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PREFACE

The present paper is written for the 1991
IUVBS-Tropical Mountain Ecosysiems semi-
e, 10 be held from the 9ch till the 15th of
December 1991 at the Universidad de Canca
and the Fundacidn Universitaria de
Popayin, in Popaydn, Colombia. The inter-
national seminar on "Tropical Mountuin
Ecosystem Functioning in America and
Africa in Relarion 1o Biodiversity and Global
Change” will be a mecting point [or experts
dealing with African and Lutin American
mountain ecosystems, especially on the
subjects of blodiversity, ecological pro-
cesses, global change and wise land man-
agement. The seminar is within the scope of
the IUBS "Decade of the Tropics" pro-
gramme (Solbrig and Golley, 1983) and the
International Program of Research on
Tropcal Mountain Ecology (Monasterio er
el 1987).

This paper, the conclusions and recom-
mendations it conrains, need 1o be discussed
further. e g by the specialists gathered at
the IUBS-TME seminar. To guide or initiate
this discussion, the conclusions and recom-
mendations of this swdy might be inter-
preted 45 a draft metion addressed to the
Colombian government, which aims at
informing the Colombian authorites to make
additional and substantal conservation
efferts in the Andes. Further discussion
could possibly take place in the [Vth World
Congress on National Parks and Protected
Arcas, scheduled for February 1992 in
Caracas, Venezuela. This congress will
review the whole question of the role of
parks and other conservation areas in con-
serving global biclogical diversity. Anindi-
cation of the ‘scope’ of the congress is given
by the shift during the last years from the
tracitional protected area approach towards
the wider context of multi-purpose land
manzgement, This recent approach sees the
conservation of biological diversity as one
of the most impoertant gencral objectives of
such management of rural areas. The
“Biosphere Reserve” concept of UNESCO's
Man and the Biosphere Programme (MAB)

seems (0 [t into this approach, and might be
a useful concept for implementation of pri-
arity areas for conservation in the comext of
the present study.

Tuis document was writien with the sup-
port from ths ECOANDES programmic, the
Hugo de Vnes Laboratory and the Institute
for Taxonomic Zoology, both of the
Department of Systemartics, Evolution and
Palseobiology (SEP), and from the Institute
for Development Research Amsterdam
(INDRA)Y, University of Amsterdam, the
Netherlands,

The information in this paper 1§ not based
on the guthor's own observations and re-
search, but is gathered from available litera-
twre, The conclusions and recommenda-
tions, howewver, are the author's opinions,

H.F. van Velzen, November 1991,



FOREWORD

The Musewn of Natwral History of the Universidad del Cauca is pleased 1o present this
special issue of Novedades Colombianas; fis contens was given as working material to the
participanis of the “Taternational Seminar on Tropical Mouniain Eeasystem Functioning
inAmerica and Africa in relation 1o Biodiversity and Global Change” hetd in Papaydn in
December of 1991

The document, prepared by Dr. [, P Van Velzen, is q significant and timely contribution
tothe conservation of the biological megadiversity of the Colombian Andes, whose Process
of humen intervention is highly disstressing. Most of the ori ginal vegeral cover has all b
disappeared fram the mountaing of the country, only to give way o a gro-pastoral progrems
that do not take into consideration wild flora and fauna. Ceriain types of natural vege-
tation, suct as subandean forest and xerophviic enclaves, have been dramatically inrer-
vened, unfortunaiely, there ave no protected areas (o guarantee the survival of the species
wpical to those ecosystems,

It is necessary and wrgent i carry out vesearch in order to know better the natural
resources of the andean region; so thar the liney of development can be traced from a
sclentific basis, compramising the benefit and conservation of thase resources.

The bilingual edition of this document has been made possible by the financial support of
the Dutch Embassy. It is almed o contribute 1o an awareness of the importance of

conserving the exisiing Biodiversity, one of the most valuable assets of the couniry.

Comments and contributions (o the docwment are welcomed.



INTRODUCTION

The severe threats to the tropical moun-
tain ecosystermns in general and that of the
northern Andes in particular, necessitate ac-
on o achieve the conservation of these
vulnerable areas. This study will deal with
the subject of namre and biodiversity con-
servation, i.e. the protection of species and
nabitat in the Colombian Andes. The central
problem to be assessed hers is: why estab-
lish conservation areas in the region? Other
problems are: where and how to establish
these conservation areas? What ecological
criteria need to be fulfilled 10 get recognition
for the proposals, first by the Colombian
authorities and second by the internationul
organizations?

The first aim of this study is 1o provide
{preliminary) general clues for the rational-
ization and implementation of a necessary
conservation acrtion plan for the Colombian
Andes region. This will be done by provid-
ing recent insights on the subjects of nature
conservation and the selecton of priority ar-
cas [or conservation, as agreed upon by the
Internationzl Union for Conservation of
Nature and Natural Resources ([UCN), the
world's leading conservamion organization.
Examples of different floral and faunal
groups subject ro such selection are given,
Special atention will be pald to endemic
species, threatened species and habitats and
centres of speciarion. The information on all
these subjects will be synthesized, and pre-
liminary priority areas will be prepared.

I THE COLOMBIAN ANDES
Topography and orogenesis

The Colombian Andes forms pare of the
northern Andes, 1.e. north of the Hoeanca-
bamba Depression in southern Ecuador and
northern Peru, where the Andes drops be-
neath the 2000 malt, contour, This moun-
tain depression separates the nerthern
Andezan phytegeographical provinee with
pirame vegetation at high aldwdes, from the

southern  Andean  phytogeographical
province with puna vegetation,

The Colambian Andes 15 consrituted by
three Cordilleras, which diverge toward the
north and are separated by deep wvalleys
(fig. 1). Two of them, the Cordillera
Central and Qocidental], are prolongations of
the Ecuadorian Andes. The Cordillern
Crientl divides northward inie the Sierra de
Perijd and the Cordillera de Mérida (the
former an the Vepezeelan border snd the
latter completely on Venczuelan werriory).
Finally, there is an 1solated part in the north,
the Sierra Nevada de Santa Muarta, reaching
5775 m, separated from the Sieera de Perijd
by the Cesar Depression,

While some 13 million years ago {during
the Miocene) hills or mountains up w 2000
m alt. may afready have existed, the princi-
pal upheaval of the northern Andes to its
present elevations ook place during the
Pliocene, from about 3 million to 3 million
vears ago (Van der Hammen eraf,, 1973
Wan der Hammen and Cleef, 1986; Van der
Hammen, 1989, 1991; Kroonenberg ef al.,
19605, Tt created a new environment on the
isolated South American contingnt, About 4-
3 million years ago, North and South
America were joined by the Isthmus of
Panama and a great interchange of plants
and animals began, profoundly aliering the
biota of the Americas (Stehli and Webb,
1985).

The main northern Andean range is the
Cordillera Oriental, which is extremely large
and complicated. [t extends about 1200 km
from the Nudo de los Pastos to the northern
part of the Sierra de Perijd, and reaches a
width of 200 km. It has an extensive range
of pdramo areas above 3000 m up to 4200 m
alr,, and even much higher massifs such as
the Sierra Nevada del Cocuy {3493 m) and
the Nevado de Sumapaz (4360 m). The
main part of the Cordillera Oriental from the
low and narrow northern extremes, south of
the Sierra de Perijd. to Piramo de Tamd and
fromi there to Pdramo de Sumapaz, 15 abom
570 km long. From about 3.9°N south to
2°N there are no piramos. The eastern
slopes of the Cordillers Oriental pass into
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the lowland areas of the Llanos, north of the
Serrania de la Macarena, and into the Upper
Amazonian lowlands, south of La
Macarena.

The area where the Cordillera Oriental
meeis the Cordillera Central is somewhat
below 25N It is the region of the Piramo de
las Papas or the "Macizo Colombiano™. The
Cordillera Central 1s a huge area, 730 km
lang from the Nude de los Pastos and about
100 km in width. 1t is above 3000 m in alu-
tude and includes several of the highest
mountains of Colombiz: Nevado del Flutla,
5750 m; Rudz, 53300 m; Tolima, 3215 m;
Qiindio, 3150 m; Santa 1sabel, 3100 m:
Puracé, 4800 m. During the Pliocene and
the Pleistocene, volcanic activity was a fac-
lor of considerable importance in the
Cordillera Central. The Cordilleras Central
aned Orriental are separated by the valley of
Rio Magdalena,

The so-called Troncal-Sur of the Central
Cordillers, or the Nude de los Pasies, con-
tinues from the Pérame de las Papas south-
ward across the volcanic region of Pasto,
Cumbal (4764 m), Tulcdn, and Chiles of
southern Colombia and northern Ecuador
south to the Pdramos del Angel o about
0P30°N.

The Cordillera Ocecidental is sepurated
fromn the Cordillera Central by the valleys of
Rio Canca and Rio Patia. Volcanic activites
in the past have formed bridges between
poth Cordilleras. It extends for about 630
km northward from the Nudo de los Pastos
and is very narrow (less than 50 km).
Although 1t has some wvery high peaks
(Taramd, 3950 m: Frootine, 40383 m;
Paramillo, 3960 m), there are only some
scattered pidramo patches, ie. in the the
Nudo de Paramillo, the northern extremirty
of the Cordillera QOccidental, The western
slopes of the Cordillera Oceidental pass into
the Chocd lowland biogeographic region,

Vegetation zonation
In the northern Andes the following

vegetation zones can be distinguished as
based on the initial subdivision of

Led

Cuatrecasas (1934, 1958, Van der Hammen
eral, 1983, 1984, 1989; Vun der Hummen
and Cleef, 1986: Rangel, 1991): lowland
wopical forest (0- 1040 m alt.}; Subandean
flower montane) ropical forest (1000-2300.
m alty; Andean {upper montane) ropical
farest (2300-3200/3600 m alj: bigh
Andean forest (3000/3300-3300/3900 m
alt.); pdramo (above 3200/3900 m alt), The
limits of the vegeration zones may differ
considerably (as indicated), according 1o a
difference in local conditions [temperaturs,
humidity, wind protections. The transiion
of the Subandean o the Andean forest zone
corresponds approximately with the lower

most boendary of (eecasional) night frost
occurrence. The upper forest limit flucuates
between 3000 and 4000 m alt, but the up-
permast trees, determined primarily by tem-
peraturg, may occur up o 4300 m alt,
Normally, the forest Bmits on the relatively
humid slopes are slightly higher than on the
relatively dry inter-Andean slopes.

The paramo is estimated to cover about
24 of the surface area in Colombia, In gen-
eral it can be differentiated in three zones
{Cuatrecnsas, 1958, Cleef, 1981; Sturm and
Rangel, 1983; Van der Hammen and Cleef,
1986; Rangel, 1991): subpdramo (forest
limit-3400/3900 m alc), grass pdramo
{3400/3900-4200/4300 m alcy, and super-
paramo  (4200/4500-nival belt about
4800/5000 m alt). Climatically humid
paramos are rich in bamboos (Chiusquea
spp.) &and bogs, while climatically dry
pararnos are more frequently dominated by
bunch grasses (Calamagrosiis spp.).

During the Pleistocene glacial-interglacial
cycles, the different vegetation zones shifted
considerably (Van der Hammen, 1974,
1989; Van der Hammen and Cleef, 1986;
Hooghiemstra, 1984, 1989, Hooghlemstre
and Sarmiento, 1991). Duning the glacial
phases, when temperature dropped about
%°C high in the Andean mountains, the up-
per forest line descended 1200 m or more,
and consequently the lowermost part of the
péaramo belt became located at an alurude of
less than 2000 m (in the tropical lowlands
temperatures dropped possibly only some 4




(£23°C, but evidence is not conclusive; Van
der Hommen, pers. comm.). Accordingly,
the altitudinal vegetation zones were com-
pressed and moved downward, During in-
terglacial periods the forest extended slope
upward again, reducing the area of piramo
vegerption, The Pliocene orogenetic pro-
cesses, the evolving landbridge in the Late
Pliocene between the North and South
American continents and the Pleistocene
glacial-interglacial cycles, had serious con-
sequences for the Andean [loral and faunal
composition, species distribution patterns,
cvelution, speciation and diversity.

II. CRITERIA FOR SELECTION OF
CONSERVATION AREAS

Introductory remarks

To be able to point out the location of
potential new reserves in the Colombian
Andes, we need to find a set of objectives or
criteria agwinst which these choices can be
measured and judged or evaluated. An im-
portant ohjective of the International Union
for Conservation of Nature and Natural
Resources (IUCNY, is to catalyre and coor-
dinate conservation of species and genetic
diversity throughout the world. The pringci-
pal focus 1s on those species whose survival
is threatened or which are of special ecologi-
cul or economic importance, The establish-
ment and management of protected areas, in
this respect. is seen as a means for conserv-
ing samples of the world's ecological di-
versiry,

Howewver, the protection of biological di-
versity does imply more than just the estab-
lishment of & protected areas system. It also
requires sustainable use of natural resources
and an integrated approach of land manage-
ment in areas which are already under hu-
man influence. It stll remains very impor-
tant to deal separately with the specific sub-
jeer of protecred areas establishment.
Although there 15 at least some international
agreement to preserve and protect the
world's genetic resources and biclogical di-

versity {e.g. the World Charter for Nature],
there is no generally accepted scheme for
establishing priontes for the conservation of
biological diversity, This entirely depends
on the perspectives, values, and goals of the
individuals, organization, institurion or na-
tions involved in biodiversity protection,
and the resources at their disposal for deal-
ing with conservation priorities.

Yet there are at least the following criteria
for setting biediversity conservation priori-
ties (e.g. Saavedra and Freese, draft
manuscript, 1985; Reid and Miller, 1989,
MeNeely er al, 19900 (1) diversity of
species and habitats; (2) species endemism
{taxonomic distnctivencss) and habitat
uniqueness: (3) level of threat (severity and
imminence of disturhance); (4) utility. These
criteria need further examinauon for the pur-
pose of rational conservation planning.

Species and habitat diversity

[t seems obvious that the best conserva-
tion policy 1s 1o conserve areas of maximum
biclogical diversity. These are the areas with
the relatively greatest total number of difter-
ent speciss, Even though the toral number of
species present may not be known with
great accuracy, protection areas have to be
established in evidently species-rich areas
(McNeely et al., 1990: p.102). The criterion
of species diversity per se does not take into
consideration evenness and information on
rarity and commonness (species abun-
dance). All species are reated as taxonomi-
cally equivalent and as equal units for con-
SErVAtion purposes.

Strictly connected with species diversity
is habitar diversity, The latter is the number
of intact habitats which forms the abiotic
environment of the populations of different
species in a single geographic region.
Species diversity differs between different
hubitats. Habitats with a more complex or
differentiated structure or physiognomy
{stratification) contain mere species than do
‘simpler’ habitats. Furthermore, each par-
ticular species tends to occur only in certain
habirars, because cach species must oceupy



a distinct niche, This niche specialization
causes species diversily o increase with
niche or resource diversity, and thus with
habitat diversity (Diamond, 1988),

In general, species diversity tends 1o de-
crease along an altitudinal gradient, e.g.
from the ropical lowlund rainforest towards
the perpetual snoweap on the summit of a
high Andean mountain, At least three impor-
tanl factors contribute 1o this phenomenon
(Diamond, sp cir) (1) decrease in habitat
structural complexity {physiognomy) and
consequently in habitat diversity: (2) de-
crease in productivity (from medium-low el-
evations upwards), reinforcing the effect of
the first component; {3) continuous decrease
in area on conical mountains with alttude,
causing less available space and habitat for
less species. Some parts of the Andes
though have a more trapezoidal shape, with
@ broad plateau at high elevations
(Altiplane), so thal the area actually in-
creases and species diversity is relatively
great. These general considerations need o
be kept in mind when the species diversity
of different floral and faunal taxa ulong the
allitudinal gradientin the Colombian Andes
is reviewed (Chapters IV and V).

Species and habitat distinctiveness

Besides malntaining the highest number
of habitats and species, the more distinctive
elements of biodiversity should receive high
priority. This implicates that the taxonomic
position of a particular species also needs o
be token into consideration. Faor Instance a
monotypic species, or a species that is the
only representative of a higher wxon {(genus,
family, order), deserves more proteciion
than a subspecies of a polymorph and
widespread species. Especially endemic
species, being species restricted o a rela-
tively small geographic region, deserve our
full atrention. This 1s because areas with
high endemism often have single popula-
tions of the particular endemic species.
Thus, the protection of a community with
many endemic species is a greater contribu-
tion 1o the conservation of biodiversity than

the pratection of 4 community with many
widespread species. Similarly. habitacs that
are unigue, rare or that contain numerous
endemic species deserve higher priority than
habitats which are widespread or contain
species that are common elsewhers.
Taxonomic distinctiveness cun best be
measured by cladistic methods, Vane-
‘right eral. (in press) discuss the iden that
meaningful measurements of diversity of
taxi can he developed, in which both taxo-
nomic tank as well as species number {the
first criterion) are taken into account, and
that these measurements can be applied to
the assessment of conservation priomties.
They state that by applving the taxic
weighting procedure, the emphasis on en-
demics (species restricted to just one of the
sample areas) can be removed, while still
employing what they call "taxonomic com-
plementarity”. This is the procedurs in

which, after an area of high endemism iy set
aside, the species included in that area are
not weizhted any more, and the next area 1s
chasen basically on the remaining fauna
("taxonomic or reduced complement”) with
the highest number of endemics, and all
additional non-endemics contained in that
area, This procedure is repeated unt! the 1o-
tl complement is reached,

The problems inherent in their approach
are that a single species concept among 1ax-
onomists does not exist, that many taxi,
especially in the topics are Insufficiently
known, that their classification is uncertain,
and that relaively very lirttle is known on the
biogeography of species. These factors
make selection of potential protection areas
in the ropics, by taxic weighting very hard
to justify, Vane-Wright er al. {ibid.) them-
selves pointed ouwr that the 'primary analysis
involving the identification of priority areas
on a global scale, needs o be based on those
species groups of flora and fauna which are
relatively well-known, or which can easily
be studied.

A relatively easy and probably reliable
approach is that centres of endemism seem
10 coincide with centres of species richness,
Although it is not a priori certain that high



concentrations of endemism coincide with
areas of exceptionally high diversity, for
Terborgh and Winter (19833 this question
seems irrelevant, "for it is the distinctive
character of the faunas of centres of en-
demism that is of interest, not diversity per
se”. Diamond (1985) examined the distribu-
tion patterns of forest birds in tropical
Adrica, and concluded that to a large degree,
centres of species richness and of endemism
do coincide. Brown (1982), however, re-
vealed that regional endemism and species
diversity are principally very different phe-
nomena as far as the butterflies Heliconiini
and lthomiinue are concerned. Species di-
versity in these Lepidoptera is strongly cor-
relared with present ecological conditions
and tends to reach maximum not in the cen-
res of endemism but in isolated points near
the peripheries of the endemic centres. On
the other hand there is a correlation of cen-
tres of endemism with palececology, i.e.
phytogeographical studies revealed that cen-
tres of endemism (and species diversity)
coincide in general with postulated Pleis-
tocene forest refugia. Cracraft (1985) sug-
gests that the concept of areas of endemism
is mare general than the Pleisiocene forest
refuge concept: most, if not all, refugia are
arcas of endemism, but not all areas of
endemism are forest refugia.

Despite the possible objections o the
concept, the location of the postulated
Fleistocene forest refugia might be a useful
coneept in selecting priority areas for con-
servarion. Refuge areas that mav be rich in
endemic species resulted from climatic
changes during the Pleistocene, when cli-
matically cool and dry placial periods alter-
miated with warmer and more humid inter-
glucial periods. The refugia areas remainad
forested during the arid phases of the ice
ages, and were thus periodically reduced to
islands’ surrounded by savanna vegetation
(Prance, 19823 During the dry glacial peri-
ods, while the forests retreated, the piramo
vegetation extended some 1000 m down-
ward or even more. In contrast, during the
interglacials while the forest vegetation was
expanding again, the pdramos were reduced
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to isolated patches (pdramo refugia} on the
highest altitudes (Van der Hammen and
Cleef, 1986; Van der Hammen, 1989). Both
forest refugia duning the glacial stages and
piramo refugia during the interglacial stages
are responsible for the isolation of popula-
tions. This enabled the occurrence of genetic
differentiation of the separated populations
and w allopatric speciation.

Barrett (1980) provided a map of the
proposed locations of the Pleistocene forest
refugia in Amazonia, based on the distribu-
tion puatterns of various faunal and floral
species, i.e. birds, lizards, plants and but-
terflies. Some of these forest refugia also
accur in the "hol spots™ (sensu Myers,
1988}, which are areas of endemism com-
mon to a number of different groups, Many
forest refugia however, don't seem to over-
lap completely, and the climatic refugium
concept does not always provide a siraight-
forward explanation for the centres of
species diversity and endemism. Moreaver,
while the refugia are selected only on the
criteria of highest endemism and species di-
versity, and the compilation of refugia is
ofien based on species distributions, crucial
to this selection is the individual species
concept (Prance, 1982), As mentioned be-
fore. it is hard to obtain 1 similar species
concept among [aXonomists.

Despite the probable shortcomings, the
recognition of centres of species diversity,
areas of endemism, or ‘critical faunas and
floras’ for particular taxonomic groups and
Pleistocene refugia might be a useful wol 10
determine the priority areas for conserva-
tion, in a first large-scale inventory,

Species and habitat threat

The most threatened species, ecnsystems
and habitats need protection first, The threat
to biological diversity is influenced by how
widespread species are (L.¢, the level of en-
demism of the species), how common they
are in their habitat(s} (i.c. the abundance of
the species) and by how intense the human
caused disturbance in a particular area iy
(e.g. deforestation, land conversion, soil



degradation, erosion, environmental pollu-
tion).

The WWE-US (World Wildlife Fund)
distinguishes between the severity and the
imminence of disturbance. Severity indicates
the rare of modification of species popula-
tions and ecological processes. Imminence
indicates how soon a particular area will be
affected by human intervention. High prior-
ity will be given to areas which are intact but
at imminent threat o human disturbance
(Sasvedra and Freese, draft manuoscript,
1085). Furthermore, 1l sgems very reason-
able 1o concentrate conservation efforts on
the few remaining undisturbed ‘wilderness’
areds, which probably encompass no more
than 5-10% of the former (sub)Andean
forests (according to Henderson er al.,
19911

The status of threat to the different
species is generally expressed as one of the
IUCN threatenad species categories: Extinet,
Endangered, Vulnerable, Rare, Indetermi-
nate or Insufficientdy Known. Because of
limited resources in is necessary to define
priorities based on solid inventories of or-
zanisms which mayv be endangered, vulner-
able or rare. Because the urgency to identify
the sites for protection 15 great, the task will
have 1o be based on the few relatively well-
known groups of organisms, €.g. birds (see
Chaprer V).

Utility

Utility or usefulness 1s a criterion which
certainly plays a role in setting pricrities for
conservation, although it is very hard to de-
cide what 1s useful for local and global
communities, for current and future genera-
tions. Furthermore, decisions based on util-
ity will almost certainly reflect implicit value
judgments,

The fact that a parsicular site containg an
important gene peol of plants of (potential)
value 1o man will undoubtedly play an im-
portant stimulating role in the selection of
arcas for conservation purposes.

The use of safeguarding areas of montane
forests in the Colombilan Andes is clear. The

protection of ecosystems that play an impor-
tant or even critical role as the watershed for
agricultural grounds, villages, or irrigation
projects is easier o justify than the conser-
vation of ecosystems that provide only indi-
rect services w humanity. Priority should be
given 1o the wettest Andean slopes, which
are more susceptible to degradation, ie.
crosion due to human activities. This is
specifically the case at the altitudes between
200 and 1800 m in western and eastern
Colombia

Furthermore the potential for scientific,
educational, recreational and tourism activi-
tics are eriteria which certainly need to be
considered for the evaluation of each con-
servation area, Priority could alse be given
to candidate natlonal parks with potential 1o
serve as demonstration sites of the values
and functions of conservaton areas (Barrett,
19807,

Rational conservation planning

The planning and implementation of pro-
tection sites need o incorporate the criteria
of species richness, taxonomic distinctive-
ness, habita diversity and unigqueness, rate
of threat (including the availability of
undisturbed areas), and urility, as deseribed
above. These criteria need to be merged ina
process of rational conservation planning.
Such a conservation stralegy is described by
Burley (1988) as the "gap analysis concept”,
This process evolves along a number of
stages. The first stage is the identification
and classification of the various elements of
biological diversity. The second stage is the
examination of the existing and proposed
systerns of protected areas and other land
management units that help conserve biolog-
ical diversity. Finally, the determination of
the unrepresented or poorly represented
elements (e.g. major ecosystems, vegetation
types, habitat types, endemic species) in the
existing system of conservation areas,

The underlving concept of the gap analy-
sis process is that it is assumed that much or
most of the biological diversity will be pro-
tected if it is assured that all vegetation types



are well represented in a system of conser-
vation areas, though Burley states that in
addition to this process of conservation
planning, special efforts must be made to
ensure that particularly critical species and
ecosystem types gel proteciion, ie, the re-
maining still undisturbed bur vastly threat-
ened “wilderness' arcas,

III. STATE OF THE COLOMBIAN
NATURAL HABITAT, WITH SPL-
CIAL REFERENCE TO THE ANDES

Biodiversity and species threat

Colombia is called a "megadiversity
country”. With an area of 1,138,914 sq.
km, or (.77% of the emerged continental
masses, Colombia has about 10% of the 1o-
tal flora and fiuna of the planet Mega-
diversity countries, a concept developed by
Mitterrneier (1988), which have the highest
species diversity in the world, are thus erti-
cal to the survival of the majority of the
world's biological diversity, and at the same
time have a very high pertion of threatened
species. Mittermeler states that approxi-
mately 50 to 80% of the world's toral hio-

logical diversity will be found in some 6 10
12 tropical countries, The first six of these
countries he mentions, cmerging from pre-
liminary analysis, are Brazil, Colombia,
Mexico, Zaire, Madagascar, and Indonesia,
The number of species for selected organ-
isms, as well as the number of threatened
species in Colombia is outlined in table 1.

Nature destruction

Colombia is undergoing a continued loss
of natural vegetation, Agricultural expansion
in general and coffee production in particu-
lar, combined with rapid population growih
centred in the Andes, have led to substantial
rates of deforestation in the montane vegeta-
tion. Due to great human pressures there are
a whole series of interdependent and murtu-
ally reinforcing problems in the mountain-
ous zones: degradation of the paramos due
to overgrazing and excessive burning; elimi-
nation of the montane forests; habitar de-
struction; degradation of the river basins:
diminished water tesources during the dry
season; soil erosion; floods in valleys and
cities; pressures on the system of protected
areas, etc. (see e.g. Monasterio er al.,
1987).

Table 1. Species diversity in Colombia and position compared w0 species diversities over other
countries of the world {acc. 1o [UCN, 1990b), Threatened specics belong w one of the following
TUUCN categories: Extince, Endangered, Vulnerable, Rare or Indeterminate (TUCN, 19%90a).

Faunal and floral Total No. Mo, threatened Position on
SpeCies groups of specics species wiorlid rank list
Marnmals 367 25 T

Birds 1742 * 28 (1055 *=* 1
Reptiles 383 24 &
Amphibians 373 2 2
Swallowiail Buertlies 39 i &
Angiosperms 45-50,000 7 p
Bryvophyles 1300 ? ?

* For birds the number of species are acc. to Negret and Ferndndez (pers. comm ), and inclade 7
new species for isla Gorgona, deseribed by Ortiz {1990).

** The number of Insufficiently Known categories of threat, plus numbers of near-threatened
species {ace. o Collar and Andrew, 1988) are given in parentheses. The number of threatenad bird
species is prebably much higher {187 spp. accarding to Negret and Femdndez, pers. comm.).



Terborgh and Winter (1983) produced
what they called a 'state-of-the- habitat map’
for Colombia (and Ecuador) based upon vi
sual inspection of high-resolution satellite
images. The map anly provides a general
indication of the intensity of use of the lund-
scape during the early 1980's. In fact more
exact, up-dated and detailed satellite moni-
loring is needed 1n the short term. At any
rate, the map indicates that the Andean re-
glon, 1.¢. the entire Andean plateau and the
many intermontane valleys, constituting 20-
25% of the Colombian land surface, is
densely serntled and largely (o almost com-
pletely deforested. The foothill region at the
eastern base of the mountains has been less
systematically exploited, but since the
19805 it is rapidly being colonised. Large
sections of the montane forest belt of the
gastern slopes between 1000 and 3000 m
alt., were still infact in 1983, The
Colombian western slapes are perhaps the
most devastated 1o the entire tropical Andes
{Sasvedra and Freese, draft manuscript,
1985,

Furthermore, as far as the adjacent
Colombian lowlands are concerned, nearly
all of the forested lowland plain of the
Amazon basin was still intact in 1983,
although Myers' report (Myers, 1980) states
that since the mid-1960's, some 16,000 km?
Of these lowland forests in the Caquetd and
Putemavo territories have been converted 1o
agriculiural and cattle grounds, and a further
453,000 km? were in the process of being
cleared or were scheduled for clearing. The
Colombian llanos (Llanos Orientales) are
subject to cartle grazing and periodic burn-
ing. The whole area of the lower Rio Cauca
and Rio Magdalena vallevs in northern
Colombia supports & dense human popula-
tion and is under intensive use.

The most recent information on the forest
resources and deforestation in Colombla 1s
provided by the [UCN (1990b). The total
forest and wooedland area was 51,507,000
ha in 1985-87, which means a 3.3% de-
crease since 1975-77, The average annual
deforestation of Colombian closed forests is
11,000 ha, During the 1980's a total area of
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HO0,000 ha of closed and open forests has
been deforested,

In summary, the most heavily affected
areas in Colombia are the Andean moun-
tains, The level of threat w the uplands of
western  Amazonia is wvery high, In
Colombia almost the entire montang zone
has been deforested, up to 10,000 km?
iMyers, 1988, Because the level ol human
pressure in Colombia is far more severe on
the mountain environments than on the
tropical lowlands, it secms reascnable w
concentrate conservaton efforts on these
BTV IFCMEnts,

Furthermore, the diverse, threatened flora
of the northern Andean region as a whole
{i.e. the Andes in northern Peru, Ecuador,
Colombia and Venezuela), auracts dispro-
portionately little interest from biologists and
conserviationists, For its size, the northern
Andes s the most diverse region in the
Neotropics, while being highly deforested
and faced with immediate threat of destruc-
tion {Hendersom er al, 1991, The northern
Andes, with a surface area of ‘only’
383,000 km?, has an estimated total of some
40,000 vescular plant species, while the
Amazon Basin has a surface area of 7 mil-
lien km? and an estimated total of some
30,000 wvascular plant species (Gentry,
1982). Furthermore, only 8-11% of the
Amazon Basin is deforested, while 90-05%
of forests in the northern Andes have al-
ready been cleared. Last but not least, the
Andes, 1.e. the (subiAndean forests, are vi-
tal to the hvdrology of the Amazon Basin,

Mational Parks system

Protected areas are necessary elements of
nature ¢onservation, Firstly, they maintain
essential ecological processes and life sup-
port systems (e.g. the government of
Colombia has expanded its protected areas
in the Andean watersheds to ensure the
maintenance of water supplies on which
major industrial and residential development
depend). In the second place, protection ar-
eas preserve species diversity and the ge-
netic variation within them, Thirdly, they



maintain the productive capacities of
ecosystens and safeguard habitats critical
far the sustainable use of species. Finally,
protected sites provide opportunities for sci-
entific research, education, raining, as well
as recreation and tourism (Lucas, 1984),

Ag part of the policy seeking to preserve
vcolegical processes and genetic diversity,
Colombia has ereated 42 conservation arcas
under the National Parks systemn (IUCN,
1985; INDERENA, 1989). These units are
distributed into three main categories, ac-
cording 1o the IUCN categories of protected
areas: 2 Reserves (Category [}, 34 National
Parks (Category II), & Sanctuaries for Flora
and Fzuna (Catcgory IV), The total area
covered by these conservation units 1s
§.301.690 ha (R2% of the total area of
Colombia), 9,254,260 ha of which are to-
tally protecred areas (categories I and 1I),
with no extraction use, and 47.410 ha are
partially protected areas {category I'V), with
local sustainable extractive use,

Furthermore Colombia has three Bio-
sphere Reserves (Catwegery I1X), according
1 the Man and the Biosphere programme of
UNESCO (MAB), with a total area of
2,514,375 ha: El Tuparre Nature Reserve
(928,125 ha), Cintorén Andino Cluster
Biosphere Reserve (835000 ha), and the
Sierra Newvada de Santa Marta including
Tayrona Nadonal Park (731,250 ha).

Colombia became party to the World
Heritage Convention on May 24th 1983,
There is one cultural World Heritage Site
(Category X) initiated in Colombia, narmely
Cartagena, an ancient city, but no narral
World Herilage Site.

The conservation units or protected areas
are distributed over different biogeographic
anits, The most widely used biogeographic
classification is the one developed by
Udwvardy. He identified eight biogeographic
realms, which he subdivided into 193
provinces. His system is used in TUCN's
global inventory of protected areas (IUCN,
1985} and by UNESCO-MAB. According
to the ITUCN system, Colombia falls within
six biogeographic provinces, which are all
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represented in the Natural Parks system of
Colombia

The most important MOUNLan sysems are
represented in the Colombian Parks system
(INDERENA, op cit): (a) the Cordillera
Oriental from the Pdramo de Las Papas to
the Guajira Peninsula (Gudcharos,
Picachos, Sumapaz, Chingaza, lguague,
Pisba, Cocuy, Tamd and Estoragues
National Parks); (b) the Cordillera Central
{Nevado del Huila, Hermosas, Nevados);
{c) the Cordillera Occidental and the Nudo
de Paramillo (Orquideas, Farallones,
Munchigue, Tatamd and Paramillo reserves);
{d) the Nudo de los Pastos (Purace reserve);
{e) the Narifio highlands (Galeras and
Corota reserves), (f) the Sierra Nevada de
Santa Marta (5.N. de Santa Marta); (g) the
Serrania del Darién (Katios); (h) the Serrania
del Bauddé (Urria); (i) the Serrania de La
Macarena (La Macarena). The Cocuy
Narional Park in the Cordillera Oriental and
the Sierra Nevada de Santa Marta presents
all alitudinal belts, from the warm ropical
zone (o the perpetual snow peaks,

Several arcas have been preselected as
possible protection sites in Colombia, Some
fifteen vears ago the Instituto Nacional de
los Recursos Naturales Renovables
(INDERENA) identified some 115 areas as
possible reserves, national parks and sane-
tuaries for flora and fauna (INDERENA,
1976). It seems obvious that the base of the
western Andes (Chocd), and the Cordilleras
Central and Oriental have more national
parks than the Cordillera Occidental and the
Nudo de los Pastos, Of the areas marked on
the 1976 INDERENA planning map, some
of the protection sites have been realised,
especially  in Amazonian  lowland
(INDERENA, 1989), The planned protec-
tion sites in the area of the Nudo de los
Pastos near the border with Ecuador (arcund
Pasto) have hardly been realised.

To delineate the arcas where new protec-
tive areas should be located in Colombia in
general and the Colombian Andes in particu-
lar, it is necessary to provide an overview of
the critical species and priority areas, based
on different floral and faunal groups of



species, The ecologieal criteria of species
and habitat diversity, distinctiveness and
threat (Chapter 1) will play a decisive role in
the analysis. These criteria should be kept in
mind, because these will play a role in the
planning of new protective sites, ie.
National Parks.

[V. PRIORITY AREAS FOR CON-
SERVATION OF DIFFERENT FLO-
RAL TAXA

Plant species diversity

Of the estimated total of 90,000 species
of flowering plants in the Neotropics, some
40,000 species (almost 50%) are proposed
to occur in the northern Andean reglon.
Gentry (1982) sampled a data set of 8,117
Neotropical monegraphed vascular plant
species, of which 1,454 species (18%) were
present in the northern Andean tegion, of
these species 819 species were endemic,
equivalent 1o 36% endemism. The Andes
may be considered wo be an important centre
of speciation in the Neotropics. The origin
of this enormous reglonal species diversity
is analysed by Gentry (ihid.). The Neotropi-
cal flora is essentially composed of two dis-
tinct floras: the lowland flora of basic
Gondwanan origin and the montane flora of
basic Laurasian origin, The Gondwanan
taxa are present in the Neotropics with over
10 times as many species as the Laurasian
axa, Within these Gondwanaland-derived
groups two phytogeographic patterns can be
distinguished: Amazonian centred taxa,
dominated by trees and lianas, and Andean
{mainly northern Andean) centred taxa,
dominated by epiphytes, shrubs and palme:-
tos. Almost half of all Neotropical plant
species appear to belong to these Andean-
centred habit groups. The overwhelming
plant species diversity in the Neowopics in
general; and in the northern Andean region
in particular, is due to the Pliocene upheaval
of the Andes, and the subsequent explosive
speciation of these epiphytes, shrubs and
palmettos, This speciation is most evident in
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the Andean foothills and Subandean forests.
The present Andean (upper montanc) forests
at higher altitudes in the northern Andean
region are ecologically dominated by a few
Laurasian taxa (e.g. Fagaceae), which ar-
rived in the Andes by migration after the
closing of the Panamanian landbridge (4-3
million years ago) and have undergene little
speciation since then. The number of
Laurasian taxa decreases vastly southward
(e.g. Quercus spp. dominate most of the
Colombian Subandean forests, but is absent
in Ecuador),

According to Van der Hammen (1991)
Subandean lower maontane environments al-
ready existed during the Miocene (or even in
the Lower Tertiary) in isolated patches. This
might explain the high rate of endemism in
the present Subandean forests and foothills.
From the Miocene period on this very rich
Subandean flora developed, ie. in some 13
million years. The Andean and pdramo flo-
rus evolved in a threefold shorter period of
some 3 million vears, since the Pliocene
upheaval of the Andes (Van der Hammen
and Cleef, 19806).

Extemely local endemism (e, distribu-
tions naturally restricred to a few handred
Lm?, sometimes even tw 5-10 km?) is a
characteristic of many cloud forests in the
Neotropics, Probably 20-23% of the mon-
tane forest angiosperm species in isolated
cloud forests in western South Amenca are
strictly endemic (Gentry, 1986). Myers
(1988) supposes that the level of endemism
for plant species in western Amazonia from
southern Colombia to Pere (around 20,000
plant species) could well be 25 % or more.
This very high percentage of local endemism
is responsible for the fact that the regional
species diversity is very high, even though
the diversity of individual Andean foresis is
relatvely low (Genwry, in prep., see below).

The Serranfa de la Macarena is expected
to contain a vast quantity of fleristic diver-
sity, It is in fact the continuation of a chain
of very old plateaus in the Guiana region.
Along the Serranfa de la Macarena three bio-
geographic regions come together: the
northern Andean region, the Orinocan re-



gion and the Amazonian region. Recently,
the area was appointed as an ecologically
important study area by the 1992 Tropenbos
programme for Ceolombia {Tropenbos,
19917,

Vascular plant species

The world's largest local concentration of
tree species and woody lianas, both with a
diameter = 10 cm dbh, (diameter at breast
height) can be found in the relatively moist
and fertile forests near the base of the
Andes, a conclusion derived from a study
on species diversity in the upper Amazon
lowland tropical forests between 140 and
400 m alt. on different locations in Amazo-
man Peru and one location on the
Venezuela-Brazil border (Gentry, 19%88b),
The diversity of tree species = 10 cm dbl. in
6 Peruvian [-hecrare plots varied between
163 and 300, This makes the upper Ama-
zonian forests the world's richest in tree
Species.

Along an alutudinal gradient in the tropi-
cal! Andes from about 1,500 m alt. 10 above
3,000 m alt., near the upper Limit of the for-
est, there is a sharp decrease in diversity of
tree and woody liana species (2 2.5 cm
dbh., in 11 montane Neotropical 0.1-ha
samples, 6 sites of which are locared in the
Coelombian Andes). This decrease 15 essen-
tiallv linear, so there is no indication of a
"mid-elevation bulge” in diversity, as far as
these habit groups (trees and woody lianas)
are concerned (Gentry, 19588a). Above 2000
m alt. famnilial diversity decreases less
sharply with alitude than does species di-
versity (Gentry, in prep.), For a series of 26
Andean 0.1-ha forest sample plots of woody
plants =2.5 cm dbh., an average of 135
species were found in sites berween 1300-
1700 m alt.; 128 spp. betwesn 1700-2000 m
ale; 101 spp. between 2000-2400 m alt.; 68
spp. between 2400-3000 m alt. and 33 spp.
above 3000 m alt. (Gentry, ibid.). Along
different alritudinal wransects from twopical
lowland forests up to superpdramo, Rangel
(1991) found greatest species diversity in
the Subandean zone (£1000-2300 m alt.) in
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both Sierra Nevada de Santa Marta and in
the Cordillera Central {Parque Nacional los
Nevados and Parque Nacional Puracé).

The epiphytic vascular flora changes in
both diversity and composition along the
altitudinal gradient, Greatest epiphytic di-
versity as well as density is found at inter-
mediate elevation cloud forests. The peak in
epiphytic species diversity appears to be
between 1,000 and 2,000 m alt. Epiphyte
density (number of individuals) tends o be
greatest around 2,000-2,500 m alt. (Gentry
and Dodson, 1987), According to Gentry
and Dodsen (ibid.) 10% of all vascular
plants are epiphytes, of which 60% belong
to the single family of Orchidaceae. This
means that of the wtal number of 45-50,000
vascular plant species in Colombia, 4300
5000 species are epiphyies, of which 2700-
3000 are orchids. It is estmated that the total
number of orchids in Colombia is higher
and approximates 3500 species.

f the Preridophyte taxa, 29 of the ol
33 families, 120 of the toral 300 genera and
about 2,100 of the woral 10,000 species oc-
cur in the Americas. Most of these taxa ar
present in the tropical rain forest, especially
in the montane rain forests and cloud
forests. Genera and species that grow only
cutside the rain forest are mostly those
which grow at high altitudés on wopical
mountxing, such as Jamesonia and species
of Lveopodinum in the pdramoe (Tryon,
1989).

Of the otal number of 510 species of tree
ferns (Cwatheaceae), 197 species are present
in the Neotropics, of which 196 species are
endemics, and 110 are local endemics with a
range of about 500 km or less. There are 75
species which occur in the Andes from
northern Argentina to Veneruela, with 37
(76%) endemics, and 25 (33.3%) local en-
demics (Tryon and Gastony, 1973). Among
the 40 American species of the genus
Cyathea, 19 do oceur in Colombia {Tryon,
1989). Most species are present at altitudes
of 500 to 2500 m, with a decline in species
at lower altitudes and higher elevations
(Tryon and Gastony, ap cir), Two Andean
species of Cyarkea grow at 4200 m alt.,



which is the highest altitude reported for tree
ferns.

Vascular pdaramo vegetation

The pdramo areas above 3300-3800 m
alt. probably contain some 3000 to 4000
species of flowering plants, with up to 60%
endemics (Luteyn, in prep., cited by ¥Van
der Hammen, 1991). There are over 300
genera of vascular plants in the pdramos of
the northern Andes (Cleef, 1979, 1981).
The paramos of the Cordillera Criental prob-
ably contain some 700 species, of which
about 250 are endemic (which is over 35%)
(Van der Hammen and Cleef, 1980). The
vascular flora of these pdramos (at a generic
level) is made up of almest 30% tropical
elements (419% of which are neotropical
elements, including 7% endermic (paramo)
elements) and for the other 50% of temper-
ate elements (Cleef, 1979, in press).
Endemism appears to be less in the pdramo
flora of the Tatamd massif in the Cordillera
Oceidental with about 4% endemic elements,
and 35% neoropical elements (Cleef and
Chaverri, in press).

Comparison of different major pdramo
areas reveals that some great differences in
diversity (L.e. species diversity) exists be-
tween these areas, There are 260 genera in
the pdramo flora of the Cordillera Oriental,
145 genera occur in the isolated pdramoe of
the Sierra Nevada de Santa Mara (Buritaca),
and 114 genera in the Tatamd massif in the
Cordillera Occidental (Cleef and Chaverr, in
press)y. Along a transect from the Andean
forest zone up to the pdramos of the Parque
los Nevadas in the Cordillera Central (2940-
4500 m alt.), there are 472 species, belong-
ing to 223 genera and 93 families (Rangel er
al., 1983). Thus the number of genera and
species in the pdramo region alone of the
Cordillera Oriental is greater than the total
number of genera and species in the pdramo
region plus the Andean and High Andean
vegetation zones in the Cordillera Central.
This might partly be explained by the peri-
odic extinetions in the Cordillera Central due
to voleanic eruptions (Salamanca, 1991).

The difference (in diversity) between the
piramos of the three Cordilleras is further
illustrated by the number of species of the
genus Espeleria s.s. The genus has 55
species in the piramos of Ecuador, Colom-
bia and Venezuela), Of these, 36 species (36
endemics) occur in the Cordillera Oriental, 4
{3) species in the Cordillera Central, and 3
{(2) species in the Cordillera Occidental
{Cuatrecasas, 1986). This pattern of distri-
bution is paralleled by the genus
Diplostephium, which has 31 species (25
endemics) in the pdramos of the Cordillera
Oriental (including the Sierra de Perijd), 17
(%) species in the pdramos of the Cordillera
Central, and 6 (2) species in the pdramos of
the Cordillera Occidental. The genus
Espeletiopsis is only present in the
Cordillera Oriental (including the Sierra de
Perijd) with 17 species, which are all en-
demic. The Cordillera Oriental is a major
centre of radiation (speciation and distibu-
tion) in the northern Andes, ie. of the gen-
era Espeletia, Espeleriopsis and
Diplostephium (Cuatrecasas, 1986; fig. 2).

For this reason the Sierra Nevada de
Cocuy and the Piramo de Sumapaz in the
Cordillera Oriental are identificd as "Centres
of Plant Diversity" (IUCN, in prep.). The
IUCN-Centres of Plant Diversity Project
identifies areas around the world, which are
of major importance to the conservation of
plant species, namely those sites where
species diversity and/or endemism is par-
ticularly high, irrespective of the levels of
threat of those sites, and irrespective of their
actual protective status. The world-wide
project will include 150-200 priority sites of
global importance, The candidate sites for
South America were selected at the
“Workshop on South American Centres of
Plant Diversity' (Quito, Ecuador, June 10-
14, 1991).

Bryophytes

Colombia is one of the richest countries
in bryophvtes of the Neotropics, with about
1500 species in 300 genera (Gradstein et al.,
1959). Endemism is low among the



4~ Initial |
center?
!

o s

o 74
= |
1y Il
i |1
i W
7 :
¥/ i
|
M |

e

N
!
|
I

— 3¢

&) Parames
—— Subondean ond

ESPELETIA | andeon fores | 4

... | Population areas. O
Y M- Bl Directions of migration “»
Glacial areas --- 11

Fig. 2. Present Colombian areas of distribution and directions of migration and radiation in Expeletia spp.;
A, Tamd-Sanmander and Norte de Santander; B, Sierra de Periji: C, piramos of Boyacd; D, piramos of
Cundinamara; E, main Cerdillera Central; F, Magizo Colambiano nucleus: G, Nuda de los Pastos: H & I.
northem pans of Cordillera Central and Occidental (Chaquiro-Fronting paramos). Number of dillerent species
in parentheses (Adapted from: Cualrecasas, 1986),



bryophytes, although somewhat more com-
mon amoeng liverworts (Flepaticae) than
maosses (Musci). The total known diversity
of mosses (Musci) in Colombia presently is
895 species distributed among 240 genera
and 67 families (Churchill, 1991). About
11% of the moss species are endemics
{some 100 species), and approximately 93%
of the Colombian moss species are restricted
to the Andean region, Of the liverwort
species approximately 80% occur in the
Andean region. The lowland forests are
species poor.

Based on analysis of the bryophyte flora
along an altimdinal transect in the Cordillera
Cenrmral (Parque de los Nevados) (Gradstsin
et al., op cir.), it appears that the largest
number of species are present between 1200
and 3800 m alt., with a maximum in the up-
per montane {Andean) forest zone. The
number of liverworts secms o be greater
than mosses in this zone. Relatively few
bryaphyte species are present below or
above these altitudes. The number of
MOsses seems to be greater than liverworts
in the lowland forests or the pdramo. The
general increase of bryophytes from lowland
up to the pdramo is essentially due o twe
climaric factors: increase of hurmidity (clouds
and fog), decrease in temperature
(bryophytes lack high temperature tolerance)
(Gradstein and Pdécs, 1989).

A wvast majority of the Andean bryophyte
species are of tropical origin. In the Sub-
andean and Andean forests 809 or more of
the entire bryophyte flora are neotropical or
wide tropical elements. These elements
probably arrived from lower altitudes during
the upheaval of the Andes, some 5 million
years ago. Above 3000 m alt. these elements
decrease to 50% or less and Andean and en-
demic elements become more common (30-
45%). Temperate species appear at higher
altitudes, and attain about 20% in the
piramo. These elements arrived after the
formaticn of the Panamanian landbridge, at
about the same time (3 million years ago) as
the upheaval.

As for bryophytes in general, mosses ac-
cordingly increase in species number and
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cover with elevation at least to the treeline.
Maximum species richness is reached in the
upper montane tropical forest, in particular
near the transition zone to the (sub)pdramo
(Churchill, 1991). PR

As far as the epiphytic hepatics are con-
cerned, in the transition zone between the
Subandean and Andean forest belt on the
western slope of the Central Cordillera in
Colombia, arcound 2400 m alt., there is a
marked increase in their number, compared
to lower altitudes. Both the mosses and the
foliose lichens have an optimum in number
of species at about 2130 m alt. (Wolf,
1989). A clear maximum of approximately
100 taxa/zltindinal interval {of approx. 200
m) of epiphytic liverworts is found at mid-
elevational altitudes (2550-3190 m), The
dismibution patterns of individual taxa reveal
that the belt of greatest liverwort richness
coincides with the contact transition zone
(Wolf, pers. comm.), So while there is no
‘mid elevation bulge’ for mees and lianas
(Gentry, 1988a), there seems to be ane for
liverworts and lichens.

Lichens

There are no numbers available for lichen
species diversity in the northern Andes or
Colombia, On a transect from 600 to 4600
m alt. over the Colombian Cordillera Central
(Parque de los Nevados) about 295 taxa
were found, of which some 2335 species
have been identified, According to Sipman
(1989) there are probably 600-900 species.
Along this wansect lichens become more
common with increasing elevation, with an
optimum around 3000-4000 m alt, (Sipman,
198%). Extreme climatic conditions in the
pdramo belt decrease the ecological possi-
bilities for most vascular plants, while the
possibilities for lichens increase (Hofstede,
pers. comm.). In the superpdramo zone the
number of lichen species decrease. Below
ca. 2000 m alt. crustose lichen species
dominate. Above this altitude foliose lichens
dominate. Fruticose lichens are nearly ab-
sent below 2000 m alt, and increase grad-
vally in number until ca. 4000 m alt. Local



{neotropical and northern Andean) elements
are most frequent berween ca. 2000 and
3500 m alt, (25-35%). The northern Andean
element has 15 optimum in the superpdrame,
where it rises 1o over 10%. The temperate
and arctic-alpine elements are represented
only at the higher elevations. In the super-
pdramo they constitute 36% of the known
lichen flora.

Habitat diversity

An indication of the habitat diversity in
the Colembian Andes is provided by the
number of zonal and azonal communities in
the different Cordilleras. Zonal vegetation is
mainly influenced and determined by the
prevailing climate in a particular region,
while for azonal vegetation the peculiarities
of the soil type (including water) are of main
influence (Cleef, 1981). For the pdramo re-
gion of the Sierra Nevada de Cocuy
(Cordillera Oriental), a wtal of 121 com-
munities (28 zonal and 93 azonal communi-
ies) were distinguished (Cleef, ibid.).
Along the transect in Pargne los Nevados
(Cordillera Central) 22 zonal and 29 azonal
communities (total of 51 communities) were
distinguished (Cleef er af,, 1983

The extreme species richness of vascular
plants in the Cordillera Oriental has certainly
1o do with its great habitat diversity, espe-
ciatly in the pdramo region, according to the
great number of (a)zonal communities.

V. PRIORITY AREAS
SERVATION OF
FAUNAL TAXA

FOR CON-
DIFFERENT

Mammals

The total number of mammalian species
in Colombia is reported to be 367 species
which have been collected in the country,
plus an other 85 species which have not
been collected in Colombia, but whose pres-
ence are very probable due to their ocenr-
rence in adjacent countries (Cuervo er al.,
1986). Accordingly, there might be over

450 mammalian species on Colombian terri-
ory.

Eisenberg (1989) describes the following
12 species as characteristic, endemic, non-
volant, terrestrial species of the Andean
region, which all occur in Colombia:
Marmosa dryas (Mouse Opossum),
Cryproris thomasi (Shrew), Nasuella oli-
vacea (Mountain Coati), Scivrus pucherani
(Tree Squirrel), Qryzomus minwtus (Rice
Rat), Aepeomys lugens (Climbing Rar),
Thomasomys aurens (Climbing Rat),
Chilomys insrans (Colombian Forest
Mouse), Echinoprocta rufescens (Short-
tailed Porcupine), Agoull raczanowski
{Mountain Paca), Tremarctes ornatus
(Spectacled Bear) and Pudu mephistophiles
{Northern Pudu). Based on mammalian
species descriptions by Eisenberg (ibid)),
the author counted over 40 spacies
(excluding Primates and Chiroplera), more
or less testricted 1o one or more of the
Colombian Cordilleras above 1000 malt, Of
these species 33 oceur in the Cordillera
Oriental {(of which 12 species are endernic to
this Cordillera or are shared with the
Venezuelan Andes); 24 species occur in the
Cordillera Central (2 endemic species); 22
species occur in the Cordillera Occidenral (3
endemic); 13 species occur in the Nudo de
los Pastos (no endemics).

Over 30% of these Colombian Andean
species {22 species) belong to the Rodentia.
Relative species diversily concerning the to-
tal South American mammals is greatest in
rodents (43.2% of the total number of
manimalign species present in the South
American fauna, or over 410 species in 93
genera). Relative species diversity in the
other South American taxa are; Chiroptera
22.4%; Primates 9.6%; Marsupialia 9.4%;
Fissipedia 6.8% Edentata 4.2%; Ario-
dactyla 2.3%; other taxa 2.1%.

The piramos of the northern Andean re-
gion contain 27 specics of rodents (13 (or
alrnost 50%) of which are endemic species),
belonging to 15 (sub)genera and 4 families:
Cricendae (24 species, 10 genera), Caviidae
(L spp.), Agoutidae (1 spp.), Sciuridae (1
spp.). As far as the family with the greatest



number of species is concerned (the
Cricetidae), according o Reig (1986, the
northern Andes is the "area of original dif-
ferentiation” of its wibe Oryzomyini. This
indicates that the Oryzomyini experienced
the main differentiation (cladogenesis) of its
genera within the area of the northern
Andes. The taxen is well represented in the
pidramo region, with 14 genera, 5 of which
are endemic (36%). The differentiation of
the Orozymini was probably tggered by the
increase of the montane habitat diversity,
due to the Pliocene upheaval of the Andes.
The Andes chain and the different
Cordilleras have been important dispersal
routes for tropical and temperate-adapted
species from South America to the north and
vice versa (Stehli and Webh, 1983) and the
Andean corridors have been important for
those species adapted to higher elevations.
The Subandean forest refugia along the east-
ern slopes of the Andes, i.e. in Ecuador and
Peru, have been forested nearly continu-
ousty throughout the Plio-Pleistocene ¢li-
wtic cyell. These forest refugia have been
important centres of speciation during the
slacial periods and they have been reservoirs
for interglacial dispersal (Eisenberg, 1989).

Of the mmammals living in Colombia, 29
species are reported 10 be threatened species
and are included in the [UCN red data book
{Thornback and Jenkins, 1982, IUCH,
1990a), According to Eisenberg two of these
species are not present in the country any
more or possibly never were, i.e. Cacajae
calvus (Red and White Uakari) and Areles
geaffrovi {Black-handed Spider Monkev),
The typical high alitude species Tremarcios
arnaius and Pudu mephistophiles as well as
Tapirus pinchague (Mountain Tapir) are in-
cluded in the Red Data list, but there are
some other threatened mammalian spectes
that possibly oceur in mountain environ-
ments or at lower elevations in Colombia
(table 2).

Non-human primates

Colombia has the world's sixth greatest
primate diversity, preceded by Brazil (32
primate species), Indonesia (33-35), Zaire
(29-32), Cameroon (28-29) and Madazascar
(25). Colombia contains more than one-third
of all nectropical primates (27 species, from
12 different genera). Peru has the same
number of species and genera. Colombia's

Table 2. Threatened mammalian species in the Colombian Andes, and their cutegories of theeat [ lowland
tropical forest zone, 5t Subandean forest zone, a: Andean forest zone, b: high Andean forest zone, p! pirame
zone, (Svurces: Thomback and Jenkins, 1982; Eisenberg, 1989; [UCN, 19904). Threatenad species helong 1o
one of the following [UCK categories: Extinct, Endangered, Vulnerable, Rare or Indeterminate (IUCH,

1990a).

Species English name Al dist, Caw of threa
Saguinus lewcopus White-handed Finché I+ E
Saguinug oadipus Cotton-topped Tamarin I+ E
Lagohrix lagoihricha Woolly Monkey l+5 +a kS
Arelers pariscus Black Spider Monkey I+5 +a W
Myrmecophaga ridacrvla Giant Anleter L+ 35 W
Dingimys branickii Brunick's Giant Rat 1+s 1
Spesthor venaticus Bush Dag 1+ 3 W
Tremarcior ornames Spectacled Bear h+p ¥
Felis pardalix Ocelot 1+ s v
Felis figrina Litde Spotied Cat 1+3 W
Feliy wiedii Margay Cat I+ 3 vV
Tapirus pinchague Mountain Tapir h+p W
Puddu mephistophiles Naorthern Pudy h+p I
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primate species contain 11% endemic
species (0% endemic genera), and ranks
fourth in the world where primate endemics
are concerned, preceded by Madagasecar
(93% endemic species; 92% endemic gen-
era), Indonesia (44-50% endemic species;
12.5% endemic genera), and Brazil (35%
endemic species; 12.5% endemic genera)
Mittermeier, 1958).

Hernandez and Defler (1985) distin-
guished between 22 different primate
species in Colombia, and described their
distribution over the country. The number of
species decreases with altitude: 10 species
were considered to be tvpical lowland
species, and were present only to the base of
the Eastern Andes, up w the 500 m alt. limit
{the average elevation at which the steep
slopes of the Andes begin), 5 species have a
distribution up to 1500 m alt., two up to
2000-2100 m alt,, one species up to 2500 m
alt. (although this species Areles paniscus is
subdivided into A. paniscus (Black Spider
Monkey), A. belzeburh (Long-haired Spider
Monkey) and A, fusciceps (Brown-headed
Spider Monkey) by other anthors). Finally 4
species occur up to above 2800 m alt., of
which 2 species occur up to 3200 m alt.:
Aotus lemurinus (Night Moakey) and
Alonetta senicilus (Red Howler Monkey)
{table 3}.

Hernandez and Defler (op cit) con-
structed a map showing the regional densi-
ties of the primate species (fig. 3). On the
basis of this distribution map and the actual
status of the forest habitats in the country,
they pointed out the immediate need for at
least the following three reserves: (1)
southwest part of Putamayo on the upper
Guamues river. This area contains the high-
est primate diversity in Colombia (13
species). It probably forms part of a Pleisto-
cene forest refugiom ("Putamayo") in that
area (according to Brown, 1982); (2) on the
lower Apapors river in the ransitional zone
between the Amazon valley and the Guyana
shield; (3) on the upper Apaporis river {(on
the border between the Departments of
Caquertd and Guaviare, including the Sierra
de Chinbiquete.

All three arcas are supposed to be areas
of high endemism, in fauna as well as flora.
In 1989 the third area was safcguarded by
the creation of the largest Natlonal Park of
Colombia, i.e. the Serrania de Chiribiquete
(1,280,000 ha). The first two areas still
need to become reserves according to both
authors. The southwestern part of Putamayo
is the most interesting area, with respect
the present study.

Table 3. Primate specics with {potential) distributions up in the (sub) Andean forest zone of the Colombian
Andes (Source: Hemandez and Defler, 1985), For categories of threat see Jegend table 2,

Primates English name

Saguinies leucopus
Sagutnus cedipus
Saimiri sciureus
Agius lemurinus
Aoru_\.; brumbacki
Alouerta palliata
Alouetta seniculus
Cebus albifrans
Cebus capucinus
Cebus apella
Lagothrix lagotricha
Ateles paniscus

White-handed Pinché
Coucn-topped Tamarin
Squirrel Monkey

Night Monkey

Might Monkey

Manted Howler Monkey
Red Howler Monkey
Brown Pale-fronted Capuchin
White-throated Capuchin
Brown Capuchin

Woolly Monkey

Black Spider Monkey

Range up to  Cat, of threat  Protection
{m alt}y

1500 E no
1500 E ?

1304 yes
3200 yes
1543 no
1400 yes
3200 yes
2000 ves
210K yes
2800 yes
3000 v ves
2500 ¥ yes

18



casamiag 2

-~ 2ar

s
e

GCEAND PACIFICO

—a\.*__L'

] o waueEl 1 |
| riTunaTD —gt

ECUADOR

S aWazoMas

1m0 30 19d 100 Xm

Emd tgroa, |:TOCQ0AG
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Avifauna

Within the Andean zone (only 1.3% of
the world's land surface), 17% of all the
world's species of birds are present. In the
montane forest of the tropical Andean region
(which cover only 0.2% of the world's land
surface), 70% of the 2,900 non-marine
birds of South America, or 6.3% of the
world's bird species have been recorded
(Fjeldsd and Krabbe, 1990). In short,
Colombia 1s the world's richest country in
bird species, with 1665 species.

In the high Andean biomes (piramo and
puna), with a surface of 185,000 km?, 166
bird species are present in total, belonging o
B4 genera and 32 families. The pdramo area
of the northern Andes (25,000 km?) has 62
bird species (Vuilleumnier, 19861, of which
some 29 species strictly occur in the
piramo, and do not or only rarely go down
below the upper Andean forest limit. In the
Cordillera Oriental the number of species per
island of pdramo, 5 of which were sampled,
varics between 8 and 27 (or 5-14 for re-
stricted pdramo birds); in the Cordillera
Central, where two pdramos were sampled,
the number of species was 24 and 29 (or 13
and 14 for restricted pdramo species); in
Paramillo (Cordillera Occidental) 7 species
(3 restricted) were found (Vuilleurnier and
Simberloff, 1980). There are especially
many endemic forms in the Cordilleras
Oriental and Central (Fjeldsd and Krabbe,
19907,

Cracraft (1985) provided an elaborate
overview of the probable areas of endemism
concerning the South American endernic avi-
fauna, i.e. taxa that are ‘restricted’ to a par-
ticular area, His areas of endemism are not
necessarily equivalent to the Pleistocens for-
est refuges. In Cracraft's opinion many of
the areas of endemism are considerably
older than the Pleistocene refugia and the
patterns of endemism were established prior
o that epach. In Colombia, the following
areas of endemism are present; Chocd,
Nechi, Magdalena, Santa Marta, Guajira,
Perijd, North Andean, and North Amazon
(Napo) Centre. The division of the Andes
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(North Andean Centre) into three ranges,
and the consequent iselaton of montane bird
populations makes Colombia the richest of
all South American countries in bird species.
Because of the complex topography and ele-
vaticnal-ecological zonation of the Andes,
species distribution patterns in the Andes are
complex and defining areas of endemism in
the Andes is particularly difficult

A more fine-tuned picture of species dis-
tributions in the Colombian Andes is elabo-
rated by Terborgh and Winter (1982, 1983).
They concentrate on the endemic birds, be-
ing species with small ranges, arbimarily
defined by the authors, as any distribution
encompassing less than 50,000 km?, In
Colombia over 100 bird species are cn-
demics according to this criterion. Terborgh
and Winter (1982) examined the geographi-
cal distribution of all (155} endemic species
in Colombia and Ecuador, In the Andean
region the following distributions cccurred:
western slopes (Cordillera Oceidental), 29
spp.; Andean plateaus (piramo regions), 23
spp.; intermontane slopes (Rio Magdalena
and Rio Cauca valleys, Cordillera Central},
22 spp.; eastern slopes (Cordillera Onental),
3 spp. The total number of 77 endemic
species in the Andean region represents 505
of the total number of endemics. The other
half is made up of lowland endemics (23%),
and endemics oceurring in isolated pockets
of habitat (25%).

Data about threatened birds have been
compiled in the IUCN/ACEP (International
Council for Bird Preservation) red data
books. A considerable proportion of the
threatened birds of South America belongs
to the Andean zone, Of the near-threatened
or potentially endangered species of
Colombia {Appendix 2 in Collar and
Andrew, 1988), nearly 50% occur primarily
in the lower montane belt (9% of the land
surface) and 20% in the upper moniane zone
(6% of the land surface) (Fjeldsd and
Krabbe, ibid.).

Terborgh and Winter (1982, 1983) distil-
late the optimum locations for future re-
SeTvVESs il’) the areas Df‘ mast concentrated en-
demism, i.e. where the greatest spatial



averlap of endemics exists. These critical ar-
eas and centres of avian endemism in
Colombia are, in descending order of impor-
tance (fig. 43 (A) the western base of the
MNudo de los Pastos on the border between
Colombia and Equador; (B} at the western
base of the Cordillera Oceidental (Choed) in
Valle; (C) in the western slope of the
Cordillera Oceidental themselves in Cauca,
YWalle and Caldas; () the muddle elevations
of the Sierra Nevada de Sant Marta: (E) in
the Serrania de Baudd, (F) at the northern
end of the Cerdillera Central and in the adja-
cent humid lowlands of northern and north-
aaswern ;'\.uii{)quin. The seventh endemic
concentration centre is the Napo refugiam in
eastern Ecuador, and, although not men-
tioned by Terborgh and Winter, both slopes
of the Cordillera Central and the eastern
slope of the Cordillera Oriental are two pther
critical areas for conservation of birds
(Orejuela, 1985).

[n conclusien, the Cordilleras Occidental
and Central are especially rich in endemic
species, as far as the slopes are concerned,
The pdrame regions of the Cordilleras
Central and Onental are the richest in bird
species, which almost certainly has ro do
with the wvery smull pirame area in the
Cordillers Ocecidental (ie. Paramille) and the
abundant piramo areas of the Cordilleras
Cenmal and Oriental,

Herpetofauna

The Andes have the richest herpetofauna
of South America; of the 2210 South Ameri-
can species, one-third (727 species) vccur in
the Andes, of which 462 species are
amphibians and 263 reptiles. The distribu-
tion patterns and origins of the different taxa
of herpetofauna in the Andes are discussed
by Duellman (1979) and Lynch (1986). Of
the Andean herpetofauna more than 50%
(415 species) oocur in the northern Andes
{table 4). The rate of endemism is very
high in this region; 83% or 345 species, and
7 endemic genera. OF the 415 northern
Andean species, nearly two-thirds are frog
species (262 species, 225 of which are
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endemic). In the Colombian Andes, the
Cordillera Central has the highest percentage
of endemism (54%), except for the Sierra
Newvada de Santa Marta with 76% endemic
species. The number of species is greatest in
the Cordillera Oriental (103 species). If only
those species that do not occur below 2500
m alt (i.e. upper Andean forest species) are
considered, 100% of the species in the
Cordillera Occidental (2 species) are en-
demic, although the greatest number of en-
demic species (13 species or 819%) oceur in
the Cordillera Oriental, followed by the
Cordillera Central (13 species or 729%). The
Nudo de los Pastos has only | endemic up-
per Andean spectes (20%:).

Of the 301 genera and 3,333 species of
Anura (frogs and toads) in the world, 107
genera (36%) and 1,545 species (449 oc-
cur in the Neorropics. There are 96 genera
which wsre endemic to the Neotropics
(Duellman, 19853, Greatest species richness
and highest pereentage of endemism in the
northern Andes is amangst the frogs. Frogs
form 60% of the entire Andean herpeto-
fauna, and even 65% of the northern Andes
herpetofauna (Duellman, 19793, OF the 14
dominant frog genera, 9 ccour essentially in
the northern Andes {Lynch, 1986). Along
an altitudinal gradient from lowland wopical
forest up to the pdramo in Colombia, among
other northern Andean countries, species di-
versity decreases and reproductive strategy
changes (Duellman, 1988), Greatest species
diversity is found in the equutorial region of
the upper Amazon basin, The tropical low-
land sites near the base of the Andes do not
only have the highest species diversitv, but
also the greatest diversity of reproduciive
modes.although the generalized reproductive
mode (egps and tadpoles in lentic water) is
characteristic of all lowland sites. In the
Andean forest, where ponds are scarce,
other reproductive modes prevail: forest
modes (aerial aquatic habitats, i.e. in
Bromeliacea species) and rerrestrial eggs
and/or larvae that are dependent on the high
humidity of the air {(over 75%), or stream-
breeding (over 35%).
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Table 4. Genera and species of Amphibians and Repules in Colombig and the different pacts of the Andes.
Number of endemics in parentheses {Source: Duellman, 1979).

Geographic aren Amphibiung Reptiles Herpetofuuna - —eememmeees
Species Specics Giener Species Spp.=2300m
Norhem Andes TER (248 127 (97 N 413 (313) T3 (T
Cordillera Oricntal a2 41 30 U3 (36) 1&8{13)
Cordillera Central 38 0 34 78 (42 18 (13
Cordillera Occidental 44 22 27 60029 26
Nudg de Pasto 17 5 11 23(1) 501
SN de Santa Marta 14 5 13 2L16) 5
Calambia 375 3H3 758
I'ishes Invertebrates

As far as the fresh-water fish fauna of the
northern Andes is concerned, only very
scarce infarmation is available on the specics
accurring in this region and their diswibu-
ticns. According 1o Nijssen (pers. camm.)
the species of the genus Chaerosrontus
{Fumily Loricariidae, loricarid catfishes) are
endemic and adapted 10 the specific condi-
tions in fast running water of high Andean
streams. Rigenmann (1924 describes this
oenus as confined (o the mountain streams
of northwestern South America, with Rio
Madre de Dios in scuthern Peru as the
southernmost locality. The 18 species are
characterized by the narrow naked area
ahout the snout, which is free from lenta-
¢les, and the wide mouth, the mandible be-
ing sbout equal to the interorbital, They ad-
here to pebbles and stones 0 the fast run-
ning streamns with their mouths, Five species
of this genus are described which occur in
the Colombian Andes streams.

According to Dahl (1971) two genera of
the family Trichomycteridae, Astroblepus
and Pigidium (for both genera 10 spp. de-
scribed for northern Colombia) are charac-
teristic for the Andean mountain streams in
northern Colombia, These genera have a
high number of endemic species, although
there are no numbers available for these
genera in particular, nor for the fish-fauna in
general.

The northern Andean reglon appears not
o be a dispersil centre of buterfly species,
but is rather a cluster of scauered arcas
(Descimoen, 1986). Onlv the Satridae have |
or 2 highly endemic species in the northern
Andes. As far as the Heliconiini
[thomimae are concerned, cenmres of en-
demism of these species groups show good
correlation with palececological forest
refuges (Brown, 1982, The Andean forest
refuges of Santa Marna, Catatumbao (Perijd),
Villavicencio {eastern slopes of the
Cordillera Oriental near Mucerena) and
Putamayo {1n the Nudo de los Pastos) have
a high probability (80-100%1, while Nech,
Cauca and Magdalena have a prohability of
60%.

The Andean Brown Butterflies (family
Satyridag, tribe Pronophilini) are described
as 'Rare' taxon in the [UCN invertebraw red
data book (Wells er af., 1983), They show
high diversity and endemism (table 53,
While the overall species richness in the
high Andes is very low (Descimon, op cif.},
the Pronephilini are especially richly repre-
sented in the high altitude cloud forests of
the ropical Andes. In the area they ocour be-
tween 1100 and 4000 m alt, or above.
Above 2,500 m alt. they are the most di-
verse group of butterflies. Their maximum
diversity is found in the Andean forest zone
[2500-2700 m alt.) of the northern Andes.
These data are confirmed by the elevational

and



Table 5. Distribution of Satiridae (Andean
Caolombia (Source: Wells et al , 1983),

Brown Butterflies) in

Geographic Arca No. of species No. of endemics
Cordillera Onental 92 27
Cordillera Cenural 80 11
Cordillera Occidental 57 4
Serrania. de Penjd ) 11
5. N. de Santa Marta 22 12

species distributions found by Fassl (1911,
cited and tabulated by Descimon, 1986),
where the Satiridae showed greatest species
diversity (over 20 species) berween 2000
and 3000 m alt. The overall highest
Lepidopteran species diversity occurred in
the Subandean forest zone. Berween 1000
and 2000 m alr, species diversity was over
86 species.

The conservation measures proposed in
the ILJCN red data book are that representa
tive areas of cloud forest and pdaramo from
1500 1o 4000 m alt. in each Cordillera
should be set aside as protected areas,
although the exact location: of these areas
are not cutlingd.

In the Parque los Nevados (Cordillera
Central), soil macrofauna and mesofauna
were collected along a transect on both sides
of the Cordiliera (Van der Hammen and
Beglinger, 1989). Earthworm hiomass
reached maximum values (up to 180 cc per
m? or 1.8 ton per ha) in both western and
gastern parts of the wansect berween 2600
and 3400 m alt. in the Andean forest zone.
Berween 2100 and 2600 m alt. very low
values were found.  As far as the total
mesofauna is concerned, there 15 an increase
of number of individuals along the altitudi-
nal gradient. In the higher tropical and
Subandean zones the average number of in-
dividuals is [00-250 per lire (2500-6000
per m?), in the Andean zone 400-1000 per
litee (10,000-25,000 per m?), and in the
paramo zone 1100-1500 per litre (27,000-
37,000 per m?). The most numerous species
groups are the Acari (mites) followed by the
Collembeola (springtails), Formicidae (ants)
are almost exclusively found below 2700 m
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alt; they decrease between 2100 and 2700
m alt., while the individuals of mites,
springtails, beetles (Coleopters) and larvae
increase berween these aliwdes. Chelonethil
{Pseudo-scorpionidae) are anly present he-
low the piramo zone.

The increase in humidity {due to mist),
increased accumulation of humus and refated
decrease in soil-pH along the alttudinal
gradient up the upper montane cloud forest
belt are prebably the most impertant factors
which cause the chunge in earthworm
biomass and number of individuals of meso-
fauna. In this respect it 15 useful to recall one
of the determinants of species diversity
along altitudinal gradients (Diamond, 1988):
decrease in productivity, probably deter-
mined by these factors.

VI. SYNTHESIS

Myers' "hotspot” areas

Myers (1988) identified ten priority areas
in the ropics that deserve immediaie conser-
vation in the light of the criteria aforemen-
tioned (Chapter 11). These areas feature ex-
ceptional concentralions of species, excep-
tional levels of endemism, and exceprional
degrees of threat. They are key localities of
biotic nchness under acute threat, and are
called “hot spots™. As far as Colombia is
concerned, the Chocd region and the up-
lands of western Amazonia are two cut of
the ten hot spot areas, (The other "hotspot”
areas are Madagascar, Atdantic Coast Brazil,
western Ecuador, eastern Himalayas, penin-
sular Malavsia, northern Borneo, the



Philippines and New Caledonia). According
to Mvers, the area of western Amazomnia as a
whole, i.e. the lowlands as well as the up-
lands are “surely the richest biotic zone on
Earth (with) a higher level of endemism in
the uplands than in the lowlands”, with
special reference to the species concentra-
dons of vascular plants and birds in the area.

The uplands of western Amazonia in-
clude the upland sectors between 500 and
1500 m alt. of the eastern Andean slopes
that border western Amazonia (Cordillera
Oriental). It extends about 2200 km from the
southern part of Ceolombian Amazonia,
through Equador, and right along the Ama-
zonian fringe of Peru (fig. 5). It comprises
a belt mainly 30 km wide, sometimes only
25 km. Thus it encompasses no more than
100,000 km?. Some 65,000 km? (65 %) of

Guyana

Venezuela

i Highest priority

Fig. 5. Areas of biologicul priority for conservation in Amazonia, graded into three levels {from: Pran

M High priority
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Multidisciplinary approach | -

The Third World Parks Congress;-in -
Bali, Indonesia, in October 1982, concluded
its sessions with the recommendation,
among others, that "special artention should
be given 1o the conservation of the particu-
larly vulnerable forest systems in (... the
castern Andean slopes.” (McNeely and
Miller, 1984: p.766), which are the
Cordillera Oriental and the Nudo de los
Pastos in Colombiz. Based on literature
reviews, questionnaires and specialist meet-
ings in May and December 1985, the WWFE-
US (World Wildlife Fund-U.S.} produced
two draft manuscripts on the biological
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1980). A. upper Rio Guayabere area; B. wesiern part of Putamayo and eastern part of Narifio; C. uplands of
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prioritics for conservation in the tropical
Andes (Saavedra and Freese, draft
manuscript, 1985) and in the Chocd blogeo-
graphic region in Colombia (Kirkbride, draft
manuscript, 1986). The areas are selected
because they deserve special attention to en-
sure effective management and protection,
based on their biological importance and the
operational feasibility of protection, accord-
ing to a4 multidisciplinary team of (local)
specialists,

On the preliminary list of priority pro-
tecied and unprotected sites most areas are
located in the Cordillera Occidental, and are
upward extensions of the adjacent Choci
lowland rainforest region. From north to
sauth these areas are: the Pavarando-
Favardochio-Mutatd region, including
Paramillo NP; Las Orquideas NP; Rio
Beberd; Watershed of Rio Anddgueds; Cerro
Taamid and Cerro Torrd: Farallones de Cali
NP In the Nudo de los Pastos: Munchigue
NP {especially its needed eastward enlarge-
mentl, Rio Telembi: Cumbal-Chiles
Voleanoes, including La Planada NR, The
anly priority area appointed in the Cordillera
Oriental is the Cordillers de Los Picachos
NP, As a northward extension of the
Cordillera Central, the Serraria de San
Laucas is appointed as priority arca. This arca
extends along the postulated Nechi Pleis-
tocene forest refuge, Furthermore the area
where the departments of Santander, Nore
de Santander and César meet was also ap-
pointed as prionity unprotected area. This
ared belongs to the postlated Catatumbo
refugium. Finally the Sierra Nevada de
Sanra Marta is included as special priority
protected area.

Recently some 100 biologists, physical
scientists and conservation planners agreed
on the areas of biological priority for con-
servation in Amazonia (Workshop 1990:
Pricrity Areas for Conservation in Amuazo-
nia, Manaus, January 1990, see: Prance,
19907, The scientists worked in specialist
groups (plant systematics, plant ecology,
mammals, ornithology, herpetology,
ichthyology, entomolegy, geomorphology
(fragility of soils) and climate, and units of

conservation), Each specialist group pro-
duced a map to justify their selection of pri-
ority areas. Finally, all maps were fused,
and areas with the maximum overlap be-,
tween the disciplines were given the highest
priority. Two other categories of priority
were distinguished: high priority and prior-
ity areas.

Of special interest for the purpose of our’
study are the two ‘highest priority’ areas in
the Colombian sector of the western Ama-
zonian uplands and the adjacent Amazonian
lowlands: the Upper Rio Guayabero area
{13, in the western part of Meta, up to the
castern Andes and the western part of
Putumayo and the Marifio highlands (2) on
the border with Ecuador (fig. 5).

CONCLUSION

The northern Andes is én important area
of species diversity, from the Andean
foothills adjacent 1o the Amazonian uplands
{i.e. tree and liana species), along the slopes
{vascular epiphytes, pteridophytes, e.g.
Cyathea spp., bryophytes, soil macro- and
mesofauna, and Lepidopteran species), up
1o the pdrama regions (with high species di-
versity in vascular plants and lichens).
Furthermore, there are great numbers of en-
demic species groups in different altitudinal
ranges, e.g. bird species along the westermn
base of the Andes, Chaetostomus Spp-
fishes and Satiridas (Andean Brown
Butterflics) at mmd-elevations, and species of
Espeleria in the different pdramo regions. It
thus seems reasonable 1o plead for the pro-
tection of Andean biomes from the tropical
lowlands, along the Andean slopes, up to
the superpiramo, in order to maximize bio-
logical diversity (species as well as habitats)
inside the protected areas. In the long term
this will be the only way to safeguard the
continuation of evolutionary processes.

Although being an impertant area of
species diversity and endemnism, the Andean
mountains are at the same time among the
most heavily threatened areas in Colombia,
although detailed satellite monitoring in the



short term has yer to reveal the actual most
recent state of nature destruction, land use
and management in the Andean region.
Beforehand, the greatest conservation ef-
forts should concentrate on these vulnerable
environments. All such efforts should en-
compass examination of the criteria for ser-
ting biodiversity conservation priorities,
agreed upon by IUCN, ie, species abun-
dance and diversity and habitar diversity;
species endemism or taxonomic distinctive-
ness and habitat uniqueness; severity and
imminence of threat; utility. Rational con:
servation planning becormes possible when
all criteria are dealt with, although choices
can be made on different grounds (utility
criterion}). The most threatened species,
habitats, ecosystems and areas need protec-
tion first. The immediate task of identifving
sites for protection can be based on the few
relatively well-known groups of organisms
(c.g. birds), The centres of species diver-
sity. the proposed Pleistocene torest refugia
and arecas of endemism, seems 1o be useful
toals to determine the priority areas for con-
servation of different species groups.

A synthesis of all available data on pri-
arities for conservation discussed thus far
cannot be more than & preliminary effort. A
multidiseiplinary approach concerning the
Amazon region (fig. 5), needs 1o be elaha-
rated for the Andean region too. But when
concentrating on the ecological arcuments

Table 6. Summary of comparisons between the Colombian Cordilleras, concerning the differs

for conservation priorities described in the
previous chapters, some judgments can be
made.

Comparisen of the different Andean
Cordilleras reveals thar the Cordillera
Oriental has relatively the greatest species
diversity concerning vasculur piramo vege-
wtion, Espeletia spp., péramo birds, mam-
malian fauna, herpetofauna, as well as
Satiridac (table 6). The base of the
Cordillera Oriental and the Amuzonian up-
lands bordering the Nudo de los Pastos have
the greatest numbers of woody species
(trees and lianes). This makes the Cordillera
Oriental evidently o priority area for conser-
Vition.

The number of endemic bird species ig
greatest in the Cordillera Occidental and the
Nudo de los Pastos. Furthermore, the area
of avian endemism on the border berween
Colombia and Ecuador, is adjacent to the
“highest priority” area of the interdisci-
plinary workshop (fig. 53, The latter area
coincides with the highest primate density
(fig. 3) and forms part of the western
Amazonian uplands "hotspot” sensuMyers,
especially rich in plant species (fig. 3).
This makes the area along the transect from
the Narifio highlands to the casiern slopes of
the Andes in the Nudo de los Pastos a
candidate prierity area for conservation.
This will probably be affirmed by further
ecological wansect studies in this area.

nt floral and

faunal species groups. Where possible, the Cordilleras are ranked from 1 {relatively highest species diversity)

to 4 (relatively lowest species diversiy).

Caordillera Cordillers Cordillery Nudo de ks
Orznial Central Ciccidiritad Pasies
Trecsézlianas 1 L
Wascular pdramo vegelation 1
Espeletia spp. | 2 3
Mammals 1 2 3 4
Primates 1
Endemic hirds 4 3 2 1
Piramo burds L 2 3
Herpetofauna 1 2 3 4
Salyriclags 1 2 3




In comparing the different Colombian
Cordilleras and ranking them as priority ar-
cas for conservation, ecological motives are
not the only concern. There are many other
factors to deal with, e.g. criteria and princi-
ples concerning the planning of conservaton
areas. The severity of threat due to hurnan
pressures, involvement of local peasants in
conservation and buffering of protection
cores are essential factors, which need to be
evaluated and dealt with in conservation
planning.

[n the light of the aforesaid, some con-
clusions can be drawn point by point:

a. Given that centres of endemism,
Pleistocens forest refugia and centres of
species diversiry are important criteria
for the appointment of areas requiring
protecdye status;

Concluding that the Cordillera Oriental is
a4 very high priority arca for conserva-
tion, based on the facts that it has rela-
tively the highest species diversity con-
cerning vascular pdramo vegetation,
FEspeletia spp., piramo birds, mam-
malian fauna, herperofauna, Andean
Brown Buterflies, as well as woody
species (together with the Andean
foothills bordering the Amazonian up-
lands in the Nudo the los Pastos);
Concluding that the border arca with
Ecuador, from the Nunfio highlands 1o
the uplands of western Putamaye on the
eastern slopes of the Colombian Massif,
is another priority area for conservation,
based on the facis that this area has a
very high degree of avian endemism, is
adjacent to the "highest priority” area of
the interdisciplinary workshop on con-
servation in Amazonia, which has the
highest primarte density in Colombia, and
forms part of the western Amazonian
uplands "hotspot” sensu Myers:
Assuming that areas appointed as pro-
tected areas of IUCN Category I
{National Parks) are accordingly well
protecied and managed by the Institute

b

Nacional de los Recurses MNaturales
Renovables' (INDERENA),;

Assuming that further examination re-
veals that these arcas can be adopred as
high priority congervation area by the
authorities and that it is possible to real-
ize one or more of the previously {in
19773 planned sites in the area by
INDERENA;

Concluding that the protection of Andean
biomes from the tropical lowlands, along
the Andean slopes, up to the super-
pdramo, is necessary along a continuous
transect, in order to maximize biological
diversity (species as well as habitats) in-
side the protected areas;

The following recommendations can be
made:

Concentrate on conservation of the
Andean habitats in general and that of the
Cordillera Oriental and the Colombian-
Ecuadorian border zone in particular;
Maintain and strengthen the existing
nrotective sites (1.e, National Parks) in
the Andean region in general and the
Cordillera Oriental in particuiar, Le. by
enforcing and/or initiating measures 1o
avoid disturbing influences inside or ad-
jacent o the park borders;
Pay special attention to the Andean re-
gion on the border with Ecuador in the
appointment, establishment and man-
agement of protective sites, i.e. National
Parks:
Expand the existing National Parks and
Reserves to such an extent that they en-
compass the whele continuous area
along the Andean slopes from the low-
land areas up to the superpdramo and the
nival belt;
Protect all or moest of the remaining
‘wilderness’ areas in view of the proba-
Iy very small percentage of sull intact
(subjmontane forests;
Initiate additonal ecological studies for
conservation purposes in the Calombian
Andes, Le. transect studies, especially in
the Nudo de los Pastos and the



Cordillera Oriental, along both eastern
and western slopes, from the lowlands
up to the superpdrama,

It probably becomes clear that there 15 a
necessity w make addidonal substantial con-
servation efforts in the Andes. For this rea-
son, discussion on priorities for conserva-
tion in the area cannot come to a standstill.
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