

conditions of the remnant fragments (Saunders et al. 1 991 , Murcia 1995). Light

and temperature increase, whereas air and soil moisture decrease in fragments

compared to continuous forest (Kapos 1989, Murcia 1995). These new abiotic

condit¡ons should favour the establishment of shade-intolerant species in forest
j

fragments and ¡nhibit the recruitment of dominant shade-tolerant trees

(Laurance et al. 1998). Moreover, biotic conditions such as herbivory, gran¡vory

and seed dispersion could be changed by fragmentation (e.9., Aizen &

Feinsinger 1994), which can modify tree recruitment due to safe site

modifications for seedlings' recruitment (Green 1983). Therefore, b¡otic and

ab¡otic factors can modify composition and structure of the remaining forest

fragments through direct effects on the seedl¡ng survivor, as well as indirect(

effects such as the uncoupl¡ng in negative density-dependency (Laurance et al.

1998, Rankin de Mérona & Hutchings 20O1).

Currently, the northernmost region of the temperate rainforest of central

Chile is severely fragmented and remnants are sunounded by plantations of the

exotic pine Pinus radiata (Pinaceae). These plantations are acting as an

anthropogdnic matrix, embracing a large number of small and few large

fragments of native forest, which can be regarded as continuous forests (Grez et

al. 1997, Bustamante & Castor 1998). ln the smaller fragments, soil moisture



and hervibory decrease significantly, while granivory increases (Henríquez

2002, Vega 2001 , Donoso et al. 2004). These abiotic and biotic faciors may

modify the reproductive success of native species and consequently, can alter

their regeneration dynam¡cs. ln fact, although the more abundant trees in

continuous forests are also the more abundant trees in the remnant fragments

(Bustamante et al. 2003), the pool of biot¡c and abiotic conditions in forest

fragments has triggered a d¡fferent regeneration pathway ¡n fragments regarding

the continuous forests (Bustamante et al. 2003). According to a Markovian

model, in forest fragments there would be a higher dominance of shade-

intolerant species, while in continuous forest, vegetation would maintain the

dom¡nance of their shade-tolerant species (Bustamante et al. 2003). ln addition,

at the forest fragments there would be an increment of b¡rd{¡spersed trees by

an active colonisation process (Bustamante et al. 2003). Therefore, in

continuous forests, vegetation would be in a stabilizing regenerat¡on dynamic,

whereas in forest fragments, tree regeneration dynamic would be lead by non-

stabilizing c¡lonisation pro@ss, suggesting negative density-dependent

seedling recruitment at the continuous forest but not at the forest fragments.

The main goal of this work is to evaluate seed to seedling transitions in a

fragmented forest of central Chile. lf the stabilizing regeneration dynamics in

continuous forest tend to increase negative intraspecific ¡nteract¡ons relative to

negative interspecific interactions (see Chesson 2000: 343), we expect negative

density-dependence relationship between seeds and seedlings' abundance in

the continuous forest, while in forest fragments might be unrelated due to its
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non-stab¡lizing regeneration dynamics. ln addition, if forest fragmentation affects

either abundance or richness of seeds and seedlings, in forest fragments we

expect a higher seed diversity compared to seedlings' diversity due to future

over-dominance of species such as shade-intolerant trees, whereas in

continuous forest we expect a lower seed than seedlings' diversity, ln order to

reach this goal, seeds and seedlings' diversity were evaluated to assess if and

how seedling recru¡tment in a fragmented forest change. Similarly, if seedling

recruitment at the continuous forest is negative density{ependent, we do not

expec,t relationships between seeds' richness or abundance with seedlings'

richness or abundan@ respectively (Harms et al. 2000).

MATERIALS AND METHODS

Sfudy sde

The study was carried out from July 2001 to January 2003, in the northernmost

zone of the South-American temperate rainforest (35o59'S, 72o41'W), lhe

Maulino forest (San Martín & Donoso 1996). This zone encompasses the richest

zone in tree diversi§ with many endemic and endangered species such as the

beeches Nothofagus obliqua and N. glauca among others (San Martín &

Donoso 1996). Specifically, we worked at Los Queules National Reserve and

four foresi fragments neighbourlng to the reserve. Los Queules ¡s a protected

area of 145 ha of a native forest tract embedded in 600 ha of continuous forest,
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whereas fragments, whose surfaces range between 1 to 6 ha, are sunounded

by mature pine plantations of P. radiata (Grez et al. 1997, Bustamante & Casior

1998).

Census sfafibns

ln July 2001, eighty seed traps were erected within the continuous forest, while

other eighty seed traps were placed in forest fragments (20 at each fragment).

Each trap consisted of a 0.25 m2, open-topped, 1 mm wire-mesh bag held 0.8 m

above the ground on a PVC frame. All seeds falling into the traps were counted

and identified to the species level each mouth from July 2001 to December

2@2. ln September 2002, all woody plant less than 50 cm tall were tagged and

identified to species in twenty plots of 2 m2 al each station. Seedlings at these

stations have been tagged from 1998, therefore it was possible to identify the

recruits of each year. These plots were placed 1-2 m from the seed trap.

Survivors were re-measured and new recruits were tagged and identified in

January 2003. Each seed trap and their adjacent plots constitute a census

stat¡on.

Additionally, surrounding each census stat¡on, we registered the

frequency of adult trees species in plots of 100 m2 (n = 1 5 at continuous forest, n

= 20 at forest fragments).
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Regresslon analyses

To estimate the strength of density dependence on seedling reeruitment, we

examined the relationship R = aSb between the abundance of seedlings (R) and

the abundance of seeds (S). We assessed the seed-seedling relationship using

linear regression of log transformed values of R+1 and S+1 to normalise

res¡duals. ln these regressions, the fitted constant B takes values of < 1 if the

per seed probability of recruitment is inversely related to seed abundance, that

is negative density-dependent seedl¡ng recruitment.

To evaluate the strength of conspecific density-dependence relationships,

seedling abundance of each species was related to seed abundance of the

same species. Furthermore, to evaluate the strength of heterospecific density-

dependence relationships, seedling abundance of each species was related to

seed abundance of all other species as a whole, both including and excluding

seed abundance of the focal species.

Power tests was performed for each regression analysis using the F¡sher

z transformation for the critical value r and the sample r (Zar 1999).

Seeds and seed/ings d¡versity

To evaluate the effect of forest fragmentation on seed and seedling diversity, we

estimated the r¡chness and abundance of seeds and seedlings at each census

stat¡on. Richness and abundance of seedlings were related to richness and
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abundance of seeds ¡n order to determine if either seed richness or abundance

are good indicators of seedling richness or abundance respect¡vely. Then, we

calculated the Shanon--Wiener's lndex of diversity (H) at each station to jointly

integrate analyses of richness and abundance. Seedlings' diversity and seeds'

diversity were related in order to determine if seed diversity is a good indicator of

seedling diversity. ln the same way, to determine changes in dominance of each

species we calculated the Pielou's index of evenness (J) for seed and seedlings

at each census station.

RESULTS

Density4ependent seedling recruitment

We registered a total of twenty adult trees species (15 at the continuous forest

and 'l 9 at the fragments), of which 15 were shared (Table 1 ). Floristic similarity,

assessed through Sorensen's index was S = 0.88. ln terms of regeneration

niche, we registered a total of six shade-tolerant species, three generalist, and

two shade-intolerant, as well as nine species with unknown characteristics

(Table 1).

Since July 2001 to January 2003, we registered a total of 11,435 seeds

(5,879 at the continuous forest and 5,556 at the forest fragments) and 171

seedlings (131 at the crntinuous forest and 40 at the forest fragments). The total
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number of adults, seeds and seedl¡ngs' species was 20 (Table 'l). Floristic

s¡milarity, taking into account all species at all these stages was S = 0.8't.

At the continuous forest, we found 15 species among adults, seeds and

seedl¡ngs. As adults, we found 15 species, at the seedling stage we found 6

species, whereas at the seed stage 20 spec¡es (Table 1). Of these, 20 species

were shared between adults and seeds with a floristic similarity of S = 0.88;

whereas 5 species were shared between seeds and seedlings (S = 0.77), and 5

species were shared between adults and seedlings (S = 0.48).

ln the same way, at the forest fragments we found 19 species among

adults, seeds and seedl¡ngs. At the adult stage we found 19 species, at the

seedl¡ng stage we found 13 species while at the seed stage 9 species (Table 1).

Of these, 8 species were shared between adults and seeds (S = 0.59), 3

spec¡es were shared between seeds and seedlings (S = 0.32), while 20 species

were shared between adults and seedlings, with a floristic similarity of S = 0.77.

Seed and seedlings abundance of all species inhabiting both the

continuous forest and the fragmented forests were unrelated (R = {.36, P =

O.12 al continuous forest. R = O.24, P = 0.31 at forest fragments. Table 1).

However, regarding only those species that presented both seed and seedlings

in trap and plots respectively, three out of four trees (75oA) exh¡b¡ted a significant

or marginal significant negat¡ve density-dependence relat¡on between seeds and

seedlings' abundance at the cont¡nuous forest (Table 2). However, at the forest

fragments seeds and seedlings' abundance of the three species assessed were

unrelated (Table 2)
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On the other hand, at both continuous and fragmented forests, seedlings,

abundance of each species was unrelated to seeds' abundance of other species

as a whole, including and excluding the focal species (Table 2).

Rlcñness and abundance of seeds and seedlings

Seed richness was 1.5 times higher at the continuous forest than ftagments (n =

20, U = 39, P < 0.001. Table 3), whereas seedling richness d¡d not differ

between continuous forest and fragments (n = 2O, U = 135.5, P = 0.08. Table 3).

Moreover, seed abundance did not differ between continuous and forest

fragments (n = 20, U = 191, P = 0.87. Table 4), despite the seedling abundance

was 3.1 times higher at the continuous forest than fragments (n = 20, U = 52.5,

P < 0.00'1. Table 3).

Seedling richness was unrelated to seed r¡chness at both continuous and

fragmented forest (Table 4). Seedling abundance presented a s¡gnif¡cant

negat¡ve relationship with seed abundance at the cont¡nuous forest but not at

the fragments (Table 4).

Diversity and eve,ness of seeds and seedlings

Seed diversity (H) vras 2 times higher at the continuous forest than fragments (n

= 20, U = 65, P < 0.001. Table 3), whereas seedling diversity did not differ

between continuous and forest fragments (n = 20, U = 169, P = 0.40. Table 3).
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Furthermore, at the continuous forest seed diversity was 'l .9 times higher than

seedling diversity (U = 1.00, P < 0.001. Table 3), while at the forest fragments

seed diversity did not differ respect to seedling diversity (U = 161 , P = 0.29.

Table 3).

Seed evenness (J) was 1.5 times higher at the continuous than forest

fragments (n = 20, U = 101 , P = 0.01 . Table 3), contrary to seedling evenness,

which was 1.3 t¡mes lower at the mntinuous forest respect to the fragments (n =

15, U = 41,P = 0.03. Table 3). ln addition, at both continuous forest and forest

fragments seed evenness was 1.3 and 2.5 times lower than seedling evenness

respect¡vely (U = 79, P = 0.02 at the continuous forest, and U = 5, P = 0.001 at

the forest fragments. Table 3).

At the continuous forest, seedling diversity was unrelated to seed

diversity (Table 4), while in forest fragments there was a significant negative

relation between seed and seedlings' diversity (Table 4).
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Table 1. Regeneration niche, frequency of adults, and abundance of seeds and seedlings at the continuous forest and
forest fragments (percentages are presented in parenthesis).

Tree
Regeneration

Niche
Continuous forest Forest fragments

Adults Seeds Seedlings Adults Seeds Seedlings

Acrisione denticulata
Aetoxicon punctatum
Aristotelia chilensis
Azara integifolia
Cryptocarya alba
Gevuina avellana
Kageneckia oblonga
Laurelia sempervirens
Lithrea caustica
Lomatia dentata
Lomatia hirsuta
Luma apiculata
Nothofagus glauca
Nothofagus obliqua
Persea lingue
Peumus boldus
Pinus radiata
Raph¡tamnus spinosus
Senna closiana
Sophora macrocarpa

Total

?
shade-tolerant

generalist
?

shade-tolerant
generalist

?
?

shadetolerant
shade-tolerant

?
shade-tolerant

?
shade{olerani

generali§t
shadetolerant
shade-tolerant

?
?
?

0 (0.0)
15 (12.5)
7 (5.8)
5 (4.2)

14 (11.7)
13 (10.8)
6 (5.0)
2 (1.7)
o (0.0)
11 {e.2)
0 (0.0)
2 (1.7\
12 (10)
4 (3.3)

14 (11.7)
1 (0.8)
o (0.0)
3 (2.5)
8 (6.7)
o (0.0)

0 (0.0)
27 (a.5)
5e (1.0)
0 (0.0)

35 (0.6)
e (0.2)

147 (2.5)
e25 (4.O)

o (0.0)
61 (1.0)
0 (0.0)
0 (0.0)

1,963 (33.4)
2,743 (46.7)

s (0.1)
4 (0.r)
0 (0.0)
0 (0.0)
r (0.02)
o (0.0)

5,879

0 (0.0)
23 (17.6)

0 (0.0)
0 (0.0)

e2 (70.2)
3 (2.3)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0,0)
I (6.1)
0 (0.0)
o (0.0)
0 (0.0)
2 (1.5)
3 (2.3)

131

6 (2.8)
13 (6 0)
16 (7.3)
16 (7.3)
18 (8.3)
20 (e.2)
2 (0.e)
4 (1.8)
16 (7.3)
7 (3.2)
1 (0.5)

16 (7.3)
12 (5.5)
20 (9.2)
14 (6.4)
8 (3.7)
5 (2.3)
8 (3.7)
3 (1.4)
0 (0.0)

0 (0.0)
0 (0.0)

363 (6.6)
0 (0.0)
0 (0.0)

68 (1.2)
0 (0.0)

38 (0.7)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

300 (5.4)
4,498 (81.2)

0 (0.0)
17 (O.3)

252 (4.5)
5 (0.1)
0 (0.0)
0 (0.0)

5,541

1 (2.5)
2 (5.0)
2 (5.0)
2 (5.0)

1e (47.5)
5 (12.5)
0 (0.0)
0 (0.0)
1(2.5)
0 (0.0)
1 (2.5)
2 (5.0)
0 (0.0)
0 (0.0)
1 (2.s)
2 (5.0)
0 (0.0)
0 (0.0)
2 (s.0)
0 (0.0)
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Table 2. Conspecific and heterospecific effects of seeds' abundance on seedlings' recruitment including (ln) and excluding

fe*l .óOi; abundance of tú focal species (b = slope, r = regression coefficient, n = sample size. Significant and marginal

significant relations are presented in bold).

Regression
Cont¡nuous forest Forest fragments

b r n P Power b r n P Power

Aetoxicon punctatum
ConsPecific

HeterosPecific (ln)
Heterosoecific (Ex)

0.49
-0.67
-0 79

0.48
0.25
a.28

13
20
20

0.10
0.28
0.23

0.66
095
0.93

Aistotelia chilensis
ConsPecific

Heterospecific (ln)
Heterosoecific (Ex)

-0.58
1.33
0.66

0.16
0.28
0.10

20
20
20

0.50
0.23
o.72

0.98
0.94
0.97

Cryptocarya alba
Conspecific

Heterospecific (ln)
Heterosoecific (Ex)

0.72
-4.29
-0.50

0.48
0.11
a17

19
20
20

0.04
0.66
0.48

0.70
0,99
098

Gevuina avellana
ConsPecific

Heterospecific (ln)
Heterosoecific (Ex)

-1.39
069
u.ol

o_77
0.10
0.09

6
2A
20

0.07
0.67
0.71

0.74
0.99
0.99

1.18
0.51
0.1 5

0.36
o.17
0.05

7
20
20

0.43
0.47
o.82

0.71
0.98
0.99

Persea lingue
Con§Pecific

HeterosPecific (ln)
Heterosoecific (Ex)

-1.04
0.77
0.84

0.71
0.15
0.16

10
20
20

o.o2
052
0.49

0.73
0.98
0.98

Peumus boldus
ConsPecific

HeterosPecific (ln)
Heterosoecific (Ex)

-4.27
-1.06
-1.16

0.22
4.26
o.28

9
20
20

0.57
4.27
0.23

0.86
ñoÁ
0.94



Table 3. Richness, abundance, diversity (Shannon-Wieneds index) and
evenness (Pielou's index) of seed and seedlings at the cont¡nuous forest and
forest fragments (mean r se).

Table 4. Relationship of richness, abundance, and diversity between seeds and
seedlings at the continuous forest and forest fragments (rs = Spearman rank
correlation coefficient, n = sample size. Significant relations are presented in
bold).

DISCUSSION

Trees thriving in fragmented Maulino forest are facing an uncoupling in density-

dependence relationships in the seed-to-seedling transition. Changes in density-

dependence relat¡ons and consequently in diversity at the early stage of the tree

Parameter
Continuous forest Forest fragments

Seeds
(n/0.5 m2)

Seedlings
(nl2 m'\

Seeds
(n/0.5 m2)

Seedlings
(nlzm2\

Richness
Abundance
Diversity (H)
Evenness (J)

6.30 t 0.23
293.95 r.74.O2

'1 .03 t 0.09
0.57 t 0.05

2.2O *,o.24
6.55 r 0.BB
0.54 n 0.09
0.75 r 0.05

4 40 tO.23
277.AO !%.22

0.52 r 0.07
036r005

1.50 r 0.28
2.10 + 0.38
0.42 t 0.09
0.89 t 0.05

Regression
Continuous forest Forest fragments

rs P Power (n) rs P Power (n)

Seedling richness /
seed richness

-0.06 0.81 0 es (20) -0.19 0.44 0.e9 (20)

Seedling abundance
/ seed abundance

-0.48 0.03 o.e8 (20) 0.25 030 0.e5 (20)

Seedling diversity /
seed diversity

-0.03 089 o.ee (20) -0.69 <0.01 o.se (20)



life cycles may in turn lead to a community drift and therefore to modify the

composition and structure of the remaining tree assemblage into the fragments.

ln the same way of tropical, sub-tropical and temperate forosts around the

world, at the Maulino continuous forest the more frequent species exhibit a

negative density{ependence relationship in seed to seedling transitions (see

Wills et al. 1997, Web & Peart 1999, Harms et al. 2002). Therefore, as we

expected, in fragments the negative density dependent seedling recruitment was

uncoupled, which could be lead the different regeneration dynam¡c (Bustamante

et al. 2003). Tree species assessed in our study are the dominant ones. At the

continuous forest, they account for 46.70/o of the adult trees, 1.4% of the seeds,

and %.2o/o of the seedling abundance, while at the forest fragments they

account for 20.2o/o of the adult frequency, 6.90lo of the seeds, and 57.5% of the

seedling abundance. Furthermore, the incidence of the negative density-

dependent seedling recruitmenl al the continuous forest (75%) is similar to other

temperate forest in North America (-80o/o, Lambers et al. 20O2). Moreover, the

ability of heterospecific neighbours to affect the seedling recruitment through

dens¡ty{ependent mechanisms, it seems to be not ¡mportant ne¡ther at the

continuous nor fragmented forest.

The altered density-dependent seedling recru¡tment at the forést

fragments is in accordance with the theoretical Markovian model (Bustamante et

a|.2003), which pointed out to the uncoupling in seed to seedling transitions as

a potentially ¡mportant factor that might be triggering a change in the
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regeneration dynamic, and consequently modifying the coexistence of trees

species (Bustamante et al. 2@3).

Even though at the foresi fragments grow 1.3 times more adult tree

species compared to continuous foresi, at both continuous and fragmented

forest seed rain is the same in terms of the abundance, but ¡n the fragments

arrive a lower number of species compared to continuous forest. This finding

differs from Bustamante et al. (2003), who registered only twelve adult tree

species compared to the n¡neteen species reported here. Furthermore, seed

divers¡ty equally than evenness is higher at the continuous forest. Nevertheless,

this pattem does not translate into a similar seedling pattern. ln fact, seedling

richness is equal between fragments and continuous forest but abundance is

lower in the first one. Therefore, the lower number of seedlings observed at the

fragments can be a response of the lower seedling herbivory together with the

h¡gher seed gran¡vory, but not due to seed germination because it does not

differ at the fragments compared to continuous forest (Vega 2001, Donoso et al.

2004, Guerrero 2003). The higher seed granivory is probably due to a higher

rodents' abundance thriving into the fragments (Bustamante et al. 2003). Thus,

despite at the cont¡nuous forest and fragments there are equal seedling

diversity, at the continuous forest evenness was significantly lower indicating an

overdominance by a few species. Accordingly, Cryptocarya a/ba, a shade-

tolerant tree, ¡ncreases their seedling abundance at the continuous forest

because presents a massive seed productions which germinate in the same
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reproductive season, render¡ng a great seedling bank onto the forest floor, which

is accumulated throughout the time (Bustamante et al. 2003).

Although at the continuous forest the abundant species present a

negative densitydependent seedling recruitment, it does not translate ¡nto a

higher seedling diverslty, and contrary to our expectations, the negative density-

dependence does not enhance seedling diversity. For this reason, despite the

uncoupling of density dependent relations in seed to seedling transitions, the

pool of biotic and abiotic changes could be responsible of the higher evenness

observed ínto the fragments respect to cont¡nuous forest (Bustamante et al.

2OO2).

Recruitment limitation may involve more than one life stage, and relative

importance might vary in time and space, depending on climate fluctuation and

the appearances of canopy gaps, and nurse logs among other factors (Clark et

al. 1999). Thus, density-dependence relationships that act at the early life stage

enhancing seedlings' diversity, and it regulates adult tree mortality at later

stages as well (Harms et al. 2002, Peters 2003). Nevertheless, there are other

mechanisms that also may enhance the species diversity, which are mutually

compatible among them (Wnght 2OO2). For instance, niche differences are

evident from non-random spatial d¡stributions along microtopographic gradients

and from a survivorshipgrowth trade-off during regeneration. Host-specif¡c

pests, which can be regarded as a particular case of negative density-

dependence, reduce recru¡tment near reproductive conspecific adults (i.e., thé

Janzen-Connell effect). These mechan¡sms together with the negative dens¡ty_
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dependence as such, have received strong support to explain the tree diversity

¡n forests (Chesson 2000, Wright 2002).

Thus, since at the Maulino forest fragments seedling diversity does not

differ respect to continuous forest, and evenness is higher in the fragments,

anthropogenic perturbations as the forest fragmentation does not translate into a

reduction in diversity as we expected, suggesting that niche differences

associated with micro-topography as well as the d¡fferences associated with

trade-off between survivorship and growth could be enhancing seedlings'

diversity into the fragments (Wright 2002). On the other hand, the Maulino forest

fragments seem to be part of a source-sink system where forest diversity is

enhanced by an active colonisation process by birddispersed trees, which

further the spatial heterogeneity would maintain a richest tree assemblage

respect to continuous forest (Bustarnante et al. 2003, Loreau & Mouquet 1999).

ln fact, twelve tree species thrives at forest fragments at the seedling stage, of

which nine does not present any seed; of these species, six (Aefoxr-acn

punctatum, Azara integrifolia, Cryptocarya alba, Lithrea caustica, Luma

apiculata and Persea /ingue) present bird-dispersed fleshy-fruits suggest¡ng a

colonisation process mediated by birds. lt is worth noting that forest

fragmentation does not negatively affec.t the abundance of the frugivorous birds,

which might move the seeds across the fragments with no restrictions (Simonetti

& Vergara 2003).

ln addition, inside the fragments it is possible to find several species of

early as well as later succession stages, which would contribute to increase tree
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d¡versity into the fragments. However, we are unable of accepting or rejecting

our hypothesis about the future over-dom¡nance of shade-intolerant species

inside the fragments, because we registered the seed to seedling transition only

in few species respect to the total species growing in the fragments and

continuous forest.

Different recruitment rates of woody species in forest fragments

compared to continuous forests might lead lo longterm modif¡cations in

composition and structure of the flora (Bustamante et al. 2003). Consequently,

aliered seedling recruitment as expressed in forest fragments might have far

reaching consequences upon the biodiversity of the Maulino forest.
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