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Résumé : L'Amazonie est constituée d'une mosaïque  complexe  d'aires  avec différentes histoires  géolo- 
giques. Par  conséquent, plusieurs types de sols sont présents dans les différentes aires, la nature tout comme 
l'activité du  processus  g6ologique  actuel présentent de  larges  variations.  Dans  les  dernières  années, les 
recherches  botaniques  en  Amazonie ont donné de  plus  en  plus  d'importance  aux effets des  conditions  géolo- 
giques et géomorphologiques  dans  la distribution et I'écologie  des  espèces  végétales et des  types de végétaux. 
La présente  étude  résume ces résultats à propos de  l'Amazonie péruvienne. 

Mots-clés : Histoire  géologique, conditions édaphiques,  écologie du paysage, végétation de  la forêt pluvieuse,  rnodbles 
de distibution des  espèces 

Abstract: Amazonia consists of a  complex  mosaic  of  areas with different geological  histories.  Consequently, 
different kinds of soils  are found in different areas,  and both the nature  and  activity of presentday geological 
processes show wide variation. In recent years,  botanical  research in Amazonia  has  paid  increasing attention to 
the effects of the geological  and  geomorphological  conditions  on the distribution of plant  species  and  vegeta- 
tion types. The present paper summarizes  such  results from Peruvian  Amazonia. 
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Introduction 

The  Amazon  basin  can  be  roughly  divided  in  three  regions,  each  of which is  characterized  by its 
special  geochemical  conditions (FITTKAU et al., 1975).  The Guayanan  and  Brazilian  Shields  are  charac- 
terized by old  crystalline rocks,  Central  Amazonia by nutrient-poor  recycled sands,  and Western 
Amazonia by  relatively  young  sediments of  Andean  origin. At a more detailed scale within this gene- 
ral framework, each of the major  regions is  geologically  heterogeneous. 

The western periphery  includes the entire Amazonian  Peru, within which several  smaller  regions 
can be  distinguished on the basis of  such  characteristics as geological history and  topography.  As 
these factors  largely determine the local  edaphic  conditions,  each  region  provides  very different 
growth conditions for plants.  Consequently,  if  edaphic  preferences  are found among  Amazonian 
plant species, it can be expected that their distribution  patterns reflect the regional  and  local  geo- 
chemical  differences. 

Landscapes in Peruvian  Amazonia 

Peruvian  Amazonia is  situated in the geologically  active  foreland  basin  of the uplifting Andes. 
During its history, a variety  of  geological  processes  have  taken place,  and  as a result the sediments 
that at  present cover the land  surface  have  widely different origins  and  ages (RASANEN et al. 1987, 
1990).  A recent geoecological  map  has  distinguished four major  groups of  landscapes in lowland 
Peruvian  Amazonia (PAUT, 1993; RASANEN et al., 1993):  1)  areas of modern  (Holocene)  fluvial  deposi- 
tion, 2) areas of  Pleistocene  deposition, 3) old dissected  terrain, and 4) uplifted mountains. 

Areas  of modern fluvial  deposition  cover  29% of  Peruvian  Amazonia,  and they include the pre- 
sent meander belts of  rivers,  seasonally or permanently  inundated  floodbasins, and recent  fan for- 
mations (RASANEN et a/., 1993). Al1 these environments are  characterized  by  some  degree  of  envi- 
ronmental  liability due to the effects of  sediment  accumulation,  erosion  and  river Channel migration. 
Especially  dynamic  are the meander belts of  actively migrating white-water rivers,  and they are 
usually  covered  by  vegetation in different stages  of  succession.  The structure and floristic  composi- 
tion of the vegetation Vary locally  according to the severity  of the flood stress and the age  of the soi1 
underneath (LAMOTTE; 1 990;  LAMOTTE-PEZO,  1992;  PUHAKKA et al., 1993). 

Floodbasins  are found along the larger  rivers but further from them,  beyond  natural  levees.  They 
are not much influenced  by  direct  fluvial dynamics,  and therefore the changes  in  their  vegetation  are 
more related to such gradua1 processes as  changes in  ground water level.  Consequently, the vege- 
tation patches are relatively  large  in area and  more diffuse than in the meander belt. Floodbasins  are 
characterized  by  extensive  swamps that may  be  covered  by  trees,  palms,  shrubs  or  open vegetation 
depending  on the degree  of  waterlogging of the soi1 (KALLIOLA et al,, 1991 1. The largest of these 
basins extends over 47,000 km* between the rivers  Ucayali,  MaraAon  and  Huallaga (RASANEN et al., 
1  992). 

Fan formations occur al1 along the Andes where rivers enter the Amazonian  plains  and  rapidly 
deposit a large  part  of their sediment load. Most of the fans  are  rather small; but between the rivers 
Morona and  Tigre  in  northern  Peru  a  fan  of the river  Pastaza  covers 54,000 km*. This  fan  is  special 
not only  because  of its huge size, but because its sediments  have a volcanic  origin  and  are therefore 
geochemically  very different from the sediments  elsewhere  in Amazonia (RASANEN et al., 1992).  The 
Pastaza fan is covered  by a complex  mosaic of swamps and forests, but since not many  botanical 
studies have been conducted  there, it is not known whether the area is  floristically as distinct as geo- 
logically. 

Areas  of Pleistocene  deposition  cover 7% of  Peruvian  Amazonia (RASANEN et al., 1993).  They 
consist of old  river  terraces  and  other  formations  of  fluvial  origin,  such as river channels  and flood- 
plains that have become abandoned  because  of  tectonical uplifting or other  reasons.  These forma- 
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tions are  especially bund along the Ucayali  river  and  in  eastern  Madre  de  Dios.  Abandoned  river 
channels seem often ‘to be covered  by swamp forests and palm swamps,  although  open  swamp 
vegetation also occurs.  The  terrain  over  vast areas in  Madre de  Dios  is  very flat and  covered  by  taIl 
forest. 

The most extensive Iandscape is  old  dissected  terrain, which covers 62% of Peruvian  Amazonia 
(RASANEN et al., 1993). In PAUT (1 9931, this landscape  group  was divided  in five smaller ones on ,the 
basis of their appeauance in  satellite  imagery. The northeastern area  is  ,the largest one,  and it presents 
an undulating  topography with few striking features. The most notable exception is formed by some 
white sand  areas, supporting forests that are both structurally and .floristically distinct from the sur- 
rounding  rain forest on clay soil. 

In ,the more southern areas, the topography of ,the terrain becomes much s’teeper  and the color 
patterns more distinct. Especially striking are the patterns found in the Fitzcarrald  watershed area, 
which correspond with the alternating of structurally  complex rain forest with bamboo forest. 
Bamboo forest was  described  by HUBER already in 1906,  and  has  since then been mentioned in  seve- 
ral articles  dealing with the vegetation of Acre and  adjacent  areas of Peru (RADAMBRASIL, 1976; SOARES 
BRAGA,  1979;  ONERN,  1980; PRANCE, 1989). The most cornmon  bamboo  species seem to belong to 
Bambusa subgenera Guadua and Merostachys, but not much more can be said of these forests 
because  of  lack  of  botanical  research. 

Uplifting  mountains are found scattered at  Serra  do Divisor and  around the City of Pucallpa,  and 
they cover 2% of Peruvian  Amazonia (RASANEN et al., 1993).  In some places, the uplifted sediments 
may  be as old as Cretaceous  in  origin. No botanical work has apparently been done in these  moun- 
tains, but ,their isolated  position  and  geological  distinctness  may have given rise to special  floras. 

It is widely recognized that extreme edaphic  conditions,  such as prevail  in for example white sand 
areas,  rock  outcrops,  and  inundated  areas, exert a strong influence  on the vegetation. The  vegetation 
in  such  areas  is often both structurally  and  floristically less complex than is the surrounding  rain 
forest. Generally, the overall floristic similarity between inundated  and  non-inundated areas is low, 
and the vegetation  in  non-inundated areas is  on average richer  in  species (cf. DUMONT et al., 1990). It 
has also been  reported that in some plant  groups the species are specialized  in  one or ,the other of 
.the  edaphically different environments. For example, the Passiflora vitifdia complex can be  divided 
into four species,  each of which is restricted to one of  the following substrates:  seasonally inunda- 
ted soils,  non-inundated  alluvial  soils,  non-inundated  lateritic  soils,  and  non-inundated white sands 
(GENTRY, 198’1). The  regional  differences  in the landscape  and  geology  described  above  sugges’t  that 
this kind of distribution patterns may be more widespread  than has hitherto been  realized. Not only 
can  edaphic  specialization be expected  in other plant  groups, but also the edaphic factors that deter- 
mine it may turn out to be more subtle than the ones  recognized  before. 

In  inundated areas, the striking difference in the color of white-water,  clear-water  and  black-water 
rivers is known to correlate with nutrient content and acidity  of the water, which together with the 
predictability  and  severity  of the floods  is reflected in the structure and floristical composition of the 
vegetation (PRANCE, 1979;  JUNK,  1989;  I<UBITZKI,  1989; KLINGE et al., 1990; L ~ P E Z  PARODI & FREITAS, 
1990; PUHAKKA et al., 1992, 1993).  However, these river  types  are not clear-eut,  and the chemical  cha- 
racteristics  of the sediments  of different rivers  in Peruvian  Amazonia show  wide variation between 
the extremes (KALLIOLA et al., 1993). Regional studies have shown that the species  composition of 
young  successional  vegetation  along different rivers  can  be  very  different, which may  partly be due 
to differences  in  sediment chemistry and partly due  ‘to differences  in  river Channel dynamics (PUHAKKA 
et al.,  1992, 1993). More extensive floristic work is needed to clarify how distinct the floras of  che- 
mically different rivers  actually are,  and whether there are  general  biogeographical  patterns to be 
found in  the  distribution  of the species growing in  flooded  habitats. 

Within the non-inundated  rain  forest, DUCKE and BLACK (’1953) noted that sites with unusually fer- 
tile, alkaline or sandy  soils are found in  several parts of Brazilian  Amazonia, and that each of these 
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soi1 types supports a number of endemic  plant  species. The most well-known of these special  soils 
are the extremely nutrient-poor white sands,  because the vegetation that grows on them is structu- 
rally distinct and has attracted  repeated scientific attention (ANDERSON,  1981 ; ENCARNACI~N, 1985; 
VAN  DER  WERFF, 1992; GENTRY & ORTIZ, 1993; RUOKOLAINEN & TUOMISTO,  1993;  TUOMISTO & 
RUOKOLAINEN, 1994; RUOKOLAINEN et al., in press). 

Although  extensive in the northwestern parts  of Brazilian  Amazonia, in Peruvian  Amazonia white 
sand  soils  are found only as restricted patches.  The most extensive  of  these  are  situated  along the 
Valley of the Nanay  river,  and minor areas  are found close to the lower Ucayali  river. At least  ferns 
and the Melastomataceae  react  strongly to the change in soi1 texture; there is an almost complete 
turnover of  species at  the Sand-Clay transition (TUOMISTO & RUOKOLAINEN, 1994). In some genera of 
ferns, the species form two groups: those that grow only  on  clayey  soil,  and those that grow only on 
sandy  soil.  For  example, Lindsaea  lancea (L.) Bedd. var. lancea is  only found on Clay, while Lindsaea 
divaricata KI. is  typically  found  on sand.  The  genus Pichomanes has at least three species that are 
restricted to sand,  namely T: bicorne Hook., T. cf. crispurn L., and 7: martiusii Presl, while T: elegans 
Rich.  and T: pinnatum Hedwig grow in the immediate vicinity but only where the soi1 is clayey 
(TUOMISTO & RUOKOLAINEN, 1994). Among sandy soi1  sites, there are differences in drainage, with the 
waterlogged Sand  areas supporting vegetation that is both structurally and floristically distinct from 
vegetation on well-drained sand (KAHN & de GRANVILLE,  1992; RUOKOLAINEN & TUOMISTO,  1993; 
TUOMISTO et al., in press). In some sandy sites, the forest is reduced to Iow scrub with very low spe- 
cies  diversity (ENCARNACI~N, 1985; RUOKOLAINEN & TUOMISTO,  1993).  The  change from Clay  soi1 to sand 
soi1 may  be  abrupt  or  gradual,  and intermediate soils  are  frequently  found.  There  seems to be a gra- 
dation  of different soi1 types between the extremes, and a corresponding  gradation of intermediate 
vegetation types. Also  less extreme differences in soi1 texture,  such as between Clay  and  sandy 
loam,  have  been  reported to correspond with species  composition  of fern communities (YOUNG & 
LEON, 1989). 

In Clay  soi1  areas it has been  observed that fern species  react  strongly to local  differences in drai- 
nage that are  caused  by the undulating  topography  (POULSEN & BALSLEV,  1991 ; RUOKOLAINEN & 
TUOMISTO,  1993). Different species  of the same genera  may be found in different parts of the mois- 
ture gradient.  Of the tree ferns, for example, Cyathea lasiosora (Mett. ex  Kuhn) Domin is found 
mainly  on the relatively dry hill  tops  and  slopes, while C. pungens (Willd.) Domin is  exclusively found 
in waterlogged valleys  and  may  there form almost  monospecific  stands. Similarly, Polybotrya  cau- 
data Kze.  is only found on waterlogged  soils, while /? pubens Mart. and F! osmundacea  Willd.  are 
mainly found in drier sites  (pers.  obs.).  Similar  observations  have  been  made with trees in French 
Guiana (LESCURE & BOULET, 1985)  and  Colombia  (DUIVENVOORDEN & LIPS, 1993). Amazonian  palms  have 
been well studied  in this respect: it has been found that the species growing on  well-drained soi1  are 
different from those  on  waterlogged  soil,  and that the degree  and  seasonality  of  waterlogging  pro- 
mote further floristic differences  among swamp communities (KAHN & CASTRO,  1985; KAHN & MEJIA, 
1990; KAHN & MEJIA, 1991; KAHN & de GRANVILLE, 1992). 

Conclusion 

Whenever edaphic  gradients  in  Amazonia  have  been  floristically  studied, the distribution  patterns 
of  many  plant  species have been  strongly  skewed,  suggesting that the species in question have  mar- 
ked edaphic  preferences. It seems therefore a reasonable working hypothesis that if edaphic diffe- 
rences are found among  rain forest sites, floristic differences can  also  be  expected. In those cases 
that have  been  studied until now, this has indeed been the result. However,  many  of the different 
geoecological units that PAUT (1  993) distinguished in Peruvian  Amazonia on the basis  of  satellite  ima- 
gery  have  never  been  visited  by a botanist,  and the overwhelming majority of al1 plant  collections 
have  been  obtained from rather restricted areas  and often without reference to edaphic conditions. 
Therefore the current  phytogeographic  data  are  seriously  biased  and  incomplete,  and much field 
work is still needed if even the most basic  questions are to be  answered.  Furthermore, new 
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approaches need 'to be  adopted  'to make most use sf .the field work efforts. As satellite  images  make 
it possible to monitor large  areas  and to estimate the spatial  representativeness of field results, they 
have proved especially useful in  geological  and vegetation studies  in Amazonia (e.g. KALLIOLA et al., 
'1 991 ; RASANEN et al., 1993; TUOMISTO et al., in press). Hence,  phytogeographical  research  can  bene- 
fit  immenselyfrom the use of satellite  images  in  combination with data from other  sources 'to explain 
the present distribution  patterns of the rain forest species. 



REFERENCES 

ANDERSON A.B. - 1981 - White-Sand  vegetation  of  Brazilian  Arnazonia. Biotropica 13(3): 199-21 O. 
DUCKE A. & BLACK G.A. - 1953 - Phytogeographical notes on the Brazilian  Arnazon. Anal. da Academia  Brasileira de Ciencias 

DUIVENVOORDEN J.F. & LIPS  J. M. - 1993 - Landscape  Ecology  of the Middle Caqueta  Basin.  Explanatory notes to the rnaps. 
Studies  on the Colornbian  Arnazonia 111 A, Tropenbos  Colornbia. 

DUMONT J.F., LAMOTTE S. & KAHN F. - 1990. - Wetland  and  upland forest ecosysterns in Peruvian  Arnazonia:  Plant  species  diver- 
sity in the light of sorne geological  and  botanical  evidence. Forest  Ecology  and Management 33/34:  125-139. 

ENcnRNAcldN F. - 1985 - lntroduccidn a la flora y vegetacidn  de la Arnazonia  peruana:  estado  actual de los estudios,  rnedio  natu- 
ral y ensayo de una  clave  de  deterrninacidn  de  las  forrnaciones  vegetales en la llanura  arnaz6nica. Candollea 40:  237-252. 

FITTKAU E.J., JUNK W., KLINGE H. & SIOLI H. - 1975 - Substrate  and  vegetation in the Arnazon  region. ln Dierschke,  H.  (ed.), 
Vegetation und Substrat. Berichte der  lnternationalen  Syrnposien  der  lnternationalen  Vereinigung für Vegetationskunde. 
J.  Cramer,  Vaduz. 

GENTRY A.H. - 1981 - Distributional patterns and  an  additional  species  of the Passiflora vitifolia cornplex:  Arnazonian  species 
diversity  due to edaphically differentiated cornrnunities. Pl. Syst. €vol. 137:  95-1  05. 

GENTRY A.H. & ORTIZ S. R. - 1993 - Patrones  de  cornposicion floristica en la Arnazonia  peruana. In KALLIOLA, R., PUHAKKA, M. & 
DANJOY,  W.  (eds.),  Arnazonia  peruana:  Vegetacidn  hdrneda tropical en el llano  subandino.  PAUT  and  ONERN,  Jyvaskyla, 
Finland. 

25  (1):  1-46. 

HUBER  J. - 1906 - La végétation de la vallée du Rio  Purus  (Amazone). Bulletin de  l'Herbier Boissier2e Série  6  (4):  249-276. 
JUNK W.J. - 1989 - Flood  tolerance  and tree distribution in central  Arnazonian  floodplains. ln L.  B.  HOLM-NIELSEN, 1. NIELSEN & H. 

KAHN F.& CASTRO  A.  de - 1985 - The  palrn  cornrnunity in a forest of  central  Arnazonia,  Brazil. Biotropica 17(3):  21  0-21  6. 
KAHN F. & de GRANVILLE J.J. - 1992 - Palrns in forest ecosysterns of Arnazonia.  Springer-Verlag,  Berlin. 
KAHN F. & MEJIA K. - 1990 - Palrn  cornrnunities in wetland forest ecosystems of Peruvian  Arnazonia. Forest Ecology and 

KAHN F. & MEJIA K. - 1991 -The palrn  cornrnunities  of two terra firme forests in Peruvian  Arnazonia. Principes 35:  22-26. 
KALLIOLA R., LINNA  A., PUHAKKA M., SALO J. & RASANEN M. - 1993 - Mineral nutrients in fluvial  sedirnents frorn the Peruvian 

KALLIOLA R., PUHAKKA  M.,  SALO  J.,  TUOMISTO  H. & RUOKOLAINEN K. - 1991 -The dynarnics, distribution and  classification  of swamp 

KLINGE H., JUNK W.J. & REVILLA C.J. - 1990 - Status  and distribution of forested wetlands in tropical  South  Arnerica.  Forest 

KUBITZKI K. - 1989 -The ecogeographical differentiation of Arnazonian  inundation forests. Pl. Syst.  €vol. 162:  285-304. 
LAMO~TE S. 1990.  Fluvial  dynarnics  and  succession in the Lower Ucayali  River  basin,  Peruvian  Arnazonia. Forest fcology and 

LAMOTTE-PEZO S. - 1992 - An atternpt for a  vegetation  dynamics interpretation in a  tropical  environrnent  liable to flooding:  The 

LESCURE J.-P. & BOULET R. - 1985 - Relationships between soi1  and vegetation in a tropical rain forest in French  Guiana. 

L ~ P E Z  PARODI  J. & FREITAS  D. - 1990 - Geographical  aspects of forested wetlands in the Lower Ucayali,  Peruvian  Arnazonia. 

ONERN - 1980 - Inventario,  evaluacidn  e  integraci6n  de los recursos  naturales de la  zona de los rios Alto Yurua-Breu.  Lima,  Perd. 
PAUT  (Proyecto  Arnazonia de la Universidad de Turku) - 1993 - Geoecological  rnap  of  Peruvian lowland Arnazonia. Map printed 

at  Karttakeskus,  Helsinki. 
POULSEN  A.  D. & BALSLEV  H. - 1991 - Abundance  and  cover of ground  herbs in an  Arnazonian  rain forest. Journal of Vegetation 

Science 2: 31 5322. 
PRANCE G.D. - 1979 - Notes on the vegetation  of  Arnazonia 111. The  terrninology  of  Arnazonian forest types subject to inunda- 

tion. Brittonia 31 (1): 26-38. 
PRANCE G.T. - 1989 - Arnerican  tropical  forests. In LIETH, H & WERGER, MJA (eds.),  Ecosysterns  of the world 148. Tropical  Rain 

Forest  Ecosysterns:  Biogeographical  and  Ecological  Studies.  Elsevier,  Amsterdam,  The  Netherlands. 
PUHAKKA M., KALLIOIA R., RAJASILTA M. & SALO  J. - 1992 - River  types, site evolution and  succesional  vegetation patterns in 

Peruvian  Arnazonia. Journal of Biogeography 19:  651-665. 
PUHAKKA M., KALLIOLA R., SALO  J. & RAJASILTA M. - 1993 - La sucesidn forestal que  sigue  a la rnigraci6n de rios en la selva  baja 

peruana. In KALLIOLA, R., PUHAKKA, M. & DANJOY,  W.  (eds.),  Arnazonia  peruana:  Vegetaci6n  hdrneda  tropical  en  el  llano  sub- 
andino.  PAUT  and  ONERN,  Jyvaskyla,  Finland. 

RADAMBRASIL - 1976 - Levantarnento  de  recursos  naturais. Vol.  12,  Folha  SC. 19:  Rio  Branco. Ministerio das Minas e  Energia, 
Departarnento  Nacional da Produçio Mineral,  Projet0  Radarnbrasil,  Rio de Janeiro. 

BALSLEV  (eds),  Tropical  Forests:  Botanical  Dynarnics,  Speciation  and  Diversity.  Academic  Press,  London. 

Management 33/34:  169-1  79. 

Arnazon. Catena 20: 333349. 

vegetation in Peruvian  Arnazonia. Ann. Bot.  Fennici28: 225-239. 

Ecology  and Management 33/34:  81-101. 

Management 33/34:  141 -1  56. 

alluvial  plain  of  high  Arnazonia.  PhD  thesis,  University  of  Montpellier. 

Biotropica 17(2):  1  55-1 64. 

Forest fcology and Management 33/34:  157-1  68. 

Habitat  Diversity of Peruvian  Rain  Forests.  H.  TUOMISTO  351 



RUOKOlnlNEN K. & TUOMISTO H. - 1993 - La vegetacion  de terrenos no inundables (tierra firme) en la selva baja  de  la  Amazonia 
peruana. ln KALLIOLA, R., PUHAKKA, M. & DANJOY, W. (eds.), Amazonia  peruana:  Vegetacion hljmeda tropical en el llano  sub- 
andino.  PAUT  and  ONERN,  Jyvaskyla,  Finland. 

RUOKOLAINEN K., TUOMISTO H., Rios R., TORRES A. & GARCIA M. - In press - Comparaci6n floristica de doce  parcelas en bosque 
de tierra firme en la Amazonia  peruana. Acta Arnazonica 23. 

RASANEN M., KaLLlow R. & PUHAIWA M. - 1993 - Mapa  geoecol6gico de la  selva  baja  peruana:  explicaciones. In KALLIOM, R., 
PUHAKKA, M. & DANJOY, W. (eds.),  Amazonia  peruana:  Vegetacion  hQmeda tropical en  el llano  subandino.  PAUT  and  ONERN, 
Jyvaskyla, Finland. 

RASANEN M., NELLER R., SALO J. & JUNGER H. - 1992 - Recent  and  ancient  .fluvial depositional systems in the Andean  forelands 
of the Peruvian  Amazon. GeoIogicaI  Magazine 129  (3): 293306. 

RASANEN M., SALO  J. & KALLIOM K. - 1987 - Fluvial  perturbance in the Western Amazon  Basin:  regulation  by  long-term Sub- 
Andean tectonics. Science 238:  1398-1401. 

RASANEN M. E., SALO  J.S., JUNGNER H. & PIXMAN R. - 1990 - Evolution  of the western Amazon lowland relief:  impact of Andean 
foreland  dynamics. Terra Nova 2: 320-332. 

SOARES BRAGA P. 1. - 1979 - Subdivisso  fitogeografica, tipos de vegetaçBo,  conservaçdo  e  inventerio floristico da floresta amazô- 
nica. Supl. Acta Arnazonica 9 (4): 53-80. 

Tuolwlsro H.. LINNA A. & KALLIOIA R. - In press - Use  of  digitally  processed satellite images in studies of tropical rain forest vege- 
tation.  International  Journal of Remote Sensing. 

TUOMISTO H. & RuOI(OL4INEN K. - 1994 - Distribution of  Pteridophyta  and  Melastomataceae  along an  edaphic  gradient in an 
Amazonian  rain  forest. Journal of Vegetation  Science 5: 25-34. 

WERFF H. VAN der  1992.  Substrate preference of  Lauraceae  and  ferns in the Iquitos area,  Peru. Candollea 47: 11-20. 
YOUNG K. R. & L E ~ N  B. - 1989 - Pteridophyte  species  diversity in the central  Peruvian  Amazon:  importance  of  edaphic  specia- 

lization. Brittonia 44 (4):  388-395. 


