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REGENERATION PROCESSES TN A FRAGMENTED TEMPERATE

FOREST: COMPARING TREE SPECIES WITH DIFFERENT

REGENERATION NICHES



Summan

i- The purpose olthis studv rvas to assess the regeneration responses olfbur tree species

rvith different .egeneralion niches in a fiagmented temperate forest w-hich is surrounded

bv pine plantations. In orde¡ to do that, rve assessed atural regenerarion of native trees.

and erperimental seed germination and seedlin{¡s cstablishment processes ot' lbur native

species: CrrTrtocur.vt ulho (shade+olerant) and Aristt¡¡eli¿t t:hilen.si.;. Notho gtrs glarrca

and lí. obliquo (shade-intolerants). we rvorked at the coasral maulino lbrest at three

habitats types: the prrttected lorest of Reserva ¡*acional Los Queules (RNLe), four sr¡all

fbrest fragments and nvo pine plantations. we also evaluated soil moisture ancl canopy

openness across habitats.

2- The pattern ol natural resenerarion was estimated through assessment ofseedlins and

sapling densities across the three habitat. The hypothesis \,vas that regeneration ol

shade-tolerant trees ( (-r't?)ftr.'¿rr'-\,a olb¿t) should be higher in fu\LQ than in lorest

fi'agments. ri,hile in shade-intolerant trees (J7¡stu)¡cr(t tl¡ilensis. Nothtfugtts glctuca and

N. obliclua\ should decrease at the RNLQ compared to the tbrest fragmenrs

.3- Experimental seed germination P iG) and seedling estalrlishment P (E) were

evaluated from seeds disposed at ra doot ¿cross hahitats (28 replicates per habitat). The

canopy openness evaluated under seed replicates tvas evalu¿ted as lvell as a covariate.

4- Smalt remnants fbrest and surror-rndings pine plantations had greater canopv openrless

and decreased soil moisture in relatit¡n ro RNLQ.

5- Natural seedlings and saplings rl.ere derected onl1, for ('. ulbo, A. chilet¡sis and N.

glcnrc'cr. The shade-tolerant. ('. olhd tree. presented greater seedling and sapling densities
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in RNLQ compared to fbrest tragmenls, *,hile,4. ¿y'.¡il¿r¡r¡-s and -\i glarrc.a presented more

seedlings and saplings in srlall fbres¡ fl.as:mer.]ts.

fi- P (G) of ('. ulha and N. t:,hliqtro did not varied amone habitats, r.vhile the shade-

intolerant trees,,.{. ¿/¡lleir.s¡.r and,\,. .qhrlctr, decreaseii their p (G) in RNLe compared to

small fbrest fiagments. Oniv (-. ¿¡ló¡ Lrecame esrablished in the experirnental essav ancl it

P (E) did not varied arnong habitats. ln the other hand. p (G) of L'. ttlba was negatively

correlated with canopy openness, rvhereas (. ttlba p (E) \\'as marginalh. related with

canopy openness. The P (Gi of -4. chilen.sis and .,y glarrcil were positivelv correlatecl

rvith canopv openness, while P (G) of N. ubliqucr w-as,nrelated r.r,ith canopv openness.

7.- our result suggest that natural reqereration is severelv limited lor some species

ishade -intolerant trees) but not ll¡r others (shade,tolerant trees) at F.NLe. These results

suqgest that regeneration dr:.namics should L¡e atl'ected in the lonq term becomins (l

ulbct fbe dominant species in the future.

ñe.r:-rr'¿lds. Forest fragmentation, soil moisture- canopv openness. shatie tolerance. seed

germination. seedling e:tablishment. Chile



Introduction

Seed germination and seedling establishment are critical stages in the life cycle of

tenestrial plants (Harper 1977). These dernographic processes are strongly dependent on

the abiotic envi¡onment w-here plants occur (Harper 1977; Baskin & Baskin 1998). In

tropical forests, changes in abiotic factors such as luminosity and soil moisture following

forest fragmentation have affected the patterns of seed germination and seedling

establishment (Kapos 1989, Kapos e/ al. 1997 Bruna 1999), altering plant regeneration

processes and forest community structure (Laurance et al. 19981, Benitez-Malvido 1998;

Benitez-Malvido & Martinez-Ramos 2003; Bruna 1999; 2002, 2OO3). Moreover, the

sign and magnitude of such effects are dependent on the regeneration requirements of

woody plants (regeneration niche.runsu Grubb 19?7), which have evolved to respond

differentially to habitat heterogeneity within forest (Denslow 1987, Chen et al. 1992).

For instance, shade-intolerant, pioneer trees may have higher recruitment probability

relative to shade-tolerant in luminous and drier habitats such as small forest fragments

(Benitez-Malüdo 1998; Laurance et al. 7998; Restrepo & Vargas 1999; Sizer & Tanner

1 999; Bruna 1999: 2O02: 2OO3).

The Coastal Maulino forest (.sznsa San Martin & Donoso 1996) has a long history of

anthropogenic disturbance. The current annual deforestation rate (8.15%) is one of the

highest documented values for Chilean forests (Bustamante & Castor 1998).

Anthropogenic disturbances have been mainly a consequence of the expansion of

agriculture and forestry activities (Donoso &, Lara 1996), thus changing significantly the

landscape structure and species composition in native forests (Bustamante & Castor

1998; Estades & Temple 1999). Exotic tree plantations of Pinus rodiata (D. Don) and
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Eucal¡ptus gktbzlus (Labille.) cover - 76 9á of the coastal range olthe Maule Region

(Estades & Temple 1999). In consequencc. native forest remains highly fragmented and

immersed in a matrix of pine plantations (Bustamante & Castor lgg8; Estades & Temple

1999) The largest remaining patch ol Coastal Maulino forest (- 600 ha) includes the

"Reserva Nacional Los Queules" (RNLQ) (147 ha), which provide protectión to about

25 oÁ of mature exlant old-growth forest in the region. Studies on the regeneration

processes of the native tree species in the Coastal Maulino forest are urgentlv needed to

promote conservation strategies in this forest-type

The purpose of this study was to evaluate whether changes in abiotic conditions, induced

by forest fragmentation affects regeneration responses ol native trees of the Coastal

Maulino forest. We tested the hirpothesis that regeneratiorr ofa shade{olerant tree (such

as ('ry4tloccrt;vct ttlha) w11l be reducecl at small lorest remnants relative to RNLQ (shaded

habitat) while, in shade-intolerant trees (such as Afisloteli¿t chiletsis. Notktfagts glauctt

and N. obliqua.\. it will be increased (Table 1). In order to do that. we assessed natural

seedling and sapling abundance of the studied species in the forest of RNLQ and forest

fragments. Secondly, seed germination and seedling establishment were experimentally

assessed across these habitat types. Additionally. seed germination and seedling

establishment were associated to canopy openness. Evaluations were also made in pine

plantations, because it represents the largest component ofthe landscape.



Materials and methods

STIJDY SITE

The study was conducted at the forest of Reserva Nacional Los Queules (RNLQ) and its

sur:rounding landscape, located in central Chile (35'58'S - 72'a2'W) (Fig. 1).

Precipitations are concentrated during winter and spring (di Castri & Hajek 1976), the

nearest meteorological station is located at the locality of Chanco at 35 km of RNLQ, it

shows that precipitation during the years 2002 and 2003 also concentrated during winter

and spring i.e. June, July, August, September and October with 116.2, 129.5,377.1,

75.6, 90.5 mm respectively (Dirección Meteorológica de Chile, unpublished data).

Temperatures during 9 months ofthe year reach over the 10"C, while the coldest moths

are among June, July and August (di Castri & Hajek 197ó).

The Coastal Maulino forest is composed by a mixture of species of different

biogeographic origin: (i) sclerophyllous elements such as Llrypfocarya alba (Larraceae)

and Kageneckia angtstifolia @osaceae); (ii) Valdivian elements such as Getryina

avellana (Proteaceae) and Pseudoryax taldiviensis (Araliaceae) and (iii) endemic

elements ofthis forest-type such as Gomortega keule (Gomortegaceae), Pitüvia punctatq

(Rutaceae) and deciduous tree species süch as Nothofagus obliqua and N. glauca

(Fagaceae) (San Martín & Donoso 1996).

This study was conducted in the RNLQ (the large patch forest), in four small forest

fragments (ranging from 2 to 6 ha in size, 2 km apart each other and 0.2 to 2 km distant

lrom the RNLQ) and in two pine plantations which surrounded the RNLQ €ig. 1).

TÉIE SPECIES
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The lour tree species selecteci fbr this studv. í.e. Ari.stotelitt cl¡ilenti.¡ (Elaeocarpaceae).

Notltrfogus oblit¡utt anC N. gltutcu (Fagaceae) and. (,rU)Í')¿:trr.\..a ,1órr (Lauraceae), are

common component of the fbrests ol the coastal N,{aulino forest (Table 2). At.istr»elitt

thilensis is a pioneer, shade-intolerant tree oi-i-.1 rn olheight *,hich frequen¡lv occur.s in

opened and disturbed areas (Rodriguez e/ ¿rl. 198-j) Flou,ering occurs from septen)ber

to December (Hotlnrann 1997) Fruirs are ber¡ies with 2-3 seecls per iruit, dispersed by

birds and foxes fiom Decembe¡ to Februar¡, (Rodriguez ar a/. l9g3); seed germination

occr¡rs fronr March to lune Noholitgus tthliqua and ,\,. gllrcu are shade_intolerant

species, endemic of southern temperate forests, (Rodrigu ez e¡ *1. r9g3. Donoso 1997)

Florvering occurs ir september and each iiuits possess -l nuts. in N. oblitluo individual

nlrts are - 8 mm lonq. whereas in N. gl{}t!:.t. -. 17 mm long. Dispersal occurs fronr

\{arch to the end ol .A.pril. and germination occurs from Jul1. ro septernber (Donoso

1975). (.npacttnu all¡¿t is an endemic, shade-tolerant tree that lives in mesic habitats

of central Chile (-{rmesto & Pickett 1985). Flou..ering occurs durins spring and summer

(from october to Janr-rarv) (Hoffmann 1997). Fruits are red one-seeded drupes that ripe

liom N4arch to Jull'and are dispersed bv birds and tbxes. seed germi'ation and seedlin-q

establishment occur itom September to December (Bustamante & Simonetti 2001).

ABiOTIC ENVIRONN,I EN"I

soiI moisture was assessed thror.rgh a gravinetric rnethod to <letermine moisture

variations across the three studied habitats. Each soil samples (200 cc) was collected

tiom one nleter ol a erperimental r¡nit- in the R-NLe sarlples were taken fi.om the first

20 experimental units. in small forest fi'agments from the first five erperimenral units



per ftagment (?0 in rotal) and rronr the first r0 erperirnentar units per pine plantation (20

in total). 'fhese me¡sures rvere concluctetl during l2 consecuti'es nronths: fronr N4arch

2003 to March 200.1 (except April).

Canopv openness was operationallv det'ined as the percentage ofthe area ofthe field of

vie.¡ not cover bv vegetation .¡hen vierved lionr a sinqle point (sg¿s.u Jeniugs el rrl.

1999). and was estimated in N{arch 2003 by digital nhorographs. using a Canon

Pou'ershot G2 riigital camera. rvith a diagonal field of vierv ol- 5-.]. (lor methodological

details see Bunnel! & \¡aies 1990. Jeuings tl ¿¡L l9s9) The camera rvas installed in a

tripod with a bubble ler-el to control horizontal deviation. one photo rl.as taken in each

of the erperimental units selected ibr the gerrnination and estahlishment essav

Photographs analvses were conducted using the softu.are Scion Image 4 02 lor

Windows.

NATT]RAT REGENERATION

Seedlirrg (heighr < 50 cm) drnsit-y* t-''f fbur species. .1. cl¡jl¿n.si.y. N. glotrctr. N. obliqtm and

('. albo.were estimated rvithin 25 plots of I r 2 m - 50 m:, separated I m Íiom each

other Plots were placed aionq 12 rranseos of 50 m each in the forest of RNLe. 12

transects in small lorest flras:ments itlrree treflsects per {i-agrnent) and l2 transects in the

two pine plantations (sir per plantation). Transects were disposed approximatelv 50 nt

apart. For statistical analvses the l5 plots per transect rvere pooled, thus obtaining l2

replicates per habitat.



Sapling (height > 50 cm, DAP < 10 cm) densities of the studied species were estimated

along the same transects used in the seedlings density estimation. Sapling oftrees were

counted along transects of50 x 2 m.

SEED GERMINATION AND SEEDLING ESTABLISHMENT

Seed germination and seedling establishment ofthe four species of study were estimated

through a field experiment which was initiated during June 2002 (beginning of winter)

and finished by March 2003 (end ol summer). 28 experimental units (replicates) were

used, randomnly distribllted in the interior ofRNLQ (each 20 m apart). seven in each of

the four forest fragments and 14 in each ofthe two pine plantations. Thus, a sample size

of 84 replicates was obtained, Each experimental unit comprised l0 seeds per specie

sowed in soil and covered with littel inside transparent circular plastics cups (10 cm

diameter) with holes in the bottom, to allow water run-off They were excluded from

seed predators (birds, foxes and rodents) using circular wire mesh 1 m diameter and I

meter height). Seeds were acquired at the Centro de Semillas Facultad de Ciencias

Forestales (CESAF), Universidad de Chile (each species 95 % viability; CESAI 2003).

A seed was considered as germinated when the radicle emerged at least 1 cm.

Germination probability, P (G), was defrned as the total number of germinated seeds,

divided by the total number of seeds initially placed in a plastic cup (i.e. 10 seeds).

Seedling establishment, P (E), was defined as the total number of seedling that survived

by March 2003, divided by the total number of germinated seeds.

I]ATA ANALYSIS
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Differences in soil moisture across habitats (RNLQ, small forest fragments and pine

plantations) were assessed using a two-way ANOVA, with time (months) as a repeated

measure and habitat as a random factor. A one-w¿y ANOVA was used to compare

canopy openness among habitats, being habitat a random factor. A mixed two-way

ANOVA was used to compare seedling and sapling abundance among species and

habitat, being species a fixed factor and habitat a random factor. A mixed two-way

ANOVA was used to compare P (G) among species and habitats, being species a fixed

factor and habitat a random factor. A one-way ANOVA was used to compare P (E)

among habitats, being habitat a random factor. Species effect on establishment was not

evaluated as C. alba was the only species w'here seedling establishment was recorded.

For P (G) and P (E) ANOVAs, the canopy openness was included as a covariate. Also,

planned comparisons were used to compare natural regeneration patterns (seedlings and

saplings density) and experimental P (G) and P @) between pairs of habitats such as

RNLQ vs. small forest fragments. To satisfy normality assumptions (Zar 1999), soil

moisture, P (G) and P (E) values were arcsine transformed while seedling and sapling

abundance was log (x+1) transformed. Spearman rank test was used to evaluate the

relation between P (G) and P @) and the percentage of canopy openness measured at

each experimental unit.

10



Results

SOIL MO]STLIRE

Soil moist¡-rre r,arietl sisnificantlv anrcnq habitats. being signrticantly hieher at the

RNLQ (Table 3: Fig.2) Soil moisture of small lcrresr fiaqmenrs and pine plantations dicl

not ditTer significantly (Table l. Fig.2). The greater soil moisture was detected during

the interphase auturnn - §,inter (\{av and June) and during spring (October and

November). Durin<¡ summer úronths (\4arch l00i and Jamrary 1004) rve detectecl tlre

lowest soil moisture levels (1able l, Fig.2).

canopv openness'aried signiilcantlv among habitats (Table,l) At tbrest iiasments this

variable was l0 il + 5-+ 9/o (average + 2 se), in pine plantations it $,as 38.2 + 1.7 0,6 and at

RNLQ it was 17.7 i;2.1 o,i Clearlv. the lou,est values w-ere observecl at RNLe. being no

Cifl'erent betr.veen lorest fiaqments and pine plantations (Table .i)

SEEDLING AND SAPLTNG DENSITIES

Seedlings of (-. a/I¿¡, .¡ere obsened across the three habitats t1'pes, seedlings ofl.

thilensis rvere detected in tbrest lragments and pine plantations, seedlines ol N. glctuccr

t'as detected onlv i¡ forest fragments: no seediin-_qs of N. ohliquu were obsen,ed across

habitats (Fig. 3). Seedling densities varied significantll, among habitats (trvo-wa,r,

Ai\OVA. F¿.sr:9.35, P < 0.0001), with the highesr nurlbers at RNLe. Seedling

abundance varied siqnihcantlv among species (/:2.12 : 120.92. 1,.. 0.0001), being C.

ttlbt fhe specie with the highest vahres (Fig. 3). A significant interaction betrveen species

and habitat was detected (I'r:.s, = 41 88. P < 0.0001). as in the case olC. ¿rláa. where

ll



seedlings were rore abundant at RNLQ but in the case of ,{ c l.¡il¿n.si.s. seedlings were

more abundant at the pine plantations lFig. 3) Seedlings of ('. ¿rl1r{¡ rree were more

abundant at RNLQ. followed bv fbrest fiagments and finally ar pine plantations (Table

-i; Fig. 3). In contrasf. seedlings of the shade-intolerant species (A. chilen.sis and h,.

g/arrca) rvere more abundenl in pine plantations fi¡llowed hv forest lragments and rvere

absent in the RNLQ (Table 5. Fig. 3 ).

saplings of c. alba and A. cltilensis were obsen ed in the three habitats of studv.

saplings of ,\l g/ar['.r were present in RNL.Q and small flrrest fiagrnents, no saplings

rvere detected tbr N. obliqtru (Fig. a). Sapling abundance varied among species (two-

wav .{NO\¡.A. I:.i,:.18.90. P < 0 0001), and amonq habitats (1i.r: :4.04, p:0.001).

A significant interaclion belrveen species and habitats u,as detected (il:.r:: g.15, p <

0.0001) such expressed in the case ofsaplings of('. ulha which rvere more abundant in

the RNLQ. Saplings of shade-iolerant species were more abundant in the ru.r*Le.

follow-ed b} forest fi'aqments and less abundanl in pine plantations (Table 5. Fig. 4). ln

contrast, shade-intolerant saplinus rvere more abundant in tbrest iiagments cornpared to

the RNLQ (Table 5. Fig. .i). In pine planrations. saplings of ,1. chilensis presented it

largest sapling abundance and. ,\l glc rcrr did not present saplings at all (Table -5. Fig. 4)

GER"\ÍINATION AND ES ABLISH\,IENT PROBABILITIES

Seed germination difrered signiiicantlv among species and habitats (t*,o-way ANovA:

1i¡ rs : 18.6.1, P 0.000i and .É6..1¡17 : 2.32. P : 0.03. fb¡ species ancl habitat

respectively). ,lrislotelio t'hile¡¡.s¡.s and c. ¿lá¿¡ were the species with the highest levels of

germination (Fig. 5). .,\ significant irlteraction arnong habitat anc species was detected

12



(Fn.to¡ =2.59, P : < 0 0005). No differences in P (G) of shade-intolerants were detected

betw-een small forest fragments and pine plantations (Table 6).

Seedling establishment was observed only for C. alba Sig 6). In this species, P (E) was

not statistically different among habitats (one-way ANOVA; Ie.ze = 0.46, P : 0.83).

In A. chilensis and N. glauca, P (G) was positively correlated with canopy openness

(Tabte 7; Fig 7), however no significant relationship between P (G) and canopy

openness was observed in N. obliqua (Table 7; Fig 7). In C. alba P (G) was negatively

correlated with canopy openness (Table 7; Fig 7). P (E) of f-. a/áa tended to be

negatively associated with canopy openness, however this relationship was marginally

significant (Table 7; Fig. 8).
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Discussion

The aim of this stud¡- \yas ro asses rshether for-e-st iragme»tation afl-ects regeneration

responses on nati\:e trees species. throuqh alterations in abiotic conditions. Firstly

regeneration patterns ol four lree species rvith contrastinq regeneration niche was

assessed. in order to do rhat natural densities of seedlings and saplings rvere compared

among the three habitat-tvpes. RNLQ. srnall forest liagmeltts ren.lnants and pine

plantations. Erperimentai comparisons of seed germinatir¡n and seedling establish¡¡ent

rvere assessed across the three habit¡ts-tvpes. Resuits obtained in thís studv indicatecl

that, as expected. natural ref¡eneration patterns r,aried accordin_u to the regeneration

niclre of species and the lurninositv of habitats, rvith an increase of seedling and sapling

abundance of shade-intolerant species iu snrall forest ftagments compared to RNLe ancl,

a decrease of seedling and sapling abundance ol the shade-tolerant tree in small forest

liagments This result suggests that tree species crrmposition in small lorest fiagments

mav be modified b1, firrest fiagmentation. tending to a tree oomposition dorninated b-v

shade-intolerant species (Bustarnante ¿/ cr1. in press). Hor.vever. the experimental

gerrnination and establishnlent results revealed rnore conrpler responses oftree species,

not al$,avs concordant u,ith the nhseneC regeneration patterns: these deurographic

processes varied depending on (i) the particular stage of plant lit'e c¡,cle (i.e. seed -

seedling) and (ii) the spatiai scale olanal¡ sis. In the nert paraqraphs. these issues will be

discussed in more derail

ln studving regeneration dvnamics of plants. it is interesting to ask whether there is a

concorda¡ce in regeneration requirements alonq dillerent stages ol a plant's litb c¡rcle
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(schupp 1995). ln terms ol seedlins and sapling star¡es. samplings of natu¡al densities

shr:rved that C. ilhu. A. t'ltilttt.tis and ,\'. g/rlri:rr presented equivalent tendencies across

habitats, thus seedling performance mav be expressed in saplinu perfbrmance. These

results suggest that seedlin.-e natural abundance could be a eood predictor of sapling

densities and eventually of ils regeneration dynamics in a long term.

Field experiments shor,,,ed that ( -. ttlho was the onlv specie, where it was possible to

compare P(G) and P(E) as in the other tree species P(E) rvas zero in all cases. When w.e

compare P(G) and P(E) both variables did not diffe¡ arnonq habitats The comparisons

betrveen P(G) and P(E) within habitats. showed that thev responded statistically

different: a negati\,e correlation in the case olP(G) and no correlation in the case ol

P(E) Neverlheless. the relation of P(E) must be studied tlfiher. hecause in this str-rcl¡,

this relationship could be interpreted as a neqative statistical marginal relation due the

tendency observed These results are interesting. because this couple relation between

germination and establishr¡ent requirements is uot a colltnton attribute antong tree

species of Chilean temperate fbrest (Figueroa & Lusk 2001)

The abserrce ol seedling establishr¡ent i¡ A. chilensi.s. N. gluttttt and Ii r.rá1lgaa during

the course of field erperiments suqr¡est the eristence of dentographic bottleneck actirlg

on earlv stages of the lif'e cycle ol these species. One of the main causes ol this

re,seneration constraint is the ettreme u,,aler stress suflered bv plants during summer in

central Chile. ',r,hich prcduces massir..e ¡¡rodalitl,of woodv seedling (Fuentes et o¡. 1994.

Fuentes e/ al. 1986). Despite ofrhe absence ol seedline establishment in A. chil¿n.si:;, N.

gtturca in the erperimental essav, natural reqeneration rvas r:bserued lbr l. cllle¿.t¿s and

N. gltutctt suggesting that under a changing climatic scenario, expressed br,- variable

15



interannual precipitation ¡esinres. regeneration process ol plants in the Maulino forest

turns episodic: similar to regeneration processes obserr.'ed in the chilean ,\4editerranean

matoral (Fuentes et dl. 1984. Fuentes dl ¿r¿ 1986,Jiménez& Armesto t992). Inthecase

of N. ctbliquo (r.vith no seedling establishment obsened either fi'orn experinrents and

from the netural reseneration assessurents). regeneration constraints should be more

ser.ere. thus requiring hisher levels ol precipitations levels similar to those obsened in

the southern geographic distribution of this species.

If seed gertninarion and seedling establishn:ent processes are critical and fleterminant for

plant regeneration in a fragmented tbrest (as a consequence of altered light and water

availabilit¡,), then there should be a correspondence betw-een seed germinatio seedling

establishn.rent detecreC in the fleld experiment with the natural regeneration patterns

obser¡ed (Harper 1977). ln absence ol such relationship, other ecological processes.

such as seed predation, mav be important to e:(plain plant regeneration pattems. For

shade-intolerant trees. er¡rerimental seed gernriuation rn-as equiValent to the obseñ,,ed

natural abundance of seedlings and saplings across habitats. being enhanced in small

fbrest fragments compared to RNLQ In contrast. C. dlbtt erpressed the same

erperimental seed ge;-mination and seed!ing establishment among habitats tvhile, in the

rratural regeneration assessment. C. ttlba expressed enhanced seedling and sapling

densities in the forest ol RNLQ compared to small fra,sments, suggesting that other

ecological lactors st¡ch as enhanced seed predation in forest fragments may be an

additional factor affecting tree reqeneration (Donosr-r & Simonetti 2004).

Seed germination of :1. chilen.si.s and rV glrvcrr expressed the same positive response to

canopy openness both within ¿nd hetrveen habitats r.vhile. N. ohlit¡rtrt was insensitive to

16



canopv openness at the tuo spatial scales Se\'eral studies har.e demonstrated the

importance of using diffb¡ent spatial scales approaches to address regeneration dynamics

in lorest ecosystems, as a way to capture ihe conrplerity of receneration responses of

plants occurrine in heteroseneous envirc¡nments (ñ'nlesto & Pickett 1985. I 986. Schupp

t99?, Pickett & Cadenasso 1995. Brrrkaiv & Busing 2000). The challenge of a

hierarchical approach is to elucidate u'hether processes and patterns that occur at a lower

level mav be "scaled" to a higher level (O Neill ¿¡ ¿rl. 1986) In the case ofthe C. ¿¡ló¿r.

rve detected different gernrination responses depending on the scale of analysis: no

difl'erences at a larqe scale (between habitat comparison) but a negative etl'ects as a

fr-lnction of eanopy opellness (rvithin habitat comparison). This result reinlorces the basic

idea to define explicitly the scalc olanalvsis both in basic and applied stuclies (pickett &

Cadenasso 1995 )

Tree regeneration information obtained in this studv, is diflicult to compare

quantitatively with other similar studies conducted iu tropical and temperate forests

because data u,ere different in terms ofscale ofanalysis. erperimental design, stages of

the life cvcle analyzed, etc. Ho*ever. it is possible to corroborate the seneral idea that in

most studies shade-intolerant tree species rer¡eneration resulted favor¡red b_v forest

fiagmentation (Chen el al. 199?.. Laurance et ul. 1998: Benitez-N{alvido 1998) Thus. it

is reasonable to suggest that composiiion and structure of fiagmented forests. either

te rperate and tropicals. should tend to be dominated b,"- pioneer shaCe intolerant species

and therefbre turn to initial staqes ofsuccession (Chen ef ¿tl. 19s2, Laurance ef cl. 1998.

Benitez-Malvido I 998 )
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ln sulnmart'. in a fragmented landscape aLriotic variahilitv that occur at ditl-erent spatial

scales tree reqeneration responses varied rvithin and hetr.veen filrests patches j\,[oreo!er

reseneration niche ma¡r be a -uood predictor ol tree regeneration, at least lor shade-

intolerant species. For a complete L¡rderstanding of fbrest fragmentation and its

cor]sequences on plant re-generatioIr. it is necessarv to conduct studies using a multi scale

approach and also consider more than one stage in the plant lile cvcle.
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Table 1. Reseneration predictions

indicates low,er reqeneration and,

regeneratioll.

Regenerationniche Habitat

for species rvith contrasting shade tolerance: (-)

(+) indicates qreater reseneration, (?) unknorvn

Shade-tolerant

Shade-intolerant

Large patch furest (RN[.Q) > Small tbrest lragments. pine plantations?

Large patch fbrest (RN[.Q) < Small lbrest fragments, pine plantations?



Table 2. Forest composition at the Reserr,a r\acional Los eueules (RNT-e). four small

tbrest fi'a¡¡ments and trvo pine plantations. species abundance was estimared as the

number of adult (-DAP > 10 cm) recorded in 12 transects per habitat (-s0 x ? m).

Tree species RNLQ Small forest pine plantations

(ind/ha) tiaements (ind/ha) (ind/ha)

A r¡.tt ot ¿ l i a c h i l e n.si.s

Nothttftgus obltquu

Nothcfagus gltrtrcct

( i'tTttoccn'tc ttlba

,4 e tox ¡ c ot, pt t tt c lüÍ t t fi?

,1:cn a spp.

Gtsntotlegu kett!e

P¡¡ttts reiliet.r

(' i/ rc¡ne I la nt t tcrona¡o

(ietttino at,¿llona

Lttma opiculafd

[-i f h¡'¿te a cctu sti ttt

Lomüf¡ú de tL:tt0

[.oure I ia sentpenf ren s

P¿tnttts boldus

Per-sea liryue

No ol native tree species

Erotic tree species

3

58

58

3q2

642

17

l7

0

4t /

8

0

108

8-l

0

l1?.

1992
1-l

0

2A8

508

542

408

58

11

17

17

0

lot

17

tt

0

8

8

25

2117
13

1

1025

()

0

0

0

0

0

250

0

0

0

0

0

a)

0

0

127 5

1

1

26



Table 3. aNovA rvith repeated rneasures anall,ses of, soil moisture at the Reserva

Nacional Lcs Queules (t{NLQ). tirur slnal! foresl lragnrents and ttvo pine pianrartons

Source ofvariation

Between subiects

Habitat

\\'ithin subjects

\{onths

Habitat r rnonths

1 
) I ttnn e tl t om¡.tt risot t ̂ s

RNLQ > forest fiagments

Forest fragnients : pine piantations

RNLQ > pine plar.rtations

,(? 10 87 0.0001

< 0.000 1

0.003

0.000 l

0.19

0 0002

11, 627

)) 6,17

289.52

1, 57

1,57

t,57

17.3s

0.07

15.20

2'7

d.f F



Table 4: one-wal ANO\¡A analvses of canopv openness in the Reserva Nacional Los

Queules (RI\LQ). four snrall lbrest fiaemenis and tt'o pine plantations.

Sonrce ofvariation d.i. F p

6.78 19.86 < 0 0001

< 0 000t

0.24

< 0 0001

Plonned co»4tansons

RNLQ < forest fiagmer.rts i. 78 46. I ..1

Forest fraqrnents = pine plantations 1. 78 i 4-l

RN'I-Q < pine plantations I . 78 .l Lq7
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Table 5. Planned comparisons olseedlinq and saplinu densities ofthree trees species in

different habitat t¡,pes: Rese¡va Nacional l..os eueules {RxLe¡, four small forest

fiaqments and pine piantations

Source of variatiorr d il F p

Soedl i ttg trbu t td<nrcL

Shade-tolerant: C ryyttoc tr¡ a ul b a

RNLQ > tbrest fragrnents

Forest liaqrn ent ¡ pinc ¡lantation:

Reserve > pine plantations

Shade-intolerarú: Aristotelio chilensis + Nothofttgus gl a uct.

RNaQ < lorest fiagments

Furest fi a-qments pine plantaIior){

R\¡l-Q < pine plantatir:ns

StqtI ing ab r r trdtu rc:<t

Shade-tolerant: Ctyptoc nnu al h a

RNLQ > forest fraqmenrs

folest fiaqnrenrs / pirle lliinldtiun\

RNLQ > pine planrations

Shade-intolerarú'. .4ristotel iu ch ilcnsis + N othofagus glouctr

RNLQ < fbrest tiagments

forest liagnrcrrrs - pine ¡lantations

RNLQ < pine plantations

1. 87 105.76 < 0 0001

1. 87 99.57 < 0 0001

1, 87 4t0 55 < 0.0001

t"87 2890 <0000 I

r.87 4?3 004

l. 87 55.25 < 0 000 I

1. 87 t22e 0 0007

1.87 577 00?

t. 87 34 95 < 0 0001

r.87 764 0007

1, 87 0 44 0.5r

l. 87 11 7ó 0.0009
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Table ó: Planned cornparisons ol gernination

difl'erent habitat types: Resen,a Nacionai l_os

ir ;r,: r rel¡t. ir r rtl 1ri ¡¡r. ¡'l:rt rtitttotr.

Source ofr,ariation

probahilities of lour trees species in

(lueLrles (RNI-Q). four small lorest

F Pdf

Shade-tolerant: Cry ptocor¡.a a I b «

RNLQ - fbrest lragments

I-oresl ll aqmen¡¡ pine ¡lantation.

RNLQ : pine piantations

Shade-intoleran ti , ristoÍeli chilensis, Nothofagus gluuco + N.

ohliquo

R\LQ < lorest fiagnrents

Forest lragnrcnr> pine pla n rations

RNLQ < pine plantations

r,347

1, 307

1, 307

0 140 0 708

0.690 0.407

I 383 0 240

1. _:07 8.696 0 001

r,.t07 l.851 0I75

l. -107 t9 762 < 0 0001
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.fable 
7: correlation arallses l¡etu'een qermination ancl establishmenr probabilities with

cel]opy operuless. (P (G): germination prcbabiliries. p (Fi). establishment probabilities).

Rs : Spearman correlation test.

Species \,'ariable N \ t¡r-r, p

Cryptocarya alba P (G) 84 - 0.303 -2.976 0.005

P (E) 84 _ 0.187 _1.728 0.088

Aristotelia chilensis P (G) 84 0.212 1.965 0.053

Nothofagas obliqaa P (G) 84 0. 1 14 1.036 0 303

Notkofagus glauca P (G) 84 0.29i 2.759 0.007

i1
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Canopl. openr.less ( 9á )

Fi,s. 8. Correlations betrveen establishmenr probabilities ol a shade-tolerant specie r.,ith

tlre canopy openness ofthe loresls r,,ithin the R.esen,e Nacicn¿l !-cs Queules, four small

ibrest fragnlents and tl'o pine plantations.
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