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The Nothofagus nitida (Phil.) Krasser woodlands of southern Chile in
the northern half of their range: phytosociological position
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Abstract.- A phytosociological study of the temperate rain forests dominated by
an evergreen species endemic to Chile, one of the highest-rainfall woodland
types of temperate South America, inciuded within the geobotanical concept of
North Patagonian Forest. Relevés were taken from throughout an area compri-
sed between 40° and 44° 40’ South, in which these woodlands show highest flo-
ristic richness. The community’s floristic and structural diversity are described
and proposed as an independent association, Luzuriago polyphyllae-
Nothofagetum nitidae ass. nova. The ultrahyperhumid character of this associa-
tion is evidenced by the number of Hymenophyllaceae species (filmy ferns) that
may occur within it.

Key words : syntaxonomy - temperate rainforest - Patagonian forest - structu-
re - Hymenophyllaceae.

Résumé.- Cette étude phytosociologique porte sur les foréts humides tempé-
rées dominées par une espéce a feuilles persistantes endémique du Chili, un
type de forét nord-patagon du point de vue géobotanique et une des plus arro-
sées de toute I'Amérique du Sud tempérée. Nous avons rassembié des relevés
tout au long du territoire compris entre les paralléles 40° et 44° 40' Sud, 1a oU ce
type de forét trouve son optimum floristique. Aprés la description de ses compo-
sition floristique et diversité structurale, nous affirmons son originalité syntaxo-
nomique sous le nom de Luzuriago polyphyllae-Nothofagetum nitidae ass. nova.
Son caractére ultrahyperhumide est marqué par une diversité d’espéces
d’Hymenophyllaceae.

Mots clés - syntaxonomie - forét pluviale temperée - forét patagone - structure
- Hymenophyllaceae.



I. INTRODUCTION

Nothofagus nitida (Phil.) Krasser is a broad-leaved evergreen tree species endemic to
Chile. Its area of distribution extends from 39° 53 to 48° 30° § (Ormazvéb'al & Benoit,
1987), in the 10™ and 11™ regions (following the official nomenclature dividing Chile into
13 regions; see for example Marticorena & Rodriguez, 1995). Its local name, COLhue_ de
Chiloé, reflects its broad-leaved character, shared with two other Chilean species,
Nothofagus dombeyi (coihue), the most widely distributed of the thrc_ee, extending from 34°
317 to 48° S, and Nothofagus betuloides (coihue de Magallanes), which extends from 40° S
to the southernmost extreme of Tierra de Fuego, practically 56° S. The distribution of
Nothofagus nitida coincides precisely with the latitudinal belt in which the ranges of the
other two coihues overlap (Ormazabal & Benoit, 1987), and of the three species it 1s the
least tolerant of continentality. In other words, of the oceanic coihues it is that which occurs
at lowest altitudes (McQueen, 1976) and thus the only one not found in Argen.n_na. This
biogeographical behaviour may be related to a more ancestral phylog_enetlc position than
N. dombeyi and N. betuloides, as argued by Premoli (1996) on the basis of leaf architectu-
re and alloenzyme studies. A

Nothofagus nitida reaches heights of 35 to 40 m, and thus may be a dominant compo-
nent of the canopy layer, although it generally shares dominance with other broa@—leaved
and/or coniferous species. Woodlands in which Nothofagus nitida is present were 1_nclud.ed
in classical phytosociological classifications as “Valdivian woodland” or “Valdivian rain-
forest” (Reiche, 1907; Skottsberg, 1910; Hauman, 1913), since for these authors the
Valdivian territory extends from between 38° and 41° S to between 46° and 48° S.
However, later geobotanical studies such as Schmithiisen (1956) and Oberdorfer (1960)
indicate a subdivision of the wet temperate woodlands of southern Chile into three belts,
not two, denominated Valdivian, North Patagonian and Magellanic; this scheme offered a
better account of the gradual north-to-south decline in floristic richness in these woodlands
extending over almost 18° of latitude. More recently Ramirez and Figueroa (1985), who
used a multivariate analysis approach, placed the Nothofagus nitida woodland clearly out-
side the group defined as “Valdivian”. N i

In subsequent non-phytosociological studies that have proposed classificatory schgmes
for the Chilean temperate woodlands, authors have differed as to whether they recognize a
category of woodland dominated by Nothofagus nitida. o

Firstly, Veblen and Schlegel (1982) divided the woodlands of so_uthern Chile 1nt0'23
types (3 deciduous and 20 predominantly evergreen, including coniferous). For the first
time they established a forest type that was denominated “Nothofagus nitida - Saxeggthaea
- Podocarpus nubigenus [sic] - Weinmannia”, in which Nothofagus nitida is recognized as
dominant and which these authors consider to extend along the Coastal Range from sou-
thern Valdivia to Chiloé island. The classification also includes a type denominated
“Evergreen Nothofagus - Weinmannia”, which extends along the coastal belt, further south
than the Nothofagus nitida type, and in which all three Nothofagus species may OCCUr.

Secondly, Gajardo (1994) likewise presents a descriptive summary and additionally pro-
vide a cartographic representation of the vegetation units recognized throughout Chile.
This author names one of his cartographic units “bosque laurifolio de Chiloé” [Chilo¢ lau-
rifoliar woodland], within which he recognizes two “type communities” dominatqd by
Nothofagus nitida; these type communities are designated by the name of the dominant
species and by another species frequently occurring, thus Nothofagus nitida-Podocarpus
nubigena and Nothofagus nitida-Tepualia stipularis.

5

Thirdly and finally, the classification most widely used by the Chilean administration
and in the academic community has been the Forest Types classification of Donoso (1981).
According to this classification, Nothofagus nitida may occur in woodlands of various
types, mostly within the Evergreen forest type, but also in the Alerce, Guaitecas Cypress
and Magallanes Coihue types.

The study of Oberdorfer (1960) offers the precision of phytosociological systematics,
grouping the wet temperate communities of Chile into the phytosociological class Wintero-
Nothofagetea, and within this class designating the alliance Nothofago-Winterion to inclu-
de the “North Patagonian laurifoliar woodlands”; however, this basic work of Chilean
syntaxonomy does not include a specific phytosociological unit corresponding to
Nothofagus nitida woodlands. Within Nothofago-Winterion Oberdorfer considers only
three associations dominated by broad-leaved species: tepa-tineo woodland (Laurelio phi-
lippianae-Weinmannietum trichospermae), pure North Andean coihue woodland
(Chrysosplenio valdivici-Nothofagetum dombeyi) and pure Magallanes coithue woodland
(Nothofagetum betuloidis), though this latter is placed in a separate suballiance. Also assi-
gned to Nothofago-Winterion by Oberdorfer were two conifer-dominated associations,
Fitzroyetum cupressoidis and Pilgerodendronetum uviferi. In this scheme, Nothofagus niti-
da occurs only in the relevés of Nothofagetum betuloidis and Pilgerodendronetum uviferi.
Oberdorfer’s work is of course of great value, but in this particular case his interpretation
perhaps reflects a lack of fieldwork to the south of the Lakes Region; in fact Nothofagetum
betuloidis was described by this author, but on the basis of relevés compiled from previous
studies such as Reiche (1907) and Skottsberg (1916).

Subsequently, Chilean authors using phytosociological methods have delimited a com-
munity denominated “Nothofagetum nitidae” (Ramirez & Figueroa, 1985); although they
did not publish their relevés, they did present tabular data on species presences, in order to
classify woodland associations with the aim of defining the concept of Valdivian wood-
land. It was inferred that this Nothofagetum nitidae shows more affinity with
Chrysosplenio-Nothofagetum dombeyi, Fitzroyetum cupressoidis and Pilgerodendronetum
uviferi, and this group (denominated Chiloé woodland, Bosque chilote) is classed as “cold
humid” in contraposition to the Valdivian woodland group classed as “temperate humid”.

Ramirez and Figueroa (1987) likewise do not present relevés, in a study which aims to
offer a summary of the phytosociological behaviour of the different species of the genus
Nothofagus in the Chilean hygromorphic zone (following the phytogeographic terminolo-
gy of Fuenzalida & Pisano, 1965). Although these authors reiterate the idea of a
Nothofagetum nitidae, optimally developed in mainland and insular Chiloé, this name
remains a nomen nudum.

There has thus been considerable diversity of opinion as regards the discrete existence
of a woodland type dominated by Nothofagus nitida. The present study argues for the exis-
tence of such a woodland type as phytosociological association, and documents its bio-
geographic position, principal ecological and structural characteristics, differentiation

from other communities, variability within geographical range, and syntaxonomic posi-
tion.



II. STUDY AREA

The entire range in which Nothofagus nitida occurs falls within the Sub-A.n.tarcnc Province
of the Antarctic Region (biogeographic class1f1.cat%on of Cabrera & Willink, 1973). The
range largely corresponds to the Valdivian D;st1‘1ct and the northelrhnmost part of the
Magellanic District as defined by these authors (i.e. boundary at the 47. _paraAHel), _In terms
of ;1ore recent biogeographical proposals, the range of N.othofagus, nitida lies within the
Valdivian Province of the Valdivian-Magellanic region (Rlvas-Martmetﬁ & Penas, 1994).

The territory sampled for the present study e)_(tends from .the 40 parallel (the nor-
thernmost limit of the range of Nothofagus nitida, in the'Valdlwa National Reserve, just to
the south of the city of that name) to 44° 40’ S (the latitude of Puerto Cisnes m the foo—
thills of the Andes; Fig. 1). This is thus only the'northern half of the range of this species,
but certainly the richest and most ﬂoristical.ly diverse, for ev1dent bioclimatic reasons._ln
an analysis of patterns of floristic richness in the temperate rainforests gf Squth America
between the 38t and 55t parallel, Arroyo et al. (1996) found ;El}]‘lat specigs richness (both
for trees and for lianas and ferns) was maximal between the 40 and 44" parallels.

i hic units '
A ”I;1l1]g ?t?l%lryafrea includes the principal physiographic elements of south-central Chll.e: the
Coastal Range in the west and the Andean Range in the east. The zone correqundmg to
the Central Valley, a depression located betwe_en' the_se two ranges, has_ practlgally no
Nothofagus nitida. In the present study we thus distinguish three main physiographic zones
i containing this species: '
WI;I:);:;OX('H;II;S Coastal R2g1nge frgm south of the city of Valdivia to the Piuchué Range (isla
GranAe de Chiloé, hereinafter Chiloé island), in which thqse Woodlands are locatgd. at
rather high altitudes, between 700 and 900 m. As shown in Fig. 1, Nothofagus nitida
is present throughout Chiloé island, but due to the major ant’hroplc impacts at lower
altitudes on this island, we include in this category only'rele_ves for gccep‘gably natural
Nothofagus nitida formations from the higher-altl‘_ﬁude sites in the Piuchué Range.
Zone B: A zone that we designate “piedemontes”, including both the Andean .fOOthIHS
(generally of low altitude, not far from the sea, throughout the provinces of
Llanquihue, Palena and Aysén, and including a sample' from the Pu,yehue National
Park) and the lower-altitude areas of Chiloé Island (spe;mﬁcally, rglevesl of the hygro-
philous variant with Tepualia stipularis, from the foothills of the Piuchué Range, c'lqse
to sea level but still within the Chiloé National Park). In this zone Nothofagus nitida
woodlands are predominant at lower altitudes (i.e. the. lower slopes of the Andes); we
have also included in this zone relevés from higher-altitude areas, such as the Puyehue
National Park (the most northeasterly of the relevés)._ A .
Zone C: The Aysén islands and Channels zone, comprising the fragmeqted territory .of
islands and peninsulas from the Guaitecas archipelago (sam_pllng station n° 4 in Fig.
1) and further South. Our references to this third zone will be based on literature
review only: it is in any case well known that Nothofagus nitida occurs in the domi-
nant woodland communities of this territory (see Gajardo 1994).

B. Climate . _

These three physiographic zones cover a large territory (9° latitude), but all show two
climatic features that can be considered characteristic of Nothofagus nitida woodland: high
oceanicity and very high rainfall (Fig. 2). Mean temperatures range from 12.2 °C in
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Fig. 1.- Map showing the distribution of Nothofagus nitida, based on CONAF (1998) and
modified with own data. Points 1-7 are the weather stations listed in Fig. 2.

Fig.- 1.- Carte montrant la distribution de Nothofagus nitida suivant CONAF (1298) modi-
fiée avec notres propres données. Les points numérotés de 1 & 7 représentent la locali-
sation des stations météorologiques rapportées a la Fig. 2.



2.- PUNTA CORONA 3.- MORRO LOBOS
(41°47'S-73°52'W) (42°04'S-73°24' W)

1.- PUNTA GALERA
(40°01'S - 70° 50' W)

4.- MELINKA 5.- PUERTO AYSEN 6.- CABO RAPER
(43° 54' S - 73°46' W) (45° 29'S - 72° 42 W) (46° 50' S - 75° 36' W)
C

o mm o¢

7.- SAN PEDRO
(47° 43 S-T74°55 W)

Weather

stations Alt. P T Ic lo
1.Punta Galera 40 2077 113 48 153
2. Punta Corona 56 2411 107 55 188
3. MorroLobos 70 2446 95 67 215
4. Melinka 5 3138 10,0 60 2672
5. Puerto Aysén 10 2973 91 87 272
6. Cabo Raper 40 1925 9,0 49 1738
7. San Pedro 22 4294 88 64 407

Fig. 2.- Ombrothermic diagrams and selected thermopliuviometric data recorded at various
stations with the range of Nothofagus nitida. Al = altitude in m. a.s.l; P = mean annual prempna;tohn,
T = mean annual temperature; ic = index of continentality (difference between the daily mean temperatures o tTe
hottest month and the coldest month); lo = ombrothermic index [calculated as: ‘lo =10 (Pp/’TE), where Pp anq p
are the sums of mean monthly P and T, but months in which mean temperature is less than 0 °C are not taken into

FiS?CZOl.J-ml]Diagrammes ombrothermiques et données thermopluviometriques des_(:clilfferente;
stations météorologiques situées dans l'aire de distribution de Nothofaglus_ nitida. A = aIF-
tude en m ; P = précipitation moyenne annuelle ; T = temperature moyenne annuellg ;o= mdlce_ de .cclommgnctig i-
té (différence entre les températures moyennes du mois le‘plus chaud et d}J mois le plus froid) ; lo = |r: ice
ombrothermique [calculé par fa formule fo = 10 (Pp/Tp), ou Pp et Tp repres_ente:nt les iommes des vateurs
moyennes mensuelles de P et T en excluant les valeurs correspondents aux mois ou T < 0 °C].
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Valdivia (39° 48” S) to 7.1 °C in Puerto Edén (49° 08’ S), with thermal amplitude (i.e. dif-
ference between the mean temperatures of the coldest and hottest months) not exceeding
9.5 °C (Amigo & Ramirez 1998), though it should be noted that almost all of the weather
stations within our study area are located below 100 m altitude.

Perhaps more relevant are the precipitation totals recorded in all these stations: most
reach 2000 mm p.a., and at sea level greatly exceed this amount. Both in zone B
(Piedemontes) and zone C (Aysén islands and Channels) there are several weather stations
with rainfall between 4000 and 5700 mm (MOP, 1987). But even in the northernmost part
of zone A (i.e. the area known as the Pelada Range, which has been studied in detail by one
of us as regards vegetation diversity along an east-west transect; Ramirez et al., 1996),
annual rainfall is more than 4000 mm (Ramirez & Riveros, 1975). Indeed it was in the
Pelada Range that Weinberger (1973) performed a study of variation in summer rainfall
between different altitudinal belts: in the altitudinal belt in which Nothofagus nitida occurs
summer rainfall was between about 500 mm on the slope above the Central Valley and 900
mm on the western slope. Another study in this area recorded rainfall over a one-year per-
10d only (Guitiérrez, 1984), and comparison of these rainfall data with simultaneous data
for similar altitudes and latitudes in the Andean Range led Donoso et al. (1990) to talk of
a “Mediterranean influence” in the Pelada Range; in our view, however, this is perhaps an
exaggeration.

The combination of high rainfall and mild temperatures recorded at the weather stations
in the study area lead us to classify these Nothofagus nitida woodlands as optimally ultra-
hyperhumid, in the sense proposed by Rivas-Martinez (1995); an updated listing of the
threshold values for the different ombrotypes included in this classification, based on cal-
culation of the ombrothermic index ({0), is included in Rivas-Martinez and Loidi (1999).
Additionally, Nothofagus nitida woodlands may also occur in hyperhumid areas (12 < {o <
24), but in such cases Nothofagus nitida tends to seek edaphic compensation and associates
with Tepualia stipularis in characteristic hygrophilous formations (discussed below).

C. Soils

In zone A, the Coastal Range is the area with the oldest geological substrates, at least
Paleozoic and in some cases Precambrian, and is the only part of our study area that was
not covered by the Pleistocene glaciations (Villagran et al., 1996). The predominant rocks
here are phyllites, quartzites, schists and mica schists, from which even red clay soils may
be derived. But in the altitudinal belt in which Nothofagus nitida is found, soils are cha-
racteristically yellowish brown on well-drained slopes, becoming podsols closer to the hill-
top and in flatter areas (Peralta, 1975). Clearly podsolic soils with deficient drainage in flat
hill-top sites are an ideal position for the Fitzroya cupressoides woodlands (“alerzales™),
which may occur in mosaic with patches of Nothofagus nitida woodland (Lusk, 1999). This
vegetation is seen for example in the Coastal Range around the latitude of Osorno, where
altitude scarcely exceeds 800 m and where there is no clear altitudinal separation of
Nothofagus nitida and Fitzroya cupressoides formations. Throughout zone A the predomi-
nant soils are deep brownish acid soils with variable podsolization; the most extreme aci-
dity and podsolization, in some cases reaching peat, is observed under the Fitzroyetum
cupressoidis formations in hill-top flat sites.

In zone B, the Andean Piedemontes, Nothofagus nitida woodlands are found on volca-
nic substrates ranging from trumaos to fiadi soils (Donoso, 1989), although in view of the
hygrophilous nature of Nothofagus nitida it frequently occurs in soils with some degree of
waterlogging and strong acidification of organic matter, typically in association with
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Tepualia stipularis. Holdgate (1961) studied soils under Nothofagus nitida woc;(dlgnd vsith
Tepualia stipularis on Chiloé island, observing variable peat depth and marked acidity
nean pH 4.0). _
(o Thef‘)e is little data available on the soils under woodlands 1n Zo‘ne C. H‘(;fldgj;i (0189’631))
prospected in Puerto Edén, at the extreme southern range of Nothofagus nitiaa él A deﬁ:
and again found peaty soils with marked acidity, although the Not?c}g\/;a%lzsfwoos :;r;i ;a o
g thi i i ixture of Notnofagu
ed by this author as a vegetation type contamed a mix| _
Iil\/othoi/‘agus betuloides, which in phytosociologlcal terms 18 perhaps better 1nter$ﬁeted 2:}51
Nothofagetum betuloidis. 1t thus scems likely that in this enfire terptory bft;veetrﬁ the Se(:;liles
of Chilofé Island (43° S) and the southern limit of Nothofagus mtmk;I (4\2/ : )};ergtrs(plgn)
ils, wi ding on topography. Wein
occurs largely on peaty soils, with peat depth d.ep?n g ) )
referred to Nothofagus nitida on southern Chiloé Island as “the tree of the flats and per
manently wet soils along the coast”.

111. METHODOLOGY

A total of 40 relevés were obtained from woodland sites as undi_sturbed as po?sﬂ;le, frs)[;r;
physiographic zones A and B (Coastal Range and Piedemont?s), in all cases se ecting 31 s
at which Nothofagus nitida was the dominant species. Relevés were oki]tame moziicicf?erdaby
ce with classical Braun-Blanquet methodology (Braun-Blanquet, 1979) as m
Géhu & Rivas-Martinez (1981). _ ) )
To avoid sampling at sites transitional to other vegetatlorll) t}llpe.s (pz;;tliujl\iil g v};ﬁiﬁis
i | i itudinal belts in which Notnofag -
with other coihue species), we selected areas or altitu _ . o
i 1 1 lected sites with mature trees, wi
da is clearly the dominant tree. We preferentially se . ) o
it i -25% of cover. Some sites were second-grow
Nothofagus nitida making up at least 20-25% o v
\voodlj;n°¢ but with high Nothofagus nitida cover. Plot area ranged from 100 tci SSOmm(é :
For characterization of structure, we considered plots to comprise a tree s lr)a u El
and a shrub stratum (E,). We calculated both tree cover (E lh cov&la)r) ang treﬁ/sgﬁi 3C?T\1/ire(m é
ined as that above 3 m height,
cover + E, cover). The tree/shrub stratum was define
the normézl maximum height of quilas (i.e. Chusquea sp. gl.). Coffe; gaft(z)irfi?lrdgiejgaslt?etz
i indi ance sho
are shown in Table [, though note that the indices of abun ‘ or ink °
species correspond either tcc>) E cover or E, cover, whichever was highest; indices of abun
dance did not consider either seedlings or saplings. ‘
In three areas we performed a more detailed analysis of structure, marking out a plot ?}f
20 x 20 m? in which we measured the diameter at breast hqlght (DBH) of all 1tree§ \l);/.ll.
DBH > 10 cm. These three plots were selected as representative of the structura vgr1gd1 1-t
ty of the whole sample; they were at the same sites as (though nothpr§c1§elyfc]g1l;1§ ;é]d
i : ic di drawn on the basis o
with) three of the relevé plots. Schematic diagrams were. : :
basa{ area data for each species, since this latter variable is that which shows a most near
ly linear relationship with tree age (Innes, 1992). _ _ o
’ In the relevé tables, filmy fer;s (Hymenophyllaceae) are llsFed ina separatt; ée;'?on"f }112
view of the marked diversity of these species in the hypt?rhumld woodlaqu of Chi e. Lhe
maximum abundance rating for filmy ferns is 2, indicating that the species was very
i : d.
uent in the relevé, whether on trunks and on the groun o ‘ )
! Using the relevé table data (Table I), a hierarchical class1f'1cat1on.was obtained by clusf
ter anal;sis (nearest-neighbour linkage) with squared Euclidean distance as measure o
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similarity, using the statistics package SPSS (2001). Braun-Blanquet indices of abundance
were transformed to numerical values by the method of Van der Maarel (1979).

Taxonomy and nomenclature

All plants in each relevé were identified to species level, following the nomenclature of
Marticorena & Quezada (1985) and Marticorena & Rodriguez (1995, 2001).
Taxonomically problematic taxa are as follows.

First, and in line with the criteria proposed by Matthei (1997), the quilas (Chusquea sp.
pl.) present in our relevés are of two taxa: C. valdiviana and C. uliginosa. Above 600 m
altitude, most quilas are probably C. uliginosa, with C. valdiviana at lower altitudes.
However, these two species are often difficult to distinguish in the field, and they are thus
listed together in the table.

Second, some infertile individuals of Gleichenia in relevés in the Coastal Range were
difficult to assign (to G. squamulosa or G. litoralis), suggesting that the two species may
coexist. In our view, and at least in the Piedemonte zone of mainland Chiloé and Aysén,
the most frequent species is G. litoralis: given the identification difficulties, however, we
list these two taxa together in Table L. In any case, the important point is that G. squamu-
losa and/or G. litoralis are present in the new association, and not in phytosociologically
related communities (see Table II).

Third, Nothofagus betuloides is indicated as possibly present in relevé 37, because the
individuals in question showed anomalous leaf characteristics suggesting a possible
Nothofagus nitida x betuloides hybrid. This possibility is plausible, since numerous indi-
viduals of N. betuloides are present on the hill-top close to this relevé, and hybridization
between these two species has been reported previously in areas in which they are sympa-
tric (Donoso & Atienza, 1984).

For identification of filmy ferns we followed the criteria of Diem & Lichtenstein (1959),
although adapted to the systematic scheme proposed by Rodriguez (1995).

- Syntaxonomic nomenclature is in all cases in line with the 3™ edition of the Code of
Phytosociological Nomenclature (Weber et al., 2000).

IV. RESULTS

After prospecting woodlands dominated by Nothofagus nitida, and although we have not
prospected the southern part of this species’ range, we consider that there are clearly suf-
ficient arguments for defining a new association: first, these woodlands show a characte-
ristic floristic composition that is maintained consistently throughout the region, and
second, they show well-defined and consistent biogeographic, ecological, structural and
dynamic differences with respect to other similar communities.

A. Floristic composition and phytosociology

Table 1 shows the floristic composition that defines the proposed new association
Luzuriago polyphyllae-Nothofagetum nitidae ass. nova (holotype relevé n° 18, Table I).
This is a woodland community dominated by broad-leaved evergreens together with coni-
fers that reach similar heights but not similar cover values. Also important are lianas like
Campsidium valdivianum, various subfruticose (i.e. small shrub) species capable of clim-
bing on trunks, including species of the genera Luzuriaga, Griselinia and Asteranthera,
and the striking filmy-fern communities showing species diversities not exceeded by any
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other Chilean temperate rainforest. Figure 3 summarizes the life-form composition of the
floristic grouping detailed in Table 1. The life form assignments are based on Hildebrand-
Vogel (2002), who catalogues more than 150 species of the flora of the temperate wood-
lands of southern Chile; however, we have included an additional category, “epiphytic
chamaephyte”, for strictly epiphytic ferns such as the hymenophyllaceans, which are abun-
dant in these communities. -

The main grouping in Table I (relevés 1-32) represents what we consider to be
Luzuriago polyphyllae-Nothofagetum nitidae subass. nothofagetosum nitidae subass. nova
(holotype relevé n® 18, Table I), which occurs practically throughout our study area.
However, some of these relevés (n° 1-11, Table I) are representative of a specific situation
arising on contact between Luzuriago-Nothofagetum nitidae and formations dominated by
tepl (the myrtacean Tepualia stipularis), which occur in locations with prolonged water-
logging, generally in flat valley bottoms. When topography is favourable the area of
contact is sufficiently extensive for development of edaphohygrophilous woodland in
which Nothofagus nitida dominates the upper stratum but in which cover tends to be lower
(30-60%). This community, although it is frequent and occupies considerable areas, is
clearly transitional between Luzuriago-Nothofagetum nitidae and woodlands with edaphi-
cally determined distributions (such as Pilgerodendronetum uviferi) although we cannot
rule out the possible existence of a new community identifiable as “Zepualietum stipulari-
dis”. In such transitional situations, the most suitable syntaxonomic rank is probably that
of variant, i.e. Luzuriago-Nothofagetum Tepualia stipularis-variant.

On the other hand we should note an interesting modification of the association bio-
geographically linked to the Coastal Range, and which has been recorded from close to
Valdivia in the north to the Piuchué Range on Chiloé island in the south. These tend to be
formations totally dominated by Nothofagus nitida, with an understorey containing certain
species absent from low-altitude relevés or relevés obtained at some distance from the
coast: these include the myrtacean Ugni candollei, as well as Greigia landbecki and less
frequently Myrceugenia chrysocarpa. We propose classifying this community as a subas-
sociation Luzuriago-Nothofagetum nitidae subass. ugnetosum candollei subass. nova
(holotype relevé n° 35, Table I).

A key problem in the identification of this new association is that its bioclimatic, cate-
nal and floristic position overlaps with that of three other associations of the Nothofago-
Winterion alliance: Laurelio-Weinmannietum trichospermae, Fitzroyetum cupressoidis and
Pilgerodendronetum uviferi. This overlap may explain the fact that a separate Nothofagus
nitida community was not defined either in the first phytosociological synthesis
(Oberdorfer, 1960) or in the Forest Types classification (Donoso, 1981). In an attempt to
clarify the floristic differences between these overlapping formations, Table II summarizes
known published relevés for the associations of this type originally described in the
Nothofago-Winterion alliance. The table thus includes two associations dominated by other
cothues, namely Chrysosplenio-Nothofagetum dombeyi and Nothofagetum betuloidis,

though note that it has recently been proposed that the former be included in a different
order (Pollmann, 2001).

B. Structure of the Nothofagus nitida woodlands
Strata and species

The general appearance of the Luzuriago polyphyllae-Nothofagetum nitidae woodlands
1s of a rather closed canopy, more homogeneous with increasing dominance of Nothofagus
nitida in the tree layer. In general, Nothofagus nitida shares dominance with individuals of
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capable of reaching the upper canopy (Drimys winteri, Podocarpus nubigena and
Laureliopsis philippiana, in decreasing order of frequency). This layer sometimes contains
(though with low frequency) potentially emergent species that may indicate possible tran-
sitions to other communities: Nothofagus betuloides (relevés 27, 28, 32 and 37), Fitzroya
cupressoides (relevés 6 and 37) and Eucryphia cordifolia (relevés 8, 9, 13, 14, 16, 20 an
24). -

Trunk diameters and basal areas

The three plots selected for trunk diameter and basal area measurements correspond to
relevés 24, 31 and 38, bearing the typical subassociation (plots 1 and 2) or the subassocia-
ton ugnetosum candollei (plot 3). We did not obtain similar data from a Tepualia stipula-
ris variant plot, because the pluricauline architecture of tree-size individuals of 7. stipularis
means that “trunk diameter” cannot meaningfully be measured.

The data for the three plots (summarized in Table III and Fig. 5) allow the following
conclusions to be drawn. First, there are always several tree or arborescent species, between
4 and 6 individuals in these plots, up to 9 in some plots. Second, Nothofagus nitida is
dominant in terms of basal area (54-73% of total basal area); the other large species most
frequently present is Laureliopsis philippiana (generally fewer individuals than N. nitida).
Third, some plots have mature trees with high diameter at breast height (DBH) and no rege-
neration (plot 3, Fig. 5C), but in most cases a range of DBHs are present, indicating rege-
neration (see Figs. 5A and 5B). Fourth, total basal area (indicative of timber density) was
high in all three plots (114-178 m%ha'!). Innes (1992) reported his own and previously
published data indicating total basal areas of 90-100 m2.ha! for well-conserved Chilean
temperate rainforest plots between 41 and 46° S; in contrast, degraded woodlands from the
same territory show values of 30-45 m2.ha'l. By comparison, Veblen et al. (1996) repor-

Table Ill.- Dendrometric data (diameter at breast height, DBH, cm, and basal areas, BA, m3)
in three selected plots. NI = no. of individuals of each species with DBH > 10 cm. mini-
mum (DBH,,;,) and maximum (DBH_,,,) DBH values in each plot are also shown. BAwas
calculated as t(DBH/2)2.

Tableau lll.- Données dendrométriques (diamétre a hauteur de poitrine, DBH en cm, et sur-
face de base, BA, m?) tirées de trois parcelles choisies. NI = nombre d'individus de
chague espéce a DBH > 10 cm. Les valeurs du DBH minimum {DBHpin) et maximum
(DBHmax), pour chaque espéce et a chaque parcelle, sont aussi exprimees. Le calcul du
parametre BA est n(DBH/2)2.

123 4.5 6 789 10111213141518171319202122232425262728293031323334353837383940

Fig. 4.- Height ranges for all tree species (E;, dotted bars) and subarborescent species (Ey,
ark i h of the 40 relevés from Table . . ‘
Figarr-b?’«r:%glgg %zzcs f?auteurs mesurées pour les ‘d|fferents espéces d'arbres (%] baTres
p'onétuées) et arbres inférieurs (E,, barres foncées) dans les 40 releves du Tableau |.

Plot | (relevé 24, Tb. I) Plot2 (relevé 31, Tb. 1) Plot 3 (relevé 38, Tb. I)
N.1. DBH. DBH Basal % [N.I. DBH DBH Basal % |N.1. DBH DBH Basal %
min  max. area min. max. Area min. max. Area
Species
Nothofagus nitida 12121 1292 336 660 (16 232 602 250 547 |15 436 812 522733
Drimys winteri 27 102 366 104 20420 121 503 1.62 354 . . . . .
Laureliopsis philippiand 1 569 569 026 5.1 4 159 452 037 81 }19 134 426 117164
Caldcluvia paniculata } 11 102 347 039 77 [ . . . . . .
Amomyrtus luma 1 1.1 11 001 02 {3 134 242 008 1.8
Luma apiculata 1 194 194 003 06 | . . . . . . . . . .
Saxegothaea conspicua | . . . . . . . . . . 20 102 363 063 89
Podocarpus nubigena . . . . . . . . . . 2 146 331 010 1.4
Total plot (400 m?) 5.09 4.57 7.12
m%/ha 127.2 1142 178
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- : et i ics in plots A, B and C (see Table lll). The
FI?" Ay dlstr|but|onsqu g?\?i]é)tzatlrse?nsgafcc%e%BHpcategory (DBH = diameter at breast
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Y it . ni = us nubigena. L
Saxegothasa conspiee maChOx gggoi?gijs carr%s studiés en détail (cf. Tableau 1If). Les
Fig. 5.- Diagrammes structuraux des S ohaque rang de DBH (DBH = dia.
%gures rapportent le nomore dyl?wdlqd'ungﬁp?g%%acm rang 2 : DBH 20-30 cm, efc.). Les
: 3 itrine ; ral : - o T : ! . >1C.). Les
me‘tre ; r;?:cgigegse sglgétﬂarlfn;ot Ioc%l - Canelo = Drimys winteri; Tiaca = Qa/dcluwa pam;ul?ta "CC“Ote =
gi)?k?jzsdzochiloé = Nothofagus nitica ; Tepa = Laureliopsis phi_lipplana ; Arrayan = Luma zplfc; :ta . Luma =
Amomyrtus luma ; Mafiio hembra = Saxegothaea conspicua ; Maiiio macho = Podocarpus nubigena.
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ted a maximum value of 160 m2.ha'! for mixed Nothofagus woodland in southern Chile,
while Ogden et al. (1996) reported 150 m?.ha'! for Nothofagus woodlands with or without
conifers in New Zealand.

Understorey

Although we have not performed a quantitative survey of seedling and sapling pre-
sences, we observed and annotated the regeneration of tree species in the understorey.
Clearly important species are Drimys winteri, Laureliopsis philippiana, Amomyrtus luma
and Caldcluvia paniculata, which show regeneration in all relevés in which they were also
present in the upper strata; somewhat lower but still marked regeneration were shown by
Lomatia ferruginea (92%), Saxegothaea conspicua (90%) and Podocarpus nubigena
(60%). Nothofagus nitida was detected in the understorey layer in only 35% of relevés, but
this figure may be misleading in that this species commonly regenerates in clearings with
no shrub or tree cover, whereas we deliberately selected plots with dense canopies for our
relevés. Interestingly, the presence of Nothofagus nitida seedlings within the dense wood-
land was always accompanied by old fallen trunks, as reported in previous studies (Lusk,
1995, 1996; Veblen et al., 1996).

Thus a well-shaded understorey, together with the strongly ombrophilous nature of
Luzuriago polyphyllae-Nothofagetum nitidae, means that the interiors of these woodlands
usually have rather dense shrub and epiphyte floras, as well as high moss and filmy fern
covers. The synusiae formed by these ferns are particularly important in woodlands of this
type, in which they may occur both on the ground and on trunks, forming dense mats
extending up to 20 m above ground level.

Cluster analysis of the relevés

To support the objective validity of the phytosociological classification, we performed
a hierarchical clustering of the 40 relevés on the basis of their floristic characteristics. The
results of this analysis are shown graphically in Fig. 6. Major points to be noted as follows.

Firstly, the relevés of the subassociation nothofagetosum nitidae are mostly grouped
together (branch A-2), and within this branch nearly all of the relevés of the hygrophilous
Tepualia stipularis-variant (relevés 1-9) are grouped into a discrete category (branch A-
2b).

Secondly, four relevés of the subassociation nothofagetosum nitidae are grouped apart
from the rest and together with those of subassociation ugnetosum candollei (i.e. in bran-
ch A-1). All of these four relevés are at altitudes of between 600 and 715 m, and except n°
26 are all in the Coastal Range, so that biogeographically and floristically they are very
close to the subass. ugnetosum candollei. In fact relevés 29 and 32 include Greigia land-
beckii, one of the differential species of this community.

Thirdly, five relevés were classified by the cluster analysis as different from the rest
(branches B and C). The inclusion of relevés 17, 27 and 28 in these branches is attributable
to the fact that they are all from the Queulat National Park where the combination of lati-
tude and altitude situates these relevés in a position rather distant from the floristic opti-
mum of Luzuriago-Nothofagetum, and in fact rather closer to that of Nothofagetum
betuloidis, which replaces Luzuriago-Nothofagetum in this National Park between about
500 m and the tree limit.
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Fig. 6.- Resuits of hierarchical clustering (dendrogram) of Luzuriago-Nothofagetum nitidae.
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Fig. 6.- Dendrogramme hiérarchique des relevés du Luzuriago-Nothofagetum nitidae. La
numération des relevés est celle du Tableau | (voir Méthodologie). Numéros grisés : rele-
vés de la sous-association ugnetosum candollei.

V. DISCUSSION

A. Phytogeographic aspects

Since Nothofagus nitida is a Chilean endemic, the new association described here is
likewise endemic. This association has been detected to at least 44° 40’ S, at the level of
Puerto Cisnes, but previous reports suggest that it may occur even further south (for
example the woodlands studied by Innes 1992 in the Tai-Tao peninsula very close to 46°
30" S).

However, although Nothofagus nitida extends as far south as the 49™ parallel, it is still
not possible to precisely evaluate how much area might be occupied by these Luzuriago-
Nothofagetum woodlands, and how much area by woodlands in which both coihue species
of this region are present (Nothofagus betuloides and Nothofagus nitida). Communities of
the latter type should be interpreted as Nothofagerum betuloidis, in view of the floristic
composition of this association as originally described. For Donoso (1993), all of the ocea-
nic territory corresponding to that here denominated the Aysén channels zone from the 47th
parallel southwards bears the Magallanes Coihue forest type (i.e. woodland dominated by
N. betuloides).

It is however important to stress that the overall distribution of Nothofagus nitida is
rather different from that given in CONAF (1998): specifically, its distribution in the
Andean foothills is more restricted than suggested by the CONAF report. This conclusion
is based on our field prospecting in the territory between Puerto Montt and Puerto Aysén,
and is in line with previous reports: see for example McQueen'’s (1977) comments on the
distribution of Nothofagus nitida to the south of Puerto Montt, and Gajardo’s (1994) vege-
tation map of the 11™ region.

B. Ecological aspects

All forms of Luzuriago-Nothofagetum nitidae are woodlands requiring very high rain-
fall, though in relatively low-rainfall areas “edaphic compensation” may be observed (i.e.
localization in sites with more or less permanent waterlogging of the soil). The capacity of
Nothofagus nitida to tolerate temporary waterlogging (as commonly observed in commu-
nities with Tepualia stipularis) has been noted previously by Holdgate (1961), who studied
woodlands on fluvial terraces of the lowest altitudinal belt, at the mouth of the river Chepu
in the north of Chiloé island. Godley (1960) noted that this characteristic of Nothofagus
nitida constitutes an ecological separation from the Valdivian woodland (“Eucryphia-
Laurelia-Weinmannia forest”) present in this territory, since this latter occupies well-drai-
ned slopes while Nothofagus nitida grows on more acid and less well-drained soils. Both
Tepualia stipularis and Myrceugenia parvifolia are good indicators of the degree to which
gleyzation occurs in the azonal woodlands we denominate Luzuriago-Nothofagetum,
Tepualia stipularis-variant. Weinberger (1978) notes these two myrtaceans as the most
hygrophilous of those occurring in Chile, and likewise the most dependent on high atmos-
pheric humidity.

The optimal position for Luzuriago-Nothofagetum nitidae, in terms of the bioclimatic
classification of Rivas-Martinez (1995), is in the upper sub-belt of the Mesotemperate belt,
extending into the Supratemperate belt. As regards rainfall, the optimal position is the
Ultrahyperhumid belt (Amigo & Ramirez, 1998). However, it is not only the high precipi-
tation that defines the requirements of these Nothofagus nitida woodlands, but also the per-
manently high atmospheric humidity, probably reflecting the weak horizontal root system
of this species (Weinberger, 1973). This intolerance of atmospheric dryness places
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Fig. 7.- Woodland alongside the Austral Road in the southern part Qf the Pumalin Reserve,
on the banks of the Rio Negro Lake, in Palena Province, Region de Los Lagos (see
Discussion at point B). The different woodland commumhes are indicated as follow_s: ®
Fitzroyetum cupressoidis, @ Laurelio-Weinmannietum trichospermae, ®' 'Luzurlago-
Nothofagetum nitidae var. Tepualia stipularis, @ Luzuriago-Nothofagetum nitidae typical

ass. . )
Fig. 7.- Distribution paysagére des groupements fores_tlers au sud du parc _Pumalln, aux
alentours du lac Rio Negro, province de Palena, région de Los Lagos (voir Discussion,
B). ® Fitzroyetum cupressoidis, @ Laurelio-Weinmannietum trichospermae, O

Luzuriago-Nothofagetum var. a Tepualia stipularis, ® Luzuriago-Nothofagetum typique.

Nothofagus nitida at a disadvantage with respect to N. dombeyi, so thaF in the zone we
denominate Piedemontes Nothofagus nitida occurs close to the coast, while further 1I.11an.d
(or in areas in which there are significant topographic barrie_:rs to the_ iqﬂux qf oceanic air
masses) it is replaced by N. dombeyi, in pure stands or in association with Laurelio-
Weinmannietum (see Fig. 7). .
Extremely peaty soils are not favourable for Luzuriago-Nothofagetum n[tz:dae: in such
situations it is generally replaced by communities dominated by the hygroph1_lous cupres-
saceans Fitzroya cupressoides and Pilgerodendron uviferum. Clearly, transition environ-
ments often occur between poorly drained soils with more or less prolonged waterlogging
(which, as noted, are acceptable for Luzuriago-Nothofagetum nitidqe) and peaty soils sho-
wing classic histosol characteristics and the presence of differential species of t.he cl_ass
Myrteolo-Sphagnetea: in such transitional environments, attempts at phytosociological
classification on the basis of the dominant tree are likely to be unreliable. An example of
a community intermediate between Luzuriago-Nothofagetum nitidae and Fitzroyetum
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cupressoidis was reported by Donoso et al. (1990) under the denomination “Alerce-Chiloé
Coihue forest subtype” (see comments below in Section D Syntaxonomic aspects).

In areas with marked oceanic influx, such as the south of Chiloé island, formations clas-
sifiable as Pilgerodendronetum uviferi are frequent, and the constant presence of Tepualia
stipularis in these formations has meant that they are referred to by the vernacular name
tepual; Veblen er al. (1983), in their forest type n° 5, reported tepuales present in sites in
southern Chile adjacent to Nothafagus nitida woodlands in positions with better drainage.
This description appears to presage the community which we denominate Luzuriago-
Nothofagetum, Tepualia stipularis-variant.

The association with which Luzuriago-Nothofagetum shows greatest floristic similarity
and with which it contacts most frequently is Laurelio-Weinmannietum trichospermae; in
fact this community is that which replaces Luzuriago-Nothofagetum at lower altitudes in
the typical catenas of the Pelada Range (Ramirez ef al., 1996). Transitional ecotones bet-
ween these associations are frequent throughout the territory considered in the present
study. The transition from Luzuriago-Nothofagetum to Laurelio-Weinmannietum is usually
attributable to lower rainfall, in line with the higher tolerance of Laurelio-Weinmannietum
to fluctuations in atmospheric humidity, as noted by Weinberger (1973) in his discussion
of the differing microclimatic requirements of Nothofagus nitida and N. dombeyi.

A good example of the way in which these two associations separate is shown in Fig. 7,
corresponding to the surroundings of lake Rio Negro (42° 42” S; see Fig. 1): this is a flat-
bottomed valley with north-south orientation, bounded by steep slepes, with a mountain
chain reaching higher altitudes (up to 1200 m a.s.].) in the west than in the east. In this
topographic situation, the rainshadow effect leads to a Fitzroyetum/Luzuriago-
Nothofagetum/Laurelio-Weinmannietum sequence down the slope on the west side; the
Fitzroyetum woodland is abundant on the very rainy hilltops, and descends some distance
downslope along streambanks with high soil moisture content. At lower levels the topo-
graphy and rainshadow allow patches of Luzuriago-Nothofagetum to grow on slopes other-
wise largely covered by Laurelio-Weinmannietum. In addition, it can be seen that in the
higher parts of the eastern end of the valley, the hill tops are not sufficiently wet and cool
for Fitzroyetum, and are thus colonized by Luzuriago-Nothofagetum, while the hill-slopes
and valley bottom (receiving lowest rainfall) are occupied by Laurelio-Weinmannietum.
Finally, the valley bottom (with negligible slope and accumulation of fine sediments)
forms a sporadically flooded floodplain around the shores of the lake, creating perfect eda-
phic conditions for the Tepualia stipularis-variant of Luzuriago-Nothofagetum.

C. Filmy ferns

Detailed data indicating which Chilean rainforest communities are richest in hymeno-
phyllaceans are not yet available. However, the bioclimatic position and territorial range of
Luzuriago-Nothofagetum nitidae suggest that it is an ideal habitat for these species. A total
of 3 genera and 24 species of this family are present in Chile (Rodriguez, 1995). Three of
these species are endemic to the Juan Ferndndez archipelago, so that mainland Chile has a
total of 21 species, at least 17 of which occur in Nothofagus nitida woodlands. As shown
in Table I, filmy fern species diversity in the different Nothofago-Winterion communities
is highest in the various forms of Luzuriago-Nothofagetum nitidae, and 1s otherwise
approached only in Laurelio-Weinmannietum subass. luzuriagetosum polyphyllae (descri-
bed as the most oceanic form of this association). The fact that these are the only commu-
nities within the alliance that may contain species like Hymenoglossum cruentum or
Hymenophyllum caudiculatum constitutes an additional argument in favour of the oceanic
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character of these communities, since these two species are particularly sensitive to atmos-
pheric dryness, as demonstrated in laboratory trials with a range of hymenophyllaceans
from thermophilous Valdivian woodland (Alberdi et al., 1978).

The abundance and diversity of these pter1

dophytes in our relevés are also an indication

of the good conservation of most of the plots studied. Ramirez et al. (1976) showed that

the number of epiphytic hymenop

dramatically after partial felling. . .
The synusiae constituted by these ferns in woodland sites, together with abundant bryo-

phytes,

With the slow decomposition o

hyllaceans on trunks in a Valdivian woodland declined

form dense mats on the trunks of mature trees, as well as on stumps and fallen logs.
f stumps and logs, these fern/bryophyte mats persist on the

litter layer. Several authors have argued that these synusial communities provide impprtant
information on the ecological and biogeographic nature of these woodlands (e.g. Riveros
& Ramirez, 1978; Schuhwerk, 1986).

D. Syntaxonomic aspects ‘ '
The floristic composition of the relevé group shown in Table I leaves no doubt that it

sho

uld be assigned to the alliance Nothofago-Winterion, given the presence of

Desfontainia spinosa, Asteranthera ovata, Philesia magellanica, Blechnum magellanicum,
Podocarpus nubigena, Campsidium valdivianum, Grammitis magellanica and Maytenus

magellanica.

Table V.- Summarized c_Jiff_erenc
and the various associations o

contact.

Tableau IV.- Diférenciation du

autres associations des Wintero-Nothofagetalia en contact catenal.

es between Luzuriago polyphyllae-Nothofagetum nitidae
f Wintero-Nothofagetalia with which it may show catenal

Luzuriago polyphyliae-Nothofagetum nitidae relativement aux

In comparison with
Luzuriago-
Nothofagetwn nitidae

Is generally....

Is also...

May also be...

= idi

Pif. lend,

othola

Laureli
trichosperinae

less ombrophilous {i.e.
tolerates lower rainfall)

more tolerant of continental
climate (i.e. tolerates wider
thermaf amplitude)

more thermophilous (ie.
locates at lower altitudes)

more orophilous (i.e.
locates at higher altitudes)

more tolerant of continental
climate (i.e. tolerates wider
thermal amplitude)

more peat-tolerant (i.e.
tolerates waterlogged soils

like those of Pilgerodendronetun)

;

e N
uvifert

totally azonal (always

occurs in edaphohygrophilous

positions)

A swampy woodland of
permanently waterlogged
soils

more boreal {present until
Tierra de Fuego to 54° )

betuloidis

more cryophilous(i.e.
tolerates colder
temperature regimes}
1ts ecological vicariant
(replacing Luzuriago-
Nothofagetum south of
the 47 parallel)

more boreal (present in
Tierra de Fuego to 55°
S)

Unlike Luzuriago-

Nothofagetun: nitidae
v

May contact with...

Contains (or often
contains) the Species...

Lacks....

Laurelio-Wei)
trichospermae

communities of Nothofagetea

pumilionis

Nothofugus dombeyi
(Dasyphyltun
diacanthoides)

Crinodendron hookeriarun

Gleichenia fitoralis +
Gleichenia squamulosa

f Yy cupressoidis

communities of Nothofagetea

pumilionis

Fitzroya cupressoides
Nothofagus dombeyi

(Drimys andina, Nothofagus

pumilio)

Crinodendron hoakeriamtm

Caldcluvia paniculata
Griselinia ruscifolia

D/, dend:

Noth.

£
wviferi

communities of Myrteolo-
Sphagnetea

Pilgerodendron uviferum
Nothofagus antarctica
(Nothofagus dombeyi)

betuloidis

communities of
Nothofagetea pumilio
nis, communities of
Myrteolo-Sphagnetea
Nothofagus betuloides
Berberis ilicifolia
Escallonia serrata

<, 3 D
Sa 5P

Myrceugenia planip
Hymenoglossum cruenium
Hymenophyllum
caudiculatum

Campsidium
voldivianuni
Laureliopsis philippia-
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Our separation of Luzuriago-Nothofagetum nitidae from previously described associa-
tions of this alliance is justified in Table II and, more schematically, in Table I'V. Certain
species presences are discriminant for Luzuriago-Nothofagetum, such as Crinodendron
hookerianum, Myrceugenia parvifolia or the pair Gleichenia squamulosa | G. litoralis,
though the ecological requirements of this latter pair may also be met in
Pilgerodendronetum uviferi or Nothofagetum betuloidis; it seems likely that their apparent
absence from these associations (as shown in Table II) reflects previous misidentifications
as Gleichenia quadripartita. Despite the fact that Nothofagetum betuloidis and
Pilgerodendronetum uviferi are the two associations in which Nothofagus nitida occurs
most frequently, the floristic separation of each from Luzuriago-Nothofagetum nitidae
should not cause additional problems: in addition to the tree species Nothofagus bet-
loides, the species Berberis ilicifolia, Escallonia serrata and Luzuriaga marginata all iden-
tify Nothofagetum betuloidis, while Pilgerodendron uviferum and Nothofagus antarctica
identify Pilgerodendronetum, together with Lebetanthus myrsinites which is a good diffe-
rential of both Nothofagetum betuloidis and Pilgerodendronetum with respect to other
associations (Table II, columns 1, 2 and 3).

The separation of Luzuriago-Nothofagetum nitidae and Fitzroyetum cupressoidis is
rather more complicated. Catenal contact between formations dominated by Nothofagus
nitida and others dominated by Fitzroya cupressoides has been noted in various areas of
the Coastal Range [Pelada Range: Veblen & Ashton (1982), Ramirez et al. (1996), Devall
et al. (1998); Piuchué Range: Armesto ef al. (1996)]. In the original description of
Fitzroyetum cupressoidis, the only species of Nothofagus frequently present is N. dombeyi
(see Table II, column 11), but alerce woodlands with abundant N. nitida in the understorey
(Table I, column 7) have also been recorded. In the forestry classification of Donoso ef al.
(1990), with its basically practical intent, a subtype denominated “Alerce-Coihue de
Chilo¢” is identified within the Alerce forest type, exemplified by a stand in the Andes in
which Fitzroya cupressoides constituted 18% of the number of trees per ha, versus 21% N.
nitida and 61% other trees. However, in terms of phytosociology and ecology (as opposed
to practical forestry) this situation is probably better interpreted as transitional between
Fitzroyetum and this association (of uncertain assignment, since Donoso et al. do not spe-
cify either the species making up 61% of the total or the species in the understorey).

In other words: the fact that there are situations with little Fitzroya cupressoides cover
and higher Nothofagus nitida cover (for example) means that this can be interpreted as
“Nothofagetum nitidae in transition to Fitzroyetum”, not just as Fitzroyetum, and not only
because Fitzroya cupressoides is a taller tree or that which provides most timber per unit
surface area. Similarly, the situation studied by Tomaselli (1981) - i.e. Fitzroya woodlands
in poorly drained soils in association with Pilgerodendron uviferum, denominated by this
author “Fitzroyetum pilgerodendronetosum” (Table II, column 8) - is not incompatible with
the existence of Fitzroyetum cupressoidis on the one hand and Pilgerodendronetum uvife-
ri on the other.

The association with which Luzuriago-Nothofagetum nitidae probably shows most simi-
larities is Laurelio-Weinmannietum trichospermae; for example, these two associations are
practically unique within the Nothofago-Winterion in that they may sometimes show spe-
cies of Nothofago-Eucryphion. Laurelio-Weinmannietum trichospermae was described by
Oberdorfer (1960) with two subassociations, although without typification: the more ocea-
nic luzuriagetosum erectae, present in the Coastal Range and Chiloé island, and philesie-
tosum magellanicae, present in the Andes and Andean foothills (Table II, columns 13 and
14). This second subassociation shows more frequent presences of species of Nothofago-
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Winterion than luzuriagetosum ereciae, but both contain Nothofagus dombeyi with hlgh
constancy, and both lack N. nitida as well as the other species we have selected as diffe-
rentials in Table 1I (Gleichenia-Crinodendron-Myrceugenia). To these we may add
Dasyphyllum diacanthoides, irregularly present in Laurelio-Weinmannietum but never pre-
sent in Luzuriago-Nothofagetum nitidae. . .

A different question is to which order Luzuriago-Nothofagetum nitidae (and its alliance
Nothofago-Winterion) should be assigned. Originally, Oberdorfer (1960) recognized two
suballiances within Nothofago-Winterion, Weinmannienion trichospermae and
Nothofagenion betuloidis, this latter including only Nothofagetum betuloidis; but the
alliance was maintained within the order Laurelietalia philippianae. In a l'ater‘ study of
Magellanic woodlands, Roig et al. (1985) offered a more diversified cl_asmfmauop pf the
evergreen woodlands, recognizing two alliances, Embothrio—zVothofagzgn betzzlozdzs and
Nothofagion betuloidis; at the same time they defined a new order including both alliances,
denominated Wintero-Nothofagetalia betuloidis. Finally, Pollmann (2001) adoptevd ghe new
order proposed by Roig et al. (1985), but included within it all the associations of
Weinmannienion, i.e. both the broad-leaved and coniferous woodlands of the North
Patagonian region; by doing so, he thus added more “floristic content” to th‘e.ordgr
Wintero-Nothofagetalia, but maintained as nomenclatural type Nothofagion betuloidis, ori-
ginating from the Nothofagetum betuloidis of Oberdorfer. ‘ o .

The syntaxonomic proposal of Pollmann (2001) would require the characteristic species
of the new order to be the classic characteristic species of Nothofago-Winterion, llkevylse
occurring in Nothofagion betuloidis. By contrast, the differential species of the suba}han—
ce Weinmannienion must be those that do not reach Nothofagion betuloidis. Thus our inter-
pretation is as follows: - .

Characteristic species of Wintero-Nothofagetalia betuloidis: Blechnum magellamcu.rr%,

Desfontainia spinosa, Grammitis magellanica, Maytenus magellanica, Nothofagu; niti-

da, Philesia magellanica, Pilgerodendron uviferum, Podocarpus nubigena, Polystichum

multifidum, Tepualia stipularis. .

Characteristic species of Nothofagion betuloidis: Berberis ilicifolia, Escallonia serrata,

Lebetanthus myrsinites, Luzuriaga marginata, Nothofagus betuloides, Senecio acanthi-

Jfolius. .

Differential species of Weinmannienion trichospermae: Asteranthera ovata, Campsidium

valdivianum, Fitzroya cupressoides, Griselinia ruscifolia, Lycopodium gayanum,

Pernettya insana, Saxegothaea conspicua. . '
This scheme would leave a floristic grouping, characteristic of the order, recogriizable in
Chile at least as far south as 50° 44° S, the latitude of the type relevé of Nothofagetum betu-
loidis [a relevé obtained by Skottsberg (1916), used by Oberdorfer (1960) in his original
description, and lectotypified in Pollmann (2001)]. Impoverished forms c')f‘these evergreen
Magellanic woodlands are found further south. Roig et al. (1985) cla531f1e‘d these wood-
lands as Embothrio-Nothofagion betuloidis, in view of the presence of species of chamge-
phytic woodland substitution communities; however, we consider that these communities
should be subordinated within Nothofagion betuloidis.

In addition, we consider that it is more appropriate to consider Drimys andina and
Myrceugenia chrysocarpa as species of Berberido trigonae-Nothofagetalia dombeyi, since
thev mark the colder more continental nature of the North Patagonian woodlands, leading
to floristic approximation to Nothofagetea pumilionis [see Eskuche (1999) and the re;inter—
pretation of Pollmann (2001)]. Of course Nothofagus dombeyi and Dasphyllum diacan-
thoides should be considered characteristic of the class Wintero-Nothofagetea, but in Table
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II we have stressed the value of these species as discriminants within Laurelio-
Weinmannietum trichospermae with respect to Luzuriago-Nothofagetum nitidae, in which
neither species is present.

The first two columns of Table II clearly correspond to Nothofagion betuloidis. The last
two columns (columns 21 and 22) were initially considered to fall” into Nothofago-
Winterion by their original authors, but fit better into Myrceugenio-Nothofagion dombeyi
(Berberido trigonae-Nothofagetalia dombeyi). Pollmann (2001) has already proposed this
solution for Chrysosplenio-Nothofagetum dombeyi (column 22), while the three relevés in
column 21 should in our view be interpreted as belonging to this same association; thus the
name Nothofagetum dombeyi Villagran 1980, to which a number of relevés corresponding
to Fitroyetum cupressoidis have also been assigned (Hildebrand-Vogel et al., 1995), should -
be considered as a subsequent homonym and consequently rejected.

In our opinion, then, the new association Luzuriago-Nothofagetum nitidae is well deli-
mited, and clearly enters into the alliance Nothofago-Winterion. Fortunately, the typical
form, the Tepualia stipularis-variant and the subassociation ugnetosum candollei are all
currently well-represented in diverse areas protected under the Chilean national conserva-

tion programme (SNASPE, Sistema Nacional de Areas Silvestres Protegidas por el
Estado).
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Appendix 1: Phytosociological typology

Class Wintero-Nothofagetea Oberdorfer 1960
Order Laurelietalia philippianae Oberdorfer 1960
Alhance Nothofago-Eucryphion Qberdorfer 1960
Order Wintero-Nothofagetalia Roig, Dollenz & Méndez 1985
Alliance Nothofago-Winterion Oberdorfer 1960
Suballiance Weinmannienion trichospermae Oberdorfer 1960
Ass. Laurelio philippianae-Weinmannietum trichospermae Oberdorfer 1960
(Saxegothaeo-Weinmannietum Villagran 1980 pro parte).
Ass. Fitzroyetum cupressoidis Oberdorfer 1960
Ass. Pilgerodendronetum uviferi Oberdorfer 1960
[Ass. Luzuriago polyphvllae- Nothofagetum nitidae ass. nova_|
Suballiance Laurelio philippianae-Nothofagenion dombeyi Pollmann 2001
Ass. Nothofagetum procerae Oberdorfer ex Ramirez 1978
Alliance Nothofagion betuloidis (Oberdorfer 1960) Roig et al. 1985
Ass. Nothofagetum betuloides Oberdorfer 1960
Order Berberido trigonae-Nothofagetalia dombeyi Pollmann 2001
Alliance Myrceugenio-Nothofagion dombeyi (Eskuche 1999) Pollmann 2001
Ass. Chrysosplenio valdivici-Nothofagetum dombeyi Oberdorfer 1960 prov.
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Table I, Tableau |.- Luzuriago polyphyllae-Nothofagetum nitidae ass. nov.
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Table [ - species present in only 1 relevé: Amomyrtus meli 1 in 20; Berberis darwini + in 26;
Blechnum corralense + in 19; Blechnum mochaenum + in 15; Ercilla syncarpellata + in 25;
Hypolepis poeppigii + in 6; Lebetanthus myrsinites 1 in 28; Misodendron sp. + in 38; Polypodium
Sfeuillei v in 29; Preris semiadnata v in 22; Ribes magellanicum + in 27; Uncinia aff. erinacea r in 24;
Valeriana lapathifolia + in 28.
Relevé locations (relevé n°, relevé code, province, precise locality, altitude, Southern
latitude//Western longitude
1.970118/1. Llanquihue. Alerce Andino National Park, sector Chaica. 130 ma.s.l. 41°34°// 72° 34
2.970118/2. Llanquihue. Alerce Andino National Park, sector Chaica. Close to Lake Chaiquén. 275
m as.l. 41°34°//72°33°
970119/2. Chiloé. Chiloé National Park, sector Cucao. “El Tepual”. 10 m a.s.l. 42°36° // 74° 07’
.960130/7. Palena. South of Puente Quildaco, between Hualalhue and Contao. 220 m a.s.l. 41° 52’
1720417
. 970119/1. Chiloé. Chiloé National Park, sector Cucao. “El Tepual”. 10 m a.s.l. 42°36° // 74° 07’
010125/2. Palena. Pumalin Park. Close to Lake Rio Negro. 110 m a.s.l. 42°42° // 72° 34°
010126/2. Palena. Austrat Road. Between Chaitén and Rio Amarillo. 80 m a.s.l. 43° 00° // 72° 32’
000123/2. Llanquihue. Between Correntoso and Lake Chapo. 320 m as.l. 41°24° /7 72° 38’
. 960130/6. Palena. Hualalhue, westerly from Hornopirén. Close to Trafanco Bridge. 190 m a.s.l.
42°00°// 72° 38’
10. 020127/1. Aysén. 30 kms road to Pto. Marin Balmaceda, from La Junta .50 m a.s.l. 43°59° //
72043
11.010127/2. Palena. Pumalin Park. Ascending by Tronador Path. 340 m a.s.l. 42° 39’ // 72° 35’
12.020128/1. Aysén. 13 kms. road to Pto. Cisnes, from Austral road cross. 45 m a.s.l. 44°41°// 72°
33’
13. 960130/8. Palena. Austral road southerly from Contao. 170 m a.s.l. 41°49°// 72° 42°
14. 960129/1. Palena. Southerly from Contao, longer to Hornopirén. 175 m a.s.l. 41° 50’ // 72°41°
15. 010126/4. Palena. Austral road, northerly from Chaitén and Santa Bérbara. 55 m a.s.l. 42° 50” //
72° 47
16. 000123/3. Llanquihue. Between (La Cascada) and Lake Sargazo. 310 m a.s.t. 41°29"// 72° 38’
17. 020127/2. Aysén. Queulat National Park, sector Ventisquero Colgante; viewpoint height. 340 m
a.s.l. 44°27° /1 72°27
18. 000123/4. Llanquihue. Alerce Andino National Park, Sector Sargazo. 330 m a.s.l. 41°30° // 72°
37, (HOLOTYPUS subas. typical)
19. 010204/1. Llanquihue. Alerce Andino National Park, Sector Sargazo. Along Lake Sargazo Path.
425'ma.s.l. 41°30°// 72° 36
20. 010122/1. Palena. Between Contao and Hornopirén, little northerly from Rio Cisne. 190 m a.s.l.
41°57° /1 72° 41"
21.010123/1. Palena. Between Rio Cisne and Hornopirén, close to Hualalhue cross. 190 m a.s.l. 41°
5971 72° 40
22.010125/1. Palena. Pumalin Park. Close to Lake Tronador. 450 m a.s.l. 42° 39° // 72° 35’
23/. 010125/3. Palena. Pumalin Park. Very close to Gral. Manuel Feliu’s Bridge. 130 m a.s.l. 42° 40°
1 72° 34
24.010126/3. Palena. Austral road. Northerly from Chaitén, between Chaitén and Santa Barbara. 45
m a.s.l. 42°53°// 72° 44’
25.010127/1. Palena. Pumalin Park. Ascending by Las Cascadas Path. 90 m a.s.1. 42°33°// 72° 37
26. 000210/2. Valdivia. Puyehue National Park. Ascending to Antillanca, face to “mallin”. 700 m
a.s.l. 40°46°//72° 16"
27.020128/2. Aysén. Queulat National Park, down to the south from Portezuelo. 420 m a.s.l. 44° 37’
1172°26°
28.020125/1. Aysén. Queulat National Park; going to the north just after Portezuelo. 490 m a.s.l. 44°
3577/ 72°26°
29.010202/1. Chiloé. Chiloé National Park, Sector Abtao, Piuchué Range. 600 m a.s.1. 42° 23’ // 73°
57
30. 980218/4. Osorno. Osorno Coastal Range. Between Hueyusca and S. Pedro. 660m a.s.l. 40° 57
/1 73°40°
31.020205/1. Osorno. Osorno Coastal Range; Hueyusca, above Los Cajones. 660 m a.s.1. 40° 527 //
73°35°

32.010203/1. Chiloé. Chiloé Nationa] Park, Sector Abtao, Piuchué Range 715 m a.s.l. 42° 237 // 74°

B

O 00~ N



30

00’ ) )

33. 010203/2. Chiloé. Chiloé National Park, Sector Abtao, Piuchué Range. More easterly from rele-
vé n® 32, 660 m as.l. 42°23°// 73° 58’ ' s

34. 010213/1. Valdivia. Pelada Range, down to Hueicolla. 670 m a.s.l. 40° 10 /,/ 73 32 ,

35. 010213/2. Valdivia. Pelada Range, down to Hueicolla. 710 m a.s.l. 40° 10° // 73° 32°. (HOLO-
TYPUS subass.ugnetosum candoller) ) , ’

36.010213/3. Valdi%/ia. Pelada Range, down to Hueicolla. 780 m a.s.1. 40° 09 /173°32

37: 010213/4. Valdivia. Pelada Range, summit plateau easterly from the first Alerzal stand. 860 m
a.s.l 40°10°// 73° 26 ) ) ) .

38. 010213/5. Valdivia. Pelada Range, little northerly from Piedra del Indio. 870 m a.s.l. 40° 11° //
73°25° . ,

39. 000207/1. Valdivia. Valdivia National Reserve, close to CONAF guard’s house. 590 m a.s.l. 40
00" // 73°22° . w S,

40. 020205/2. Osorno. Osorno Coastal Range; Huellelhue, at the summit plateau, “La Coiglieria”.
820 m a.s.l. 40° 47 // 73° 37

Tableau 11 - References of the relevés ((shaded columns indicate tables that correspond to the origi-
nal descriptions, and in which the type relevé is, or should be, included.).

. Nothofagetum betuloidis (Oberdorfer, 1960, Table 30)

2. Nothofagetum betuloidis (Roig ef al., 1985, Tab. 44, cols. 54-56)

3. Pilgerodendronetum uviferi (Oberdorfer, 1960, Table 29) - ]

4. Luzuriago-Nothofagetum nitidae subas. nothofagetosum nitidae (Table [ present paper, relevés 12-
5. 3Lzu)zztriago-Nothoﬁzgez‘um nitidae Tepualia stipularis-variant (Table I present paper, relevés 1-11)
6. Luzuriago- Nothofagetum nitidae subass. ugnetosum candollei (Table I present paper, relevés 33-
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Table 1l.- Communities published as forming part of the alliance
bli

31

40)

7. Fitzroya forest with Nothofagus betuloides and N. nitida (Hildebrand-Vogel et al., 1995; Table 1,
relevés 1-8, including relevés from Ramirez & Riveros (1975))

8. Fitzroyetum cupressoidis subass. pilgerodendronetosum wviferi (Tomaselli, 1981)

9. Fitzroyetum cupressoidis (Eskuche, 1968, Tab. 6d)

10. Nothofago-Winterion (Eskuche, 1968, Tab. 6b)

11. Fitzroyetum cupressoidis (Oberdorfer, 1960, Table 29)

12. Fitzroya forest with Nothofagus dombeyi (Hildebrand-Vogel e al., 1995; Table 1, relevés 9-21,
including relevés from Seibert (1979) and Villagran (1980, Tab. 1: relevés 18, 61, 59, 85, 49)) -
13. Laurelio-Weinmannietum trichospermae subass. luzuriagetosum polyphyllae (Oberdorfer, 1960)
14. Laurelio-Weinmannietum trichospermae subass. phylesietosum magellanicae (Oberdorfer, 1960)
1S. Laurelio-Weinmannietum trichospermae (Villagran, 1980, Tab. 1: relevés 3, 17, 58, 65, 16, 71)
16. Saxegothaeo-Weinmannietum trichospermae (Villagran, 1980, Tab. 1: relevés 66, 89,210, 91, 90,

99, 207, 102)
17. Nothofago-Winterion (Eskuche, 1968, Tab. 6a)
18. Laurelio-Weinmannietum trichospermae (Eskuche, 1968, Tab. 6¢)
19. Nothofago-Winterion (Eskuche, 1968, Tab. 6¢)
20. Nothofagetum procerae (Pollmann, 2001, Tab. 2, col. 42)
21. Nothofagetum dombeyi (Villagran, 1980, Tab. 1: relevés 84, 62, 70)
22. Chrysosplenio valdivici-Nothofagetum dombeyi (Oberdorfer, 1960, Table 28)
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