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4.1 Designation of project area perimeters

411 DirectInfluence Area (DIA)

In accordance with the terms of reference for the accomplishment of Environmental Manag®taastires aimed at
establishing and managing commercial forestry projects mentioned in Resolution No.-A86€.75%3 dated December
0X HAMpZXIZ GKS RA NS Ol Tekitgrf ihdeSagr@dtural ot restnipiojeds &ré Beigdevelopid ot
will be developed, usually defined by a polygon within which environmental impacts are geaéjated

According to the above definition, the directinfluence area of the Projectis made up by all the premises iRR@hich
exercises this activity and withiwhich forestry activities take place. Such an area measures 19,167.6 Ha in the
properties where the Orinoquia Forestry Project will be developed, and 2,089.5 Ha in the premise where the forestry
services are provided, yielding a total area of 20,800.3 Ha.

Tabled.1: Areas of the properties corresponding to the Orinoquia Forestry Project

Name of the Premise Usage Area (Ha)

El Triunfo 693.46
Paraiso (PC) 899.9
Cuernavaca 556.32
El Barajuste 906.91
ElComienzo 702.19
La Cordobeza 989.81
Garza Morena 1,024.8
Las Victorias 274.96
La Pista 516.6
LaFe 511.45
La Fortaleza 488.99
San Cristobal 632.5
Paraiso (PR) 875.93
Paraiso (ll) 1,081.39
Paraiso (I) 1,036.23
Los palmares 971.63
Hato Nuevo 2,006.3
Toro | FMS 1,632.7
LaJosa 879.96
Llano Lindo 761.79
Malvinas 11.8
Tierradentro 1,931.64
Tierradentro 5 146.77
Tierradentro 2 220.79
Tierradentro El Paraiso 1,045.47

Source(Valoracién Economica AmbientalQ17)based on information from Forestal de la Orinoquia.

! Terms of Reference for Environmental Management Measures aiming at establishing and managing commercial
forestry projects mentioned in Resolution 500-8%1753 dated December 3, 20X5lossary page 33.



412 Indirect Influence Area (11A)

In accordance with the terms of reference for the accomplishment of Environmental Manage ment Measures aimed at
establishing and managing commercial forestry getg mentioned in Resolution No. 500:43-1753 dated December

0X HaAamMp3X (KS Ay RA NS OTeritarycériestrnyiy$o tHe BESoF areasdiff@ebtfrdmyiie Rlacksa
where the projects in which environmental impacts occur, or may agitvey concurrently and/or subsequent to the

time in which the action resulting in the environmental impact takes glgce

According to the above, the following areas were considered as places where impacts from the Orinoquia Forestry
Project may bgerceived and which are not found within the DIA. Such areas are:

1 Conservation and preservation areas of forests and relict woodland, areas destined to protect production,
regulation and stabilization of the regional hydric cycle and protection doedsagile environments, as defined in
Resolution No 500.415-1753 dated December 3, 2015. Definitions:

Conservation and preservation areas of forests and relict Woodlaind: NE I & ¢A GK LINA Yl NE F2 N

important forests for representatd/ecological connectivity in the landscape and all those that fulfill the function of
maintaining biodiversity and the ecological balance, since they contribute climate and hydric regulation,
preservation of the soil and cleaning of the air; and pradjicakty contribute the only biological corridors or forest
areas of the region that help preserve both, fauna and native flora for they constitute the habitat of threatened and
SYRIFY3ISNBR aLISOAS&a¢o0

Areas destined to protect production, regulation andagtilization of the local, regional and national hydric cycle:

4 NBlFa 2F NAODOSNI a2dz2NOSH)s> dzy RSNENRdzyR 62RASa 2F g (S

Protection areas for fragile environmentsareas with strategic ecosystems associated with high grewvadet
level ofthe soilsort§ @ RNA O Reyl YAOQOaszZ PBa + NBadzZ G 2F o0A20Sy2aira

In accordance with the above, we present the following aredsbyie4.2.

2 Terms of Reference for Environmental Managemengblges aiming at establishing and managing commercial
forestry projects mentioned in Resolution No. 5001481753 dated December 3, 2015, Glossary page 33.

3Terms of Reference to Establish and Manage Commercial Forestry Projects mentioned in Reso|60d4415

1753 dated December 3, 2015, Glossary page 9.

4Terms of Reference to Establish and Manage Commercial Forestry Projects mentioned in Resolution Nt5-500.41
1753 dated December 3, 2015, Glossary page 9.



Table4.2: Indirect Influence Areas (areaswith use restriction).

Property Name Areag _with Usq Exclusion
Restrictions (Ha) | Area (Ha)

El Triunfo 267.44 162.3
Paraiso (PC) 192.05 16.17
Cuernavaca 282.85 124.52
El Barajuste 225.48 85.09
El Comienzo 322.09 114.03
La Cordobeza 215.58 49.63
Garza Morena 208.14 60.75
Las Victorias 126.62 33.89
LaPista 508.4 0
LaFe 267.44 220.1
La Fortaleza 248.33 155.78
San Cristobal 296.52 365.01
Paraiso (PR) 216.64 51.72
Paraiso (II) 497.27 185.63
Paraiso (I) 286.78 101.2
Los palmares 223.7 98.7
Hato Nuevo 715.09 193.39
Toro | FMS 336.2 122.04
LaJosa 148.83 46.96
Llano Lindo 24581 67.63
Malvinas 83.63 15.28
Tierradentro 266.09 35.97
Tierradentro5 55.52 8.82
Tierradentro 2 63.14 10.61
Tierradentro El Paraiso 360.7 77.13

Source(Valoracién Economica Ambiental , 20b&@$ed on information from FFC

1 Areas adjacentto the roads that communicate the properties amongst thenavahdhe main access ways of the
Project. It was determined how the IIA framed this within a 250 meter distance from each side of the road.

1 Areas corresponding to the inspection points nearby the project, which inthe case of the Orinoquia Forestry Project
deal with the inspection points La Venturosa, closely located to the San Cristdbal, Palmares, Paraiso Il and Paraiso
| properties. The secondinspection pointis near El Aceitico, close to the Malvinas and Toro | properties. And lastly,
the inspection pait Puerto Murillo, close to the Malvinas and Hato Nuevo properties.

Herein below we present the figures with identification and demarcation of direct and indirect influence areas:



Figure4.1: Area A having Direct and Indirect Influence.
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Source: Prepared Ky/aloracion Economica Ambiental , 2017)

Figured.2: Area B having Direct amadirect Influence.
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Figure4.3: Area C having Direct and Indirect Influence.
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Source: Prepared y/aloracion Economica Ambiental , 2017)
4.2 Physical geography (climate, geology, topography)
421 Geology

From the physical point of view, Geology analyzes, rebuilds and interprets permanent evolution of lands,
providing information on the characteristics, properties, capability of the land to support anthropogenic
activities (human activities) and indicate the most adequate way of utilizing the subsoil, as well as the occurrence
of instability processes, causeitter by structural and tectonic characteristics, or by seismic activity, lithological
nature or anthropogenic conditions. The methodology for the geological characterization of the area of interest
for the FFCEnvironmental Measures Management Project,esb lithology conditions are included, was
developed through the following activities, abiding by what was established in the terms of reference and
accordingto the general Methodology for presentation of Environmental Impact Surveys.

The area containgC 2 NB & (i | £ R $prdpértiestisNidunt vithidzhé NW South American Amazonic
Craton geological framework, which has not been thoroughly studied in Colombia and may be framed within
two main streams that try to explain the evolution of the most&mt Colombianrocks: The first one, the Fixed
Stream, proposed by authors such as Radelli 1967; Irving 1971, Alvarez 1983, among other, who postulate that
the W boundary of the Precambrian crust would be located in the W flank of the Cordillera Camndréde

second, the Movable Stream, explained within the plates tectonic concept, whichis evidenced by authors such
as Martin, (1972); Cordani etal. (1979,1988); Bley de Brito & Cordani, (1991); Teixeira et al. (1989); Tassinari et
al. (1996) and Tagsiri & Macambira, (1999), among other.



4.2.1.1 Revision of the Geological Information

This information includes both, the Direct Influence Area (DIA), and the Indirect Influence Area (l1A), since itis
considered both, primary and secondary information. Within this analysis, technical, scientific and general
geological and structural dateere identified and validated, such as the Municipal Land Management Schemes
(EOT, for its initials in Spanish) mainly of the Puerto Carrefio municipality, specific surveys of the area conducted
by Servicio Geoldgico Colombiano, academic papers preparedibgrsities, environmental authorities and

other entities.

Table4.3: Bibliographic References Consulted by the Geological Component.
REFERENCES DATE
Land Management Scheme (EOT, for its initigpanish) of the Primavera Municipality 2000
EXPLANATORY MEMORY OF DRAWINGS 162, 162 BIS, 182 AND 182 BIS OF PUEH 2009
VICHADA
GEOLOGICAL CARTOGRAPHY AND GEOCHEMICAL SAMPLING OF DRAWINGS 159, 1 2012
AND 181 OF PUERTARRENO, VICHADA
Technical Supporting Documegt AND MANAGEMENT SCHERAEErto Carrefio, Vichada. 2012
General Soils Study and Land Zoning at the Vichada Department 2014

Source(Valoracién Economica Ambiental , 2017)

4.2.1.2 Field Exploration

A field exploration was carried out within the geological and structural analysis. The following properties were
visited for the characterization of the baseline studies:

Table44:C2 NBaidlf RS fI hNAy2l[dAlFIQa t NPLISNIASAD

Property Area

San Cristobal 1,294.0
Los Palmares 1,294.0
La Cordobeza 1,255
La Garza Morena 1,293.7
El Paraiso | 1,424.2
El Paraiso Il 1,764.3
Hato Nuevo 29148
ElParaiso (PR) 1,144.3
El Paraiso (PC) 1,108.1
LaPista 1,025.0
Lafe 999.0
El triunfo 1,123.2
El Comienzo 1,138.3
El Barajuste 1,217.5
LaFortaleza 893.1
La Victoria 435.5
LaJosa 805.9
Llano Lindo 859.6
Cuernavaca 963.7




Property Area

Las Malvinas 110.7
Tierradentro Titulado 2,233.7
TAD El Paraisditulado 1,483.4
Tierradentro 2 Titulado 294.5
Tierradentro 5 Titulado 211.2
Total 27,287

SourceForestal de la Orinoquia

Table4.5: Property to which Forestry Services are Offered

Property Name Total Area (Ha)
Toro I FMS 2,089.50
Total 2,089.50

Source(Valoracién Economica Ambiental , 20b@$ed on information frorfrorestal de la Orinoquia

Visits to the premises were conducted on September 10 through 18, 2017 where geological conditions were
observed in relation to lithological units, recent deposits and current conditions of the materialitcrop, such

as the metheorization degree and profile and local fracturing; likewise, the structural component was visualized
together with the tectonic conditions of the area of interest, including topographic and landscape, conditions of
the expose rocks regarding fractures, folds, foliations, and diaclases, among other. This land exploration also
validated data compiledin the previous bibliographic compilation stage.

4.2.1.3 Analysis of Remote Sensors

This activity includes analysis of aerial photogspwned byorestal de la Orinoquidhe aerial photographs

were interpreted with the aid of stereoscopic vision permitting the extraction of data related to lithological units;
also, important structural features were interpreted, such as benches, caligagd to certain streams, slope
changes, among other, which are shown associated to regional structures, erosive processes, and digression of
courses in the main streams, among other features.

Tabled.6: List of Aerial Photographs of the Area

Characteristics of the Images | Sensor Date of the satellite image
WV02 10/01/2017
WV02 10/01/2017
WV02 23/03/2015
WV02 23/03/2015
WV02 10/01/2017
WV02 17/01/2013

Worldview2  images, Pal WV02 17/01/2013

Sharpened Mode WV02 25/01/2013
WV02 25/01/2013
WV02 17/01/2013
WV02 17/01/2013
WV02 17/01/2013
WV02 17/01/2013
WV02 17/01/2013

Source: Table prepared Qyaloracion Economidambiental ,2017) wh/ ! [ / ! [ hQ&a R Gt



4.2.1.4 Geographical Information Systems and Preparation of the Thematic Cartography

With the aid of the geographical information systems and working with digital level data, the data cleaning,
digitization and integratin of the cartographic and geological information was carried out. This activity was
started in the first characterization phases of the area and it prolongs until its final stage. Itis updated with field
data and information from different analysis arifimally gives way to the geological map of the area of interest,
containing lithological and structuritpe information based on the data provided6y2 NS a i f RS f |
Environmental Management Project, preparedata 1:50.000 scale.

4.2.15 Seismicity
The seismicity studies are focused on identification and validation of possible seismic events th&tatstat
delaOrinoquiRd +F NB I 27F A ywelnBeniodng th&ahitiBitleydevielGped2 fdllowing the typical

methodology brthese types of surveys:

1 Reuvision of the Seismological Information

h N
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presentin the area of interest were identified, validated and analyieel;starting point of such studies
corresponds to information generated and updated by Servicio Geoldgico Colombiano SGC. In addition to the
secondary information analyzed for the geological characterization, the Atlas of Colombian Seismic Threats
(2010) vherein the above mentioned Colombian Geological Service records different seismic activities of the
national territory was used as main reference.

1 Characterization of seismic sources and of nearby neotectonic activity.

The seismicity analyses took into account the #eaonic activity conditions for the area of interest based on

the Colombian Active Faults Map, 1999, to then estimate seismidtgctites. In addition, the characterization

of the seismic sources of the area of interest was reviewed according to theenmic observations that had
0SSy 20aSNBSR IyR ARSYUGATFTASRI (IF1Ay3a Ayidz2z 002dz/i

9 FEied Exploration

With the neatectonics vision, the netectonic conditions of the lands were visualized in the field; this is related
to regional environmental guidelines, benches and defined local structures, such as shear zones, intense
fracturing, sangoonds, etc., identified as of the revision of the information.

1 Preparation of the Report

With the integration of the preceding data and under specialized analyses thatinclude the estimate of seismic
threat rates and the preparation of the map, the seisity report of the area, including the maximum
accelerations of the land (PGA) and the identification of the most relevant seismic sources as per the regional
faults map of the area was prepared.



4.2.1.6 Geology of the Indirect Influence Area (11A)

Ancient aad recent outcrops located in premises belonging-tGvere established at the Indirect Influence
Areas (llA); the Geology of the Vichada Department corresponds to rocks of the Precambrian and Tertiary ages.

The Planes for the Department of Vichada adaag to IGAC, and those used in this survey are: 160, 161, 162,
180,181,182, at 1:100.000 scale for the most Eastern sector of the Oriental Planes Basin, located towards the
north of the South American Platform and it represents one of the greatest giatzodies of the world;
accordingto the Colombian Lands Map (INGEOMINAS $£888yn in Figure 2, the area is defined as the Meta,
Vichada, Guaviare Land, mentioning first an accumulation of pelitic and samitic sediments of the beginning of
the Protera@oic age, which are subject to metamorphosis during the TFremazonic metamorphic
period(~1780m.a).

Figure4.4: Colombian Lands Map.
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6 Colombian Lands Map, Taken from Geggl of the Southern Part of Sabanalarga Batholith. Implications for
Terraine Theory in the West of Colombia.



42161 Regional Geology
T PRECAMBRIAN PERIOD

Outcrops of very ancient ages were established in drawing 181 at the geographical sector called Cerro el Carajo,
nearby theBita River, town La Esmeralda, Puerto Carrefio Municigdlgpartment of Vichada.

According to Tasinarii and Macambira (1998)e Amazonic Craton is divided into 6 Chréctonic provinces,
namely: Central Amazodnica (CA), over 2500M.a; Mdtaoaitnas (Ml), 220€1950M.a; VentuasiTapajos (VT),
1950-1800M.a; Rio Negrduruena (RNJ), 184B50M.a, which is separated in Santos et. al. (2000) at Rio Negro
(RNP), 186a.520M.a and Rondonduruena, 176A470M.a; Rondoniensésan Ignacio (RO), 150800M.a

and Sunsas (SS), 125000M.a.

It is importantto make reference to the granitic rocks located at the east of the survey area in the Venezuelan
border, towards the western edge of the Orinoco River, rocks which belong to the Guyana Shield, and which
together with the Brazil Central Shield or Guaporé, constitute the Amazonic Craton. The Bouger anomaly studies
at the Colombian northwestern extreme suggest that the sialic platform of the Precambrian age rapidly thins
outtowards the West, and probably befareaching the Pacific Coast.

The stratigraphic sequence includes Precambrian ancient rocks, which are represented by the Mitd Migmatitic
Complex and the Parguaza Granite.

o Mitd Migmatitic Complex

Unit made up by igneous and high degree metaphoric rocks with different complex structural ratios; it
lithologically comprises quarieldspar, amphibolites, migmatites, quartzites, quartz neises and granites with

alaskite to monzonite variations. It istinded by granitic bodies called granitoids, and by seams or dikes of
quartzfeldspar composition. The protolith probably stems from sediment and it is of basic efedottpar

igneous nature. (Galvis et al.1979). The Complex is the western prolongatlum Gluyana Shield and it
O2yaidAaidziSa GKS ONRaGlLttAyS olaSySyid 2F (GKS /2f2Y0
southeastern part of the Vichada Department, outcropping in irregular patches, where the sediment layer is
absent, or was @hinated by erosion. Presence of ancient sedimentary sand units was also observed at the field,

lying on the ancient basement, but such units are not reportedin the official geological cartography. Outcrops

of quartz and ferruginous sandstones were obvger at the Casuarito homestead and at La Esmeralda site. In

/'L addzZlk NAG22 GKS 2dziONRL) O2yaArada 2F aAtA0S2dza |jdzl NI |
rocks. At La Esmeralda site, in the unpaved road that leads from Puerto CarrefiootdiQad) ferruginous
dlyRal2yS 41 a 20aSNWSR FT2N¥Ay3d NBPaARddt KAffa 6AGK
rocks.

Age and CorrelationRegarding age, the geshronological data of the Mitll Complex according to de Priem
(1978) and Rem et al. (1982) indicate three age groups, namely: 1.780 M.a. which would correspond to the
cooling of the Miti Complex at the end of the Transmazonic Orogenia;-1.8B8 M.a., with an age possibly
related to Parguaztype Rapakivi granites, and 1.2000100 M.a. which was interpreted as correspondingto the
Nickriense tectonienetamorphic episode occurred in Surinam.

" Geological setting of the Mitu complex and perspective of mineral occurrences of niobium and tantalum in the
Colombian territory.



0 Parguaza Granite (MPgp)
¢KS tFNBdzFr T DNFXyAGS ot SGT &3 S iype(iteraigrotancook)iermA y  / NA a
originally used by Urdan Hjarne (1694 on Volbort, 1962); some authors have used the term to describe
petrographic characteristics, mainly from volcanic igneous rocks and intrusive granitic rocks with high content
of potassium rich feldspar such@snodiorites, monzogranites and their varieties (Pinto and Gonzalez, 1989).

In Colombia the Parguaza granite outcrops along the western Bank of the Orinoco River and forms part of the

rocks that make up the Guyana Shield (Department of Vichada). Theoppitag rocks are seen as isolated

domes with abrupt slopes and heights oscillating betwean5nYX a2 OFff SR 4 daLyaStoc
distribution and size is irregular; they are seen outcropping in the Banks of the Orinoco River and they refert

the hills called Bita, Bandera, Santa Helena, Guaripa, Hormiga, Bachaco, Casuarito, Murciélago, Angela, and San
Roque, amongst other.

Age:Up to the momentthere are no dates of the Parguaza Granite in Colombia. The assigned age 1531+39M.a
(Gaudette et.al.,1978) is derived from samples obtained in the Ayacucho area (Venezuela), and it would
correspond to the Parguenze Event (14BD0M.a) ( Table 3).

Correlation:

The Parguaza Granite located around Puerto Carrefio (Colombia) may be correlated @ithriiteides of the

same name which outcrops between Puerto Ayacucho and Puerto Paez (Venezuela), with the Anorogenic Pluto
of Rio Branco (Brasil), as well as with the Mucuajai Granite, Surucucus Granite and the Biotitic Granite of the
Vaupésriver.

1 PALEOZOICPERIOD
0 Araracuara Formation (MPtev)

It corresponds to a succession of sedimentary rocks or of coastal marine shallow waters origin, deposited during
the Paleozoic age, possibly in the Ordovicic period, mostly comprised of sandstones with geresen
conglomeratic lenses. It presents two members: a lower one called Guacharos, made up by an oligoictic basal
conglomerate of angular and rounded hyaline quartz in green clay matrix discordantly overlying on the Mit(
Migmatitic Complex. The conglomeediarrows upward leading to conglomeratic quartz sandstone and coarse
grained brittle sandstoneswith wave marks and abundant biological activity fossil printb@ttded with finely
laminated green and nottoo compact micaceus claystones with a thiskofes to 20 meters. The upper part

of the member is a medium to fine greyish or white sandstone, sometimes glauconitic and not very compact.

The upper member called Angostura is made up of white to widéowish very compact coarse packets of
guartzsandstones, with presence of abundant crossed stratification in its lower portion. The upper contact is
discordant with the sedimentary units of the Tertiary.

The Araracuara formation rocks generally contain quartz having very low mineral variety aridugote ntial

for contributing elements to the soil; such rocks have a high content of siliceous cement which provides the
strata with high weathering resistance and very low porosity and permeability. The formation is shaped in
structural plateaus wittslightly dissected flat surfaces that have vertical and steep edges and scarce vegetal
cover at the top; drainage presents a strong structural control. In the Vichada Department the formation appears
in small outcrops within a sector nearby the Iteviarenfet onthe Guaviare River at the border with the Guainia
Department.



1 CRETACEOUS PERIOD
0 Amazonic Upper Tertiary

Informal name used to refer to sedimentary units deposited in a continental environment, after occurrence of
the Cretaceous sea regressios,aconsequence of the final raising of mountain ranges during the Andean
Orogenia. Most of the sequences are constituted by ferruginous conglomerates at their base and by a succession
of red, yellow and whitish claystones interspersed with lignite leasesslightly consolidated sandstones with

a matrix that varies between iron and clay content. (Galvis etal., 1979).

In the Department of Vichada, the unit outcrops in the south of Vichada River, showing low consolidation sandy
tabular formations (Flére2003), where the slight incision of the elementary drainage network favors the
formation of large flatto-corrugated interfluvios, which are characterized by not too much dissection and
almost flat topography.

1 CENOZOIC PERIOD

Within the Indirect Inflence Area of the survey, this geological unit is the broadest one, occupying
approximately 70% of the area; such unit has not been studied in detail, but has beenreferenced as Tertiary by
several authors suchas Navas (1991), Galvis (1998) et al., wdiffeu¢ ntiation. According to what has been
observed, it corresponds to typical peneplain geoforms affected by a dendritic andesudritic drainage
network. Based on the fieldwork and on the phajeological data, two geological units could be estatdish
within the surveyed aréa

- Paleogene; Neogene

Within this period of time, a nowlifferentiated sedimentary unit was defined, which is characterized herein
below.

- Nondifferentiated Tertiary (Tsd)

These are peneplain nafifferentiated sediments of continental origin and their outcrops are not eagent
in the area, which makes it difficult to raise stratigraphic columns; however, some outcrops were foundin the
banks of the Bita River.

x  Lithology

First Segment

According to the information compiled during the field phase, at the upstream righit b& the Bita River
1.177.675N and 1.044.028E, an 11 meters thick stratigraphic column was raised where the following data
described from base to top was obtained. The First Segmentis represented by a 1 meter thick mudstone layer,
followed by a local yéwish claystone layer (0,9m thick), with reddish tones due to the presence of iron oxide,
with curved crossed internal stratification, representing a total thickness of%,9m

Second Segment
Towards the base there is an intercalation of fitlemediumincreasing grain sandstones, with moderate
selection ferruginous cement having suunded grain, flat parallel stratification, with tabular grayish to

8 Explanatory Mmory of drawings 162, 162 bis, 182 and 182 bis Puerto Carrefio, Vichada
% Explanatory memory of drawings 162, 162 bis, 182 and 182 bis Puerto Carrefio, Vichada



yellowishbrown claystones. Its thickness is 1,65m. Towards the top there is a very fine Brown yellowis
sandstone layer with subounded grain and mud matrix, with a thickness of 1,70m.

Third Segment

It corresponds to mudstones with motted ochyellowish tones in tabular layers, net contacts, with a thickness

of 2,7m. Such thickness is followed by a laylemedium grain suangular sandstones with moderate selection,

0,5m thick, Towards the south sector of the area, at the streams Dagua 1.045.607E, 1.128.358N and at the banks
of the Orinoco Rriver 1.055.518E, 1.139.562N, punctual conglomerate lensefownadewithin a fine sand

matrix, with 0,5 to 3cm diameter lithic and milky quartz clasts with-aogular and subounded shape and poor
selection within ferruginous sandy, ochte-brown claystones. Greyish conglomerated sandstones were
identified on the Dagua stream with presence of iron oxide; their clasts arequihded and poorly selected

within a sandmud matrix having a minor percentage of ferruginous cement.

Figure4.5: Rocky Unit atthe Left Bank of the Bita River
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Source(Valoracion Economica Ambiental , 2017)



Figure4.6: Rocky Unit atthe Left Bank of the Bita River

Source(Valoracion Economica Ambiental , 2017)

1 Quaternary

The quaternary deposits of the area are composed of unknown thicknessorsolidated lutum sediments

that cover deposits which have been formed through an intersathering process of Precambrian and Tertiary
rocks, known as lateritic soils which originate in stable landscapes that have been deposited through two means:
surface rivers and creeks; and wigdnerated. Two recent geological units within the survey are@ classified

as follows:

- Ferruginous Crusts (Qcf)

It corresponds to peneplain corrugated sediments which are nearby the dendritic ardesdhtic drainages
network and in some sectors, they are foundin the low parts of the Inselberg (ancieittgbaiies).

The weather conditions of the surveyed area are characterized by long winters and long summers, situation
which directly influences the weathering and leaching ofexesting rocks rich in mafic minerals and feldspars,
thus leading to the dposition of ferruginous crests with high content of iron oxide, limonite, hematite and
goethite type. The ferruginous crusts are associated with low zones of granite bedrock and with dissection areas
of main and secondary surface drainage (rivers anasts. This unit corresponds to very hard welded masses
with high concentration ofiron, granular porous texture with characteristic ochre to reddish shades and in some
sectors, itis found with kidneshaped texture.

According to what was observed in tfield, the ferruginous crusts present textural variations and different
compositions, depending on the places where they crop out. The ferruginous crusts are mainly located in the
rivers Bita and Meta and at the Juriepe stream in the northern sectoreftirveyed area and they are
comprised of fineto-medium sandstones with sutbunded, moderate selection lithic milky quartz showing
kidney or botroydal shape with 0,2cm thick siltstone and hematite strips. The thickness oscillates between 0.6
and 1,30m. fieir exposure is more evident in the secondary tributaries of the Bita and Meta rivers and in the
Murciélago and Dagua streams.



The Murciélago and Dagua streams sector at the southern part of the surveyed area evidences a textural change
showingferruginous crusts made up of sandy mudstones with clayey matrix and ferruginous cement with sub
angular, moderate selection lithic milky and hyaline quartz also with presence of iron oxide and manganese.
Their geoforms are smoother than those observetth@northern part of the surveyed area. Thicknesses do not
exceed 90cr.

Ferruginous crusts found at the lower parts of the granite bedrock, mainly in the sectors called: Las Hormigas,
northeast of the area under study; Puerto Carrefidban center; Cep Angelita, Cerro Piragua, Cerro Casuarito,
and Guaripa, exhibit smooth elongated geoforms not over 1,50 meters high, mainly consisting of poor selection,
medium grain, angular and stdngular ochreto-reddish sandstones with lithic milky quartz and mioaith
compact siliclay ferruginous cement matrix and limonite and he matite strips.

Figure4.7: Altered Ferruginous Crust at the Bita River
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Source(Valoracién Economica Ambient@017)

- Recent Deposits (Qp)

These recent deposits cover a large segment of the area under study. They correspond tocensaitated

unit made up of muegsand sediments with undetermined thickness and age, with colors that vary from light gray
to brown yellowish in several facies fluvial continental environments forming vast savannahs with none or slight
dissection which cover tertiary deposits and foaambrian rocks located east of the area. Such sediments are
Y2aldte O2 @S-tyf Rasuded and scar& buslies vegetation. In certain sectors the deposits are
covered by sands brought by the wind.

10 Explanatory Memory of drawings 162, 162 bis, 182 and 182 bis Puerto Carrefio, Vichada






Figure4.8: Photograph of Yellow Sand Flat Lands, with-consolidated sediments.

Source(Valoracion Economica Ambiental , 2017)

x  Alluvial Deposits

During field observations and image analyses two types of alluvial deposits were identified: flood plains and
riverbed alluvial deposits.

Flood plains (QIl)

This corresponds to areas subject to constant flooding, especially in the winter. NearbyonithaeBita River

there are fine material sediments deposited in the valleys of the Orinoco and Meta rivers as well as in the higher
part of the Negro creek and at the source ofthe Murciélago and Amarillo creeks, and at the mouth of the Piragua,
Pafiueloand Guaripa streams.

This unit hosts nomronsolidated sediments with sand texture variations from fittegreyish clayey sands
having high quartz content and low levels of feldspar and mafic minerals rich in organic material. For this reason
they give vay to soils that favor abundant development of bttgbe topsoil that hosts minor species.
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maximum 5Km extension, evident at the Palito sectord with a minimum 1Km extension in Hacienda La
Esmeralda. The flood plains are swampy, which makes access difficult.



Figure4.9: Meta River Flood Plain

Source(Valoracion Economica Ambiental , 2017)
- Riverbed Alluvial Deposits (Qac)

These correspond to neconsolidated sediments deposited in the beds of the Meta, Orinoco, Dagua and Bita
rivers, forming sandbanks locatedantive beds (islands), riverbanks and local terraces. The existing material
varies according to the dynamics and to the material contribution, there being diverse textures and
compositions.

Upstream, in the highest part of the Bita River, there are sanébin active beds, stabilized by trg@e native
vegetation. Atthe Nimajay sector in the Banks of the Bita river siliceous sandbanks were found made up of very
fine grain, good selection, rounded sands with low silt content.

The Meta River containsisdbanks within the active bed (islands) made up of greyish very fine sands with
contribution of clay material and high concentration of iron oxides. In the upper part there are subsistence crops
like cotton, yucca and maize. There are complex banks imtheh of the Juriepe creek at the Meta River.

Deposits Brought by Wind (Qe)

Deposits brought by wind found in the Survey area are predominantin the Murciélago and Dagua creeks. They
present parabolic forms of lesser size containing fine yellowish, gmadoderate selection sands with sub
rounded grain and thicknesses of up to 40cm; notwithstanding, towards the Hormiga sector there are
accumulations of very small thickness, covering the recent deposits that form the peneplain. Development of
these depogs brought by wind in the area under study is not very evident and notorious as those observed in
Venezuela towards the western sector of Vichada and in the Meta, Casanare and Arauca Departments.

The geographical and meteorological considerations of tlasteen Plains (Llanos Orientales) provide
fundamental characteristics for developing deposits brought by wind. According to Khobzi (1976 en CIAF, 1981),
in the Orinoquia case, the topography of the Guyana mountain range represents an obstacle for wmd act
fact which restricts such modality to not beyond its foothills. Currents show arcgcitbnic nature trajectory to

the east, becoming cyclonic as of the Venezuelan western plains until Vichada in Colombia.



Goosen (1971in CIAF, 1981)and Tricar (29B4c in CIAF, 1981) establish que that sedimentation at the plains
where the rivers burst their banks have been mostly contemporaneous to the dunes and concurrently they have
been an important source of their component material; the authors indicas the dunes are more ancient

than the Holocene alluvial deposits.

4.2.1.7 Geology of the Direct Influence Area (DIA)

The Direct Influence Areais defined as the area where direct or primary environmental impacts affect physical,
biotic, socieeconomic and culiral aspects at the sites that are intervened with any type of construction and
operation, taking into account the following environmental criteria:

1 Areasthatare goingto be intervened by building activities.

1 Areas defined for the permanent camp and tponary facilities, as well as existing ways to be used as access
for Forest Firspremises.

1  Socieeconomic and cultural characteristics or conditions of the communities settled in the area which may
be positively or negatively affected.

1 Especially the praises that will be used as right of way.

91 Directimpacts generated by operating activities to be accomplished.

LOCAL GEOLOGY

Within the influence area dforestal de la Orinoquidda LINS YA aSasx GKSNXS NS NeOl |
deposits withages between the Precambrian, the Cretacic, the PaleQadémgene and Quaternary periods.

Tabled.7: Geological Units (DIA)

Premises Geological Units
Cuernavaca Qp, Qcf

El barajuste Qp, Qcf, Qac
ElComienzo Qp, Qcf, Qac

El Paraiso | Qp, Qcf, Qac, Qll
El Paraiso Il Qp, Qcf, Qac

El Toro Qp, Qcf, Qac

El Triunfo Qcf,Qac

Hato Nuevo Qp, Qcf, Qac, Qll
La Cordobeza Qp, Qcf, Qac
LaFe Qcf, Qac
LaFortaleza Qcf, Qac

La Garza Morena Qp, Qcf, Qac
Lajosa Qp, Qcf, Qac
LaPista Qp

La Victoria Qp, Qcf, Qac
Las Malvinas Qp, Qcf, Qll
Llano Lindo Qp, Qcf, Qac
Los Palmares Qp, Qcf, Qac
Parais@ Primavera Qp, Qcf, Qac




San Cristobal Qca, Qcf
Tierradentro Qp, Qcf, Qac
Source(Valoracion Economica Ambiental , 2017)

Units present aForestal de la Orinoquiigpremises belong to the Quaterndgriod.

Figure4.10: Geological Map of Area A

Source(Valoracion Economica Ambiental , 2017)



Figure4.11: Geological Map of Area B.
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Source(ValoraciérEconomica Ambiental , 2017)
Figure4.12: Geological Map of Area C

Map of AreaC



Source(Valoraciéon Economica Ambiental , 2017)



- Ferruginous Crusts (Qcf)

Thisunitis presentin most of the premises and corresponds to corrugated peneplain sediments found near the
dendriticto-sub-dendritic drainages network, and in some sectors in the lower parts of the Inselberg (ancient
granite bodies).

The weather conditionsf the surveyed area are characterized by long winters and long summers, situation
which directly influences the weathering and leaching ofexesting rocks rich in mafic minerals and feldspars,
thus leading to the deposition of ferruginous crests wiigh content of iron oxide, limonite, hematite and
goethite type. The ferruginous crusts are associated with low zones of granite bedrock and with dissection areas
of main and secondary surface drainage (rivers and streams). This unit corresponds tardevglded masses

with high concentration ofiron, granular porous texture with characteristic ochre to reddish shades and in some
sectors, itis found with kidneghaped texture.

According to what was observed in the field, the ferruginous crusts ptésetural variations and different
compositions, depending on the places where they crop out. The ferruginous crusts are mainly located in the
rivers Bita and Meta and at the Juriepe stream in the northern sector of the surveyed area and they are
compriseal of fine-to-medium sandstones with sutbunded, moderate selection lithic milky quartz showing
kidney or botroydal shape with 0,2cm thick siltstone and hematite strips. Their thickness oscillates between 0.6
and 1,30m.

Figure4.13: San Cristébal Premise, Geological Units Qca, Qcf
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Source(Valoracién Economica Ambiental , 2017)



Figure4.14: El Paraiso | Premise, Geological Units Qp, Qcf

Source(Valoracion Economica Ambiental , 2017)

- Recent Deposits (Qp):

These recent deposits cover a large segment of the premises visited in the field. They correspond-to a non
consolidated unit made up of mushnd sediments with undetermined thickness and age, with colors that vary
from light gray to brown yellowish in sena facies fluvial continental environments forming vast savannahs with
none or slight dissection which cover tertiary deposits and@aenbrian rocks located east of the area. Such
ASRAYSYyGa | NB Y2 atipe pastided gGnfl Bbrée basBegeimtion. Sriicertain sectors the
deposits are covered by sands brought by the wind.



Figure4.15: Cuernavaca Premise, Geological Units Qp, Qcf

Source(Valoracion Economica Ambtah, 2017)

Alluvial Deposits:

x  During field observations and image analyses two types of alluvial deposits were identified: flood plains and
riverbed alluvial deposits.

- Cf22R tflFAyaQ 5SLl2aArda ovito

This unitis found in 5 premises located neaty Meta River and it corresponds to areas subject to constant
flooding, especially in the winter. Atthe Bita River there are fine material sediments deposited in the valleys of
the Orinoco and Meta rivers as well as in areas subject to constant floodigly in the winter.

This unit hosts nomronsolidated sediments with sand texture variations from fittegreyish clayey sands
having high quartz content and low levels of feldspar and mafic minerals rich in organic material. For this reason
they giveway to soils that favor abundant development of btighe topsoil that hosts minor species.
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Figure4.16: Malvinas Premise, G
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Source(ValoraciérEconomica Ambiental , 2017)

- Riverbed Alluvial Deposits (Qac)

This variety is presentinmost6f2 NS a G I £ R Srefibes anduthiey érjesiaphid 1O damnsolidated
sediments deposited in the beds of the Meta, Orinoco, Dagua and Bita rfeemsing sandbanks located in

active beds (islands), riverbanks and local terraces. The existing material varies according to the dynamics and
to the contribution of material, there being diverse textures and compositions.

In the sector of theTierradentro premise on the Bita River silica sandbanks made up of very fine grain, good
selection, rounded sand with low silt content are found.

The Meta River contains sandbanks within the active bed (islands) made up of greyish very fine sands with
contribution of clay material and high concentration of iron oxides in the upperfart.

11 Geological cartography and geochemical sampling of drawings 159, 160, 161, 179, 180 and 181 Puerto
Carrefio, Vichada



Figure4.17: Prmise Cuernavaca, Geological Units QlI
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Source(Valoracién Economicambiental , 2017)

1 STRUCURAL GEOLOGY (All)

REGIONAL STRUCTURAL GEOLOGY

The premises are located in the Llanos Orientales Basin in the East part of Colombia, bordering with the Barinas
Basin at the northern part of Venezuela. The Serrania de La bfecand the Arco del Vaupés to the South;
FYR GKS DdzZr AOFNYY2Qa FldzZ G aeadsSy G2 GKS 2S8ad FyR @

The studyofthe€ 2 NBa G I f R %redidspebifiddilydaviglazadlin@rawings 160, 161, 162, 180, 181 and
182 in theDepartment of Vichada.

LOCAL STRUCTURAL GEOLOGY (DIA)

' C2NXadalrt RS fF hNAy2IldzZAl QaF LINBYA&aSa GKSNXS NS vy
evidencedthat may require a deep analysis or supplementary studies; structural geology deals with the whole
and the conditions of the land are refed to in the regional geology for the analysis of the Baseline.

x  Guidelines

For the analysis of this Baseline study the previous bibliographic review is taken into account and the straight or
nearly straight traits of topographic alignments that are blésiin images of remote sensors, such as satellite
images, aerial photographs or topographic maps are defined as guidelines. (Marshak & Mitra, 1988). Based on
the information and analysis of satellite images, radar and topographic maps, linear featueegiertified
showing varied predominant directiofi$-rom: * NWSE * NiSW, some &V bound.

The above is related to the geomorphology of the land, taking as reference the array of first and second order
drainages presentin the area.

? GEOLOGICAL CARTOGRAPHY AND GEOCHEMICAL SAMPLING OF DRAWINGS AS 159, 160, 161,179,180 Y
PUERTO CARRENO, VICHADA



4.2.1.8 Geological Evolution
x PRECAMBRIAN

The surveyed area framed by drawings 160, 161, 162, 180 and 181 at a Scal@00®00 is located in the most
Eastern sector of los Llanos Orientales Basin, region which makes part of the Amazonic Craton located towards
the north of the South American Platform and represents one of the most cathodic bodies of the world.

Accordingo the Colombian Lands Map (INGEOMINAS, 1983), the area has been defined as Terrain Meta,
Vichada, Guaviare, mentioning first an accumulation of pelitic and samitic sediments of the beginning of the
Proterozoic period which suffer metamorphosis during fransAmazonic metamorphic phase (~1780m.a).

The studies accomplished by Tassinary & Macambira (1999), propose a geotetonic evolution and summarized
the geachronological control of the Amazonic Craton in 6 chronotectonic provinces based onthe detierminat

of ages derived from graniieearing rocks and their metamorphic derivatives, as follows:

1 Central Amazonica (CA): 2200 at 1950 M.a.

1 Ventuari¢ Tapajos (VT): 1950at 1800 M.a.

1 Rio Negra; Jurena (RNJ): 1800 at 1550 M.a, in turn divided into RioNB#tB) 1860 at 1520 M.a. and
Rondonia; Jurena; 1760 at 1470 M.a.

1 Rodinienseg San Ignacio (Ro): 1500 at 1300 M.a.

1 Sunséas (SS): 1250at 1000 M.a.

The Amazonic Craton comprises an area of 4400 million Km2. According to (Cordani et. al., 2009), is format
started approximately 3100 m.a when the Cardjastaca province was developed (3,13,823G.a). According

to Santos et. al (2000), itis associated with the Aroan tecgétamorphic event. Tassinari et. al (1996), stated

that this craton was formed dumg the Arqueano period when the micomntinents agglutination occurred,
forming paleoproterozoic orogenic belts. According to several authors the most ancient exposed rocks in the
Colombian Amazon region make part of the Rio Negro Province (Santo2@08l) of the Guyana Shield and
correspond to an old continental magmatic arc due to a subduction of the ocean crust under the western bank
of the province (Rogers & Santos, 2002; Zhao et al., 2004). The isotopic dating of these rocks have given a
disperson of ages between 1.8 G.a.y 1.55 G.a. Such subduction phase originated a plutonism which is evidenced
in the Rio Negro Province due to occurrence of the Parguense magmatic event with the most recent ages of 1.52
G.a. (Priemetal., 1982; Kroonenberg, 29Bussaint, 1993), givingrise to rapakivi granitic intrusive bodies of

the Gaudette & Olszewski of the Parguaza Intrusive Suite (1985). The Parguaza Intrusive Suite in Colombia and
Venezuela may be correlated with Granitoids of the Icana y Uaupésiker8sites and with the Gabroic
Complex of Tapuruquara in Brasil.

According to Gaudette (1978 in Gonzalez and Pinto, 1989), the precambrian rocks exposed in the western edge
of the Guyana Shield present a Rb/Sr age of 1550 M.a and a U/Pb of 1545 + p@édiam Proterozoic)
Gaudette (1978 in Buenaventura and Rosas, 1988) at Venezuelan territory, which locates them within the Rio
Negro and Sunsés Province. Such plutonic eventis representedin the Orinoco River strip both, in the Colombian
side and in Veazuela. The Parguaza granite bathalith presents an absolute age between 1590m.a and 1545m.a,
through the U/Pb method, which evidences that it occurred during the Parguazensis eventqd 1,8Ga). Such

body is the most ancient one near to the area, aniis formed as of bimodal magmas due to partial fusion of

the continental crust (intraplates). Itis an anorogenic granite of the Mesoproterozoic age, intruded through very
deep faults due to the formation of a rifting during the rupture of the Atlantidgdepcontinent, exhibiting
tensiontype nature. Itis worthwhile pointing out that granites have been found and have been interpreted as
magmatic arc type in environments having an approximate age of 1800 m.a; hence, it may be estimated that



there was a chage of a compressional environment during the accretion of provinces to a tensional
environment during the separation of the Atlantica supercontinent (Columbia). It could be said that the Parguaza
Batholith is associated with the SuapuMalacaRift,conthy SR Ay ¢2dzaal Ay i Qa 62N = wmd

Inthe case ofthe Metd Yy Ra G2y Sa 2F / SNN2 9f /FN¥a22 otsYKOL RSTFA
correlationable according to Petzal et. al (1974 in McCandless (1961 in Stratigraphic Lexicon of Venezuela,) the

type section of which is found in Galeras de Cinaruco (Apure State) and it extends to Cinaruco in the right bank

of the Orinoco River until the Villacoa River (Bolivar State), comprising locally ferruginous and partly sericitc
compact quartzites with minoproportion of intraformational conglomerates of sericitic shales which
transitionally pass to the upper part of the conglomerates wherein they interstratified forming a phyllites matrix,
sometimes hematitiesericitic. These amply folded rocks result fréiow grade metamorphosis and clastic
deformation with only partial recrystallization or quartz sand and compact quartzite conglomerates with crossed
stratification and extensive varied proportions of locally ferruginous sericitic cement. McCandless (1965 in
Stratigraphic Lexicon of Venezuela) mentioned lenticular concentrations of iron oxides.

Notwithstanding, according to what was observed in the field and to the lithological characteristics of the
exposedrocks, such unit may by correlated with the Mafanation described by A. R. Reid, 1974, belonging

G2 GKS w2NIAYlF 3INRdAI RSFAYSR | a Foudrtfitesedharwhitd BeigeSy O A |
or pink. The sand grains range from sehnded to sukangular. The sandstones are peated as 1 meter thick

strata and may be laterally traced for about 500 to 600 meters. Crossed stratification is common 250 meters

above the base, while in the bottom the unitis absent. The top of the unit presents scarce silicification, which

makes the andstones very brittle. In general, the sandstones of of the lower part of the Mataui Formation are

well selected, whereas at the top they are rather poorly selected; these present abundant sedimentary
structures, such as crossed stratification, pardlleYIA y I G A2y Yy R OdzZNX¥ Ay 3¢ @

x  Evolution of the Roraima Group
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the same context (Brito, 2002; Santos et al., 2003). The cortical extension provokes the thinning of the
continental crustgenerating rifting due to lystric faults (Costa & Hasui, 1992; Stern, 2002; Ernst & Buchan, 2003).

The final resultis the cortical thinning and the formation of settling basins that will the filled by igneous material

in or about the surface (Bosworth987; Costa & Hasui, 1992), to which doleritic dikes, sills, tobas and/or sills,

tuffs and/or basaltic, trachitic, riolitic flows and associated pyroclastites are associated. (Hess,1989). Since the
Roraima Supergroup strata represent deposition events wedun the Guyana Shield (Santos et al., 2003), it

may be concluded that the extension affected the entire Guyana Shield. (Brito, 2002).

- CRETACIC PERIOD

Throughout the Cretacic period, the Colombian East was affected by distentioning tectonic phe ramchéga

a subsidence that allowed depositing epicontinental marine sedimentation within a rather calm environment

(Etaye{ SNY I S IfdX mdpTtcT D9h¢9/ I mMphoOd !'a 2F ClFoNBQ2
East is divided into two large peds, A distension period during which important movements were produced

due to normal type faults which limited horsts y grabens, and during which sedimentation was marked by rapid
longitudinal and transverse facies and thicknesses changes; and thé\lasamo, a slow cooling period of the

lithosphere beganwithout faults movement, allowing regional thermal subsidence that affected the set of the

Andean East and the most western part of los Llanos Orientales.



- PALEOGENENEOGENE PERIOD

In the Paleogne-Neogene period, the beds of the Meta and Orinoco Rivers were different from what they are
today (Hoorn et. al., 1995). For the Late Oligocene, the drainages coming from the Central Mountain Range and
from the Amazonic Craton formed a Pal@adnoco thebed of which was more to the West than what it is at
present, and its mouth was in the Maracaibo Gulf. This leads to think that there could have been a slight
westward tilting in the worked area. The current course was acquired between the end of theridiaoe the
Holocene, after the rising of the East Mountain Range in Colombia and Los Andes in Venezuela.

-  QUATERNARY

Most of the area is associated with Young sediments defined as units of the quaternary period and described as
irregular layers of ferrugious crusts and sandstones with iron content. These ferruginous crusts are considered
as the mark of an ancient fluctuating level of the water table, possibly as a lagoon environment, de posited by
shallow currents and suberial exposure, which caused tf@mation of ferruginous crusts en their surface
starting with iron in suspension that were precipitated and cemented.

The cover of recent deposits is due to fluctuations of the main drainages level in the area, such as those resuling
from the Meta and Ba rivers and the Muco creek, the Chiquichaque stream, and the Juriepe stream, all of which
extend the edges of their beds at flooding times and deposit sediments in the flooded plains, likewise leaving
bars of deposits in loside areas.

4.22 Geomorphology

Geomorphologyis centered in geoforms of the land derived from the interaction of factors that wear erosional
surfaces, or accumulate sediments to form new landscapes, as well as the morphodynamic process surveys that
also model the landscape. The methdalyy for the characterization of the environmental baseline of interest

for FFGncludes, in geomorphological terms, the definition of geomorphological units derived from the inherent
conditions of the premises related to geoforms, morphogenesis, morphmgramorphodynamics and
morfostructures. Within the geomorphologic analysis process, the properties were visited from September 10
to September 18, 2017. We accomplished inspection of the land and reviewed the geomorphological data. The
main source of infomation for the geomorphologic surveys corresponds to the general guidelines established
by the Colombian Geological Service. Previous surveysare also included, such as technical and scientific reports,
and we also accomplished a revision of the datatargsn different entities (IGAC, INGEOMINAS, UNAL, etc.)).

As fundamental grounds in search of primary information, we adopted the parameter of image coverage given
by different remote sensors that exist at the IGAC images Bank, such as Radaraatistand SPOT. Such
images were processed using the ArcGIS program, implementing the band combination method in false color;
images were overlapped through synergism (radar and landsat images) with the purpose of delimiting and
describing different expressisrof the landscape, types of reliefand morphogenetic environments.

The Vichada Department, and particularly the drawings used for this survey, mostly deal with the Bita River
basin, which in turn includes the Meta River basin in the North, and the "Riuey basin in the South. In the

East it borders with the Eastern part of the Orinoco River. Several types of landscapes were identified in
accordance with the predominant characteristics, which are pointed out both, for their morphological contrast,
and for their extension. Herein below we are identifying the most standing out landscapes: 1) The Plateau or
alluvial plain flooded by the Meta and Bita Rivers. On these strips there are different active riverbeds or courses
that in whole form a twisted patterfor the Meta River and in some sections a meandering pattern for the Bita
River. The strip that comprises alluvions associated with active beds of large rivers, such as the Orinoco, Meta
and Bita Rivers 2) The vast plateau or alluvial plain that re déagsts from main sources, such as the Orinoco,
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high plateau, (well drained), that presents different dissection stages which vary from vesgted;slighty
dissected and nodissected; 4) The relicts of the Guyana Shield which are represented by a series of isolated
hills that protrude over the high plateau, mostly known as inselbergs o isle hills that form part of the peneplain
landscape whik is better developed on both banks of the Orinoco River but more developed towards
Venezuelanterritory.

4.2.2.1 Analysis of the Processes Evolution
MORPHODYNAMIC (MULTITEMPORARITY)

Within the survey foForestal de la Orinoquisve conducted an analysis of the evolution of morphodynamic or
instability processes, allowing to know their dynamics and to provide tools for its future management in
accordance with the requirements and needs of the company at the time of accompbshiregtivity for the
benefit of the project and of the environment where itis developed.

The morphogenetic units defined as of the geomorphological analysis are the lowest element in dediefeo
classification hierarchy. Such units have homogenecharacteristics both regarding form, and the
morphogenesis and morphodynamics that affect them. Starting with the differentiation of these units, the
morphodynamic processes occurring inside each of them are identified as passive or active forms that are
differentiated according to the presence or absence of relevant morphodynamic processes. This exercise is
initiated with interpretation of photographic images of several years, according to availability, and then, such
images are representedin a map whtrey are overlapped to be able to identify the evolution of their features.

The activities to be conducted for this analysis are described below:

1 Acquisition of available aerial photographs of the area under study, at an adequate or existing sadle, base
on consultations with the Instituto Agustin Codazzi (IGAC); the Cadastre Bureau of the Vichada Department,
and the competent Regional Autonomous Corporation of the area (Corporinoquial;aredtal de la
hNAYy2ljdzA Qa 26y LA OGdzNBa

1 Findings lead to seleioh of the aerial photographs to be used in multitemporal analyses, taking into
account that to analyze the direct influence area, a scale of 1:50.000 is required, therefore looking for
airlines that fly as close as possible and are able to provide théioned scale.

1 Interpretation of aerial photographs of different times, making emphasis in cartography of morphodynamic
processes and describing their characteristics. The processes to be taken into account are: sliding scar, active
sliding, concentratedmsion (furrows and gullies), puddle formation, overgrazing, river banks scouring.

1 Generation of morphodynamic processes maps overlapping different periods in order to visualize the
progress or regression (given the case) of the morphodynamic proceseegttiout time.

1 Overlapping the morphodynamic processes map with cartographic information of the sites intervened by
the anthropic activity, especially by illegal mining exploitations.

1 Based onthe above, identify the influence of anthropic activitielseérdevelopment, evolution or increase
of the morphodynamic processes, making emphasis on the following activities: mining exploitation,
construction of roads, earth fills, urban adaptations, among other interventions. This must be carried out
thinking onthe morphodynamic processes proficiency and the variability inherent to the natural regime
that prevails in the sector.

1 Prepare cartography on the morphodynamic processes map of the areas that have degraded or where the
processes have accentuated due tgplanned anthropic intervention.

1 Preparation of a report showing all the results informed as of this analysis including the other
geomorphologic variables.



Record the land slopes after accomplishing the respective Land Digital Model. According totdigeaphic
base, this input is fundamental to define the Macro items and the geomorphological units, or the landscape.
The used slope ranges correspond to those quoted within arange of 0 to 3 %.

4.2.2.2 Evaluation of sliding threat or mass movements.

The threa caused by mass movements is defined as the probability of fault, or by movement or sliding of the
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Methodology used in this survey for probability estimates is based on trebilél/ theory, characterizing the
variables that control speed, magnitude and extension of this natural phenomenon. The final product is a map
containing diverse probability ranges due to failure of the surface materials.

The followingvariables are considered as input or entry data for the methodology: geology, geomorphology,
erosion processes, land slope, direction of flow of surface currents, soil thicknesses, geotechnical parameters of
GKS RAFFSNByYylH ¢S iKigdbhtefitdandsgiddic boficifasiohs. & 2 A f Qa K dzYA R

A. Procedure

1 To evaluate the geology of the Survey area: demarcation ofthe rock types, geological structures, weathering
profiles.

1 To estimate basic geotechnical parameters: cohesion, friction angle, unit weighgrixmient inclination
angle and thickness of the analyzed soil.

T ¢2 SaGAYIGS aSAaYAO O2yaARSNYGA2ya OGKIG Ay@2t @S G
or to the type of projectthatis going to be built.

I To separate homogeneous areas siolering the whole inputs stated in the preceding steps.

4.2.2.3 Revision of the geomorphologic data

The main information source forthe geomorphologic surveys corresponds to the general guidelines established
by the Colombian Geological Servi&eifviciadseologico ColombiandPrevious studies are also includes, such

as technical and scientific reports, thesis, graduation papers, articles amongother, the surveys delivered by FFC
are listed and as main information.

4.2.24 Field Inspection

Geomorphologically sgking, an inspection of the area of interest was accomplished in order to determine the
conditions of the landscape, including erosion processes presentin the land. The geomorphological conditions
are related to the identification of superficial formatis, weathering profiles and erosive processes, so as to
define the colluvial deposits or residual soils that include unstable areas associated with active or potential mass
removal movements, or areas affected by intense lamination or concentrated empsioasses, furrows and
gullies, or erosion that may affect stability.

Analysis of Remote Sensors.

The stereographic analyses carried out for the aerial photographs quoted in the analyses of morphodynamic
processes evolution, and in the orthophotos (B02011) are included in this activity. This activity results in the



4.2.25 Analysis of Remote Sensors

In this activity we include the analysis conducted for the aerial photographs mentioned in the morphodynamic
processes evolution analysis and the orthophotdbke photomorphological cartography and the detailed
mapping of the morphodynamic processes is derived from this activity.

4.2.26 Geographica Information Systems and Preparation of the Thematic Cartography

The preliminary cartographic and geomorphological data are cleapedigitalized and integrated based on
the geographic information systems (SIG, for its initials in Spanish).

In addition, the map of land slopes is obtained in this activity after girshi (§ KS NB aLISOG A FS ¢ S NNI
According to the cartographic base, this input is fundamental to define both, the Macro, and the
geomorphological units or the landscape. The embankment ranges used correspond to 0 to 3 %, where this
values are sythesised, and the respective geomorphological unitto which they belong is shown.

Figure4.18:Zone A Geomorphology

Source(Valoracion Economica Ambiental , 2017)



Figure4.19: Zone B Geomorphology
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Source(Valoracion Economica Ambiental , 2017)

Figure4.20: Zone C Geomorphology



Source(Valoracién Economica Ambiental , 2017)
4.2.2.7 Morphogenetic Environmentg Geomorphology (DIA)

During the process of interpretation of the remote sensor images LANDSAT and Radar, the different
morphogenetic environments existing ihd surveyed area could be identified and defined, either they are of
exogenous or endogenous originin the Survey area, including even the anthropic origin environments.

The area is influenced by geological and geomorphological processes associated with the origin and evolution
of a vastlow and plain area located betweenthe Guyana Shield and the eastern flank of the Eastern mountain
range, including the areas of the @rco, Meta and Bita river basins, where processes of different nature related
with climate change occurred during the Pleistocét@oce ne period have taken place and are evidenced with

the presence of sand banks brought by wind, ancient andrsgknt aluvial deposits and, above all, the
presence of thick iron crusts located in the highlands.

There are also certain relicts of isolated hills developed on pericratonic gitaedieng rocks belonging o the
Parguaza Rapakivi granite that extensively crapio Venezuelan territory and continue towards Colombian
territory onthe left bank of the Orinoco River where it is expressed in isolated hills known as Inselbergs or island
hills.

Within the main inspected environments in the survey area we identified¢ of Fluvial, Wind and Flooding
origin.



4.2.28 Geomorphological Units of Fluvial and Colluvaluvial Origiri3

Onthe LandsaETM and radarsal images we may distinguish and differentiate several geomorphological units
according to the presented contrasts, as per their origin. One of the most representative units of the region
corresponds to the plateau or vadhavial plain associated with the Meta and Bita Rivers. Small valleyslocated
on the highlands are common and they are visible on such images, showing the presence of riparian forests
along narrow and continuous small valleys.

9 Current Plateau or AlluvidPlain Associated with the Meta River

It includes more recent areas made up of alluvial sediments with less evolved soils and characteristics more
associated with the dynamics of the branches associated with currents. This flooding alluvial plainitimich w

the landscape of the general area generates the greatest density of sources and creeks also corresponds to the
most floodable areas of the plateau. Locally it possesses accumulations brought by wind or dunes totally or
partially buried by the mostcent alluvial sediments.
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Figure4.21: San Cristébal Premise, Alluvial Plain or Plateau Associated with the Meta River

Source(Valoracién Economica Ambiental , 2017)

9 Alluvial Plain or Plateau Associated with the Bita River

This unit corresponds to a variable amplitude alluvial plain according to the high, medium or low position of the
basin; therein we see several interlinked or joined, continuous and stable solilisplateau contrasts well

with the environment occupied by the highlands. There is a clear differentiation between the geomorphological
forms caused by alluvial deposition and their close relation to vegetation. Hence, in the photographs we note
conspiaous riparian vegetation associated with dikes and aquifers or grawatdr supplies of the rivers and

their tributaries.

The flooding of these areas seems to be circumscribed to shallows and marshes resulting from rainwater and
creeks that introduce watr in winter, which does not find enough outlets to permanent courses; and
occasionally flooding comes from areas of undulated topography riversides adjacent to main courses that
overflow and cause flooding. The outcropping sediments are located in th®Bier Banks and are mainly made

up of nonconsolidated fine sand to slimy and clayey materials.



Figure4.22:La Josa Plateau or Current Alluvial Plain Associated to the Meta River.

Source(Valoracion Economica Ambiental , 2017)

T NARROW VALLEYS OF ALLUSTALL UVIAL ORIGIN

On the highlands area both, of the very dissected one, and of the less dissected, we may well appreciate the
small and narrow valleys resulting frgpast dissection processes that are currently covered by long sections of
riparian forests that have established there and still remain in such places.

1 ALLUVIALTERRACES

This unit is associated with the two Banks of the Meta River, as a result of therersl sedimentation
dynamics of the river. This unitis developed as being produced by the river sculpting processes within its own
sediments.

1 SANDBANKS WITHOUT VEGETAL COVERAGE
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that have been deposited by the waters of such rivers during the rainy season. Such deposits have a pale or
white shade in satellite images which contrasts with the blue color water and the red color vegetatioiairgso

with the alluvial plateau and the riparian forests that drain over the plain.

1T WINDORIGIN GEOMORPHOLOGICAL UNITS

The identified wineorigin units are located in the high plateau and are presented forming parabolic dunes
several kilometers long and dozens of meters wide. There, we also findongid deposits forming different
thickness sand mantles that cover aredithe dissected and nedissected high plateau, smoothing the surface,



and are distinguished on images, since they appear with a pink color similar to the one of the parabolic dunes
and the alluvions developed in the Meta and Bita active beds.

1 PARABOLIDUNES

This unit corresponds to a series of sand deposits transported by wind and accumulated over-tlisseoed
plateau. The source of such deposits corresponds to alluvial sediments transported from the river beds and
carried by the wind towards aagent areas.

1 DISPERSE SAND MANTLES TRANSPORTED BY WIND

This unit has beendiscordantly deposited on different surfaces of the plateau, forming irregular pink spots which
contrast with adjacent units located on nalissected areas of the plateau.

1 DENUBTIONAL ORIGIN GEOMORPHOLOGICAL UNITS

The denudational origin units are developed on the Plateau corresponding to a relatively flat surface which has
tectonically risen above the level of the current alluvial plain and which was subsequently affe cisddujiah
processes in different degree, which in turn generate hilly undulated surfaces with a drainage development that
varies between dense dendritic to sakendritic patterns. Accordingto the field exploration, it corresponds to
masses with high, stéred, competent concentrations of iron with granular porous texture and ochre to reddish
tones. In certain sectors such deposits are kidsiegped.

According to what was observed in the field and to what has been stated by several authors, sucherusts a
formed through leaching processes and through strong climate changes that occurin the area (long periods of
summer and long periods of rain). The units within the area are located along the Bita River and the streams
Juriepe, Juriepito, Cafio Muco, Cadlel Avidn, Cafio del Almorzadero, and their secondary and tertiary
tributaries, and have lesser presence in the Meta river. It is worthwhile pointing out that this unit has been
minimally affected by erosion and itis comprised of reddish, brawochre frruginous crust horizons, mosty

solid and others are nodular, gravighe.



Figure4.23: El Barajuste Premise, Current Alluvial Plateau associated with the Meta River

Source(Valoracion Economica Ambiental , 2017)

Differentiated geomorphological units on the plateau area may be classified in the following categories:
- lron Crusts and Layers

Iron deposits having variable thickness layacsording to their degree of alteration and position over the
plateau. Such deposits are presented on the image that has been treated with a dark green algorithm.

- Iron Crusts and Layers

Iron deposits in partially altered and dissected layers oftllatndulated dissected relief. On the image treated
with the algorithm they appear with a light green color.

- lIron Crusts and Layers

Very altered deposits represented by disperse iron gravel on the land surface. They present-g&liceash
color on the inage treated with the algorithm.

- Very Dissected Plateau (DAmd)
It corresponds to a series of areas characterized by presenting a dense dendritic pattern with short sections

having the appearance of tree branches. In addition, a dissection patter is peessith different intensiy
degrees. In certain casesiron crusts are found in the sheer front of the dissection.



- Flat-concave Dissected Plateau

As opposed to the above, it is characterized by a more spaced and less dense drainage pattern developed on
flat-concave surfaces which in certain cases may present lesser depressionswhichin the region are those called
marshes.

- Non-dissected Flat Plateau

This unit of the nordissected plateau presents a homogeneous flat surface that clearlfrasts with the
dissected areas, allowing to separate it on the multispectral satellite images. In certain cases alluvial deposits
are often found, together with windblown sands covering the iron crusts. Sporadically there are small wetlands.

- Inselbergs or Island Hills

This corresponds to a series of rocky outcrops that appear both, in Venezuelan and Colombian territory,
belonging to the ancient Guyana Shield, whichis made up of igneousrocks represented by the Parguaza granite
that crops out on bdt Banks or the Orinoco River, especially around Puerto Carrefio and on the left bank of the
Orinoco River where they form a series of hills and slopes partially covered by quaternary deposits of fluvial and
wing origin.

The premises area present differdahd characteristics that allow se parating three geomorphological units: Hill
islands (Inselbergs), Peneplaines forming Savannahs and Hills, and Systems of Alluvial Landscapes which were
determined as of the field observations and the phgeological anaisis.

423 Soils

Based on the Terms of Reference for the characterization of the baselifofestal de la Orinoquitne
Methodology to submit Environmental Impact Surveys (MAVDT, 2010) and the Colombian Technical Standards
for soil sampling (NTC 4113NTC 4112, NTC 4113, NTC 4113 and ISO 10383) were followed to define

the characteristics, borders and methodology for the soil study of the area of interest.

The soil survey objectives are: to determine the general quality of the soil regaimagitral and usage basic
components; and to prepare soil maps for the area of interest. This sampling also provides leggl back
information for activities that affect this resource and require a baseline (NTCH 2AR)7).

In this sense, the soil suryaccomplished used as reference the Vichada Department Soils document prepared
by the Instituto Geografico Agustin Codazzi (IGAC), in 2014; accordingto the origin and evolution of the soils in
the area, the soils are relatively young and have slightyved, so they could be designated as Entisols (young
soils without development of horizons, generally fertile, with the exception of sandstones) and mainly
Inceptisols (young soils with development of horizons and variable fertility).

4.2.3.1 Regional Cartograph Units (I1A)

The methodology was divided into two stadfes
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1:100.000), as well as different land planning instruments of the Puerto Carrefio and Primavera
municipalities.

1 Soil surveying in the areas under study (DIA), where physical characteristics were determined (depth,
texture, structure, apparent density, infiltration, hydric features), as well as chemical characteristics (organic
material, pH, nutrients, minerals) and biological characteristics (soil breathing), establishing correlation
between results of the different sampled &

In accordance with IGAC (2010) the general objective of the soil surveys is to prepare an inventory and
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able to determine areas thahay support the formulation of management policies and sustainable use of the
resource, as well as the planning of agricultural, farming, forestry and environmental development.

For this survey, a detailed soil observation was defined for the DIA andiedséailed one for the IlA, which

allowed to obtain data for biophysical zoning and allowed to cross this information with the one contained in

the municipal land planning regulations.

9 Association

The Association is a cartographic unit made up by savdminant soils (60% or more) and one or more
inclusions of dissimilar soils, which added up should not represent more than 25%; it is a grouping of two, three
or more different soils (each one belonging to a different taxonomic unit) but geographelaligd, in such a

way that they may be separated in a more detailed survey.

T Consociation

Mapping cartographic unit comprised of a homogeneous population of soils, i.e. dominated by a single class of
soils, with permissible inclusions of different sa@ilsich may not occupy more than 10%.

The dominant soil class occupies from 50 to 75% of the surface and it is the one that gives the name to the
cartographic unit. Inclusions of similar soils within the same cartographic unit make the most important
interpretations not be significantly affected.

1 Complex

Cartographic unit containing two or more classes of soils, generally dissimilar, which are so intertwined that it is
impossible to separate them even in a more detailed cartography, despite they prespata organization
(distribution pattern) that fits in a certain logic.

For complete delimitation of a cartographic unit, the soil phases are also defined; they are a subdivision of a
cartographic unit based on physical properties that were not considieréite taxonomic classification and
define the use and management ofthe soils, and specially determine their potential use and are identified taking
into account criteria concerning slope, erosion and flooding (either occasional or frequent), contsomnesf

and/or rocks and depth.

Herein below we are describing the criteria of phases:



1 Slope

Certain cartographic units present a small margin variation in the slopes; therefore itis convenient to subdivide
the boundaries in accordance with the uaed management needs of the respective soil. The gradient or
inclination of the slope whichis most observedin the premises is zero to three, with code unit A.

1 Degree of Soil Erosion

One of the phenomena to take into account in soil mapping is erosiertal the effects it produces on the
potential use of the soil and on the management practices required for maintaining it in production, or for
recovering it. Differences in the degree of erosion found at the premises of the survey ardaligbderate,

with 1 and 2 values.

1 Flooding

It is used to indicate the occurrence of the event as such. It also applies to soils that, although artificially drained
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phenomenon which increases groundwater level up to the surface where flooding takes place. In most of the
guoted premises there are soil units prone to be flooded due to their morphology. These units are represented

by the letter i.
i Stone coitentin the surface

It indicates the presence of abundant fragments of different sizes of stones in the surface. On the name of the
cartographic unitletter p is placed.

1 Rockcontent
Where lying rocks cover 10% of the area, the rocky soil phasenitfiele with number 8.
1 Depth

It is identified with letter s. It determines the depth until which the roots may explore the soil without physical

or chemical obstacles. Soils are determined as shallow whenever their depth is under 50 centimeters, and as
moderately deep whenever their depth is between 50 and 100 cm and they are considered deep whenever their
depth exceeds 100 cm.

For a better understanding of the units present in the survey, itis assumed that the taxonomic components of
the cartographiainits take into account the subgroup as categorical level, wherein the following characteristics
of the soils are considered: slope, source material, effective depth and its limitations, natural drainage,
morphology, physical, chemical and mineral chaegistics and the main parameters that determine its
taxonomic classification. In addition, the general use and managementrestrictions are included in each of the
soil classes.

Taking into account that the formation of the soil is the result of intaparcfactors such as: weather, relief,
lithology, living beings and time, the results of such factors in the surveyed area established soils associated
with: a) alluvial plateaus, made up by dykes and riversides, nappa overflow and terraces. b) concave and
dissected peneplain, and marshes soils. ¢) Inselberg.



a) Soils Associated with Alluvial Plateatis

Alluvial deposit areas with amplitudes that vary fronqg 15 Km. having flat dissected relief suffer flooding in
winter times. They are located along the Meta and Bita rivers and their respective attributes.
1 Soils of Dykes and Riversides: areas subjeitetpent floods, soils with coarde-fine textures, lowo-
medium fertility.
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drained and they have moderately coarse to fine textures. Such depasife@and in the surroundings of
the Juriepe stream.
1 Terraces Soils: These correspond to terraces located at the banks of the Meta River. They have flat relief
made up by findo-medium textures of ancient alluvial sediments in advanced alteratimmditions.
Natural pastures.

b) Soils associated with peneplain

1 FlatPeneplain Soils: They are located in the North part of the Meta River, and are made up by ancient alluvial
material and they have flat relief with undulated miemie ves.

1 Concave Pendgin Soils: They correspond to vast shallows; the parental material is made up of alluvial
deposits covered by a wind related thin layer. Such deposits are in an advanced alteration condition and
hav medium textures.

9 Dissected Peneplain Soils: They am@glex surfaces with undulatei strongly broken terrain, but with
sectors of flat surfaces. Their characteristics depend on where they are located within the landscape. Such
soils are evidenced in the surroundings of Curazao and nearby the Bita River.

¢) Sdls Associated with Inselber

The formation of these soils originate in metadimentary rocks exposed in Cerro el Carajo; they appearin the
lower part and are mainly made up by lateritic soils with abundant content of hytdinglky quartz, with few
development and located in sectors of the Inselberg.

4.2.3.2 Local Cartographic Units (DIA)

Following the field activities stated Bprest Firsand reckoning with available cartography, a field exploration

was accomplished. Boundaries of the cartographicunis\ O2 NN2 62N} SR yR az2AiAfaqQ
with borehole and observations were made from September 10 to 18, 2017; and samples of 5 premises were
collected for their respective analysis and development of results.

This field information also pmided elements for the demarcation of the landscape proposed by Villota {£997)
using landscape, relief, weather and lithology units. This factor constituted the base for the final separation of
the cartographic units and for the distribution of testgihside the units.

Before taking samples in every site, the place was prepared acquiring verbal permits form the owners, verifying
the security of the site and availability of materials. The tools and equipment used for the sampling consisted of
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a drill, a rustresisting travel, shovels for manual excavation and taking of samples (NTG-2)1TRBe field
personnel included a Geologist, a field assistant and a worker to openthe track.

Abiding by the previously established technical conditions, a protocol was followed fos@apling site. Then,

large dimension test pits were opened to provide safe and professional conditions (a depth of atleast 1,5 to 2
meters, and the width and length were usually of 1m x 1m, depending on th type and cohesion of the soil). The
side of thetest pit head was exposed to the sunlight. The extracted material was placed in the adjacent area,
preventing it from falling into the bottom of the test pit, as well as to prevent crossed contaminaton.
Furthermore, national regulations concerning sgfestablished in standard NTC 413 8ere complied with.

After preparation of the test pit, the walls were carefully cleaned removing the material extracted from the soil
in such away that the horizon structures could be clearly seen, preventing stportthe pit shoulder.

Disturbed samplings of every horizon of interest were taken in every profile, from bottom to top, with a weight
of approximately 1 Kg each, taking care of not mixing them.

Each sample taken for the different lab analysis waslglead unequivocally marked with a label containing all
the required information. This was done using adhesive labels taking precautions not to affect the sample since
this may cause loss of data.

The receptacles used were White polyethylene bags whieteprotected and sealed in such a way that the
samples would not deteriorate or loss any part of their content during transportation.

Upon arrival to their destination, the integrity and usefulness of the samples was verified in order to prevent
errors due to confusion of the bags.

Laboratory analytic methods correspond to those established by the IGAC16 for soil analysis:

pH: Water (1:1)

Granulometry: Percentageof Sand, Clay and Silt (texture analysis): textural): Bouyoucos
Porcentage of organic matiat (M.O)
Calcium (Ca)

Magnese (Mg)

Potasium(K)

Sodium (Na)

Phosphorus (P)

Borum (B)

Iron (Fe)

Maganese (Mn)

Cupper (Cu)

zZinc (Zn)

Sulfur (S)

Aluminium Content (Al)

Electric Conductivity

=4 =4 -4 4 -8 8 -4 -8 -4 -2 -9 -2 -9 -9 -2 -9

These parameters were determined in the soils laboratoryoiversidad Industrial de Santander, through
analytic methods such as:

M Electrometric
M Colorimetric
i Atomic Adsorption



1 Turbidimetric
i Extraction
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PREMISES SOILS

Cuernavaca AVlai, AVBcl

El barajuste AVilai, AVBcl

El Comienzo AVlai, AVBc1l

El Paraiso | AVBcl, AVlai, SVAa, AVBd2

El Paraiso Il AVBcl, AVlai, SVAa, AVBd2

El Toro AVlai, AVBcl

ElTriunfo AVlai, AVBcl

Hato Nuevo AVlai, AVBcl

La Cordobeza AVBc1, AVlai, SVAa, AVBd2

LaFe AVlai, AVBcl

La Fortaleza AVlai, AVBcl

La Garza Morena AVBcl, AViai, SVAa, AVBd2

Lajosa AVHai, AVLai

LaPista AVBc1, AVGae

La Victoria AVlai, AVBcl

LasMalvinas AVBcl, VWAai

Llano Lindo AVHai, AVlai

Los Palmares

AVBc1, AVlai, SVAa, AVBd2

Paraiso (PC)

AVBcl, AVial, AVBd2, AVGae

Paraisa Primavera

AVBcl, AVlai, SVAa, AVBd2

San Cristobal

AVBcl, AVlai, SVAa, AVBd2

t woalL{ 9{
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Tierradentro AVBc1l, AVlai AVBd2
Source(Valoracién Economica Ambiental , 2017)
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PREMISES SOILS

Cuernavaca AVlai, AVBcl

El barajuste AVlIaiAVBcl

El Comienzo AVlai, AVBcl

El Paraiso | AVBcl, AVlai, SVAa, AVBd2

El Paraiso Il AVBcl, AVlai, SVAa, AVBd2

El Toro AVlai, AVBc1l

El Triunfo AVlai, AVBc1

Hato Nuevo AVlai, AVBc1l

La Cordobeza AVBcl, AVlai, SVAa, AVBd2

LaFe AVlai, AVBcl
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PREMISES SOILS

LaFortaleza AVlai, AVBcl

La Garza Morena AVBcl, AVlai, SVAa, AVBd2
Lajosa AVHai, AVLai

La Pista AVBcl, AVGae

La Victoria AVlai, AVBcl

Las Malvinas AVBc1, VWAai

Llano Lindo AVHai, AViai

Los Palmares AVBcl, AVlai, SVAa, AVBd2
Paraiso (PC) AVBclAVlal, AVBd2, AVGae

Paraisa Primavera

AVBc1, AVlai, SVAa, AVBd2

San Cristdbal

AVBc1l, AVlai, SVAa, AVBd2

Tierradentro

AVBcl, AViai AVBd2

Source(Valoracion Economica Ambiental , 2017)




Table4.10: Soils (DIA)

: Parental : Taxonomic Units Cartographic Units
=l Weather — Type of Relie| Material or Sl i dal
Unit Scape P . Characteristics Tax0|.'1.om|_c MO_ % | Class Symbol |Phasef
Sediments Classification | Profile
Superficial, limited
by water table and
moderately deep,
fine, moderately
coarse and coarsq Fluvaguentic
textures, poorly an¢ Endoaquepts
- Mixed Sediment imperfectlydraiped, Oxyaquic PMV08 | 40
Alluvial Flat- ) frequentflooding | Humudepts |VM-28| 25 - .
AVBcl . resulting from . . Association VVB ai
Valley Flooding the hiahlands and forming of Typic VG25 | 25
9 ' ponds, high Udipsamments| VM-17 | 10
aluminum Oxyaquic
- saturation, very Udorthents
€ strong acid
>
T reaction, very low
£ and low natural
g fertility.
D
Alterites of eep and very VG23
. superficial, limited
tertiary by high content of VG20
:3,: sedimentary ytrgf ric aravel Plinthic VG77 b
% rocks and claye petrolemmcgravel| . andiustults | VG80
= . and coarse to . 35 bl
o sand sedimentg moderatel i Typic VG83 35 1
AVBd2 3 Hills with presence o odera yf:oa 59 Kandiustults | VG22 Complex AVB ¢
c . texture horizons, . 20 c2
o petroferric grave Typic Haplustoy VG33
< good and . 10 d2
= layers of moderatel Petroferric | CT05 43
- different . y Haplustox | L\M02
. excessive drainags
thicknesses ang hiah. and verv hiat VG36
locally gh. anc very hig VG75
aluminum




AVlai

petroferric

saturation, very

Armor strongly acid
reaction and very
low natural fertility
Superficial and
moderately deep,
limited bywater
table, moderately
coarse textures,
poorly and GU
Clayey and Sanq imperfectly drained  Oxyaquic 13
Alluviatcolluvial |  with prolonged Udifluvens | GU13| CF
Sediments | flooding in winter; Aquic CT08 | 08 . .
Smallvalleys coming from | high an?j very high Udo?thents LVO9 | LV Complejo AVI a
materials of the aluminum Plinthic VG78| 09
plateau. saturation; Haplaquox \/e
moderate strong, 78
very strong and

extremely acid
reaction and low
and very low

fertility.




Soil
Unit

AVGaz

AVHa

Weather

Land
Scape

Parental Soli Taxonomic Units Cartographic Units
oils
Type of Relie| Material or . Taxonomic Modal
. Characteristics . . |% |Class Symbol | Phases
Sediments Classification | Profile| 4
Very superficialan
superficial, limited
by water table, ang
moderately deep
limited b .
etroferric ?/avel Typic
pmoderatelg fine’ Humaquepts | VG17
Clay and silt textureS'\SI/veII Typic Haplaqug NA-08 | 35
deposits with i erfec;tand Oxyaquic | VG86 | 30 az
Depressiong variable content P . . Haplustox | VG67 | 20 Complejo AVG
. poorly drained, wit . ay
of organic long and very long Oxyaquic | VGO5| 10
matter. . | Humustepts | VG14| 5
frequent formation X
. Fluventic NA-09
of ponds; very high
' Dystrustepts
aluminum
saturation, strongly
acid reaction and
very low natural
fertility.
Superficial, limited
by water table,
moderately fine Typic
Deposits of textures, poorly | Humaquepts | VG29
. . . _ 70
. mixed materials| drained;shortto | Fluvaquentic | VG10 - .
Depressiong . . 20 | Consociation| AVH ai
anorganic | verylongflooding| Humaquepts | NAQ7 10
matter. occasional and lon Plinthic VG76
formation of ponds| Kandiaquults
high aluminum
saturation; strongly




Soil
Unit

SVAa

VWAai

Weather

Parental : Taxonomic Units Cartographic Units
Land Type of Relie| Material or SOils Taxonomic Modal
Scape ) Characteristics o 1% |Class Svmbol | Phases
P Sediments Classification | Profile| 4
acid reaction and
low natural fertility
Deposits of Moderately deep,
Disacaredation coarse textures,
99 _g imperfectly drained
materials moderate Oxyaquic
Peneplains | originating in the . . yaq VG68 | 95 | Consociation| SVB az
. aluminum Udipsamments
Guyana Shield; .
; saturations,
mainly concave .
lain relief sand strongly acid, low
P natural fertility
Superficial, limited
by water table and
moderately deep, Fluvaguentic
fine, moderately
coarse, and coars Endoaquepts
Mixed Sediment texture's oor and Oxyaquic | P08 | 40
Alluvial Flatg coming fromthe| . P . Humudepts |VM-28| 25 o .
) . imperfectly drained . Asociacion VVB ai
Valley Flooding highland . Typic VG25 | 25
frequentfloodingon .
(plateau) ) Udipsamments| VM-17| 10
forming of ponds, .
high aluminum Oxyaquic
. Udorthents
saturation, very
strong acid
reaction, very low




and low natural
fertility

Source(Valoracion Economica Ambiental , 2017)




In accordance with what was written above, a total of 5 samples were collected and an equal number of test pits
were made to characterize and correlate the existinginformation with the data compiledin the field.

Table4.11: TestPitsandSample8§ 2 NS A G f RS fF hNAyYy2ljdzZAil Qa t NPLISNIASa

Premise {IFYLX S&aQ / 4 Area
San Cristobal 17¢ 0859 1294
Malvinas 17¢ 0860 110,7
Hato Nuevo 17¢ 0861 2914.8
El Barajuste 17¢ 0862 12175
Garza Morena 17¢ 0863 1293,7

Source(Valoracion Economica Ambiental , 2017)

Table4.12: Results of the Lab Analyses

Soil Analyses Results
P Sil
:\:AOde ' E' z’ op |cdMg|Na|K | Allsan|t |Cla rT:Xt” B |Fe r'\l" Culzn|s g' CE
m) d%| % |y %
17 ¢|5, |0, 0,10,1/0,0] 0,0 N/ 0,0 02(00[16] 00
0859 |7 |2 4856 |2 |8 |1 |A |24 |64|12 |Fsity|ls |52 (0 |9 |4 |8 |4 |3
17 <¢|s, |0, 0,10,1[0,0]0,0 00]1L,]1, 01l |3 |00
0860 |4 |3 |398|5 |2 |8 |6 |08|36 |44|20|cClear|6 |3 |3 |08]|5 |1 |8 |3
17 <c|4 |0, 0,10,1[0,0]0,0 00| o, |02[01] |5, 00
0861 |7 3163 |5 |1 |7 |1 |12|50 [34|16|cClear|s |19 |6 |8 |4 |24|8 |3
7 <|5 |0, 0,10,1{0,0] 0,0/ N/ 00| |0, ]03]0,1]6,0] |00
0862 |7 |5 [847]5 |1 |7 |2 |A |34 |6 |20|clear|9 |54]1 |8 |7 |1 |6 |2
7 <|o |0, 0,]01] |00 0,0]28,]0, 0,3/ 0,0/ 1,6] 5, | 0,0
0863 |5 |3 |326]5 |2 |01]3 |06[36 |52|12 |Fsityle |8 |2 |7 |9 |8 |4 |3

Source(Valoracion Economica Ambiental , 2017)

The results of the samples that were used for the description of the soils and their correlation with previous surveys
are presented.

For the calculation of the fertility index, the cationic exchange capacity data are required, together with the
percentaye of organic carbon, total bases, reaction, salinity and alkalinity. (IGAC2007)

17 For the calculatin of the fertility index, cationic exchange capacity date are required, together with the
percentage of organic carbon, total bases, reaction, salinity and alkalinity (IGAC, 2007)1



1 San Cristdbal Premise: (AVA)

Figured.24: Soil of San Cristobal Premise
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Source(Valoracion Economica Ambiental , 2017)

This type of soil corresponds to the life area of the tropical rainforestbSoils have been developed as of very
weathered fine deposits with low content of sand and silt; theydeep and well drained.

The associatiofiis integrated by the soils Xanthic Haplustox (40%), Typic Kandiustults (20%), Oxyaquic Humustepts
(20%) and there are inclusions of the following soils Plinthic Kandiustults (5%), Fluvaquentic Humaqueptsa5%), Ty
Ustifluvents (5%) and Typic Acrustox (5%).

In small quantities there are other similar soils: Oxic Dystrudept28y&€&01), Acrustoxic Kantiustults (03) and
Inceptic Haplustox (\/dB).

The unit has two phases:

- AVAa: flat phase, slope3.
- AVAal: plat phase, slope8%, slightly eroded.

18 General Survey of Soils and Zoning of Land in the Department of Vichada



The lab analyses indicate that the soils have a medium real density, low bulk density and total low porosity.

These soils are of high pedogenetic evolution, characterized by having an ocric epipedon and a kandic endopedon,

Ustic moisture regime and velgw cationic exchange capacity, aspects which allowed classifying them as Typic
Kandiustults.

The restrictions these soils present for their use and Management are related to low natural fertility, lack of
phosphorous, low total bases, high saturatiorabfminum and susceptibility to hydric erosion.

1 Malvinas Premise: (AVB)

LS
Ll

nomica Ambiental , 2017)

Source(Valoracion Eco

It hasslight to strongly undulated relief and has the characteristic vegetation of life in a dry tropical foreg}. (bs

Soils have been developed as of alterites of sedimentary rocks and as of-styaptertiary sediments; they are
deep and well drainedhEre is erosionin a slightto severe extent.



The complex is made up by soils Plinthic Kandiustults (35%), Typic Kandiustults (35%) and Typic Haplustox (20%);
there are inclusions of soils Petroferric Haplustox (10%). In small quantities a similan#ad Plaplustox (\/385)
is found

- AVBcl: moderately undulated, slope42%, lightly eroded.

These soils are mainly located in the top of the plateau hills; were brought about from edapey tertiary
sediments, with presence of petroferric gravel leyef different thicknesses and local petroferric plates. They are
very supefficial soils limited by iron concretions, well drained, with moderately fine textures.

The profile of this soil type has a few organic material. Such soils are mainly loctitechifis of the plain; they
have originated as of clayesandy tertiary sediments, with presence of petroferric gravel layers of different
thicknesses and local petroferric plates. They are very superficial soils limited byiron concretions, wel| ditained
moderately fine textures.

These soils are highly evolved and they are characterized by having ochric epipedon, kandic endopedon, very low
saturation of bases, Ustic moisture regime and medium cationic exchange capacity. Therefore, they wiee classi
as Plinthic Kandiustults.

1 Hato Nuevo Premise: (AVB)

Figure4.26: Soil of the Hato Nuevo Premise



Source(Valoracién Economica Ambiental , 2017)

Soils have been developed as of sedimentary rock alterites and of esayely tertiary sediments; they are deep
and well drained; mild to severe erosionis present.

The complex comprises Plinthic Kandiustults (35%), Typic Kandiustults (35%) analsioXx(20%) soils; and
there are inclusions of Petroferric Haplustox (10%) soils.

In small quantities there is the Plinthic Haplustox-@&Esimilar soil.
- AVBDb1: Slightly undulated, Slop&%, mild erosion.

These soils are mainly located in théisof the plain; they have originated from claysgndy tertiary sediments;
they are excessively drained deep soils with moderately coarse textures.

Morphologically they present profiles with a horizons sequenddBto. Horizon A, 16 cm thick is ddyiown,

clear sand texture and without structure (loose). Horizon Bw is of a strong brown color, clear sand texture and
without structure (loose). Horizon Btois of strong brown color, clear sand structure and structure in fine and medium
angular blocks wit weak development.



These soils are of high pedogenetic evolution and are characterized by having ochric epipedon, kandic endopedon,

low bases saturation, Ustic moisture regime and very low cationic exchange capacity, characteristics which allowed
clasdiying them as Typic Kandiustults.

The use and Management restrictions presented by these soils are related to low natural fertility, very low total
bases, poor phosphorus content, low retention of moisture and susceptibility to hydric erosion.



1 El Barajste Premise: (AVI)
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Source(Valoracion Economica Ambiental , 2017)

This unitis defined by the course of the streams that ditegrplain; the soils were originated as of clayey and sandy
alluviatcolluvial sediments coming from materials of the plain; it has flat relief and slopes under 3%.

The Complexis made up by the following soils: Fluvaquentic Humaquepts;@8y&quic Utluvents (30%) Aquic
Udorthents (30%) and 10% of Plinthic Haplaquox soil inclusions.

The unit has the phase shown below:
- AVHai: Flat phase, floodable3% slopes.

These soils are mainly located in the top of the Peneplain convexities having slopes under 7%; and they have
originated as of Sandy deposits; they are deep, well drained and with moderately coarse textures.



Garza Morena Premise: (AVB)

Figure4.28 D+ NI I a2 N

Source(Valoracion Economica Ambiental , 2017)

The soils have developed as of sedimentary rock alterites and as of -chaydy tertiary sediments; they are e
drained and deep. Mild to severe erosionis present.

The Complex is made up of the following soils: Plinthic Kandiustults (35%), Typic Kandiustults (35%) and Typic
Haplustox (20%); there are inclusions of Petroferric Haplustox soils.(10%).

In smalquantities the similar soil Plinthic Haplustox is present.
- AVBd2: strongly undulated with moderately eroded2%46 slopes.

These soils are located in the upper part of the hillside; they have originated from fine sediments of the Tertiary;,
they are deepyell drained and with moderately fine textures.

These soils are of high pedogenetic evolution and have ochric epipedon, oxyc endopedon, very low bases saturation,
Ustic moisture regime and low capacity of cationic exchange. Gwalacteristics allowed classifying them as Typic
Haplustox.



The use and management restrictions presented by these soils are related to low natural fertility, low bases
saturation, low total bases, poor phosphorus content, high aluminum saturation aaestibility of suffering hydric
erosion.

424 CurrentUse of the Sail

In order to determine the current use of the soil, the basic information was taken from the land cover map prepared
based in nomenclature CLC Colombia (Corine Land Cover, 2010), sé&ledl, .@rthophoto designed (2011) and

the map used at present prepared in the Soils and Zoning General Survey of Land withinthe Department of Vichada
accomplished by the IGACin 2014. This information was complemented with the field exploration.

Slope0¢ 3%

Erosion: Moderate to Severe

Effective Depth: Superficial (25 to 50 centimeters)
Natural Drainage: Well drained.

=a -4 4 -8

Based on the above indicators, highly homogeneous land delineations are obtained, the quality of which shall be
compared with therequirements of the specific uses selected.



Table4.13: Class Distribution by capacity of use in the Department of Vichada, sampling in premises.

Classes
and
Subclasse

Symbols of
the soil
cartographic
units

Main characteristics of
the capacity units

Main use restrictions

Recommended Uses

Management Practicesracticas
de manejo

4sc

AVAa,
AVAal

Flat relief, with well
drained soils; deep and
moderately deep; mediun
and moderately fine
textures; very strongand
extremely strongacids.

High and very high
aluminum saturation;
poor distribution of
rainfall, with deficit
during more than
four months; low and

very low fertility.

Land adequate for certain
transitory crops resistant to
high aluminum saturation
(maize, soy beans) and for
semipermanent and

permanent crops (yucca, suga
cane, plantain, cashewnuts, 0
palm and rubber trees) or
agrosilvopastoral systems (ireg
in grazing land) with improvec
pastures (braquiaria, carimagy
chopin).

Implementation of intensive
management practices regardin
application of corrections,
organic material and balanced
fertilization according to crop
requirements. Irrigation system
to provide water in the moisture

deficit months.

6p

AVBcl

Moderately corrugated
topography. The soils ha
sound and moderately
excessive drainage; dee
and superficial (limited by

gravel on surface and
depth, by sectors),
moderately thin and thick
textures; very strongand
extremely acid reaction.

Moderate
susceptibility to
erosion, low humidity,
retention, by sectors;
high aluminum
saturation; presence
of gravel in surface

and within the
profile; verylow
fertility.

Agrosilvopastoral systems.
Livestock with introduction of
pastures; proper land plot
rotation pradices avoiding
herding excess.

Strip crop is recommended. Thi
practice helps mitigating erosiv
processes. Maintain the native
forestor foster its
reestablishmentin case ithas
been logged; incorporate organi
material and fertilize in order to
improvecrop development.

6sc

AVBDb1

Plain and slightly inclineq
topography with sound
and moderately excessivj
drainage; deepand
superficial soils (limited b

the presence of gravel

High and slight
susceptibility to
degradation; low

retention of
humidity; low

capacity of cationic

Deelopment of agroforestry,
silvopastoral and
agrosilvopastoral (with a
restricted range of crops).
Extensive cattle breeding with
introduction of pastures and

Deliver essential management
practices such as periodical
incorporation of amendments
(limes), organic material and
fertilizers, and implementation o
irrigation systems. The use of




Classes
and
Subclasse

Symbols of
the soll
cartographic
units

Main characteristics of
the capacity units

Main use restrictions

Recommended Uses

Management Practicesracticas
de manejo

upon surface and within
the profile) by sectors;
moderately thin and
moderately thick textures
moderate, stong and veny
strong acid reaction.

exchange; gravel
within the profile and
on the surface; high
and very high
aluminum saturation
and very low fertility.

proper land plots rotation

practices, thus avoiding an
excess in cattle grazing.
Arboreal foragepecies.

species tolerant to high
aluminum contents. Introductior]
of improwed species, legumes aif
maintain the current vegetation,
Establishing arboreal and forag
species tolerant to humidity
stress.

8h

AVHai

Plain and plairconcave
topography with
superficial and moderatel

deep soils; poorly and
faultily drained; thin,

moderately thin and thick

textures; strong to very
strong acid reaction.

Fragility of the
ecosystem upon
hydric rounds
(important for the
protection of waters,
soils and biological
diversity).

The productive capacity of thi
unitdoes not allow the
implementation of agriculture
due to severe humidity
limitations; alternatively, its usq
is geared towards preserving

native species.

Upon logged sectors, allow
natural regeneration of species
enabling land rest and fostering

reforestation with native species
byestablishing tree nurseries.

7pe

AVBd2

Strongly corrugated
topography; the soils arg

well drained, with
moderately thin and
moderately thick textures
deep, moderately deep ir
small superficial sector;
very strong and extremel
acid.

Strongslopes;
moderate and high
susceptibility to
erosion; limited root
depth in sectors; low
retention of humidity
and high aluminum
saturation.

Reforestation aimed at

protecting banks and zones
with higher slopes and erosior|
In more favorable areas,
cultivatespecies thatare
resistant to high aluminum

saturations and climate

conditions, keeping the
equilibrium and sustainability g

the region.

Deliver some essential
management practices, as
periodical application of
amendments (limes) and
fertilizers. Maintai the existing
vegetation.

Source: General Study of Soils and Land Zoning, De partment of Vichada.



Class 5 LandShese lands arsuitable for few transitory crops that upon cultivation require intensive, costly and
highenvironmental impact management, in case proper technologies are not available; therefore, and in many
occasions, itis best to use these lands with permanent vegetation: eitherimproved pastures with intensive or semi
intensive livestock systems, or pernent crops. There are also successful experiences with agroforestry and
agrosilvopastoral systems.

The Class 4 limiting factors are related to the toxicity of aluminum which affects the growth on most short cycle
commercial crops.

The AVAa and AVAal slhtographic units are part of the high plains landscape 4sc subclass. The soil has the same
limitations and the same intensity, therefore sharing the same domain of recommendation in which itis possible to
submit proposals addressing similar uses angieale nt management practices.

In relation to the chemical limitations, these soils have very little organic matter with very low contents of organic
carbon. The above is expressed upon the superficial area of the soil by means of light colors anfkablery
structure; thus, these are very vulnerable soils to deterioration and erosion upon inadequate management.

Class 6sc Landghis agrological unitis comprised by the AVBb1 cartographic units, which are part of the peneplains,
hills and sand hills telscape (peneplain topography), whichin turn is part of the high plain landscape. These lands
are suitable for permanent herbaceous or shrubby type vegetation, but unsuitable for crops or intensive crops
systems. The main limitations are determined bystight root de pth of the soil, whichis limited by the high content

of petroferric gravel, appearing within the first 50 centimeters and upon the soil surface, and high aluminum
saturations exceeding values of 80%. Additionally, these lands have a lowntuetention capacity, very low
fertility, and moisture deficit during a large part of the year.

The sand fields are plain topography lands, unaffected by erosive processes. The sails have sandy textures and quartz
minerology with a very low, or nubivailability of nutrients and very low moisture retention. The above, together

with moisture deficits during part of the year, limits severely the root development for most crops, and yields only
potential for herbaceous or shrubby vegetation which maytapted to these conditions.

Class 6p LandsShese lands are suitable for permanent vegetation and may be used for grazing or forestry,
silvopastoral or agroforestry systems with moderate restrictions due to: i) steep slopes; ii) ongoing processes or
sus@ptibility to erosion; and iii) soil limitations, which may act either individually or combined upon determining
capacity subclasses.

The AVBc1, AVEcly LUBc1 soil cartographic units of the low hills and high plains landscapes are part of this subclass.
The slope and erosion conditions restrict their use for forestry systems with a moderate exploitation. These are lands
with a moderate steep topography reachingl2% dominant slopes, slight erosion, and very superficial soils with

high content of petroferc gravel, both in the upper part of the soil as in the surface or #textured soils; as well

as very high aluminum saturations, and very low fertility.

The development of forestry and agroforestry systems demands an extensive eingamsive use othese lands
in order to avoid exhaustion of the vegetation, and enable its spontaneous renovation. The intensive agricultural
developments may produce irreversible ecological impact.



Most of these lands are covered by a variety of vegetation which inslstiébbles, forests and natural pastures
upon small sectors in which extensive livestock systems are being developed. This subclass lands reach 1°000.303
hectares in extension, reaching a 10 % of the total area of the department.

7pe Class Landghis sulolass is comprised of the AVBd2 cartographic units, namely peneplain, low hills and high
plain landscapes. The slope, soil and erosion conditions of these lands create very strong restrictions for their
agricultural use; forestry, under production protemti schemes, is the most convenient use in these lands. The
protection of slopes and most eroded sectors is recommended, and develop production at the hilltops.

These are moderately corrugated lands with a gravel layer and in some cases petroferri¢wshielildmits root
depth; the erosion is moderated, but there is great susceptibility toward such process. Most of these lands are
covered by natural vegetation.

This subclass lands cover a 1,788,116 hectare extension, representing 17.87 % of theaatbttee department.

8h Class Land3his unitis comprised of AVHai soil cartographic units, namely, narrow valleys with their respective
gallery forests, which are part of the high plain, low hills and peneplain landscapes. These lands are affected by
excess humidity which remains saturating the soil for so long periods that their use is not feasible for resource
exploitation projects; therefore, these lands should act as conservation areas.

4,25 Conflicts upon the Use of Soil

The Orinoquidorestry Project is located within the jurisdiction of the municipalities of Puerto Carrefio and La
Primavera. According to the Territorial Management Plan (EOT) information (La Primave2@d®@hd Puerto
Carrefio EOT 2063012), the following conflictsave been identified.

1 Puerto Carrefio

The indiscriminate logging has been outlined by the EOT as a use conflictin the department as indicated in the soll
use conflict plane attached to such EOT.



Figure4.29: Puerto Carrefio EOT MggConflict upon the Use of Soil
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1 LaPrimavera

The main conflicts established are outlined as follows: the need for combustible material geared towards cooking
(firewood); preparing the terraina establish subsistence crops; and the establishment of small brick industries
which accelerate the destruction of plant material. On the other hand, due to culture and tradition, summer burns
are performed without due control and breach of regulations ethprohibits such practice; additionally, there is
massive use of the following palms: Real, Cucurita, Moriche, Majaguillo, Saladillo, Flor Morado, and Laureal. This
use is mainly for construction and extraction of their correspondingtoglucts. The ldcof planning in the use of

these palms may lead to the destruction of the habitat of different organisms, including evidently humankind.
However, according to the EOT and based on the research performed, it may be concluded that the current conflicts
uponuse in the zone are too low or inexistent to say the least.

4.26 Hydrology

According to the 2014 IDEAM National Water Stut{dio Nacional del agua 2014 large portion of the river

flows that are part of the Orinoco hydrographical area are originafmhithe Eastern Cordillera, in the departments

of Boyaca, Meta and Cundinamarca; thenthe stream travels through the oriental plains via large river flows such as
the Meta, Guaviare, Inirida, Arauca, Vichada, Guayabero and Upiarivers. The area hybrefpgieas considered

as unimodal, with maximum river flows between June and August, while the minimum flows are present between
January and March. The monthly annual maximum, median and minimum river flows average recorded at the
hydrological stations dceiticoandPatevacallocated near and within the area of the project, are outlined below.



Table4.14: Monthly-annualriver flows mean values (m3/seg)ceiticoStation

Annual Mean Flows 1310 | 1034 | 1059 | 2295 | 5242 | 8140 | 10136 | 8887 | 7006 | 6249 | 5208 | 2832 | 4949,83
Maximum Flows
Annual Mean
Minimum Flows Annual Mean | 999,5| 809,9 | 783,1 | 1139 | 3527 | 6471 | 8410 | 7498 | 5762 | 5169 | 3817 | 1771 | 3846,39
Source: IDEAM

1854 | 1431 | 1627 | 3900 | 7033 | 9948 | 11710 | 10359 | 8170 | 7521 | 6653 | 4413 | 6218,07

Figure4.30: Graph: MonthlyAnnual Mean ValugE. Aceitico
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Table4.15: Monthly-annualriver flows mean values (m3/sed}atevacal Station

River Flows 1398 | 9384 | 1107 | 1620 | 4222 | 7540 | 10027 | 8837 | 6907 | 6431 | 4548 | 2135 | 4642 41
Annual Mean

Maximum River Flows
Annual Mean
Minimum River Flows
Annual Mean
Source: IDEAM

1801 | 1316 | 1837 | 2775 | 5448 | 9951 | 11285 | 9897 | 7820 | 7637 | 6585 | 3327 | 5806,56

1089 | 834 818,1 | 879,5| 2758 | 4866 | 8645 | 7272 | 5636 | 5104 | 3214 | 1487 | 3550,02




Figure4.31: Graph: Monthly Annual Mean ValueE. Patevacal
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As outlined inTable4.14 and Table4.15, the river flows annual mean values¥g) recorded 4949,83 (#fs) at
Aceiticostation, and recorded 4642,41%s) atPatevacaktation; the maximum annual flows reached between
6218,07 and 5806,56 (#s), and annual minimum flows reached between 3846,39 and 3550,88)(rmccordingly.

4.2.6.1 Mainstreams (Lotic Systems) and Lentic Systems Characterization

1. Inventory of lentic and loticystems within the project area

The lentic bodies of water are either natural or artificial water bodies with vertical or horizontal water movement,
yetnever artificial bodies as reservoirs; most of them are natural, and may contain salt or freshva#iag into
consideration this definition, the inventory of lentic systems performed within the area of the project found a total
of 161 single drainsand 4 double drains, all of them located within the project land plots.

On the other hand, the loticater bodies, with unidirectional flow waterways which run from one terrain with higher
altitude towards another with lower altitude. Considering this definition, 33 lotic water bodies were identified within
the land plots of the project.

Subsequently, a characterization of these systems was delivered within the land plots of the project.

2. Characterization of the lotic and lentic systems within the project area

1 Secondary information

A total of 577 species were recorded in the hydengraphical zone of the Colombian Orinoquia and the Meta river
basin; these records are grouped by the main-baisins where the ichthyologic inventories were carried out. The
sub-basin with larger number of records reported was the Meta river basin gathatioigl of 380 species, followed

by the Cusiana river basin with 258 records, and the Pauto river basin reaching 150 records; the other basins
gathered records from 3 to 103 species (Sagired.32).

Figure4.32: Number of species recorded on the Colombian Orinoquia (byasin).
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Species Composition

A total of 577 specimens were collected distributed among 47 families and 11 orders. The Characiformes had the
largest representation gathering 19 families and 261 species, followed by Siluriformes with 11 families and 204
species, anymnotiformes with 5 families and 42 species. The rest of the orders covered between 1 and 3 families
(seeFigure4.33). On the other hand, the Characidae family had the largest representation gathering 124 species
(21%); followed by Loricariidae with 53 species (10%), and Cichlidae with 45 species (8%). The other families covered
arange between 1 and 33 species (Bagired.34).

Figure4.33: Number of families registered by order (Colombian Orinoquia).
20

18 -
16 -

B R e
oONhO®OND
1
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Figure4.34: Number of species registered by family (Colombian Orinoquia).
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1 METHODOLOGY

Field PhaseDiurnal and nocturnal collections were carried out upon each sampling point, covering a 100 meter
distance in average; the sampling points were selected by the following criteria: a) access to the site; b) effectiveness
of the fishing gear used; and c) inclusion of the largest number of aquatic environments. A total of 5 fishing gears
were used in orderto collect the specimens, cover the different water columnlevels and the different fish sizes.

Trawl Net Figure4.35): A trawl net with ballast chain (5min length and 2m width) was used in order to carry out 10
random samplings. The trawls were deliverethiree different systems, all of which running against the water flow;
the first was performed using the netin a transversal manner toward the course of the spout, and moving both
extremes of the netin opposite direction to the flow; the second lefeatreme against the shore, and moved the
other extreme toward the shore; and the third left the net at the bottom, and then stir the preceding rocks in the
course of the flow in order to collect the fishes that were adhered to the rocks and to the bdti@athcases, the
ballast chain was affixed to the bottom of the river and/or the spoutin order to ensure that the fishes were trapped,
and that the opposite extreme was always above the water level.

Hook FishingRigure4.36): Different hookswith different sizeswere used to fish during a two hour period as a
means to cover the riverside zone and the main water bodies fibis fishing gear targetarger size specimens
(<15 cm), and with specific eating habits, such as omnivores and carnivores.

Fishingthrowing net Figure4.37): A fishingthrowing net (2.5min diameter and a 3cm eye net) was used to carry
2dzi mn NIYR2Y GKNRgAYy3IAQa Ay (GKS NAOGSNBARS T2yS 2F (KS
targets larger size specimens (>15cm) specifically bettaeiling species.

Aquarium Fish Net: A square aquarium fishnet (15 cm and 1mm netrege)et.38) was used to manually collect
individuals upon noctnal circuits at the riverside of the bodies of water; this fishing gear is very selective as it
harnesses the circadian rhythm of species to ease the capture of specimens.

Agalleranet: Thisis a 10m length by 1.5 m width netwith a 10 cm net eye. &hiis placed on one of the Bita river
riverside Figured.39) and is fixed by riparian vegetation during a 6 hour period (from 5:00 pm to 11:00pm). This
fishing gear is passive and has preference for speciesthat explore the river in a longitudinal manner.

The specimens collected were deposited in Ziploc type plastic Bagse4.40) and a photographic record was then
taken (in the event that staining was an important taxonomic character). Subsequently, the collected specimens

were sedated with clove essence, sacrificed with formalin at 10%packked in a plastic bin for transportation.

Table4.16: Fishing gear used in the study area

Fishing Gear Dimensions Observations

Trawl Net 5mde largo x 2 mde alto Ojo de mallade 2 mm
Fishingthrowing net | 2.5 metersin diameter 3.0cmneteye
Hooks From¥2'upto 2 Artificial baits

AquariumFish Net | 15cm

Agalleranet 10 mlength x 2.5 m height 10.0 cmneteye
Source:Universidad Distrital Francisco José De CaRixsy)




Figure4.35: Collection of botanic samples duringfloristic inventory.
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Source (MURCIA, 2017)

Figure4.36: Hook Fishing (Locality: Hato Nuevo)




Figure4.37: Aquarium Fish Net (Localifjierradentrq

Source (MURCIA, 2017)

Figure4.38: Placing theAgalleraNet (Locality: Tierradentro)

Source (MURCIA, 2017)



Source (MURCIA, 2017)

Figure4.40: Handling of specimens using the Ziploc type bags (L odadityadentrd.

Source (MURCIA, 2017)

Description of sampled environments: The environment characterization was performed during each fishing session
and in eab locality Figure4.41). Accordingly, the characterization considered the vegetation cover at the riversides
of the bodies of water (arboreal, shrubbypasture) as per estimated height, as well as the percentage of riparian
vegetation cover of the body of water (frordl®@0%); type of water (clear waters, white waters and black waters, in



line with German Galvis et al. 2007 description), and type ofybafdvater: lentic (closed environments with
nonexistent mobility in the water) or lotic (environments with some mobility in the water) in light of the flow speed.
Each of these variables were measured and described in situ using specialized instruratrtdgminated graph
paper, and lightweight floating object).

A visual estimation was carried out in order to characterize the type of substrate and its categories (mud, sand,
gravel and boulders). Measurements of particles with laminated graph papermade as a means to determine
the category; magnitudes were arranged as follows:

Mud: particles under 0.75mm.

Sand: particles between 0.76 and 2 mm.

Gravel: particles between 2 and 300 mm

Boulders: particles between 300 and over 1800mm

ENE I

Additionally, tre superficial speed of the flow was recorded using a lightweight floating object, calculating the time
taken for the journey at a determined distance.

Figure4.41: Location of sampled points in the study area
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Source: Satellite image available coming from the remote sensor Digitalglobe. Google Earth.

Table4.17: List of sampled points at the study area with geograglHacation.

Locality Sampling Point X Y Altitude m.a.s.|
Base Mono BM-01 915917,7724 1160773,328 91
CuernaVaca C\01 1004302,821 1170971,983 60
Hato Nuevo HNO1 938417,1583 1165988,159 72
Hato Nuevo HN02 936308,1339 1165512,981 78
Hato Nuevo HNO3 937020,3595 1166145,981 68
San Cristobal SCGO01 915201,951 1171471,189 69




Locality Sampling Point X Y Altitude m.a.s.l
San Cristobal SG02 915721,6063 1172126,041 69
San Cristobal SG04 918381,3448 1171494,679 63
San Cristobal SG05 917573,3638 1172434,332 65
Tierra Adentro TAO01 994755,9153 1152850,279 75
Tierra Adentro TA02 997524,442 1151865,271 58
Tierra Adentro TA03 999537,4322 1157274,125 59
Tierra Adentro TA04 997597,9404 1151676,657 58
Tierra Adentro TAOQ5 998074,1867 1156394,684 57

Source:Universidadistrital Francisco José De Ca@dl 7). Colombia East East Magna Plane Coordinates.
Phase of laboratory and taxonomic determination

This phase was carried out at tRentificia Universidad JaveriaBagotaP UJchthyology laboratory. The biological
material collected was washed with abundant water during several daysto withdraw the excess of formalin and then
deposit such material in glass jars with 70% ethanol. Subsequently, the morphological species wettedbp

lots for best effectiveness upon performing the 47 identifications (Sgare4.42).

The taxonomic determination of species was carriedusibg a stereoscope and taxonomic keys cited as follows:
Armburustet®, Carlos A. Lasso, Antonio Machadsort®, Gery!, GarciaAzate et &P., Jardim de Queiroz et?al

Vol 1, Il and IlI, and specialized boo®erman Galvis et Peces De La Origoia Colombiana Con Enfasis En
Especies De Interés OrnamenRankezGiP° (2012)ictiofauna del Rio Orotpgmong others. Finally, the status of
the species was corroborated with the University of California fish digital catalogue, and the PUJfiskeatain
Colombia.

Figure4.42: Morphological type of species at the PUJ ichthyology laboratory
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2525 (Ramirez Gil, 2011)
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Figure4.43: Separation of specieS¢rrasalmidaéamily)

Source:Universidad Distrital Francisco José De CaRixkr)

Figure4.44: Lots of Collected Species



Source:Universidadistrital Francisco José De Ca]@4xl7)

1 FIELD PHASE RESULTS
Description of the study area

The five localities under study are part of the hydjographical zone of the Colombian Orinoquia and the basins

of the Meta and Bita rivers, which addrect tributaries of the Orinoco river. Both of these basins are mainly
differentiated by their source; the river Meta basin has an Andean origin while the river Bita basin is originated at

the high plain of the department of Vichada,; this condition gsghem different physicathe mical characteristics.

For example, the type of water: the river Meta basin is characterized for its white waters with a high grade of
4dzaLISYRSR aSRAYSyYyGas yR | pp tfe Biiazivewate flow@omicldado 2 KA f S
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Description of the environments under study

Five types of bodies of water were registered in the zone under study: a) Rivers with a 40m-+drivieithe b)
meanders; c) spout associated toarichal d) navigation channel associatedto a gallery forest; and e) a flooded
savannah. The physical characteristics are described below:

1 River with a 40m+ riverbed widthLotic type body of water as théofv recorded an approximate speed of
0.8m/s; it has white waters due to the amount of suspended sediments, and substrate comprised of mud and
sand; additionally, there is an arboreal type riparian vegetation on both riversides comprised mainly by trees
over 8m tall covering approximately a 10% of the body of water.

1 Meanders:Closed lentic type body of water without flow (Om/s speed); its waters are black due to the elevated
concentration of tannins emanating from plant material in decomposition which agequt in its substrate. It
has shrubby type riparian vegetation with some great stand mature trees bordering the body of water covering
approximately 15% of its area.

26 (Galvis, 2007)



1 Spout associated to a morichdlotic type body of water as the flow recorded an appmate speed of 03.m/s;
its waters are clear with few sediments suspended, indicating a lack of nutrients; additionally, the substrates
were very variable including plant material in decomposition, mud and sand. The shrubby type riparian
vegetation on bothiversides has very variable abundance of moriche palms (Mauritia flexuosa) which covers,
in most cases, 100% of the body of water.

1 Spout associated to a gallery foredtotic type body of water as the flow recorded an approximate speed of a
0.2 m/s; its wéers are white due to the concentration of suspended sediments; there are substrates comprised
of mud, sand and fallen trunks in some zones. There is arboreal type riparian vegetation on both riversides
forming gallery forests with trees over 8 meters talvering mostly 100% of the body of water.

1 Flooded SavannahActs as a floodplain for rivers with 40m+ riverbed width; these zones are temporary, and
are formed during the rainy season when the rivers reach their highest water levels. This environnadohhas
flow, recording an approximate speed of 0.1m/s; waters with an inclination toward clear waters, and a substrate
based on immersed pastures coupled with silts. In relation to the riparian vegetation, there is pasture type
vegetation in the most remeat margin of the main channel of the river, and arboreal type vegetation in the
nearest margin of the main channel; the arboreal vegetation is comprised of good stand trees over 8 meters
tall, covering approximately 5% of the environment.

Composition and structure of the ichthyofaunal community.

A total of 668 specimens distributed among 81 species, 22 families, and 7 ordbles4(18) were collected in the
study area. Th&€haraciformesrder had the largest representation gathering 7 families, representing 50% of the
ichthyofaunalcommunity, followed bySiluriformeswith 5 families (27.7%), an@lupeiformeseaching 2 families
(9%). hie other orders, nameBeloniformesCichliformegPerciformesand Symbrachiformesere represented by

1 family (4,54% each one) (deigure4.45). The CharaciformeandSiluriforme®rders dominance follow the pattern

of richness at an order level outlined by Maldona@gampo in 2001 for théchthyofaunalupon the zone of
influence of the Meta and Orinoco rivers in Puerto Carrefio, and with the 200@avatio Ocampo description of
the nationalichthyofaunal

On the other hand, th€haracidasvas the family with the largest representation with 29 species (35.8%), followed
by Cichlidageaching 9 species (11.11%grrasalmidaith 6 species (7,4%), ah@biasinidagathering 5 species.

The other 18 families provided between 1, 2, 3 and 4 species accruing 39.5% of the recoFiguieded6). The
pattern found on the species distribution, in relation to the families recorded, is as expected, considering that the
Characidadamily is the most diverse and encompasses the greatest number of genders in the Orinoquia (Taphorn
2003).

The study found, in ration to the estimated diversity for each locality, that out of the five localities, only Cuernavaca
showed low diversity, as there was a marked dominance in the species; the other localities have higher diversity
values. However, the speciesaccumulatamve warns us of a possible sséimpling as the curve fails to reach the
asymptote. This result is the one expected, since, in order to achieve a more complete representation of the
ichthyofaunal community that is presentin this zone, itis necessamgriy out sampling exercises throughout the
hydrological cycle; and, in this case, there is only information for the rainy season.



Figure4.45: Specfific richness of fish orders presentin the study arsalation to the number of families.
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Table4.18: List of species found in the study area.

Order Family Specie

Beloniformes Belonidae Belonion dibranchodon

Acestrorhynchus microlepis

Acestrorhynchidae
Acestrorhynchus sp.

Leporellus vittatus

Anostomidae Leporinus brunneus

Leporinus yophorus

Agoniates halecinus

Astyanax integer cf.

Characiformes .
Astyanax siapae

Brycon falcatus

Characidae Brycon whitei

Bryconops alburnoides

Bryconops giacopinii

Chalceus macrolepidotus

Gymnocorymbus bondi




Order

Family

Specie

Hemigrammus barrigonae

Hemigrammus micropterus

Hemigrammus newboldi

Hemigrammushodostomus

Hyphessobrycon aff. acaciae

Hyphessobrycon diancistrus

Hyphessobrycon mavro

Hyphessobrycon sp.

Knodus brevicepscf.

Moenkhausia copei

Moenkhausia lepidura

Moenkhausia mikia cf.

Moenkhausia oligolepis

Poptella compressa

Poptella longipinnis

Tetragonopterus argenteus

Tetragonopterus chalceus

Thayeria obliqua

Characidae

Triportheus venezuelensis

Ctenobrycon oliverai

Crenuchidae

Poecilocharax weitzmani

Ctenoluciidae

Boulengerella cuvieri

Boulengerella lateristriga

Curimatopsis sp.
Curimatidae Cyphocharax festivus

Cyphocharax spilurus
Cynodontidae Hydrolycus armatus
Erytrinidae hoplerythrinus unitaeniatus

Gasteropelecidae

Carnegiella strigata

Thoracocharax stellatus




Order Family Specie
Copella armnoldi
Copella eigenmanni
Lebiasinidae Nannostomus eques

Nannostomus unifasciatus

Pyrrhulina lugubris

Serrasalmidae

Pristobrycon striolatus

Pygocentrus cariba

Pygocentrus sp.

Serrasalmuslongatus

Serrasalmus manueli

Serrasalmus rhombeus

Cichliformes

Cichlidae

Aequidens tetramerus

Apistogramma hongsloi

Biotodoma wavrini

Caquetaia myersi cf.

Crenicichla lenticulata

Dicrossus filamentosus

Heros severus

Mesonauta egregius

Satanoperca mapiritensis

Cupleiformes

Engraulidae

Anchoviellajamesi

Pristigasteridae

Pellona flavipinnis

Perciformes Sciaenidae Plagioscion squamosissimus
Calophysus macropterus
Pimelodidae Pimelodudblochii
Pimelodus ornatus
Pinirampus pirinampu
Rineloricaria eigenmanni
Loricariidae -
Hypostomus plecostomoides
Siluriformes - ——
Cetopsidae Cetopsis orinoco

Callichthyidae

Callichthys callichthys

Auchenipteridae

Ageneiosusinermis

Tatia sp.

Tetranematichthys quadrifilis

Trachelyopterus galeatus




Symbrachiformes Symbrachidae Symbrachus marmoratus

Source:(Jniversidad Distrital Francisco José De CakiHkY)

Figure4.46: Specfific richness for each family of fishes in relation to the number of species found.
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Figure4.47: Diversity of species recorded in eacbddity.
1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Cuema Vaca TierraAdentro Hato Nuevo Base Mono San Cristobal

Source:niversidad Distrital Francisco José De CakiHk)



Figure4.48: Curve of accumulation of species recorded uponthe study area
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Ichthyofaunal composition and structure for each locality

1 Locality I: San Cristobal.

This locality is directly influenced by the Meta river. Four (4) environments were sampled in this locality: a) Gallery
forest spout; b) Muco river; ¢) Muco river meander; andvijrichalspout (Table4.19). As the rainy season was
finalizing, and due to an increase on the levels of water at the Muco river, a direct tributary to the Meta river, a

connection was found between the Muco river and the locality meandersKiggpeet.49andFiguret.50).

Table4.19: Geographical location of sampled environments: Locality I.

Cad. X Y Body of Water

SCG01 915201,950961| 1171471,18924 Gallery Forest Spout
SC02 915721,606326| 1172126,0411 Muco River

SG04 918381,344771| 1171494,67899 Morichal Spout
SCO05 917573,363797| 1172434,3315 Muco river meander

Source:niversidad Distrital Francisco José De Caki¥k?). Colombia East East Magna Plains Coordinates.

Table4.20: Physical characteristics of sampled eomments: Locality I.

Céd. Coverage | Type of Substrate Type of Water Body of Water
SCG01 100% Organic Material in Decompositionand s| Clear waters Lotic

SCG02 20% Silts and sand White waters Lotic

SC04 100% Organic material idecomposition Clear waters Lotic

SCO05 20% Organic material in decomposition White waters Lentic

Source:Universidad Distrital Francisco José De CakiHs?)



Figure4.49: Hook fishing at the Mucoriver ($R).

Source:Universidad Distrital Francisco José De CaRkixkr)

Figure4.50: Hook fishing at the Muco river meander (3%).

Source:Universidad Distrital Francisco José De CaRkiHk/)

A total of 92 specimens distributed among 39 species, 15 families, and 4 ofdbie4.21) were collected. The
Characiformesnd Siluriformesorders had the largest representation with 6 families each one, followed by
Cicliformes and Clupeiformes with one family each. On the other hand, Characidae was the dominant family covering
36.36% of the collected species, followed by Lebiasinidae, Riidelmand Serrasalmidae with 9% of the species
collected. The other families provided 1 or 2 recorded species

Table4.21: List of species found in the study area: Locality |

Order Family Specie Abundance
. Leporellus vittatus 1
. Anostomidae -
Characiformes Leporinus yophorus 1
Characidae Bryconops alburnoides 2




Order Family Specie Abundance

Bryconops giacopinii 1
Ctenobrycon oliverai 1
Hemigrammus newboldi 4
Hyphessobrycon mavro 11
Knodus brevicepscf. 3
Moenkhausia copei 6
Moenkhausia lepidura gr. 19

Moenkhausia oligolepis
Poptella compressa
Tetragonopterus argenteus
Tetragonopterus chalceus

Ctenoluciidae Boulengerella cuvieri

Gasteropelecidae Thoracocharax stellatus
Copella eigenmanni

Lebiasinidae Nannostomus eques

Pyrrhulina lugubris
Serrasalmus rhombeus
Pygocentrus cariba
Serrasalmidae Pygocentrus sp.
Aequidens tetramerus
Caquetaia myersi cf.

NN N NN R R IR N R R N N N R

o Cichlidae Aequidens tetramerus
Cichliformes — - -
Cichlidae Caquetaia myersi cf.
Cupleiformes Engraulidae Anchoviellajamesi
Loricariidae H-ypostf)mL_ls p-Iecostomo_ldes
Rineloricaria eigenmanni
Auchenipteridae Tatia sp.
o Cetopsidae Cetopsi®rinoco
Siluriformes Calophysus macropterus
Pimelodidae — Py — P
Pinirampus pirinampu
Callichthyidae Callichthys callichthys
Pimelodidae Pimelodus blochii

Source:Universidad Distrital Francisco José De CaRixsy)

Out of the environments sampled, the Muco river was the point that contributed with the largest collection of
species (20 species), followed by therichalspout (11 species) (s&égured.51); this results from the fact that the
most effective fishing gear was the nocturnal collection using mgauoa from a canoe at the Mucoriverside.



Figure4.51: Spedic richness of species in each sampled environment: Locality of San Cristobal.
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1 Locality Il: Base Mono.

This locality is part of the Meta river basin, a hydographical zone of the Orinoquia. The sampled environment
was themorichalspout, tributary to theChiquichaqueiver, which flows directly into to the Meta riveTéble4.22
andTable4.23).

Table4.22: Geographic location of sampled environments: Locality |l.
Code | X Y Body of Water

BM-01 | 915917,77239] 1160773,32813 Morichal Spou
Source:Universidadistrital Francisco José De Cal@#¥l 7). East East Magna Colombia Plane Coordinates.

Table4.23: Physical characteristics of the sampled environments: Locality 1.

Code | Coverage| Type of Substrate] Type of Waer | Body of Water

BM-01 [ 90% Organic Material | Clear Waters| Lotic
Source:Universidad Distrital Francisco José De CaRkiHk/)

A total of 47 specimens were collected at this point distributed among 19 species, 9 families, and 3Tatders (
4.24). TheCharaciformesrder was the largest representation with 3 families; tBauriformesand Cichliformes
orders gathered only one family each.

On the other hand, th€haracidagvas the donmant family covering 36.84% of the species collected; the families
Lebiasinidag Cichlidagrovided each one 15% of the species recorded. The other six families provided one specie
accordingly.



Table4.24: List of species found at locality |I.

Order Family Specie # Specimens
Acestrorhynchidae Acestrorhynchus sp. 1
Bryconops giacopinii 4
Hemigrammus newboldi 1
Hyphessobrycon mavro 4
Characidae Hyphessobrycon sp. 2
Moenkhausia copei 4
Moenkhausia mikia cf. 7
Characiformes moenkhausia oligolepis 2
Crenuchidae Poecilocharax weitzmani 1
Curimatidae Cyphocharax spilurus 1
Erytrinidae hoplerythrinus unitaeniatus 1
Gasteropelecidae Carnegiella strigata 5
Copella aroldi 1
Lebiasinidae Nannostomuseques 6
Pyrrhulina lugubris 2
Aequidens tetramerus 1
Cichliformes Cichlidae Mesonauta egregius 1
Satanoperca mapiritensis 1
Siluriformes Auchenipteridae Tetranematichthys cf quadrifilis 2

Source:|Universidad Distrital Francisco José De CakiHs?)

1 Locality lll: Hato Nuevo.

Hato Nuevo, as well as San Cristébal (locality 1), is directly influenced by the Metariver as itis part of its floodplain.
Three types of environments wesampled at this localityFjgured.52, Figured.53 andFigure4.54): a) Gallery Forest

Spout; b) Gallery Forest Spounerichal;and, ¢) Meta river meander$éble4.25y Table4.26)

Table4.25: Geographical loation of sampled environments: Locality Il.

Cad. Latitude Longitude Body of Water

HNO1 938417,158324 1165988,15884 | Gallery Forest Spout

HN-02 936308,133894 1165512,98055 | Gallery Forest Spoutrorichal
HNO03 937020,3594871 1166145,98094 | Metariver meander

Source:Universidad Distrital Francisco José De Caki¥k?). East East Colombia Magna Plane Coordinates.

Table4.26: Physical characteristics of sampled environments: Locality llI.

Caod. | Coverage Type of Substrate Type of Water Body of Water
Caod. | 100% Organic material in decomposition White Waters Lotic

g"l\l' 80% Organic Material in Decomposition + sil| ClearWaters Lotic

HN . - . .

02 20% Organic Material in Decomposition Black Waters Lentic




Source:Universidad Distrital Francisco José De CaRiHsy)

Figure4.52: Gallery Forest Spout (HMNL).

Figure4.53: Gallery Forest Spoutmorichal(HN-02).
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Source:Universidad Distrital Francisco José De Cakixsy)

Source:Universidad Distritdfrancisco José De Caldz317)

A total of 113 specimens were collected distributed among 23 species, 6 families, and 3 Dathézd.27). The
Chara@formes order has the largest representation gathering 5 families, while the Cichliformes and Siluriformes
orders provided only one family each. On the other hand, Characidae was the dominant family covering 52% of the
collected species; Serrasalmidae &idhlidae delivered 17 and 13% of the records accordingly. The other families,
Erythrinidae, Lebiasinidae and Auchenipteridae were represented by one specie each, AaBdébeach. Finally,



the abundance of species found in this point was very similgrgobthe 11 species recorded, 7 had 1 specimen, and
the other 4, 2 specimens.

Table4.27: List of species found at the study area: locality IlI.

Order Family Specie # specimens
Astyanax integer cf. 3
Astyanax siapae 23
Brycon falcatus 3
Brycon whitei 1
Bryconops giacopinii 1
Characidae Gymnocorymbus bondi 6
Hyphessobrycon mavro | 21
Moenkhausia lepidura 5
Moenkhausia oligolepis | 1
Characiformeg Poptellalongipinnis 16

Tetragonopterus argenteu 1
Tetragonopterus chalceuy 2
Triportheus venezuelensiq 5
Erytrinidae Hoplerythrinus unitaeniatu) 2
Lebiasinidae Copella arnoldi
Pristobrycon striolatus
Pygocentrus cariba
Serrasalmus elongatus
Serrasalmus rhombeus
Aequidens tetramerus
Cichliformes | Cichlidae Apistogramma hongsloi
Crenicichla lenticulata
Siluriformes | Auchenipteridag Trachelyopterus galeatus
Source:Universidad Distrital Francisco José De CakiHs?)

Characidae
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richness, as the nettrawling and hook fishing sessions were more effective in capngarihe other environments
(seeFigure4.56).



Figure4.56: Specfific richness of species in eaampled environment: Hato Nuevo Locality.
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Cafio bosque de galeri€Cafio bosque de galeria+ meandro rio Meta
morichal

Source:Universidad Distrital Francisco José De CaRkiHk/)
1 Locality IV: Tierra Adentro.

This locality is located at the margin of the Bita river, an important tributary of the Orinoco river, a-hydro
geograyhical zone of the Orinoquia. Two types of environments were sampled at 4 sampling pagote4.57,
Figure4.58, Figured.59): a) Bita river wharf sector; b) Bita riviorichaltourist center; ¢) flooded savannahI; and

d) flooded Savannahéble4.28y Table4.29).

Table4.28: Geographic location of sampled environments: locality IV.
Code | X Y Body of Water

TAO1| 994755915263 1152850,27874 Bita River

TA03 | 999537,432221 1157274,1252§ Bita River
Flooded Savanna|
Bita River
Flooded Savanng
Bita River Il
Source:Universidad Distritdfrancisco José De Caldz317). East East Colombia Magna Plane Coordinates

TA04 | 997597,940351 1151676,65675

TAO05| 998074,186699 1156394,68448

Table4.29: Physical characteristics of sampled environments: locality IV.

Coveragel Type of Substrate Type of Water| Body of Water
20% Silts and clays Black Waters| Lotic
20% Silts and Clays Black Waters| Lotic
10% Clays and underwater vegetati¢ Clear Waters| Lotic
10% Clays and underwater Vegetatiy Clear Waters| Lotic

Source (Universidad Distrital Francisco José De CaRiHsr)



Figure4.57: Bita River (TA3).

Source:Universidad Distritdfrancisco José De Caldz317)

Figure4.58: Flooded SavannatBita River (TA4).

Source:niversidad Distrital Francisco José De CakiHk?)



Figure4.59: Hook fishing sessions supported by local fishermerO@)A

Source:Universidad Distrital Francisco José De CaRiHsy)

A total of 349 specimens were collected distributed among 34 species, 15 families, and 6 Tabt$.80). The
Characiformes was the order with the largest representation reaching 8 families, followed by the Clupeiformes and
Siluriformes orders with 2 families, while the &esiformes, Cichliformes y Perciformes orders provided only one

family each.

The study found, in relation to the richness by number of species at a family level, that the Characidae family
gathered the largest number of species reaching 38.23% ofe¢berds; the families Curimatidae and Cichlidae
gathered a 11.76 and 14.7% accordingly; additionally, the other families gathered one or two species, equivalent to
2.94 and 5.88% of participation withinthe community. On the other hthid locality gatheed the most abundant
specie Hyphessobrycon diancistresaching a total of 88 specimens; followedgmigrammus micropterusit

55 specimens.

Table4.30: List of species found at the study area: locality IV.

Order Family Specie # Specimen
Beloniformes| Belonidae Belonion dibranchodon 5
Acestrorhynchidag Acestrorhynchus microlepi 2
Anostomidae Leporinus brunneus 1
Agoniates halecinus 2
chasctane T —E
Characidae -
Chalceus macrolepidotus | 2
Hemigrammus barrigonae| 5
Hemigrammus micropterug 55




Order Family Specie # Specimen
Hemigrammus rhodostomy 11
Hyphessobrycon aff. acacq 12
Hyphessobrycon diancistry 88
. Hyphessobrycon sp. 1
Characidae Moenkhausia copei 51
Moenkhausia lepidura gr. | 1
Thayeria obliqua 2
Characiformeq Ctenoluciidae Boulengerella lateristriga | 1
Curimatopsis sp. 1
Curimatidae Cyphocharax spilurus 5
Cyphocharax festivus 28
Cynodontidae Hydrolycus armatus 1
Lebiasinidae Nannostomus unifasciatus| 2
Serrasalmidae Serrasalmus manueli 2
Aequidens tetramerus 1
Biotodoma wavrini 1
Cichliformes | Cichlidae Dicrossus filamentosus 1
Herosseverus 1
Mesonauta egregius 3
. Engraulidae Anchoviellajamesi 47
Cupleiformes — - ——
Pristigasteridae | Pellona flavipinnis 5
Perciformes | Sciaenidae Plagioscion squamosissim| 1
Pimelodidae Pimelodus blochii 1
Siluriformes Pimelodus ornatus 1
Auchenipteridae | Ageneiosusinermis 1

Source:Universidad Distrital Francisco José De Cakixs?)

Although the sites sampled were very similar at a physical level, there was a marked difference betwe iigitmem (
4.60).

The above can be credited mainly to the fishing gear used, which was more effective at the BikAmiiobal
touristic center sampling point; this point delivered the best sampling ciondif which allowed to gather a large
number of species; additionally, it was the only place in which it was possible to collect species uaiajidtee
net, which enabled the collection of good stand species suételsna flavipinniand Agoniates h&cinus



Figure4.60: Specific richness of species at each sampled environment (Locality: Tierra Adentro).
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Source: (Universidad Distrital Francisco José De Caldas, 2017)

1 Locality V: Cuerna Vaca.

This bcality is part of the zone of influence of the Meta river, a hygieographical zone of the Orinoquia. A reduced
body of water was sampled at this point. This environment is part of a gallery forest gathering abonadighe

palms Table4.31andTable4.32) and Figured.6landFigured.62).

Table4.31: Geographical Position of sampled environment: Locality V.

C\V01 | 1004302,82134 1170971,9827¢ Morichal Spou
Source:Universidad Distrital Francisco José De Cakixk?). East East Colombia Magna Plane Coordinates.

Table4.32: Physical characteristics of the sampled environment: Locality V.

C\vo1 100% Organic Material in Decomposition | Clear Waters Lotic
Source:niversidad Distrital Francisco José De CakiHk?)




ampling Point

Figure4.61:C\V01S

-y

Source:niversidad Distrital Francisco José De Cak{ds)

A total of 67 specimens distributed among to 2 orders, 3 families and 4 species were colleci€daraeiformes
was the order with the largest representation gathering 2 families, whijtenbrachiformepresented the only
registered family for the order.

Regarding the richness presented at a family level by number of sp€tiasgcidaavas found to be the largest
representation gathering 50% of the records, while the families Lebiasinidae and Symbrachidae recorded one only
one specie reaching 25% of the records accordingly.teella eigenmarspecies delivered a very strong
dominancereaching 83.58% of the specimens colleciEale4.33).



Table4.33: List of the species found in theusty area (Locality V).

Characiformes Characidae Hemlgrammus 9
barrigonae
Characiformes Characidae Hyphessobrycon mavr¢ 1
Characiformes Lebiasinidae Copella eigenmanni 56
. . h
Symbrachiformes Symbrachidae Symbrachus 1
marmoratus

Source:niversidad Distrital Francisco José De Cakixs)
4.2.6.2 Drainage patterns

In order to determine the drainage patterns in the area of direct and indirect influence of the project, the study
proceeded to use three Aster Global Ditivages from the United States Geological Survey (USGS) digital terrain
model (12.5 meter pixels from the Alos Palsar satellite). These images were corrected and processed to properly
determine the drainage patterns.

This determination was performed usittte GRASS GIS 7.0.2 software which processed and eliminated the DEM
invalid and empty values. Subsequently, the process determined the possible basins in the study area, using a 20,000
threshold upon the r.watershed command, and thus determining the digendirections, basins, accumulation
indexes, topographic indexes, and drainages.

Figure4.63: Determination of drainage patterns in the AID and All of the project.

Andlisis a partir del Modelo
digital de Terreno Aster
Global DEM - 12,5 mts.
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Tipo: Subdendritica




Source: Prepared byéloracionEcondmica Ambient&8AS, 2017), using information from the (United States
Geological SurveyJSGS, 2017)

According toFigure4.63, the drainage distkution and order at the project area of influence corresponds to a
Subdendrititype pattern.

The above is considered as a modification of the dendritic drainage pattern, in which the tributaries of the main
rivers (Rio Meta and Rio Bita) get together uponte angles as shownkiguret.64.

Figure4.64: Subdendritic drainage pattern
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Source: Prepared byéloracién Econdmica Ambien®AS, 2017), using information from the (United States
Geological SurveyySGSs, 2017)

The area whereby the tributaries drain is possibly covered with relatively ressgtdimhents, which offer a stronger
control than the area where the main course runs (these are meanders). In this case, there idefined major
tributary, with a greater flow quantity, where a series of small tributaries arrive, showing that thareiigense
accumulation area, and that there is also a low structural or topographic control, fostering the overflow in some
areas due to the development of the plain area (Farfan, 2008).

4.2.6.3 Polluting sources

As shown in the characterization of the lergitd lotic systems, there is no activity in these bodies of water. On the
other hand, according to the analysis ofthe socioeconomic environment and the inspections to the area of influence,
there is neither a sewage system nor a prior discharged wateasitre nt. Septic tanks located in each home are the
systems used by local dwellers.

No sources of contamination are foreseen with the development of the project, as the camps where activities will
be carried out, and where the personnel will work on thergtional part. The project will install treatment systems

for the domestic wastewater, and then these waters will be disposed at infiltration fields once the water has been
correctly treated.

The project contemplates the installation of five treatmensms distributed in the following campéono Base,
San Cristobal as MalvinagTierradentraandParaisd®c These systems will treat the waters for daily domestic use
of the project staff.



4.2.6.4 Water use
The use of water for the project will come from sacé and underground water sources as outlinetlable4.34.

Table4.34: Water usespecifications for the Orinoquia Forestry Project

Camp Land Plot Hydric Resource Activity and type of use
Project main field activities: camp, irrigati
f fertirrigation f fertilizat
San Cristébal San Cristébal SurNace waterc | and ertlrrlga.tlon or nl'Jrse'zry, ert|.|zaUOns
Cafio Muco and herbicide application; firebreak
controlled burning and firefighting.
Base Mono La Cordobeza Underground Forest Range_r (F|re_ Fl_ghtl_ng), firewg
water controlled burning and firefighting.
Camp, fertilization and herbicide applicat
. Paraiso PC (Puerl Underground . p _ ) PP J
Paraiso PC ~ (Firefighting) firebreaks, controlled burni
Carrefio) water P
and firefighting.
Forest Ranger (This site is planned for
Malvinas Malvinas Underground future location of a cargo terminal
water (Firefighting) firebreaks, controlled burni
and firefighting.
Surface waten Campsite, fertilization and herbicig
Tierradentro Tierradentro 6 o S application. (Firefighting) firebreal
Rio Bita . e
controlled burning and firefighting.
C ite; this land plot ides fores|
Underground am.p5|e .|s.an. pg provides fore
Torol Toroll water services. (Firefighting) firebreaks, controll
burning and firefighting.

Source:Yaloracién Econémica AmbientaD17)

Table4.35: Physicochemi characterization and specifications of the water resource

N° Lab Samplg Campsite . Type of
Sample Description : Source Sample Date
CIMA N° P i sampling . P
22887 PMO1 Capturing Point Tier Snapshot Surface water | 2017-09-18
Adentro
BaseMalvi Und d
22888 PM02 aseviavinas Snapshot nderground 1 59170918
Raw Water water
Base San Cristobal R4
22889 PMO04 ! Snapshot Surface water | 2017-09-18
Water
Underground
22890 PMO06 Base Mono Snapshot 20170918
water
22891 PMO7 Base Paraiso PC Snapshot \llJv;tdeerrground 20170918
Underground
22892 PMO08 Base Toro Snapshot water 20170918

Source: Corporacion Integral del Medio Ambiente CIMA 2017



Figure4.65: Physicochemical characterization of water resources dboratory Report
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In general and according to the characterizations results, these waters fulfill the Resolution 2115/2007 provisions,

indicating good quality waters, which after collection thereof, will be treated and used for human consuuopption
all bases, and for other uses establishedatle4.34.



The results indicate that total alkalinity, chlorides, color, nitrates, orthophosphatessalfates parameters fulffil
Resolution 2115/2007 provisions. The other parameters will be subject of analysis and subsequent treatment in
order to meetthe drinking water standards.

The water collection and distribution system is included in the tecdrdocuments needed required for the
application of the respective water concession permits.

4.2.6.5 Conflicts of use

There is no information available in tiuerto Carre&OT in relation to the conflicts upon use. However, the
IDEAM, through the planning atethd use SI®T geographical information systems project, developed a dry year
municipal shortage index map. Accordingly, the department of Vichada is located in thsigroficant index,
accordingto the demand / supply in the zone, showing that therimfttion, at a departmental level, has no
problems and / or shortages duringthe dry months of the year.

On the other hand, the IDEAM developed a second vulnerability map for water availability per municipality during

dry year, registering the department ¥ichada as a median category, namely, moderately fragile for vulnerable
conditions, whichindicates that this could generate some conflictin the future for the availability of resource use.

4.2.6.6 Wellinventory
The study identifies some underground waterlisevithin the area of direct and indirect influence of the project
These wells are used for domestic water, and for the water supply of La Venturosa, Aceitico and Puerto Murillo

inspections. The East East Magna Colombia system flat coordinates areabéiow.

Table4.36: Project wells inventory.

—— Plane Coordinates
X Y

1 922270,722 1171079,32
2 918900,016 1163097,89
3 954283,409 1173374,82
4 954052,046 1172379,38
5 954367,399 1172250,73
6 953794,803 1168955,9
7 964930,068 117428451
8 965362,376 1173306,46
9 965261,67 1172494,31
10 931586,069 1161422,87
11 962007,502 1166620,96
12 962492,817 11662935

Source:VYaloracion Econdémica Ambiental SA®L7)




4,277 Atmosphere

The study area climatological performance was carried out by means of a historical series analysis for each variable,
for the case of precipitation during the period between 1968 and 2016 foAtteiticostation, and between 1983

and 2016 fothe Patevacaktation; and the Puerto Carrefio Airport station involved an analysis for such variables
for the period between 1968 and 2016. Additionally, the temperature, solar brightness, and relative humidity
variables were analyzed for the period beel1972 and 2016 as recorded by the Puerto Carrefio Airport station.
Finally, a wind speed variable analysis included information during the period between 1974 and 2016 as recorded
at the Puerto Carrefio Airport station. Due to the lack of meteorologiatibsts near the study area with complete
information, as required, the study used the information from the Puerto Carrefio Airport station and, in some
variables, the hydrological stations near the Aceitico and Patevacal study area, wherewith the arfalysis o
meteorological performance of the area was performed.

4.2.7.1 Climate

For the analysis of this component, the statistical data of the Puerto Carrefio Airport meteorological station was
analyzed. This airportis located at latitude 0610 N, longitude 6 72@ttVa 50 m.a.s.l. inclination. However, for the
precipitation variable, data was collected from: the Patevacal station located at latitude 0610 N and longitude 6907
W with a 76 m.a.s.| elevation, and from the Aceitico station located at latitude 0616 NMagitude 6823 W with a

67 m.a.s.l. inclination.

The statistical data of the variable are described below:

Precipitation
Temperature

Solar brightness

Relative Humidity

Wind speed and direction
Evaporation

= =4 -4 4 -4 -8

PRECIPITATION

Based on the stations data previously describethible4.37, Table4.38andTable4.39, the average annual total
values reported reached 2447.8 mm for the Aceitico station, 2503.6 mm for the Patetataa, and 2242.6 mm

for the Puerto Carrefio Airport station. Therefore, the average for the project areareaches 2398 mms, framing the
regional rain regime within the unimodal type, with a rainy season from April to November, and the dry season from
December to March.

The lowest values of monthly total precipitation corresponded to the month of January with values between 10.1
mm for the Puerto Carrefio Airport station, 12.1 mm for the Patevacal station, and 13.8 mm for the Aceitico station.
The highesaverages were recorded in June (434.4 mm) and July (437.3 mm) for the Aceitico station, in June (425.7
mm) and July (410.7 mm) for the Patevacal station, and in June (464.6 mm) and July (441.9 mm) for the Puerto
Carrefio Airport station. For the period lvegen March and June, the records showed a significant decrease during
the months of May and June with respect to the Airport historical data series, during the first wet season (April and
May).



The figure representing the precipitation graph for eatéition analyzed for this variable is outlined below. The
individual data per each station is presented in the following tables.

Figure4.67: Graph of the mean annual total precipitation values (mms) fothinee stations analyzed.
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Data and graphical representation of the stations analyzed for the project area climatology analysis.



Table4.37: Total precipitation annual mean data (mnashceitico Station

Total Precipitation
Annual Mean

13,8 | 254 | 425 |161,2| 285,4| 434,4| 437,3 | 358,8 | 273,9| 267,5| 117,6| 29,9 | 2447,8

Source: IDEAM

Figure4.68: Graph: Total precipitation annual mean values (mgigeitico Station
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Table4.38: Totalprecipitation annual mean data (mmspPatevacal Station

Total Precipitation
Annual Mean

12,1 | 23,9 | 50,9 | 195,7| 334,2| 425,7| 410,7 | 339,3 | 284 | 253,4| 139,2| 34,4 | 2503,6

Source: IDEAM



Figure4.69: Graph: Total precipitation annual mean values (mgRatevacal Station
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Table4.39: Total precipitation annual mean data (mm#)uerto @rrefio Airport Station
ANNUAL
VALUE E F M A MY JN JL A S O N D VALUE
Total Precipitati
otal Precipitation |, 115, |45 144,9 |2747 |4646 |441,9 |3302 |206,7/171,3 |1066 |31.4 |2242,6
Annual Mean
Source: IDEAM
Figure4.70: Graph: Total precipitation annual mean values (mrfs)erto Carrefio Airport Station
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1 AVERAGE TEMPERATURE

As shown ifTable4.40, the area recorded a 28.4 °C average annual temperature, with variations throughout
the year reaching values between 26.9 and 27 °C duringntbaths of June and July respectively. This
information was gathered using the historical series of the Puerto Carrefio Airport station, and taking into
account the similar orographic conditions that the station presents within the study area.

Table4.40: Average annual temperature (°puerto Carrefio Airport

ANNUAL
VALUE E [F [M A |[MY [N |3 |Afs [O|N D | 8
Temperature |, /13541308 |295|27.9|269|266|27|27.4|28| 285288284
Annual Mean

Figure4.71: Graph of the average annual temperature values (°C) Puerto Carrefio Airport
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T SOLARBRIGHTNESS

According to the historical series of the Puerto Carrefio Airport station, the area reaches an average annual solar
brightness of 2227.2 hours, as showable4.41; and an annual variation of 123.6 hours of solar brightness in

June.

Table4.41: Average annual solar brightness data (°C) Puerto Carrefio Airport

ANNUAL
VALUE F oIm |a [my |on oo |A N |D
UE |J IN |3 s |o VALUE
Solar
22?3;65& 2575 2282222711703 1416 1236 1383 1472 1592 1948 207 5 2362 22272
Mean
Source: IDEAM
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Figure4.72: Graph of annual average solar brightness values (°C) Puerto Carrefio Airport

VALORES MEDIOSANUALES DE BRILLO SOLAR
(horas) - APTO PTO Carrefio
300
‘@ 250 -
2 200 -
§ 150 -
e 100 -
}J:: 50 - m Brillo solar media anual
o |
O 0O 0 & © O OO0 & & & &
ST T TELFS S
£ T
| A& (nedidiidn fn T
Source: IDEAM

1 RELATIVEHUMIDITY

This parameter presents a unimodal regime as shoviaigare4.73, with a peak during the months of June and

July (79%), and the lowest values during the months of February (56%) and March (57%). This variation is mainly
due to an increase in temperature, causing a decrease in relative hymildiits is because increasing the
temperature increases the maximum amount of water vapor that the mass of air can contain, while the actual
water vapor content of such air mass remains constant. In other words, the degree of air saturation decreases
because upon increasing the temperature, there is a greater capacity to contain water vapor. (

Table4.42: Annual Relative Humidity Data (°C) Puerto Carrefio Airport

VR

VALOR J |F M |A [MY JN (JL A S O N D ANUAL

Relative
Humidity 61 |56 57 |66 |75 79 |79 |78 |76 |75 |73 |67 70
Annual Mear
Source: IDEAM

27 Meteoares. (2012),Qué es la HUMEDAD RELATIVA?, ¢, como varigeropdeatura del aire®btenido de
http://meteoares.blogspot.com/2010/09/queesla-humedadrelativacomovaria.html
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Figure4.73: Graph of the mean annual Relative Humidity values (°C) Apto Pto Carrefio
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1 WIND SPEED AND WIND DIRECTRMNERTO CARRENO WIND ROSE

For the analysis of this parameter, the Puerto Carrefio Airport wind rose was used as slkayunéd.74. The
trade winds bring along drizzles from theonth of April, as once the influence of this wind begins, the rains
(October and November) ceases and are replaced by drizzles.

The study observed, regarding the analysis of the annual wind performance by means of the wind rose, that
each year there ia component of the northeast direction with a 22.8% of predominance, followed by the north
and eastwith a 12.3 and 9.1 % accordingly; followed by a 5.8% of the south direction, while the other directions
perform between 4.8 and 2.1%; the calms reach altof 33.8% in the area. The direction of the winds is related

to humidity and rainfall. The range between 0.1 to 1.5 m/sis in general the most representative speed.

Figured.74: Puerto Carrefio Airport Wd Rose
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1 EVAPORATION

There is a 2054.8 (mms) annual mean evaporation as shoVabie4.4 3, which variates throughout the year,
reaching a 114, 8 (mms) value of evaporation during June. This information was based on the historical series of

the Puerto Carrefio Airport station.

Tabled.43: Annual Average Evaporation Data (mms) Puerto Carrefio Airport

ANNUAL

VALUE J |F M A MY |JN |JL (A S O N D VALUE

Evaporation
Annual 234( 236,8 250,8 180,2 140,84 114,8120,8 133,21 138,49 154,21 158,41 192,2| 2054,8
Mean
Source: IDEAM
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Figure4.75: Graph of annual mean evaporation values (mms) Puerto Carrefio Airport
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4.3 Biological environment
431 Flora

4.3.1.1 Secondary information

The information below shows the review results of secondary information regarding the flora component within
the department of Vichada, with an emphasis on the municipality of Puerto Carrefio. The Colombian National

Herbarium (COL), the Forest Herbariumbi&ito Emilio Mahecha Vega" at théniversidad Francisco José de

Caldas(UDBC), the Colombian Amazonian Herbarium of the SINCHI Institute (COAH), and the Catalog of

Colombian plants and lichens of the Institute of Natural Sciences of the National UgieérSiblombia were
the sources of information for this analysis. In relation to the flora of the department of Vichada, the study

O2y adz SR @AIKBOS NRIfOt®2w20AYASYyG2 RS f I

Tt 2N

RSt

written by Frandsco Castro and the compilation of flora from the Orinoco fEimuparrdNational Natural Park

developed by Dario Fajardo.

The information on the number of records was organized in Figures, according to the databases of each

institution or source. In adton, the richness by family and by gender reported for the department and the

municipality.

1 COMPOSITION OF SPECIES.

Avance del conocimiento de la flora del Andén Orinoqués en el Departamento de Vichada.

This article presents a general study of thedlof the Orinoquia in the department of Vichada. A total of 19
ecosystems and 10 species of plants were identified, grouped into 129 families and 473 genres
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TheFigure4.76 shows the most representative families for the area studied. Fakaceadad the largest
number of species reaching 147, followe dRybiaceaavith 64,Myrtaceaewith 40,Melastomataceasvith 39,
andBignoniaceavith 35 species.

Figured.76: Most representative families at the Orinoquia Platform in the department of Vichada.
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The most representativgenres wereEugeniawith 20 specied,.icaniawith 12 speciesChamaecristand
Ourateawith 11 species eaclGuatteriareaching 9 species, and Erythroxylum, and Senna with 8 species each

(SeeFigured.77).

Figured.77: Most representative genresin the Orinoqués River in the department of Vichada.
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Source:niversidad Distrital Francisco JoséTaédas2017)
Catalog of plants and lichens of Colombia
This catalog reports a total of 1166 species, grouped in 501 genus, and 115 families. The most representative

families are:Poaceaewith 156 specieskFabaceaavith 151 speciesMelastomataceaenith 76 species,
Cyperaceawith 67 species, and Rubiaceae with 59 speciesHgpeet.78).
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Figure4.78: Most representative families in the department of Vichada.
-

— 180
M C
S 160 PCmpwm
D 140 -
120 -
o
Y 100 T TC cT
80 - 59
o« 60 -
o 40 - I 0n 33 31 ¢ .a
20 - l .
O n T T T T T T T . T . T .:\
&,be, &,be Oe'be &,be, &'a"' &Q’e &,be, (g?’e &'Z’e oe,'be'
2 P N @ @ NI L 2 @
L <<,§> L @Q' Qg)o Qoo & ®'z} Q\%\ &
w"’@ © ¢ d &
CFrYAT AL

Source:niversidad Distrital Francisco José De CaRiHk)
Canpilation of Orinoquensedlora - El Tuparrd\ational Natural Park

The study estimated 535 higher plant species for the park area, which correspond to 111 families and 344 genres.
This figure represents 25% of the species distributed in the Coloribigroquiathis may be considered as
high, and provides an idea of thieffistic richness of the area.

The most representative families for the park area are: Leguminosae with 46 species; Poaceae with 44 species,
Melastomataceae with 28 species; Rubiaceae with 27 species, and Apocynaceaea and Cyperaceae with 21
species (sekiguret.79).

Figure4.79: Most representative families in the department of Vichada.
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The most representative genres fat Tuparrd?ark were Eugeniawith 20 specied;.icaniawith 12 species;

Miconiareaching 10 speciesjyptiswith 9 species, an&hynchosporaith 8 species, and Pauwim reching 7
species (seEigure4.80).
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Figure4.80: Most representative genres &t Tuparrdark.
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Herbal consultation

The aforementioned herbaria were consulted, gathering a total of 1410 botanical collections for the municipality
of Puerto Carrefio. The Colombian Natiohkirbariuni® (COL) gathers the largest amount reaching 834
collections (59.1%), followed by the Forest Herbarium "Gilberto Emilio Mahecha®/efide Universidad
Distrital Francisco José de Caldas (UDBC) gathering 318 collections (22.6%) and thesgiiN€ Bidlombian
Amazonian HerbariupA(COAH) with 258 (18.6%), as showRigure4.81

Figure4.81: Number of vegetation collections by Institutions (municipality of Puerto Carrefio).
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Source:niversidad Distrital Francisco José De CaRiHk)

28 (Colombian National Herbarium, COL)
2 (Forest Herbarium District University, UDBC)
30 (Colombian Amazonian Herbarium, COAH)
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The records ofthe Colombian National HerbaAtf@OL) include the following the most representative families
regarding the number of collectionBoaceaeavith 132; Leguminosageaching 118Cyperaceasvith 54;
Melastomataceagathering 50Rubiaceaavith 48, and Apocynaceae with 32 collections (Bipired.82).

Figure4.82: Number of vegetation collections by COL family in Puerto Carrefio.
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The most representative families, in terms of number of species, for COLlvegnaninosawvith 77; Poaceae
gathering 70; Rubiaceae with 33; Cyperaceae with 27; Melastomataceae reachingd58panynaceae

gathering 23 species (s€&guret.83).

Figure4.83: Number of vegetation species per d@ily in Puerto Carrefio
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The records of the "Gilberto Emilio Mahecha Véga'the Universidad Distrital Francisco José de Caldas (UDBC)
outline the most representative families regarding the number of collectibaguminosawith 53; Rubiaceae

31 (Colombian Nabnal Herbarium, COL)
32 (Forest Herbarium Universisdad Francisco José de Caldas, UDBC)



reaching 28Bignoniaceagathering 16 Melastomataceaavith 15 andApocynaceagvith 8 collections (see
Figured.84).

Figure4.84: Number of vegetation collections per family of thaiversidad Distrital Francisco José de Céaldas
Puerto Carrefio.
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The most representative families in terms of humber of species fofkdDBC weret eguminosasvith 52;
Rubiaceae reaching 28; Bignoniaceae with 16; Melastomataceae gathering 15, and Apocynaceae reaching 8

collections (se€&igure4.85).

Figure4.85: Number of vegetation species per family at the UDBC in Puerto Carrefio.
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The Colombian Amazonian Herbarf@¢COAH) records show the most representative families regarding the
number of collectionsCaesalpiniaceawith 19;Fabaceaavith 18; Melastomataceagathering 17 Rubiaceae

33 (Colombian Amazonian Herbarium, COAH)
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reaching 14Cyperaceawith 13, andApocynaceagChrysobalanaceamdMimosaceaavith 12 collections each
(seeFigure4.86).

Figure4.86' Number of vegetation collections by familytogé COAH in Puerto Carrefio.
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The most representative families in terms of number of species for the E€@Ak: Melastomataceae with 13;
Caesalpiniaceae with 12; Fabaceae and Rubiacehelwieach, and Cyperaceae with 10 species ksgee
4.87).

Figure4.87' Number of vegetatiospecies per family of the COAH in Puerto Carrefio.
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34 (Colombian Amazonian Herbarium, COAH)
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4.3.1.2 Methodology

The landscape analysis was based on the consultation of geomorphology secondary information in the
municipality ofPuerto Carrefio, and the landscape units field verification which combined land coverings with
geomorphological units, and a photographic record was taken for such purpose. Accordingly, a visibility, quality,
and landscape fragility qualitative basic anadysas carried out, as well as the description of the projectin the
landscape component, including the landscape interest sites.

A setof technical activities was carried out in order to characterize the wild flora in the area of influence. These
activities allow determining the composition, structure and general condition of the natural vegetation present

in the territory where the commercial reforestation project is located. For such purpose, three phases were
carried out: firstly, consisting on the dettion of secondary information; secondly, the field information
gathering phase, and thirdly, the information processing phase and document preparation. Each of these phases
is described below.

1 EIELD PHASE.

The flora component field phase was focusadloe wild flora characterization represented in the natural plant
coverings.

A forest inventory was performed in order to characterize the wild flora, which, according to the Ministry of
Environment, is defined as the method used to gather the florisfiarmation of the natural forests, thus
obtaining qualitative and quantitative information, in accordance with the established objectives. The above
refers not only to the individual assessment of trees, their volume and size, but also other elements that
characterize the forest such as composition, structure and function, which are important for decision making.
In order to deliver this characterization, the information was collected by means of sampling plots for each type
of natural vegetation cover. Babove involved the measurement of arborealindividuals, which was carried out
in three size categoriefiustalesLatizalesandBrinzalesThe dimensions of these categories are described in
Table4.44.

Table4.44: Criteria in order to differentiate the three categories: fustales, latizale smimzales.

Category Classification Criteria
. Total height greater than 30 cn
Brinzales .
diameter under2.5 cm
. Diameter greater than or equal to 2
Latizales
cmand lessthan 10 cm.
Fustales Diameter greaterthan or equal to 1

cm

Source:Universidad Distrital Francisco José De Cakis)
The size and shape of the plots depends on the type of vegetation cover to be inventoried. A 1,000 square meters

rectangular plots were used (0.1 hectares) for the forest galleryraodchaleswhichare the arboreal type
natural vegetation presentin the area. The size and shape of the plots for these covers are shown below.
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Figure4.88: Sample plots shape and size (for forests).
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Upon the plots described, the coordinates were recorded with the help of Garmin Map62sc® GPS equipment.
The information gathered, from the initial and final points are distributed as follows:

Upon 10 x 10 meters subplots, a complétetalesinventory was arried out; in order to evaluate the natural
regeneration, 5 x 5 meters subplots were taken for ldizalescategory, and 2 x 2 meters fbrinzalesupon
the initial and finafustalessubplots.

The information of the arboreal individuals wescorded within these plots using three determined size
categoriesFustalesl atizalesandBrinzalels Accordingly, the circumference was measured at the breast height
(CAP); additionally, the total and commercial height was estimated (Figure 120).

Figue 4.89: Measurement of

attributes (invent
o N

T

oried individuals).
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Source:niversidad Distrital Francisco José De Cakixs)

The attribute measurements were performed made by a Forest Engineer uSalget and a digital form (in
order to obtain information compatible with Microsoft Excel® databases). Some of the generalities of the area
were recorded in such platforms including the location at municipal and local level, altitude, cover unit, date,
andstarting and ending coordinates of plots (See Figure 121).

119



Figure4.90: Forestinventory digital form used to register the taxa sampling by plot upon polygons of the
Orinoquia Forestry (Vichada).

FORMULARIO DE INVENTARIO FORESTAL FUSTALES u::
Proyecto | Couﬂlm:so{!\'l-ul) | | ' " atura | Inicial
Municipio Pumamoﬂo Cootd Fin (EW-NS) | (a.5.n.m) Final
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7 | B Amme P’obmhtpuph’ﬂw 156 | i L7 | 4] |
8 | 8 |SsedWoroie  |Cavaips Fanorum L8 | | | 1 8 | a7 ! |
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10 | C ‘Acelte Ccpa-hmpuadk.n L8 | | | 8 |2 |
11 | C [Saladiio rop |Caraipa lanorum S8 | | .6 | 17 | |
12| C_|Ne3 |Eschweilera panafolis I8 | 1T T Te]w] |
13| O “|Mamaco E.mtpoprm 1 34| |15 | 18 | |
14 O [Saladilc row |Caraion llanceurm 48 | | 12 | 18

Source:niversidad Distrital Francisco José De Cakixs)

The study also marked the individuals with paint (using a consecutive number per plot, fosthlescategory,
and using a visible mark for thetizalescategory). Additionally, the respidge points were taken by plot in order
to define its location using GPS equipment (Figure 122 and Figure 123).

Flgure4 91 Marking of |nd|V|duaIs sampled durlng mventory

Source:Universidad Distritalfancisco José De Cald2617
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Figure4.92: Registration of location points with a GPS navigator
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The identification of arboreal species waried out in accordance with the APG Ill classification system, taking
into account the expertise of the specialistin charge of such forest inventory. This inventory analyzed the main
taxonomic characteristics of the individuals inventoried. This egemias also supported by field guides (in
order to obtain common names). In cases where the identification was not possible in the field, the collection
of the botanical sample performed (See Figure 124) in order to achieve its identification with thartsafpp
specialized professionals, and through dichotomous keys and herbaria consultation.

Figure4.93: Collection of botanical samples during the developm

ent of the floristic inventory.
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Source:niversidd Distrital Francisco José De Caj@847

1 INFORMATION PROCESSING PHASE

Once obtained the information of the plots, entered in the field forms and the final determination of species,
we proceeded to elaborate the database for each coverage, under the platform Microsoft Excel© and the
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respective calculations were made, in thiay we proceeded to the analysis of composition, structure and
diversity of each coverage inventoried. This information articulates with the established parameters by the
terms of reference and by the technical Guides for the ordering and the sustainainlagement of natural
forests of the Ministry of Environmentl today Ministry of Environment and Sustainable Development,
implemented for environmental studies in Colombia.

The parameters determined for the characterization of the vegetable coverages are described below:
Statistical analysis

To give statistical validity and representativeness to the forest inventory, the statistical analysis of the
information collected irthe field was made, through the use of the variable total volume, determining a
sampling error no greater than 15% and a probability level of 95. The statistical parameters used are shown in

Table4 .45.

Table4.45: Statistical Parametersused.

PARAMETER EQUATIONS
_ a X
Average volume C= S
. (Bef
Standard deviation st <=2 a )%
N-1
- - =
Variation coefficient Cv="C°100%
Standard error Ec= %
Sampling error with probability 95% Emyos =E O63 t
Sampling error EmP6=E C/X3100

Floristic composition

The analysis of the floristic composition is made through the elaboration of databases for each type of vegetable
coverage inventoried, where the list of species is made with its taxonomic classification listing information on
family, gender, common nameé scientific name of each species andincluding the author of each one of these.
Horizontal structure

The analysis of the horizontal structure consists of determining quantitatively the behaviour of the individuals
on the ground surface and it is anagd from the frequency, basal area or dominance, abundance and the
importance value index. Itis complemented with the degree of aggregation of the species.

Absolute abundance

It is the number of trees by species accounted forin the inventory.

Relative abundance

It indicates the percentage of participation of each species, referred to the number of total trees found. It is

expressed as a percentage and is defined as the relationship between the number of trees of each species and
the total numker of individuals found in the sampling.
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N 'A'HZ
T 2

Aa=number of individuals by species in the sampled area
At = total number of individuali® the sampled area

Absolute frequency

It is the presenc@bsence of a given species in a plbois calculated as the percentage ratio corresponding to
the number of plots in which a species occurs, between the total number of plots.

©

TRl
B

U= number of sampling units in which a species occurs
T= total number of sampling units.

Reative frequency

It is the percentage of the absolute frequency of a species in relation to the sum of the absolute frequencies of
the species present.

™
=5

mlm

=nNT

Fa = Absolute frequency
Ft = Sum of the absolute frequencies

According to the absolute frequency, to perform the frequency histogram, the species are grouped in the
following classes:

I Fa=120Very rare.

Il Fa=20,140 Infrequent.

1] Fa=40,160 Frequent.

v Fa=60,130 Quite frequent.
Y Fa=80,1100 Very frequent.

Absolute dominance

Also called the degree of coverage of the species, which is the expression of the space occupied by them. It is
defined as the sum of the horizontal projections of the trees on the ground. Due to the complex vertical structure
of the tropical forests, on occasions its determination becomes impossible, for this reason, the basal areas are
used as substitutes for the true dominance values. This process is justified due to the high linear correlation
between the cup diameter and the stenegneter for a particular species.

AA - zAAE

T =3.141593
DAP= Diameter at chest height.
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Relative dominance

It is calculated as the proportion of a species in the total evaluated area, expressed as a percentage.

z

N AA
LN

DA= Absolute dominance of each species
At = Total basal areain the sampled area.

Importance value index (1V1)

This index is given by the sum of the parameters expressed in percentage of the abundance, frequency and
relative dominance and is usedto perform descriptive and quantitative studies of the structures of the types of
forests. The maximum value of the I/B00 and is reached in strata presenting a single species. This index also
allows to deduce aspects such as dynamism, dominance and representativeness of the species.

g AR €1 An
Degree of aggregation

The degree of aggregation is a variable that indicates the extent to which the individuals that make up a certain
coverage tendto group; its value always moves in three ranges. The interpretation of the degree of aggregation
is made taking into accountétif its value is less than one (1) the species is dispersed in the coverage. If, on
the contrary, values greater than or equal to two (2) are obtained, it reflects a grouped distribution, whereas
values between one (1) and two (2) indicate a tendencygrioup the species. These parameters can be
summarized as follows:

D! %x F M @ f HX AYRAOF(GSa& |
D! x I uX AYRAOIGSa GKIFG GKS
GA< al, indicates that the species is dispersed.

O (2 3IANER dzLI®
Sa KFa I 3INRJzLISR

It determines the sptial distribution of the species, being the mathematical expression of the observed density
with respect to the expected density.

Ga = Do /De

Where:

Do = Observed density: Total number of trees per species / Total number of plots sampled.
De = Expectedensity:-Ln (£F/100)

F = Absolute frequency

Ln = Natural or Neperianlogarithm (e base).

Vertical structure
The vertical structure is analyzed according to the height, differentiating strata, according to qualitative or
guantitative profiles in relatin to the total height and height at the base of the cup (also called commercial

height). To analyze the vertical structure, the arboreal strata are defined: higher (Es), medium (Em) and lower
(Ei), depending on the maximum and minimum height or with presgges.
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Ogwa Diagram

This is a quantitative method of describing the vegetation, used to detect the presence of strata, tailoring a
graph with the total heights in the ordinates and the heights to the base of the cup on the abscissa; the
appearance of swarms of more or lesgased points indicates the virtual void ofthe cups at intermediate levels,
suggesting a number of differential strata in the profile of the forest; when a single elongated cloud of points
and with a positive slope is generated, no strata can be diffeatd, since there is continuity of points from

the understory to the canopy.

Vegetation profile

The vegetation profile comprises a qualitative method of evaluating the vertical structure, to illustrate structural
aspects of the forest such as: heigtidyerage, form of cups, strata and vertical spacing. During the field work
Ay GKS OFLIidzZNE 2F AYF2NNIGA2YZ - adeLliS¢ &l YLIX Ay 3
besides the information already mentioned, the location of theeg&vith respect to the plot axis and the form

and size of the cups, in order to establish their positionin the plot space. With this, we proceedto locate them
in a Cartesian plane and a schematic design of each species is made to provide a syntrerspledéxs shatt,
foliage, color and type of cup. With these inputs and using the information originating of the forest inventory,
specifically the DAP, the commercial height and the total height of each individual, they are located in the
horizontal andvertical plane and, in this way, the vegetable profile is created. For a better understanding of the
way the trees are distributed on the plot, is used the location of each individual and an orthogonal view of the
GlelIS¢é al YLX Ay3 dzyAld A& YI RSO

Sociologgal position

It indicates the importance value of the species for the different strata that make up the forest; it can be said
then that a certain species has a place assured in the floristic structure and composition whenitis presentin all
the strata.
It is contemplated to divide the sampled population in three strata for which it is necessary to calculate the
difference between the extreme values of the height variable, that is to say the value of the individual with
greatest height minus the value thfe individual with lesser height. A phytosociological value is assigned to each
sub-stratum, dividing the number of individuals in each ssttatum by the number of individuals of all species.
L]
ne E
VF= Phytosociological Value

n = Number of individuals of theubstratum
N = Total number of individuals of all species

To calculate the absolute value of the sociological position of a species, its phytosociological values in each sub
stratum are added, effecting the product of thdytosociological value of the considered stratum times the
number of individuals of the species in that same stratum.

"EX) HA & 27 i fer zi i fetzi "l
PSa= Absolute Sociological Position of the species

VF= Phytosociological value of tiseb-stratum
n = N° of Individuals of each species
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i = lower
m =medium
s= higher

The sociological position of each species is expressed as a percentage over the total sum of the absolute values:
"Edp  "EAMH ERH

Basal area and volume calculation

Basal area

It is defined as the surface of a cross section of the stem or ifitile individual at a certain height from the
ground; itis expressed in cm2 or m2.

Volume

This parameter is the mostimportant resutlt of the forest inventory, as an indicator of the potential or production
capacity of the vegetable coverage analyzed; the volume obtained refers to trees standing and is calculated on
the basis of the DAP, the Ilgéit and the form factor. In a forest inventory, it can be expressed as volume per
area unit and total volume of the inventoried area in the form of total and commercial volume; the most used
method is the application of the conventional volume equation:

31416 d?

Vv *h* f

Where:

V= Tree volume

d = Diameter at chest height squared
h = Height of the shaft

f = Form factor

According to Posada (1989) and the FAO (1974), the form factor to be used for hardwood species of the tropics,
accordingto the tets carried outis 0.7.

Distribution by class intervals

In ageneral way, an altimetric distribution is the result of grouping the trees of a forest within certain categories,
accordingto the maximum and minimum values of each parameter and with the number of individuals, the class
intervals or categories amstablished in the following way:
A Ri HERi i TTE
E 8 ET HI

n: total number of individuals of the group
M: number of intervals
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For the diameter classes, a distribution by class is made and the shafts are classified in different ranges with a
class amplitude of 10 cm.

Floristic diversity

Biological diversity refers to the variety and abundance of species, their genetic compasiil the
communities, ecosystems and landscapes in which they occur; it also refers to the ecological structures,
functions and processes at all these levels. The richness is defined as the number of taxa that typify a locality,
region or plot. The infanation on the number of species presentis usedto determine the richness, through the
application of the mix ratio (CM) and the species richness indexes of MafgaildfMenhinickeT { KI yy 2y Qa
AGNUHzOGdz2NF f AYRSE 2F RA OSashiestimatedt YR { AYLA2y Qa SljdAde

Mix ratio

It measures the mix intensity in natural forests. To this end the number of species found is divided by the total
number of trees, obtaining a figure that represents the average of individuals of each species within the
associabn.

AE El z
=,

Ns= Number of species
Na= Number of trees

CM = 1, is the highest value of this ratio, which means that each new individual is a new species for the inventory,
butin turn determines the homogeneity or heterogeneity of the fdr&y exchanging the numerator with the
denominator, itis possible to interpret how many individuals itis necessary to inventory to find a new species
in the inventory.

Margalef Index

This index transforms the number of species per sample to a proportion at which species are added by sample
expansion. It assumes that there is a functional relationship between the number of species and the total
ydzYo SNJ 2F A Y RA @A R dgtaft.af thig dogsknbt haldKitieiNtBe irjdex kadies Witd §ie sample
size in an unknown way. UsinglSinstead of S, gives DMg = 0 when there is only one species.

AEHR T TE

S= number of species
N = total number of individuals

Valuedower than 2.0 are related to low diversity zones (generally the result of anthropogenic effects) and values
higher than 5.0 are considered as indicative of high biodiversity.

35 (Margalef, 1995)
36 (Menhinick, 1964)
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ShannonWiener Index

To measure the richness or variety of species, the Straimalex is used, a mathematical expression that relates

the number of species to the number of individuals in a given community. This index also assumes that all species
are represented in the sample and is also a measure of the diversity or richnpssigsf a given population;

in this case, the maximum value is equal to LN(S), where S is the total number of individuals. The Shannon
diversity index allows to calculate the sum of probabilities of the species and the homogeneity of the distribution
for anumber of species.

£ 1ol T

I i= Abundance of each one of the species (ni/N).
ni= Number of individuals sampled for the speciesi.
N = Total number of individuals sampled.

i = Neperian logarithm.

This index allows to calculateglsum of probabilities of the species and the homogeneity of the distribution for
a number of species. Itis usually found to fall between 1.5 and 3.5 and only rarely exceeds 4.5.

Simpson Index

It shows the probability that two individuals taken at ramaérom a sample are of the same species. Itis strongly
influenced by the importance of the most dominant species.

A=2Xp,>

pi= proportional abundance of species i, that is, the number of individuals of species i divided by the total
number ofindividuals of the sample.

The Simpson index measures the degree of concentration and varies between 0 and 1; whenthe diversity is low
Al GSyR& (2 mMd C2NJ GKS AYOGdSNIINSGlFIGA2y 2F (GKAA AYRSE
inthis way they are directly proportional to the diversity.

Natural regeneration

For the analysis of the natural regeneration of the forest, the variables and methodologies previously described
for the characterization of trees in the aspect of horizontal structure were used, that is, floristic composition,
abundance and frequency calation, with the respective relative analysis (%) of these variables.

Endangered, banned, endemic and trade restricted species

In order to determine the vascular flora species of interest for the area of study, either because they are in
critical dangr or threatened, the Red Books of Colombian plants, the Red List of the International Union for the
Conservation of Nature and the Resolution 0192 of 2015 of the Ministry of Environment and Sustainable
Development, by which the listing of endangered wsiiécies of the Colombian biological diversity found in the
national territory is established, were reviewed. Those species over which may exist some kind of restriction for
their commercialization and those that have some kind of national or regional@a®,determined, from the
review of the Annexes CITES and the resolutions issued by the former INDERBAAistheof Environment
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and Sustainable Development and by Corporinoquia, about banned species. Additionally, endemics of the area
were searched fn through available taxonomic revision for each one of the groups found, mainly of Colombian
Flora, Neotropic Flora, in articles, specialized pages and virtual herbaria.

4.3.1.3 Results of the sampling phase

1 ELORISTIC AND STRUCTURAL ANALYSIS OF THE NAEURBL EMEGVERAGES.

The wild flora in the area of study is conditioned by historic natural processes like periodic fires and localized
edaphic and hydric characteristics, but also by the action of man specially in the last century with developments
of colmnization and agricultural activities, which together have relegated the vegetation to small relicts
associated with water bodies.

Two natural plant coverings of arboreal size (Forests) were determined for the area, according to the
classification of thénierarchical type methodology CORINE Land Cover adapted for Colombia (IDEAM 2010),
corresponding to Forest of Gallery and Palmares (Morichales). These coverings are found associated with water
bodies like rivers, spouts, lagoons and abandoned meandefredifivers (madreviejas), and intermingle in
elongated forms in a matrix of natural grasslands composed of grass and some shrubs in a dispersed form.

Despite being in reduced areas and with constant alteration, these forests represent an important genet
reservoir of the regional flora and provide an innumerable amount of ecosystem services, such as refuge and

wildlife habitat, hydric regulation, erosion control, among many others.

The forestinventory was made on the coverages of Gallery Forest arididbin a total of 28 sampling units
(plots), in the five sectorsdetermined for that end. The location of the plots in the area is shBiguial.94.

Figure4.94: Location of the flora sampling units.

-

7 -
Google Earth

Source: Available satellite images coming from the remote sensor Digitalglobe. Google Earth.

Next, the characterization of each of the aforementioned natural plant coverings is described, with the
information obtained in the forestinventory.
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1 Gallery Forest.

The information necessary for the characterization of the gallery forests in the area of influence of the project
was taken through the field survey of 21 sampling units of 0.1 hectares each, in the five sampling zones
determined, for a total sampled are®2.1 hectares; These sampling plots were georeferenced in the geographic
coordinates system WGS84 both at the initial and final points, as shotable4.46.

Table4.46: Location data of the parcels surveyed in gallery forest.

START POINT FINAL POINT

CODE X Y X Y

Bgl 917713,827515 1168850,5071 917753,929123 | 1168942,61525
Bg2 916497,840332 1172237,68773 916599,308226 [ 1172237,54461
Bg3 916850,94563 1172183,28076 916906,186681 |[1172266,1506
Bg4 917434,043404 1172163,331 917333,632108 |[1172153,56662
Bg5 915884,801603 1160859,44276 915882,007215 |[1160761,23706
Bg6 915527,985252 1160553,03735 915591,648765 |[1160476,19412
Bg7 916457,070236 1161252,1471 916442,343555 | 1161153,54022
Bg8 937497,507667 1165990,9575 937573,516354 |[1166056,85243
Bg9 936759,676847 1165927,2222 936666,493984 | 1165893,5289
Bg10 936356,848242 1165921,88706 936455,256312 |[1165930,61738
Bgll 936285,845607 1165731,11709 936215,271263 | 1165802,93006
Bgl2 936802,648399 1166096,81307 936863,451039 |[1166019,27262
Bgl3 994600,423331 1154303,88903 994575,811642 | 1154208,66393
Bgl4 996356,489589 1154242,32144 996362,635062 | 1154144,02205
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Bgl5 994686,474936 1153609,64456 994591,13866 1153643,44319
Bgl6 996164,81548 1154417,42832 996218,074862 | 1154503,43665
Bgl7 995826,916162 1154469,67203 995910,564581 | 1154417,4449

Bgl8 1001940,97626 1169647,57939 1001913,3014 1169742,80613
Bg19 1001796,46122 1169856,4612 1001728,81728 |1169930,18387
Bg20 1001587,37887 1170126,77898 1001532,03368 |1170206,64586
Bg21 1001292,21706 1170089,90953 1001276,84596 |1169991,60967

Source(Universidad Distrital Francisco José De Caldas, 28&7¢oordinates Magna Colombia Este Este
For the gallery forest coverage, a relative sampling error lower than 15% was achieved, and with a probability
of 95%Table4.47 shows the different stisticians calculated for this coverage from the variable total volume,

with which a sampling error for this coverage in the inventory of 10,9% was determined.

Table4.47: Statisticians for the gallery fose

STATISTICIAN VALUE
Sum 497,47
Average 23,69
Standard deviation 6,86
Variation coefficient (%) 21,97
Relative error required (%) 15
Sample size (n) 21
Studenttvariable degrees of freedon(r 172
1), probability 95% ’
Standard error 1,50
Absolute error 2,58
Relative error% 10,90

Source(Universidad Distrital Francisco José De Caldas, 2017)
Floristic composition

In the analysis of the floristic composition for the trees of the gallery forest, 944 individeats faund
distributed in 42 families, 88 genders and 109 species. At a specific level the families Leguminosae with 16
species, Chrysobalanaceae with 6 species and Lauraceae y Moraceae with 5 species each one stand out; at a
genders levdlicaniawith 4 sgecies, followed by rotiumandVirolawith 3 species each one stand out, as shown

in Table4.48.

Table4.48: Floristic Composition of trees in gallery forest.

COMMON
FAMILY GENDER SPECIES ABUN.
NAME
. Astronium Astronium graveolendacq. Abején 1
Anacardiaceae — — - -
Tapirira Tapirira guianensidubl. Guarupayo | 26
Guatteria metensiR.E.Fr. Majaguillo 1
. blanco
Guatteria Maiaadilo
Annonaceae Guatteria schomburgkiansiart. 1ag 52
negro
Xvlopia Xylopia aromaticglL.am.) Mart. Malagueto 10
ylop Xylopia emarginatMart. Majaguillo 1
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COMMON

FAMILY GENDER SPECIES NAME ABUN.
. As"pldosperma desmanthuBenth. ex| Costillo 1
Aspidosperma Muill.Arg.
Aspidosperma excelsuienth. Costillo blancq 2
Apocynaceae Himatanthus Himatanthus articulatus (Vahl) Platanote 25
Woodson
. Parahancornia oblong@Benth. ex
Parahancornia Miill Arg.) Monach. Pendare 10
Dendropanax E;r;cil:r;)panax arboreud..) Decne. § Mantequillo | 5
Araliaceae Schefflera morototoni  (Aubl.) .
Schefflera . ) Tortolito 11
Maguire, Steyerm. & Frodin
Attalea Attalea maripa(Aubl.) Mart. Cucurita 7
Euterpe Euterpe precatoridart. Manaco 83
Arecaceae Mauritia Mauritia flexuosd._ .f. Moriche 22
Oenocarpus Oenocarpus bacabidart. Maporilla 5
Socratea Socrateaxorrhiza(Mart.) H.Wendl. | Choapo 9
Bignoniaceae Jacaranda Jacaranda copai.eAu.bI.) D.Don Pavito 7
Jacaranda obtusifoliBonpl. Gualanday 7
Bixaceae Cochlospermum Cochlospermum orinocensunty) Bototo 4
Steud.
Cochlospermum vitifolium(Willd.) Bototo 1
Spreng.
Boraginaceae Cordia Cordia sericicaly&.DC. Palo de agua| 3
Protium glabrescenSwart Anime 24
Protium Protium  heptaphyllum (Aubl) Anime 65
Burseraceae Marchand
Protium llanorunCuatrec. Anime 1
Tetragastris Tetragastris  panamensis (Engl.) Carafio blancd 9
Kuntze
Caraipa Caraipa llanorunCuatrec. Saladillo rojo | 93
Calophyllaceae Mahurea Mahurea exstipulat@enth. Cauc'ho 4
amarillo
Hirtella Hirtella elongataMart. & Zucc. Garrapato 11
Licania hypoleucBenth. Escobo blancq 1
Licania leucosepafariseb. Aceituno 14
Chrysobalanaceag Licania Licania parvifructa Fanshawe & Escobo 4
Maguire colorado
Licania subarachnophyl@uatrec. Escobo 1
Parinari Parinari pachyphyllRusby Escobo 13
Calophyllum Calophyllum brasilienggambess. Cachicamo | 28
Clusiaceae Garcinia Garcinia madrungKunth) Hammel | Madrofio 2
Symphonia Symphonia globulifera.f. Breo 9
Connaraceae Connarus Connarusambertii(DC.) Britton Sangrito 4
Dichapetalaceae | Stephanopodium | Stephanopodiursp. Naranjo 1
Dilleniaceae Curatella Curatella americana. Chaparro 1
Ebenaceae Diospyros Diospyros sericed.DC. Carbonero 22
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COMMON

FAMILY GENDER SPECIES NAME ABUN.
Erythroxylaceae | Erythroxylum Erythroxylum macrophyllu@av. Ajicito 2
Alchornea discold?oepp. Algodoncillo | 4
. Alchornea AIE:hornea triplinervia (Spreng,) Carnegaliina | 2
Euphorbiaceae Muill.Arg.
Mabea Mabea trianadPax Canilla de 11
venado
Humiriaceae Sacoglottis Sacoglottis guianensBenth. Fierrito 29
Hypericaceae Vismia Vismia bacciferdL.) Planch. & Trian| Lacre blanco | 4
Vismia macrophyll&unth Puntade lanz{ 4
Lacistemataceae | Lacistema Lacistema aggregatuniP.J.Bergiug Laurelrosado 1
Rusby
Lamiaceae Vitex Vitex orinocensiKunth Guarataro 2
. . S Yema de
Aniba Aniba panurensi@Meisn.) Mez huevo 5
Licaria Licaria canell@Meisn.) Kosterm. Amarillo 1
Lauraceae Nectandra Nectandra cuspidatblees & Mart. Laurel 2
sabanero
Ocotea bofdlunth Laurel 14
Ocotea Ocotea longifoli&unth Laurgl 4
matatigre
- Laurel
Ocotea longifolid&unth . 4
matatigre
Lecythidaceae Eschweilera Eschweilera parvifoliglart. exDC. | Coco de mong 12
Eschweilera tenuifoliéD.Berg) Mierd Copo 13
Albizia Albizia lebbecld.) Benth. Menudito 11
Andira Andira surinamensi®@ondt) Pulle Arenoso 3
Campsiandra Campsiandra comogzenth. Chigo 4
Copaifera Copaifera pubiflor&8enth. Aceite 7
Crudia Crudia oblong8enth. Cascarillo 3
Dipteryx Dipteryx punctat4S.F.Blake) Amshq Sarrapio 8
Enterolobium Enterolobium schomburgk{Benth.) Dormidero 1
Benth.
Heterostemon Heterostemon conjugatiBenth. Guamita 1
Leguminosae Hydrochorea corymbosa (Rich.) o
Hydrochorea Barneby & J.\W.Grimes Dormilén 5
Hymenaea Hymenaea courbaril. Algarrobo 2
Inga Inga cylindricgVell.) Mart. Guamo 5
Lonchocarpus Lonchocarpus floribund &enth. Matarraton 2
Sclerolobium Sclerolobium melanocarpubucke | Pategarza 14
Senna Senna silvestrigVell.) H.S.Irwin & Alcaparillo 1
Barneby
Swartzia Swartzia leptopetal@enth. Sangretoro | 2
Zygia Zygia inaequaliéilld.) Pittier Cimbrapotro | 1
Linaceae Hebepetalum Hebepetalunsp. Colorado 5
Melastomataceae | Bellucia Bellucia grossularioid€k.) Triana Nispero 4
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Brosimum Brosimum lactescens (S.Moore) Guaimaro o5
C.C.Berg
. Ficus americanAubl. Matapalo 1
Moraceae Ficus . . ,
Ficus mathews({iMig.) Mig. Matapalo 2
Maquira Magquira coriacedH.Karst.) C.C.Ber{ Lechero 2
Perebea Perebea xanthochyntd.Karst. Cauchillo 1
Virola carinata(Spruce ex Benth| Carnevaca 3
Myristicaceae Virola Warb. blanco
y Virola elongatgBenth.) Warb. Carnevaca | 8
Virola parvifoliaDucke Carnevaca | 3
. Myrcia paivae.Ber Arrayan 1
Myrcia y - D - g y,
Myrcia subsessili9.Berg Arrayan 14
Myrtaceae — -
o Myrciaria floribunda (H.West ex| Guayabo
Myrciaria . o 1
Willd.) O.Berg montafiero
. Lengua dg
Ourateacastaneifolig DC.) Engl. ¢ 1
Ouratea yaiaro
Ochnaceae Ouratea polyanthgTriana & Planch .
Coralito 1
Engl.
Quiina Quiina macrophylldul. Guayacan 1
Peraceae Pera Pera arboreaMutis Pategallina | 3
Phyllanthus Phyllanthus attenuatusliq. Totumito 3
Phyllanthaceae , - - - -

y Richeria Richeria grandivahl Alcafeto 3
Picramniaceae Picramnia Picramnia magnifolid.F.Machbr. Quemacarate| 1
Polvaonaceae Coccoloba Coccoloba molliSasar. Uvero 4

yg Ruprechtia Ruprechtia costatdeisn. Rascarrabio | 1

Euplassa saxicola (R.E.Schult]
Proteaceae Euplassa P ( Yolombo 7
Steyerm.
Amaioua Amaioua guianensi&ubl. Macanillo 4
Rubiaceae Elaeagia Elaeagia maguirestandl. Marfil 1
Genipa Genipa americanh. Caruto 1
Cupania Cupania scrobiculatich. Partemachetq 1
. Matayba adenanther&adlk. Patepajuil 7
Sapindaceae Matayba - —
P y Matayba scrobiculat&adlk. Patepajuil 4
Vouarana Vouarana guianensisubl. Partemachetg 1
Micropholis Micropholis guyanensfs.DC.) Pierr¢ Caimillo 1
Sapotaceae p_ p. _g y - o ) :
Pouteria Pouteria guianensisubl. Caimo 3
Simaroubaceae | Simarouba Simarouba amar@ubl. Simaruba 40
. Phenakospermum guyannen .
Strelitziaceae Phenakospermun . . Tarriago 3
P (A.Rich.) Endl. ex Mig. g
Vochysia ferrugineiart. Botagajo 1
Vochysiaceae Vochysia . - Saladillo
y y Vochysia lehmanrtiieron. 2
blanco
General total 944

Source(Universidad Distrital Francisco José De Caldas, 2017)

In the analysis of absolute abundance per family in the gallery forest, the most representative are: Arecaceae,
Burseraceae, Calophyllaceae, Leguminosae and Annonaceae with values between 126 and 64 individuals, which
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is equivalent to relative values of treeen 13.3 and 6.8 of abundance; the other families showvalues lower than
5% for this parameter (seggure4.95).

Figure4.95: Location of the flora sampling units.
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Source(Universidad Distrital Francisco José De Caldas, 2017)

As for the abundance of individuals per gender (see Figure C2rajpaProtiumand Euterpe appear as the

most representative reporting absolute abundances of 93, 90 and 83 individuals respectively (between 9.9 and
8.8% of the total each one), appeatthvsignificative values as weGuatteriawith 53 individuals (5.6%) and
Simaroubawith 40 individuals (4.2%), the other genders report less than 30 individuals (3% of the total
abundance).

Figure4.96: Absolute abundance per gender in gallery Forest
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Source(Universidad Distrital Francisco José De Caldas, 2017)

Horizontal Structure
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For the characterization of the horizontal structure was used, the importance vialex, which allows to
determine the ecological weight of the species in the coverage under analysis and which is composed of the sum
of the parameters of relative abundance, frequency and dominance; likewise the frequency histogram was built
for the graphic representation of the proportion in which the species are distributed spatially and the degree of
aggregation was determined.

Relative abundance

In the analysis of this parameter for the gallery forest, stand out the speCaaipa llanorunfSaladillo rojo)

with 9.9% (93 individuals), followed Buterpe precatorigManaco) with 8.8% (83 individual§)rotum
heptaphyllum(Anime) with 6.9% (65 d@ividuals),Guatteria schomburgkian@Majaguillo negro) with 5.5% (52
individuals) an&imarouba amaréSimaruba) with 4.2% (40 individuals); the other species report values lower
than 4% of relative abundance (see Figure 128). This parameter allowsrtthafthe gallery foresttends to

be heterogeneous in composition, in the absence of such marked abundances of one or several species.
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Figure4.97: Relative abundance in gallery Forest.
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Relative frequency

Just like for relative abundance, the parameter relative frequency shows a tendency of this coverage to be
heterogeneous regarding the appearance of the species in the sampling units, nonetheless the most
representative species in this parameter aPeotium heptaphyllunfAnime) andsimarouba amaréSimaruba)

with 4.6% when reporting in 15 of the 21 surveyed plots, followelugrpe precatorigManaco) with 4.3%
(report in 14 plots)Guatteria schomburgkianéMajaguillo negro) with 3.7% (report in 12 @pyBrosimum
lactescengGuaimaro) with 3,4% (reportin 11 plots) the other species report less than 3% of the relatve
frequency (se€&igure4.98).

Fgure4.98: Relative frequency in gallery Forest.
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Frequency histogram

The frequency histogram for the gallery forest, shows that the majority of the species fall in the category very
rare, represented with 79.8% (87 species), followed by the category infrequent with13.8% (15 species), then the
category frequent with 3.7% (fo species) and last quite frequent with only 2.8% (three species). This confirms
what was mentioned regarding the condition of heterogeneity of the coverage in terms of frequency of species
and is a typical condition of this type of coverages (Sgared.99).

Figure4.99: Frequency histogram for gallery Forest.
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Relative dominance

In the analysis of this parameter for the gallery forest, a species with a certain dominance is noticeable and
corresponds to the specig3araipa llanorungSaladillo rojo) with 11.6% of this parameter, while the other
species show a uniform distributionthiis parameter in the forest composition, with values lower than 6% (see
Figure4.100. This can be attributed to the abundance of the species andadtaring of the trees in the
coverage.

Figure4.10Q Relative dominance in gallery Forest.
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Importance valuendex (IVI1)

In Table4.49the values of abundance, dominance, frequency and importance value index are shown, for each
one of the species foundin thategory of tree size in the gallery forest.

Table4.49: Importance value index in gallery forest.

COMMON ABUN. | FREC.
0, 0,
SPECIES NAME ABUND.| FREC.| DOM. % % DOM.%| VI VI %
Albizia lebbeck Menudito 11 4.8 1,1 1,2 0,3 2,8 4,3 1,4
Alchornea discolor| Algodoncillo | 4 9,5 0,1 0,4 0,6 0,4 1,4 0,5
Alch
.c'orne.a Carnegallina| 2 9,5 0,0 0,2 0,6 0,1 09 |03
triplinervia
Amaioua guianensii Macanillo 4 14,3 (0,0 0,4 0,9 0,1 14 |05
Andira Arenoso | 3 143 |02 |03 |09 |04 |17 |06
surinamensis
Aniba panurengis | Yema o9 g 238 (01 |05 |15 |03 23 |08
huevo

Aol

spidosperma | -\ iig 1 48 |01 lo1 |03 |03 |07 |02
desmanthum
Aspidosperma Costillo 2 9.5 01 0.2 0.6 0.3 11 0.4
excelsum blanco
Astronium Abejon 1 48 |00 |01 |03 |00 |05 |02
graveolens
Attalea maripa Cucurita 7 143 |04 0,7 0,9 0,9 2,6 0,9
Bellucia Nispero 4 143 |01 |04 |09 |03 |16 |05
grossularioides

Brosimum Guaimaro | 25 524 |07 |26 |34 |19 |79 |26
lactescens
Calgphyllum Cachicamo | 28 33,3 15 3,0 2,1 3,7 8,8 2,9
brasiliense
Campsiandra Chigo 4 95 |04 |04 |06 |10 |20 |07
comosa
Caraipa llanorum | Saladillo rojo| 93 429 |46 9,9 2,8 11,6 242 18,1
Coccoloba mollis | Uvero 4 9,5 0,2 0,4 0,6 0,5 15 0,5
Cochlospermum | g 1ot 48 |04 |04 |03 |10 |17 |06
orinocense
Cochlospermum | 1 1 48 |00 |01 |03 |00 |04 |01
vitifolium
Connarusambertii | Sangrito 4 4.8 0,1 0,4 0,3 0,2 1,0 0,3
Copaifera pubiflorg Aceite 7 238 (1.1 0,7 15 2,9 51 1,7
Cordia sericicalyx | Palo de agua| 3 4.8 0,1 0,3 0,3 0,2 0,8 0,3
Crudia oblonga Cascarillo 3 4.8 0,1 0,3 0,3 0,3 0,9 0,3
Cupania Partemachetq 1 48 |00 |01 |03 |00 |04 |01
scrobiculata
Curatella Chaparro | 1 48 |00 |01 |03 |00 |04 |01
americana
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COMMON

ABUN.

FREC.

0, 0,
SPECIES NAME ABUND.| FREC.| DOM. % % DOM.%| IVI 1V %
Dendropana .
PanaX 1 Mantequillo | 5 95 |01 |05 |06 |03 |14 |05
arboreus
Diospyros sericea | Carbonero | 22 429 |05 2,3 2,8 1,3 6,3 2,1
Dipteryx punctata | Sarrapio 8 9,5 0,9 0,8 0,6 2,2 3,7 1,2
Elaeagia maguirei | Marfil 1 4.8 0,0 0,1 0,3 0,1 0,5 0,2
Enterolobium Dormidero | 1 48 |01 |o1 |03 |01 06 |02
schomburgkii
Eryth I
rythroxylum Ajicito 2 48 |00 |02 |03 |00 06 |02
macrophyllum
Eschwelera Coco  da ,, 333 [13 |13 |21 [32 |66 |22
parvifolia mono
Eschweil
schwetiera Copo 13 95 |05 |14 |06 |12 |32 |11
tenuifolia
Euplassa saxicola| Yolombé 7 19,0 10,3 0,7 1,2 0,8 2,7 0,9
Euterpe precatoria| Manaco 83 66,7 |09 8,8 4,3 2,3 154 |51
Ficus americana | Matapalo 1 4,8 0,1 0,1 0,3 0,2 0,7 0,2
Ficus mathewsii Matapalo 2 4,8 0,1 0,2 0,3 0,1 0,6 0,2
Garcinia madruno | Madrofio 2 9,5 0,0 0,2 0,6 0,1 0,9 0,3
Genipa americana| Caruto 1 4,8 0,0 0,1 0,3 0,1 0,5 0,2
Guatteria metensis| “3aguillo 1 48 |00 |o1 |03 |00 |04 |01
blanco
Guatteria Majagilo | 571 |23 |55 |37 |58 15,0 | 5.0
schomburgkiana | negro
Hebepetalunsp. Colorado 5 143 |04 0,5 0,9 1,0 2,5 0,8
Heterostemon | ¢ amita | 1 48 |00 |01 |03 |00 |04 |01
conjugatus
Hi h
'matanthus Platanote | 25 381 |12 |26 |25 |29 |80 |27
articulatus
Hirtella elongata | Garrapato 11 238 (04 1,2 15 1,0 3,7 1,2
Hydrochorea Dormilén | 5 143 |08 |05 |09 |20 34 |11
corymbosa
H
ymengea Algarrobo 2 4,8 0,1 0,2 0,3 0,3 08 |03
courbaril
Inga cylindrica Guamo 5 19,0 |05 0,5 1,2 1,3 3,0 1,0
Jacaranda copaia | Pavito 7 4.8 0,3 0,7 0,3 0,8 19 0,6
Jacaranda Gualanday | 7 190 |03 |07 |12 |07 27 |09
obtusifolia
Lacistema Laurel rosadq 1 48 |00 |01 |03 |00 |05 |02
aggregatum
L Escobo
Licania hypoleuca 1 4,8 0,0 0,1 0,3 0,1 0,5 0,2
blanco
Licania leucosepal| Aceituno 14 238 (04 15 15 1,0 4,0 1,3
L . Escob
Licania parvifructa| — o 0 4 143 |01 |04 |09 |02 |15 |05
colorado
Licania Escobo 1 48 |00 |01 |03 |01 05 |02

subarachnophylla
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COMMON

ABUN.

FREC.

0, 0,
SPECIES NAME ABUND.| FREC.| DOM. % % DOM.%]| VI VI %
Licaria canella Amarillo 1 4.8 0,0 0,1 0,3 0,1 0,5 0,2
Lonchocarpus |\ iorratén | 2 95 |01 |02 |06 |01 10 |03
floribundus
. Canilla de
Mabea trianae 11 23,8 0,1 1,2 15 0,4 3,1 1,0
venado
Mah h
ahurea Caucho 4 95 |01 |04 |06 |03 13 |04
exstipulata amarillo
Magquira coriacea | Lechero 2 9,5 0,1 0,2 0,6 0,2 1,0 0,3
Matayba .
y Patepajuil 7 9,5 0,1 0,7 0,6 0,3 1,6 0,5
adenanthera
Matayba Patepajuil | 4 95 |01 |04 |06 |03 13 |04
scrobiculata
Mauritia flexuosa | Moriche 22 28,6 1,9 2,3 1,8 4.6 8,8 2,9
Mi holi
ICIOpnots Caimillo 1 48 |00 |01 |03 o1 |05 |02
guyanensis
Myrcia paivae Arrayan 1 4.8 0,0 0,1 0,3 0,0 0,4 0,1
Myrcia subsessilis | Arrayan 14 23,8 (0,3 15 15 0,7 3,7 1,2
Myrciania Guayabo |, 48 |00 |01 |03 |00 04 |01
floribunda montafiero
Nectandra Laurel 2 48 |00 |02 |03 |01 |06 |02
cuspidata sabanero
Ocotea bofo Laurel 14 14,3 0,9 15 0,9 2,3 47 1,6
e Laurel
Ocotea longifolia | ~oo' 4 48 |00 |04 |03 |01 |08 |03
matatigre
Oenocarpus bacab| Maporilla 5 4,8 0,1 0,5 0,3 0,2 1,0 0,3
Ouratea Lengua  dg 48 |o1 |o1 |03 |01 |05 |02
castaneifolia yataro
Ouratea polyantha| Coralito 1 4.8 0,0 0,1 0,3 0,0 0,4 0,1
Parah i
aranancomia | pengare | 10 190 |06 |11 |12 |15 |38 |13
oblonga
Parinar Escobo 13 381 [18 |14 |25 |46 84 |28
pachyphylla
Pera arborea Pategallina | 3 9,5 0,1 0,3 0,6 0,2 1,2 0,4
Perebea Cauchillo |1 48 |01 |01 |03 |02 06 |02
xanthochyma
Ph ki
eNaKoSpeIMUM . riago 3 95 |00 |03 |o6 |01 10 |03
guyannense
Phyllanth
yllanthus Totumito | 3 95 |02 |03 |o6 |05 14 |05
attenuatus
Picramnia Quemacaratd 1 48 |00 |01 |03 |00 05 |02
magnifolia
Pouteria guianensi Caimo 3 9,5 0,2 0,3 0,6 0,5 1,4 0,5
Protium Anime 24 238 |06 |25 |15 |16 |56 |19
glabrescens
Protum Anime 65 714 |18 |69 |46 |46 16,1 | 5.4

heptaphyllum
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COMMON ABUN. | FREC.
0, 0
SPECIES NAME ABUND.| FREC.| DOM. % % DOM.%| IVI 1V %
Protiumllanorum | Anime 1 4,8 0,0 0,1 0,3 0,1 0,5 0,2
Quiina macrophyllg Guayacan 1 4.8 0,0 0,1 0,3 0,0 0,4 0,1
Richeria grandis | Alcafeto 3 4.8 0,1 0,3 0,3 0,2 0,8 0,3
Ruprechtia costatal| Rascarrabio | 1 4.8 0,0 0,1 0,3 0,1 0,5 0,2
ot
Sacoglottis Fierrito 29 381 |15 |31 |25 |37 |93 |31
guianensis
heffl
Schefflera Tortolito 11 333 |05 |12 |21 |13 |46 |15
morototoni
Sclerolobi
clerofobium Pategarza | 14 48 |03 |15 |03 |08 |26 |09
melanocarpum
Sennasilvestris Alcaparillo 1 4.8 0,0 0,1 0,3 0,0 0,4 0,1
Simarouba amara | Simaruba 40 71,4 |20 4,2 4,6 5,0 139 | 4,6
Socratea exorrhizal] Choapo 9 9,5 0,1 1,0 0,6 0,2 1,8 0,6
?;epha”OpOd'“m Naranjo 1 48 |00 |01 |03 |00 |04 |01
Swartzia
wartz! Sangretoro | 2 48 |01 |02 |03 |02 |07 |02
leptopetala
Symphonia Breo 9 190 (03 |10 |12 |07 |29 |10
globulifera
Tapirira guianensi§ Guarupayo | 26 38,1 0,5 2,8 2,5 1,2 6,4 2,1
Teragastris Carano 9 95 |04 |10 |os |09 |25 |08
panamensis blanco
Viola carinata | Camevaca | o 95 |01 |03 |o6 |01 |11 |04
blanco
Virola elongata Carnevaca | 8 143 (0,6 0,8 0,9 1,4 3,2 1,1
Virola parvifolia Carnevaca | 3 9,5 0,1 0,3 0,6 0,2 1,1 0,4
Vismia baccifera | Lacre blanco| 4 9,5 0,0 0,4 0,6 0,1 1,2 0,4
I Punta de
Vismiamacrophylla 4 9,5 0,0 0,4 0,6 0,1 1,1 0,4
lanza
Vitex orinocensis | Guarataro 2 4.8 0,1 0,2 0,3 0,4 0,9 0,3
Vochysia ferruginej Botagajo 1 4,8 0,0 0,1 0,3 0,1 0,5 0,2
. Saladill
Vochysia lehmann{ >~ oot | 5 48 |01 |02 |03 |03 |08 |03
blanco
Vouarana Partemachetd 1 48 |00 |01 |03 |01 |05 |02
guianensis
Xylopia aromatica | Malagueto 10 190 (0,3 1,1 1,2 0,7 3,0 1,0
Xylopia emarginatg Majagtiillo 1 4,8 0,0 0,1 0,3 0,1 0,5 0,2
Zygiainaequalis | Cimbrapotro | 1 4,8 0,0 0,1 0,3 0,0 04 |01
General total 944 15524( 39,9 | 100,0 | 100,0 | 100,0 | 300,0f 100,0

Source(Universidad Distrital Francisco José De Caldas, 2017)

The analysis of the importance value index for this coverage, shows the s@zr@ga llanoruniSaladillo rojo)
as the most representative or the one with the highest ecological weight, with a net value of 24.2 (over 300),
corresponding to a percentagd 8.1%; other species with significant values Biretium heptaphyllunAnime),
Euterpe precatoriiManaco),Guatteria schomburgkiangajagtiillo negro) an&imarouba amara
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(Simaruba) with net values between 16,1 and 13,9 corresponding to percentages between 5.4% and 4.6%, being
evidently the ones that showed the highest values in each one of the parameters that compose the index; the
other species report values at 4% of tioéal determined for this parameter (sdeigure4.101). As was shown
individually in each parameter, the gallery forest tends to be heterogeneous, tdesipbwing certain
importance of one or several species.

Figure4.101 Importance value index in gallery forest.
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Source(Universidad Distrital Francisco José De Caldas, 2017)
Degree of aggregation

In the analysis of the degree of aggregation of the species in gallery forest, it was determined that 66 species,
equivalent to 60.6% of the total, have a distribution with a tendencyto grouping, while 41 species (37.6%) are
grouped ad the remaining 2 species are disperse (Bagire4.102); in this analysis are includes species that

not necessarily are abundant and frequent lliat do tend to group in a few plots. This parameter shows in
general terms that the gallery forest despite being heterogeneous as to species distribution in space, these are
grouped or tend to group, this can be related with the type of dispersion o$ffeeies and the adaptation to
extreme humidity conditions with long periods of flood which is a constant characteristic in these forests.
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Figure4.102 Degree of aggregationin gallery forest.
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Vertical structure

For the analysis of the vertical structure of the gallery forest the sociological position was determined and the
Ogawa diagram and the vegetatiprofile were built.

Sociological position

In order to define the sociological position of the gallery forest three strata were determined, dividing the
difference of the maximum and minimum values reported in the trees inventory corresponding to 3 and
meters respectively, which allowed to establish arange of 8.7 metersin height for each stratum.

In the vertical stratification of this coverage, carried out for the analysis of sociological position, it is observed
that 55.3% of the sampled individggb22), are grouped in the middle stratus with heights between 14.7 meters
and less than or equal to 23.3 meters, while 41.5% (392 individuals) are in the lower stratum with heights
between 6 and 14.7 meters and only 3,2% (30 individuals) are in thertsgtagum with heights higher than

23.3 meters and less than or equal to 32 meters (Eade4.50). This suggests thatitis a coverage conformed
predominantly by individuals of mediutow bearing with some emergent trees.

Table4.50: Verticd stratificationin gallery forest.

HEIGHT NUMBER Of
STRATUM RANGE (m) | INDIVIDUALS % INDIVIDUALS
Lower stratum | 6-14,7 392 41,5
Middle stratum | >14,7-23,3 | 522 55,3
Higher stratum | >23,3-32 30 3,2
TOTAL 944 100,0

Source(Universidad Distrital Francisco José De Caldas, 2017)

With the strata defined, the phytosociological value was determined for each one and the absolute and relative
sociological position was obtained for each species as showabile4.51.
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Table4.51: Sociological positionin gallery forest.

Middl | Highe

coMmonN | cT|cT|cT|Tot |2 e |k .

SPECIES NAME 1 12 (3 |a stratu stratu | stratu Psa | Ps%
m m m

Albizia lebbeck Menudito 1 |10 11 |04 55 0,0 59 |13
Alchornea discolor Algodoncillo 2 |2 4 0,8 11 0,0 19 (04
Alchorneatriplinervia | Carnegallina | 2 2 0,8 0,0 0,0 0,8 |02
Amaiouaguianensis Macanillo 4 4 1,7 0,0 0,0 1,7 104
Andira surinamensis | Arenoso 1 (2 3 0,4 11 0,0 15 0,3
Aniba panurensis Yemade huevg 4 |1 5 1,7 0,6 0,0 22 (05
Aspidosperma Costillo 1 1 |oo |06 |00 |06 |01
desmanthum
Aspidosperma excelsu| Costillo blanco 2 2 0,0 1,1 0,0 1,1 |0,2
Astronium graveolens | Abejon 1 1 0,4 0,0 0,0 04 |01
Attalea maripa Cucurita 7 7 0,0 3,9 0,0 39 10,9
Bellucia grossularioide| Nispero 3 |1 |4 0,0 1,7 0,0 1,7 (04
Brosimum lactescens | Guaimaro 14|11 25 |58 6,1 0,0 11,9(2,6
Calophyllum brasiliens| Cachicamo 6 22 28 |25 12,2 (0,0 14,7( 3,2
Campsiandra comosa | Chigo 3 |1 4 1,2 0,6 0,0 18 |04
Caraipa llanorum Saladillo rojo 38541 |93 [158 |29,9 |0,0 4571 10,1
Coccoloba mollis Uvero 1 12 (1 (4 0,4 11 0,0 16 (0,3
(():r(i)rfglc(;iz‘zrmum Bototo 3 1|4 oo |17 |00 |17 |04
Cochlospermum Bototo 1 1 |04 |oo |00 |04 |01
vitifolium
Connarusambertii Sangrito 4 4 1,7 0,0 0,0 1,7 104
Copaifera pubiflora Aceite 7 7 0,0 3,9 0,0 39 10,9
Cordiasericicalyx Palodeagua |1 |2 3 0,4 11 0,0 15 (0,3
Crudia oblonga Cascarillo 2 |1 3 0,8 0,6 0,0 14 (0,3
Cupania scrobiculata | Partemachete | 1 1 0,4 0,0 0,0 04 |01
Curatella americana | Chaparro 1 1 0,4 0,0 0,0 04 (0,1
Dendropanax arboreug Mantequillo 3 |2 5 1,2 11 0,0 24 (05
Diospyros sericea Carbonero 8 [13|1 |22 |33 7,2 0,0 10,5( 2,3
Dipteryx punctata Sarrapio 2 |4 (2 |8 0,8 2,2 0,1 31 (0,7
Elaeagia maguirei Marfil 1 1 0,0 0,6 0,0 06 |01
El’lter0|0bIUIT.]. Dormidero 1|1 0,0 0,0 0,0 0,0 (0,0
schomburgKii
Erythroxylum Ajicito 2 > |os |00 |00 |08 |02
macrophyllum
Eschweilera parvifolia | Cocodemono |2 |9 |1 |12 |08 5,0 0,0 58 |13
Eschweilera tenuifolia | Copo 7 16 13 |29 3,3 0,0 6,2 (1.4
Euplassa saxicola Yolombo 3 |3 |1 |7 1,2 1,7 0,0 29 (0,6
Euterpe precatoria Manaco 12701 |83 |50 38,7 (0,0 43,7 9,7
Ficus americana Matapalo 1 1 0,0 0,6 0,0 0,6 (0,1
Ficus mathewsii Matapalo 1|1 2 0,4 0,6 0,0 1,0 | 0,2
Garcinia madruno Madrofio 2 2 0,8 0,0 0,0 0,8 |02
Genipa americana Caruto 1 1 0,0 0,6 0,0 0,6 (0,1
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commoN | | eT|cT| Tor | HOWEr o |
ot e r
SPECIES NAME 1 12 (3 |a rsTt]ratu stratu | stratu Psa | Ps%
m m
. ) Majaguillo
Guatteria metensis 1 1 0,4 0,0 0,0 04 (01
blanco
Guatteria Majagdillo 19|32|1 |52 |79 |177 |00 |256|57
schomburgkiana negro
Hebepetalunsp. Colorado 2 |3 5 0,8 1,7 0,0 25 (0,6
Het.erostemon Guamita 1 1 0,0 0,6 0,0 06 (0,1
conjugatus
Himatanthus articulatuy Platanote 8 17 25 [ 3,3 9,4 0,0 12,71 2,8
Hirtella elongata Garrapato 10| 1 11 | 4,2 0,6 0,0 47 11,0
Hydrochorea Dormilon 1 |4 5 |04 |22 |00 |26 |06
corymbosa
Hymenaea courbaril | Algarrobo 2 2 0,0 1,1 0,0 1,1 |0,2
Inga cylindrica Guamo 5 5 0,0 2,8 0,0 28 (0,6
Jacaranda copaia Pavito 3 |4 |7 0,0 1,7 0,1 18 |04
Jacaranda obtusifolia | Gualanday 5 (1 |1 |7 2,1 0,6 0,0 2,7 10,6
Lacistema aggregatun| Laurelrosado | 1 1 0,4 0,0 0,0 04 |01
Licania hypoleuca Escobo blanco 1 1 0,0 0,6 0,0 06 |01
Licania leucosepala | Aceituno 4 10 14 | 1,7 55 0,0 72 |16
Licania parvifructa Escobo colorad{ 2 2 4 0,8 11 0,0 19 |04
Licania Escobo 1 1 |00 |os |00 |06 |01
subarachnophylla
Licaria canella Amarillo 1 1 0,4 0,0 0,0 04 102
Lohchocarpus Matarraton 2 2 0,0 11 0,0 1,1 |0,2
floribundus
. Canilla de
Mabea trianae 11 11 4,6 0,0 0,0 46 (1,0
venado
Mahurea exstipulata | Cauchoamarillf 2 | 2 4 0,8 11 0,0 19 |04
Maquira coriacea Lechero 1)1 2 0,4 0,6 0,0 1,0 | 0,2
Matayba adenanthera | Patepajuil 7 7 29 0,0 0,0 29 (0,6
Matayba scrobiculata | Patepajuil 2 |2 4 0,8 11 0,0 19 (04
Mauritia flexuosa Moriche 3 17|12 |22 |12 9,4 0,1 10,7( 2,4
Micropholis guyanensiy Caimillo 1 1 0,0 0,6 0,0 0,6 |01
Myrciapaivae Arrayan 1 1 0,4 0,0 0,0 04 102
Myrcia subsessilis Arrayan 14 14 |58 0,0 0,0 58 |13
Myrciaria floribunda | b 2Yabo 1 1 |04 |00 |00 |04 |01
montafiero
Nectandra cuspidata | Laurelsabaner 1 | 1 2 0,4 0,6 0,0 1,0 | 0,2
Ocotea bofo Laurel 3 11 14 | 1,2 6,1 0,0 73 |16
Ocotea longifolia Laurel matatigre 4 4 1,7 0,0 0,0 1,7 10,4
Oenocarpus bacaba | Maporilla 4 |1 5 1,7 0,6 0,0 22 (05
Ouratea castaneifolia Lengua de 1 1 0,0 0,6 0,0 06 |01
yataro
Ouratea polyantha Coralito 1 1 0,4 0,0 0,0 04 |01
Parahancorniaoblongd Pendare 2 |8 10 |08 4.4 0,0 53 |12
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commoN | | eT|cT| Tor | HOWEr o |
ot e r
SPECIES NAME 1 12 (3 |a rsTt]ratu stratu | stratu Psa | Ps%
m m
Parinari pachyphylla | Escobo 319 |1 |13 (1,2 5,0 0,0 6,3 |14
Pera arborea Pategallina 3 3 0,0 1,7 0,0 1,7 10,4
Perebea xanthochymal| Cauchillo 1 1 0,0 0,6 0,0 06 (01
Phenakospermum | o iago 3 3 (12 |00 |00 |12 |03
guyannense
Phyllanthus attenuatus| Totumito 112 3 0,4 1,1 0,0 15 10,3
Picramnia magnifolia | Quemacarate | 1 1 0,4 0,0 0,0 04 (01
Pouteria guianensis | Caimo 1 11 (1 |3 0,4 0,6 0,0 1,0 | 0,2
Protiumglabrescens | Anime 12| 12 24 (5,0 6.6 0,0 11,6] 2,6
Protium heptaphyllum | Anime 39| 26 65 (16,2 | 144 |0,0 30,6( 6,8
Protium llanorum Anime 1 1 0,0 0,6 0,0 06 |01
Quiina macrophylla Guayacéan 1 1 0,4 0,0 0,0 04 |01
Richeria grandis Alcafeto 2 1 3 0,8 0,6 0,0 14 10,3
Ruprechtia costata Rascarrabio 1 1 0,0 0,6 0,0 06 (01
Sacoglottis guianensis| Fierrito 6 2112 29 |25 116 (0,1 14,2( 3,1
Schefflera morototoni | Tortolito 5 6 11 |21 3,3 0,0 54 11,2
Sclerolobium Pategarza 8 |6 14 |33 |33 |00 |66 |15
melanocarpum
Senna silvestris Alcaparillo 1 1 0,4 0,0 0,0 04 (0,1
Simarouba amara Simaruba 13|125(2 |40 |54 138 |01 19,31 4,3
Socratea exorrhiza Choapo 5 |4 9 2,1 2,2 0,0 43 10,9
Stephanopodiumsp. | Naranjo 1 1 0,4 0,0 0,0 04 |01
Swartzideptopetala Sangretoro 1 1]1 2 0,4 0,6 0,0 1,0 |0,2
Symphoniaglobulifera| Breo 4 (4 |1 ]9 1,7 2,2 0,0 39 |09
Tapirira guianensis Guarupayo 2115 26 |8,7 2,8 0,0 115(25
Tetragastris Carafioblanco | 4 | 5 9 |17 |28 |00 |44 |10
panamensis
Virolacarinata Camevaca |, |, 3 |08 |06 |00 |14 |03
blanco
Virola elongata Carnevaca 4 14 |8 0,0 2,2 0,1 23 105
Virola parvifolia Carnevaca 3 3 0,0 1,7 0,0 1,7 (0,4
Vismia baccifera Lacre blanco | 4 4 1,7 0,0 0,0 1,7 104
Vismia baccifera Lacre blanco 4 4 1,7 0,0 0,0 1,7 10,4
Vismia macrophylla Puntade lanza| 4 4 1,7 0,0 0,0 1,7 (04
Vitex orinocensis Guarataro 1 ]1 2 0,4 0,6 0,0 10 |02
Vochysia ferruginea | Botagajo 1 1 0,0 0,6 0,0 06 |01
Vochysia lehmannii Saladillo blancqd 1 1 2 0,4 0,6 0,0 1,0 | 0,2
Vouarana guianensis | Partemachete | 1 1 0,4 0,0 0,0 04 (01
Xylopia aromatica Malagueto 6 4 10 | 2,5 2,2 0,0 47 11,0
Xylopia emarginata Majaguillo 1 1 0,0 0,6 0,0 0,6 (0,1
Zygia inaequalis Cimbrapotro 1 1 0,4 0,0 0,0 04 |01
39|52 452,] 100,
General total > |2 30| 944 4 0

Source(Universidad Distrital Francisco José De Caldas, 2017)
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The analysis of the absolute sociological positiegre4.103), shows for the gallery forest the speci€siraipa
llanorum (Saladillo rojo), Euterpe precatoria(Manaco), Protium heptaphyllum(Anime), Guatteria
schomburgkianéMajaguillo negro) an&imabuba amarg(Simaruba) as the most representative, or those that
appear in all the strata of the forest and assure their place in the vertical structure, with net values between
45.7 and 19.3 equivalent to relative values between 10.1 and 4.3%. The oth@esghow values lower than

4% of this relative parameter. In general terms a uniform distribution of the sociological position is observed,
which suggests the tendency to heterogeneity of this coverage at the level of vertical structure.
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Figure4.103 Sociological position in gallery forest.
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Ogawa Stratification

In the cups dispersion analysis applying the Ogawa technique, which combines total and commercial heights,(see
Figure4.104), itis observed the preseaof individuals in all the canopy, in a continuous that makes it difficult

to differentiate strata, nonetheless certain grouping of individuals is observed in a big stratum with total heights
between 7 and 22 meters and commercial between 3 and 17 meters.

Figure4.104 Ogawa Dispersion diagram for gallery forest.
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Vegetation profile
For the construction of the vegetation structural profile of the gallery forest, the graphic representation of the
individuals of the 23 species found in the selected type plot was made (Bg16), with some of the characteristics

registered of their architecire. InTable4.52the graphic re presentation of each one of these species is shown.

Table4.52: Graphic representation of species in gallery forest.

COMMON
VIEW SPECIES VIEW SPECIES COMMON NAME
NAME
ﬁ Aniba panurensis Yema de huevq Parahancomia Pendare
S 2 oblonga
& Brosimum lactescens | Guaimaro * Pera arborea Pategallina
; Calqphyllum Cachicamo Protium Anime
brasiliense ) glabrescens
_ _ 22 Simarouba .
% Diospyros sericea Carbonero % Simaruba
amara
A . . . Socratea
f‘@' Euplassa saxicola Yolombo ; 1 : . Choapo
‘ exorrhiza
* . * Symphonia
l Euterpe precatoria Manaco y p. Breo
| : globulifera
; . . # :rd Tapirira
e Ficus mathewsii Matapalo | . . Guarupayo
; \ guianensis
% Guatteria Majagtiillo !g § _ .
S , jag ' Virola carinata | Carnevaca blanco
" schomburgkiana negro
* Hebepetalum sp. Colorado s Virola parvifolia | Carnevaca
” . e Vochysia :
H Mauritia flexuosa Moriche &f y Botagajo
= ferruginea
% . . , , Xylopia
g Myrcia subsessilis Arrayan 1 . Malagueto
i o aromatica
‘ Ouratea polyantha Coralito

Source(Universidad Distrital Francisco José De Caldas, 2017)

The vegetation structural profile for the gallery forest, shows that in the vertical visual structure the cups
structural continuity is observed, making it difficult to differentiate strata, as well as the presence of a few
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emergent individuals; while fothe horizontal structure a good proportion of coverage on the ground is
observed, leaving few uncovered areas and hindering the entry of light for the continuity of the canopy; this
situation is typical of the forest analyzed and evinces as well a Goa@eef conservation of this natural
covering (se€igure4.105).

Figure4.105 Structural vegetable pribdé for gallery forest.
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Altimetric Distribution by class intervals

For the distribution of the individuals of tree size categoryin the class intervdigights, in the gallery forest
were determined 11 intervals with a class amplitude of 2.36 meters. The altimetric classes with their range,

guantity and proportion of individuals are shown for this coverage.

Table4.53: Altimetric distribution in gallery forest.

I 6-8,36 11 1,2
Il 8,37-10,74 82 8,7
I 10,75-13,11 235 24,9
v 13,12-15,248 135 14,3
\% 15,49-17,86 174 18,4
VI 17,87-20,23 197 20,9
Vil 20,24-22,61 65 6,9
VI 22,62-24,98 25 2,6
IX 24,49-27,35 17 1,8
X 27,36-29,73 2 0,2
XI 29,74-32,10 1 0,1
General total 944 100,0

Source(Universidad Distritdfrancisco José De Caldas, 2017)
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In Figure4.106 the distribution of individuals in the class intervals is shown, denoting a grouping in the
intermediate classes, with Il being the highest value with 235 individuals (24.9% of the totadl iradt),
followed by VI with 197 individuals (20.9%) and class V with 174 individuals (18.4%) and class IV with 135
individuals (14.3%). This is a typical behaviour of a natural coverage with continuous development processes,
with a good offer of individals of middlelow bearing, this being congruent with the vertical structure analysis.

Figure4.106 Altimetric distributionin gallery forest.
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Diameter distribution
For the distribution of individuals in the diameter class intervals, for the gallery forest 8 intervals a fixed class
amplitude of 10 centimeters were determineflable4.54 shows the diameter classes with their range and

proportion of individuals.

Table4.54: Diameter distribution in gallery forest.

Diameter classes | Range (cm) | No. % Individuals
Individuals

| 10,01-20 537 56,9
I 20,01-30 252 26,7
1 30,01-40 112 11,9
v 40,01-50 29 3,1
\Y 50,01-60 9 1,0
Vi 60,01-70 3 0,3
Vil 70,01-80 0 0,0
Vil 80,01-90 2 0,2
General total 944 100

Source(Universidad Distrital Francisco José De Caldas, 2017)
Figure4.107shows the distribution of individuals in the diameter classes of the gallery forest, showing a normal

behaviour, with 56.9% of the individuals in the first class (537 individuals) and 2&2%¢@viduals) in the
second, showing a curve in the shape of ajack in which there are many individuals in the first classes and with

152



regular decrease as class is increased, characteristic of developing natural forests, with active processes of
natural regeneration and with a good offer of small trees to replace the dying ones.

Figure4.107 Diameter distribution in gallery forest.
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Basal area and volume by species

Table4.55shows the volume reported in the inventory for each of the species foundin the gallery forestin tree
size category, in the analyzed area corresponding to 2.1 hectares and with its respakte/and proportion

per hectare.

Table4.55: Basal area and volume by species in gallery forest.

BASAL
COM TOT VOU TOT VOLU

SPECIES COMMON NAME ,(Anl]?ZI)EA VoL (M) | (m?) fha (m?)
Albizia lebbeck Menudito 1,1 6,3 14,0 6,7
Alchornea discolor Algodoncillo 0,1 0,7 1,7 0,8
Alchornea triplinervia Carnegallina 0,0 0,2 0,3 0,1
Amaioua guianensis Macanillo 0,0 0,1 0,2 0,1
Andira surinamensis Arenoso 0,2 0,9 2,0 1,0
Aniba panurensis Yemade huevo | 0,1 0,4 0,9 0,4
Aspidosperma desmanthun| Costillo 0,1 1,2 15 0,7
Aspidosperma excelsum Costilloblanco | 0,1 0,9 15 0,7
Astronium graveolens Abejon 0,0 0,0 0,1 0,0
Attalea maripa Cucurita 0,4 1,8 4,5 2,1
Bellucia grossularioides Nispero 0,1 0,8 1,8 0,9
Brosimum lactescens Guaimaro 0,7 3,7 7.4 3,5
Calophyllum brasiliense Cachicamo 15 10,9 19,5 9,3
Campsiandra comosa Chigo 0,4 2,1 4.4 2,1
Caraipallanorum Saladillo rojo 4,6 28,8 53,5 25,5
Coccoloba mollis Uvero 0,2 1,2 2,2 1,0
Cochlospermum orinocensq Bototo 0,4 3,6 5,8 2,8
Cochlospermum vitifolium | Bototo 0,0 0,0 0,1 0,0
Connarusambertii Sangrito 0,1 0,3 0,7 0,3
Copaifera pubiflora Aceite 11 7,5 17,2 8,2
Cordia sericicalyx Palo de agua 0,1 0,4 0,7 0,3
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BASAL

SPECIES COMMON NAMH AREA COM T03T Vol ToT 3VOL
(m?) VOL (M) | (m3) /ha (m?3)

Crudiaoblonga Cascarillo 0,1 0,4 1,1 0,5
Cupania scrobiculata Partemachete 0,0 0,0 0,1 0,0
Curatella americana Chaparro 0,0 0,0 0,1 0,0
Dendropanax arboreus Mantequillo 0,1 0,5 1,0 0,5
Diospyros sericea Carbonero 0,5 4,3 6,5 3,1
Dipteryx punctata Sarrapio 0,9 7,5 13,5 6,4
Elaeagia maguirei Marfil 0,0 0,3 0,5 0,3
Enterolobium schomburgkii| Dormidero 0,1 0,8 1,1 0,5
Erythroxylum macrophylluny Ajicito 0,0 0,1 0,2 0,1
Eschweilera parvifolia Cocodemono | 1,3 11,3 17,1 8,1
Eschweilergenuifolia Copo 0,5 2,7 51 2,4
Euplassa saxicola Yolombo 0,3 2,5 4,3 2,0
Euterpe precatoria Manaco 0,9 7,9 11,1 53
Ficus americana Matapalo 0,1 0,9 1,3 0,6
Ficus mathewsii Matapalo 0,1 0,2 0,6 0,3
Garcinia madruno Madrofio 0,0 0,1 0,2 0,1
Genipa americana Caruto 0,0 0,2 0,3 0,2
Guatteria metensis Majaguiillo blancqg 0,0 0,0 0,1 0,0
Guatteria schomburgkiana | Majaguillo negro| 2,3 17,1 28,3 13,5
Hebepetalunsp. Colorado 0,4 2,8 55 2,6
Heterostemon conjugatus | Guamita 0,0 0,1 0,2 0,1
Himatanthus articulatus Platanote 1,2 8,3 14,4 6,9
Hirtella elongata Garrapato 0,4 15 3,5 1,7
Hydrochorea corymbosa Dormilén 0,8 4,7 9,3 4.4
Hymenaea courbaril Algarrobo 0,1 1,3 2,0 1,0
Inga cylindrica Guamo 0,5 4,0 6,8 3,3
Jacaranda copaia Pavito 0,3 4,1 5,7 2,7
Jacaranda obtusifolia Gualanday 0,3 2,2 4,1 19
Lacistema aggregatum Laurel rosado 0,0 0,1 0,1 0,1
Licania hypoleuca Escobo blanco | 0,0 0,1 0,3 0,2
Licania leucosepala Aceituno 0,4 2,3 4,5 2,2
Licania parvifructa Escobaolorado | 0,1 0,3 0,7 0,3
Licania subarachnophylla | Escobo 0,0 0,3 0,5 0,2
Licaria canella Amarillo 0,0 0,1 0,2 0,1
Lonchocarpus floribundus | Matarraton 0,1 0,4 0,7 0,3
Mabea trianae Canillade venadq 0,1 0,4 1,0 0,5
Mahurea exstipulata Cauchamarillo | 0,1 0,4 1,3 0,6
Maquira coriacea Lechero 0,1 0,5 0,7 0,3
Matayba adenanthera Patepajuil 0,1 0,3 0,7 0,4
Matayba scrobiculata Patepajuil 0,1 0,8 1,2 0,6
Mauritia flexuosa Moriche 1,9 16,5 24,5 11,7
Micropholis guyanensis Caimillo 0,0 0,2 0,4 0,2
Myrcia paivae Arrayan 0,0 0,0 0,1 0,0
Myrcia subsessilis Arrayan 0,3 1,0 2,2 1,0
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BASAL

SPECIES COMMON NAMH AREA COM ToT vop Tot - Vol
VOL () | (md) /ha (m3)
(m?)
Myrciaria floribunda Guaya~bo 0,0 0,0 0,1 0,0
montafiero
Myrciaria floribunda Guayabo 0.0 0.0 0.1 0,0
montafiero
Nectandra cuspidata Laurel sabanero | 0,0 0,2 0,3 0,2
Ocotea bofo Laurel 0,9 54 11,1 5,3
Ocotea longifolia Laurel matatigre | 0,0 0,2 0,3 0,2
Oenocarpus bacaba Maporilla 0,1 0,4 0,6 0,3
Ouratea castaneifolia Lenguade yatard 0,1 0,4 0,6 0,3
Ouratea polyantha Coralito 0,0 0,0 0,1 0,0
Parahancornia oblonga Pendare 0,6 5,3 8,6 4,1
Parinari pachyphylla Escobo 1,8 14,1 27,8 13,2
Pera arborea Pategallina 0,1 0,7 1,1 0,5
Perebea xanthochyma Cauchillo 0,1 0,7 1,0 0,5
Phenakospermum Tarriago 0,0 0,1 0,2 0,1
guyannense
Phyllanthus attenuatus Totumito 0,2 1,4 2,3 11
Picramnia magnifolia Quemacarate 0,0 0,1 0,2 0,1
Pouteria guianensis Caimo 0,2 1,6 2,8 1,3
Protium glabrescens Anime 0,6 3.8 6,9 3,3
Protium heptaphyllum Anime 1,8 10,6 19,0 9,1
Protium llanorum Anime 0,0 0,3 0,4 0,2
Quiina macrophylla Guayacan 0,0 0,1 0,1 0,1
Richeria grandis Alcafeto 0,1 0,5 0,8 0,4
Ruprechtia costata Rascarrabio 0,0 0,1 0,3 0,1
Sacoglottis guianensis Fierrito 15 11,3 20,2 9,6
Schefflera morototoni Tortolito 0,5 3,5 6,7 3,2
Sclerolobium melanocarpun Pategarza 0,3 15 3,6 1,7
Senna silvestris Alcaparillo 0,0 0,0 0,1 0,0
Simarouba amara Simaruba 2,0 16,8 27,3 13,0
Socratea exorrhiza Choapo 0,1 0,6 0,9 0,4
Stephanopodium sp. Naranjo 0,0 0,0 0,1 0,0
Swartzideptopetala Sangretoro 0,1 0,5 0,9 0,4
Symphoniaglobulifera Breo 0,3 3,0 4,3 2,0
Tapirira guianensis Guarupayo 0,5 2,4 4,6 2,2
Tetragastris panamensis Carafioblanco | 0,4 2,2 3,8 1.8
Virola carinata Carnevacablanc{ 0,1 0,4 0,6 0,3
Virolaelongata Carnevaca 0,6 6,0 9,0 4,3
Virola parvifolia Carnevaca 0,1 0,6 0,8 0,4
Vismia baccifera Lacre blanco 0,0 0,2 0,4 0,2
Vismia macrophylla Puntade lanza | 0,0 0,2 0,3 0,2
Vitex orinocensis Guarataro 0,1 0,6 1,4 0,7
Vochysia ferruginea Botagajo 0,0 0,1 0,2 0,1
Vochysia lehmannii Saladillo blanco | 0,1 0,5 1,0 0,5
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Vouarana guianensis Partemachete 0,0 0,1 0,2 0,1
Xylopia aromatica Malagueto 0,3 2,0 3,0 14
Xylopia emarginata Majagtillo 0,0 0,1 0,3 0,1
Zygia inaequalis Cimbrapotro 0,0 0,0 0,0 0,0
Total general 39,9 280,2 4975 236,9

Source(Universidad Distrital Francisco José De Caldas, 2017)

According to the volume analysis (degured.108), the species reporting the highest total volume per hectare
for the galleryforest, i€araipa llanoruniSaladillo rojo), with 25,5 cubioaters equivalent to 10,8% of the tofal,
other representative species ar@uatteria schomburgkian@Majaguillo negro)Parinari pachyphylléescobo),
Simarouba amaréSimaruba) anMauritia flexuosgMoriche).

Figure4.108 Basal area and volumen by species in gallery forest.
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Floristic diversity
Table4.56 shows the results obtained for the mix ratio and the richness and diversity indexes for the trees of
the gallery forest, taking into accouttat 944 individuals and 109 species were reported in an analyzed area of

2.1 hectares.

Table4.56: Richness and diversity indexes for trees of the gallery forest.

109 944 15,77 0,12 1:9 3,88 0,036

Source(Universidad Distrital Francisco José De Caldas, 2017)

Margalef Index
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This index estimates the richness of a community based omthreeric distribution of individuals of the
different species, depending onthe number of individuals in the sample analyzed. Itis assumed that values lower
than two determine a low diversity and when they are higher than five, they indicate a highi¢ldiigtrsity.

For trees of this coverage, a value of 15.77 was determined which represents a very high richness and a quite
heterogeneous forest in species composition.

Mix ratio

This parameter measures the mix intensity of the species in the samplegfardrees in the gallery forest
showed a value of 0.12 which is equivalent to a relationship 1:9, that s, it is assumed that each species is
represented by 9 individuals on the average or that every 9 individuals a different species is repored; if th
number of individuals (sample size) is taken into account, this value suggests a high species heterogeneity in this
coverage.

ShannorWiener Index

This index allows calculating the sum of probabilities of the species and the homogeneity of thetiistfiou

a given number of species, taking into account that the maximum possible value to obtain is the natural
logarithm of the number of individuals (944), corresponding to a value of 6.95, which would indicate that all
species are equally abundant. Roees of the gallery forest a value of 3.88 was determined, a datum
representing a medium value with tendency to the estimate, determining that the species found in this coverage
tend to be equally abundant indicating a medilmgh heterogeneity and flastic diversity.

Simpson Index

The Simpson index refers to the probability that two individuals of a community taken at random, belong to the
same species, measures the degree of concentration an varies between 0 and 1; when the diversity is low tends
to 1. For trees in the gallery forest, a value of 0.036 was determined which indicates a very low probability that
two individuals taken at random be of the same species; this means that there exists a high specific
heterogeneity, thatis a high floristic diksity in this coverage.

Natural regeneration gallery Forest

Within the subplots of the sampling units made for the characterization of the gallery forest, a total of 586
individuals of natural regeneration were recorded, corresponding to 234gtatels (in an area of 105Fmand
352 saplings (in an area of 168m

Floristic composition of the natural regeneration

The 586 reported individuals for the natural regeneration of the gallery forest, are grouped in 37 families, 70
genders and 82 spées. At a specific level stands out the family: Leguminosae with 8 species, followed by
Areaceae and Chrysobalanaceae with 5 species each one and Euphorbiaceae, Myrtaceae y Rubiaceae with 4
species each one; at a gender level standd.dcgniawith 3 speciesTable4.57shows the floristic composition

of the natural regeneration, as well as the number of individuals found by species fooaaatf the size
categories.

Table4.57: Floristic composition of the natural regeneration in gallery forest.
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COMMON | Pole | Sap| To
FAMILY | GENDER SPECIES .
NAME stand | ling | tal
Anacardia Astronium Astronium graveolendacq. Abejon 1 1
ceae Tapirira Tapirira guianensidubl. Guarupayo| 2 2
Annonace| Guatteria Guatteria schomburgkiansiart. E/I:é?gunlo 2 12 | 14
ae . . -
Xylopia Xylopia aromaticgl.am.) Mart. Malagueto | 1 1
Himatanthus | Himatanthus articulatug¢vahl) Woodson | Platanote | 1 5 6
. o Palo de
Malouetia Malouetia virescenSpruce ex Mull.Arg. 3 4 7
Apocynac boya
Parahancornif Parahancornia oblonga (Benth. ex
eae N Pendare 4 4
a Muill.Arg.) Monach.
Tabernaemo| Tabernaemontana  siphilitica (L.f.
P (L) Sanango 6 6
ntana Leeuwenb.
Araliacea Dendropanax arboreugL.) Decne. & Mantequill
I DendropanaX panax usl-) au! 1 2 3
e Planch. o]
Astrocaryum | Astrocaryum aculeatu@.Mey. Cubarro 3 9 12
Arecacea Euterpe Euterpe precatoridMart. Manaco 26 19 | 45
o Mauritia Mauritia flexuosd. .f. Moriche 3 3
Oenocarpus | Oenocarpus bacaldart. Maporilla | 1 1
Socratea Socratea exorrhizéMart.) H.Wendl. Choapo 1 1
Bignoniac . .
ea?e Jacaranda | Jacaranda copai@dubl.) D.Don Pavito 5 5
Protium Protium glabrescenSwart Anime 2 13 | 15
Burserace Protium heptaphyllunfAubl.) Marchand | Anime 2 33 [ 35
ae . . A
Tetragastris | Tetragastris panamengig&ngl.) Kuntze (b:lzrnacnoo 7 7
Calophyllg . . Saladillo
PRy Caraipa Caraipa llanorunCuatrec. . 2 4 6
ceae rojo
Hirtella Hirtella elongataMart. & Zucc. Garrapato | 4 3 7
Hirtella racemos&.am. Huesito 4 3 7
Escobo
Licania hypoleucBenth. 2 2
Chrysobal P blanco
anaceae | Licania Licania leucosepafariseb. Aceituno |1 1 2
S . . Escobo
Licania parvifructdranshawe & Maguire 2 2
colorado
Parinari Parinari pachyphyllRusby Escobo 4 7 11
Clusi Calophyllum | Calophyllum brasilienggambess. Cachicamo 12 | 12
o Uslacear Sarcinia Garcinia madrungKunth) Hammel Madrofio 2 2
Symphonia | SymphoniglobuliferaL.f. Breo 3 3
Connarac Con“naru:tam Connarusambertii(DC.) Britton Sangrito 2 2
eae bertii (DC.)
Ebenacea _. . .
R Diospyros Diospyros sericea.DC. Carbonero| 2 7 9
e . N Carnegallin
.| Alchomea Alchornea triplinerviéSpreng.) Mull.Arg. 1 1
Euphorbia P &preng.) ¢ a
ceae . Lechero
Mabea Mabea nitidaSpruce ex Benth. 1 1
blanco
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COMMON | Pole | Sap| To
FAMILY | GENDER SPECIES .
NAME stand | ling | tal
Mabea trianadPax Canilla *de 15 11 | 26
venado
Sapium Sapium glandulosuift..) Morong Lechero 1 1
_— . . Lacre
. Vismia bacciferéL.) Planch. & Triana 1 1 2
Hypericac| .. . blanco
eae Vismia Punta de
Vismia macrophyll&unth 1 4 5
lanza
Aniba Aniba panurensi@Meisn.) Mez vema  de 4 3 7
P ' huevo
Lauraceag Ocotea bofdunth Laurel 1 1
Ocotea -
Ocotea longifolidunth Laure_l 2 21 | 23
matatigre
. . i Coco de
Lecythida . Eschweilera parvifoligart. ex DC. 4 1 5
ceae Eschweilera mono
Eschweilera tenuifoliéD.Berg) Miers Copo 1 3 4
Copaifera Copaifera pubiflor8enth. Aceite 1 1
Dipteryx Dipteryx punctatqS.F.Blake) Amshoff | Sarrapio 6 6
Enterolobium| Enterolobium schomburgKkiBenth.) Benth| Dormidero 1 1
Lequmine Lonchocarpuy Lonchocarpus floribund&enth. Matarraton | 1 1
sa(g Macrolobium| Macrolobium multijugun{DC.) Benth. Dormilén | 1 1 2
Sclerolobium| Sclerolobium melanocarpubucke Pategarza | 5 3 8
Senna Senna silvestri®/ell.) H.S.Irwin & Barnell Alcaparillo | 1 1
: . - - Cimbrapotr
Zygia Zygia inaequali@willd.) Pittier o P 3 3
Linaceae | Hebepetalum| Hebepetalunsp. Colorado 2 2
Malpighia . o .
ceaz g Byrsonima Byrsonima japurensis.Juss. Coropo 1 1
. Henriettea goudotiangNaudin) Penneyd
Henriettea . . Tuno 3 9 12
Melastom F.A. Michelangeli, Judd & Almeda
t
alaceae Miconia Miconia trinervia(Sw.) D. Don ex Loudor] Tuno 2 2 4
sabanero
. Trompillo
Meliaceae| Guarea Guarea glabra/ahl P 1 3 4
blanco
Moraceae| Brosimum Brosimum lactescer{S.Moore) C.C.Berg| Guaimaro | 7 7 14
Carnevaca
Myristi Virol i Benth.) Warb.
e;/:stlcac Virola irola carinatgSpruce ex Benth.) Warb blanco 3 3
Virola parvifoliaDucke Carnevaca 6 6
. N Guayabito
Eugenia Eugenia biflorgL.) DC. 1 3 4
g ¢ 1) sabanero
Myrtacea Mvrcia Myrcia paivaeD.Berg Arrayan 4 21 | 25
e y Myrcia subsessili9.Berg Arrayan 5 13 | 18
o Myrciaria floribunda(H.West ex Willd] Guayabo
Myrciaria yrean ou ( x Hay ~ 2 2
O.Berg montafiero
. Lengua de
Ochnaceg Ouratea Ouratea castaneifoliéDC.) Engl. yata?o 1 1
e — ~ .
Quiina Quiina macrophyll@ul. Guayacan | 1 4 5
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COMMON | Pole | Sap| To
FAMILY | GENDER SPECIES .
NAME stand | ling | tal
Peraceae| Pera Pera arboreaMutis Pategallina| 2 3 5
Phyllanth Phyllanthus | Phyllanthus attenuatusliq. Totumito 3 3
aceae
Pol .
e;)eygonac Coccoloba | Coccoloba molliSasar. Uvero 2 2
Proteaces . .
o Euplassa Euplassa saxico[®.E.Schult.) Steyerm. | Yolombo 1 1 2
Amaioua Amaioua guianensi&ubl. Macanillo | 5 10 | 15
i iifolia(K.Schum.) P :
' Cordiera Cordiera myrciifolia(K.Schum.) Perss Macano 5 5 10
Rubiaceag Delprete
Elaeagia Elaeagia maguiréstandl. Marfil 1 1
Rudgea Rudgea crassilol@enth.) B.L.Rob. Cafetillo 5 3 8
. . . . Partemach
. Cupania Cupania scrobiculatich. 1 1
Sapindace ete
ae Matayba adenanther&adlk. Patepajuil | 4 3 7
Matayba - —
Matayba scrobiculat&adlk. Patepajuil | 3 3
Sapotaced Micropholis | Micropholis guyanens{&.DC.) Pierre Caimillo 2 2
e Pouteria Pouteria guianensisubl. Caimo 1 2 3
Simaroub| _. . .
I ! Simarouba | Simarouba amar&ubl. Simaruba | 4 3 7
aceae
Siparunac| _. ) . .
eaF:a Siparuna Siparuna guianensfsubl. Romadizo | 18 4 22
Strelitzi Phenak Phenak @\.Rich.
relitziac enakosper enakospermum guyannens@.Rich.) Tarriago 37 12 | a9
eae mum Endl. ex Miq.
Urticacea . :
o I Cecropia Cecropia peltatd.. Guarumo | 3 1 4
. Vochysia ferrugineilart. Botagajo 1 1
Vochysiac Vochysia > ° Salagilljo
eae y Vochysia lehmanrtiieron. 8 8
blanco
58
Total general 234 | 352 6

Source(Universidad Distrital Francisco José De Caldas, 2017)

Relative abundance of natural regeneration

Pole stands

In the analysis of the relative abundance for the pole stands of the gallery forest, the following species stand
out: Phenakospermum guyannen@earriago) with 15.8% of the parameter with 37 indiwadb, followed by
Euterpe precatorigManaco) with 11.1% (26 individual§iparuna guianensi®omadizo) with 7.7% (18
individuals) andMabea trianag(Canilla de venado) with 6.4% (15 individuals); the other species show values
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less than or equal to 3% wdlative abundance (segiguret.109). For this parameter for pole stands, like for the
trees a structure with a tendency to heterogeneous is shown.
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Figure4.109 Relative abundance of pole stands in gallery forest.
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Saplings

As for relative abundance for Saplings in gallery forest, the spé&iiesum heptaphyllunfAnime) with 9.4%
(33 individuals) stands out, followed Myrcia paivagArrayan) andDcotea longifoligLaurel matatigre) with
6% (21 individuals) each one dadterpe precatoriéManaco) with 5.4% (19 individuals); the other species show
values less than 4% (segured.110. In this size category the structural tendency to heterogeneity in the forest
also holds.

Figure4.110 Relative abundance of saplings in gallery forest.
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Relative frequency of the natural regeneration
Pole stands

The most representative species in this parameter for pole stand$/lbea trianagCanilla de venado) with

8.3% when appearing in 11 of the 21 plots surveyed, followdeLibgrpe precatorié@Manaco) with 7.6% (report

in 10 plots),Siparuna guianensi&madizo) with 6.1% (report en 8 plots)Phenakospermum guyannense
(Tarriago) with 5.3% (reportin 7 plots); the other speciesreport valueslower than or equal to 3% when reporting
in 4 or less plots (segigure4.111). According to this analysis, there are no species with very marked differences
in relative frequency with respect to others, which determines a heterogeneous horizontal structure for pole
stands in the dense forest.

Figure4.111 Relative frequency of pole stands in gallery forest.
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Saplings

In the analysis of relative frequency for saplings of the gallery forest appears the dpetiasn heptaphyllum
(Anime) with 9.6% (report in 12 of the 21 plots surveyed), followeéngrpe precatorigManaco) Myrcia
paivae(Arrayan) anddcotea longiftia (Laurel matatigre) with 4.8% (report in 6 plots) each one; The other
species report values lower than 4% when reporting in 4 or less plot$-{gae4.112). The saplings of the
gallery forest show the same tendency of all the coverage as for structural heterogeneity, however with a little
more uniformity when showing a species with high frequency.
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Figure4.112 Relative frequency of saplings in gallery forest.
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1 Morichal.

The information necessary for the characterization of the Morichales in the area of influence of the Project, was
taken through the field survey of 7 sampling units of 0.1 hectares each one, in four sampling zones, for a total
sampled area of 0.7 hectareén;Table4.58the geographic coordinates both in the start and final points of each

plotare shown.

Table4.58: Location data of the plots surveyed in Morichal.

START POINT FINAL POINT
CODE

X Y X Y
Morl 918301,46 1171314 918209,163 1171277
Mor2 919826,18 1171026 918053,22 1171099
Mor3 915048,48 1160636 915042,335 1160642
Mor4 916398,95 1160908 916330,502 1160837
Mor5 937636,3 1166163 937706,318 1166233
Mor6 1001144,6 1169546 1001052,41 1169510
Mor7 1001052,4 1169310 1001095,45 1169399

Source{Universidad Distrital Francisco José De Caldas, 2t doordinates coordenadas Magna Colombia

Este Este

For the Morichal covering, a relative sampling error lower than 15% with a probability of 95% was accomplished.
InTable4.59the different statisticians calculated for this coverage from the variable total volume, with which a
sampling error of 7.9% in the inventory for this coverage was determined.

Table4.59: Statisticians for Morichal.

STATISTICIAN VALUE
Sum 233,46
Average 33,35
Standard deviation 3,59
Variation coefficient (%) 10,76
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STATISTICIAN VALUE

Relative error required(%) 15
Sample size (n) 7
Student t Variable degrees ¢ 194
freedom (ng 1), probability 95% ’
Standard error 1,36
Absolute error 2,64
Relative error% 7,90

Source(Universidad Distrital Francisco José De Caldas, 2017)
Floristic composition

In the analysis of the floristic composition for the trees of the Morichal, 375 individuals distributed in 22 families,

29 genders and 30 species were found. At a specific level the families Clusiaceae with 3 species and Annonaceae,
Apocynaceae, Arecacedealophyllaceae, Moraceae y Myristicaceae with 2 species each one stand out, the
other families present one species each one; at gender Mivelawith two species stands out, the other
genders present one species each one, as showalite4.60.

Tabled.60: Floristic composition of trees in Morichal.

COMMON
FAMILY GENDER SPECIES NAME ABUN.
Anacardiaceae Tapirira Tapirira guianensidubl. Guarupayo | 3
. . . Majaguillo
Guatteria Guatteria schomburgkiansiart. jagul 7
Annonaceae negro
Xylopia Xylopia emarginatMart. Majagiillo 1
. Malouetia irescens Spruce e
Malouetia R Het v pru 4 Palo de boyg 2
Apocynaceae Mull Arg.
pocy .| Parahancornia oblongaBenth. ex
Parahancornia | _ Pendare 4
Mull.Arg.) Monach.
. Dendropanax arboreuf..) Decne. & .
Araliaceae Dendropanax panax ue-.) Mantequillo | 8
Planch.
Arecaceae Euterpe Euterpe precatoridMart. Manaco 50
Mauritia Mauritia flexuosd. .f. Moriche 150
Burseraceae Protium Protium glabrescenSwart Anime 38
Caraipa Caraipa llanorunCuatrec. Saladillo rojo| 29
Calophyllaceae , Caucho
Phy Mahurea Mahurea exstipulat@enth. . 15
amarillo
Chrysobalanaceae | Hirtella Hirtella elongataMart. & Zucc. Garrapato 2
Calophyllum Calophyllum brasilienggambess. Cachicamo | 32
Clusiaceae Garcinia Garcinia madrungKunth) Hammel Madrofio 1
Symphonia Symphonia globuliferga.f. Breo 3
Ebenaceae Diospyros Diospyros sericed.DC. Carbonero |1
Euphorbiaceae Alchornea Alchornea discold?oepp. Algodoncillo| 1
Hypericaceae Vismia Vismia macrophyll&unth IZ :Zf de 1
Lauraceae Endlicheria Endlicheria verticillatdez Amarillo 1
. . . e Coco de
Lecythidaceae Eschweilera Eschweilera parvifoligart. ex DC. mono 2
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COMMON
FAMILY GENDER SPECIES NAME ABUN.
. Hydrochorea  corymbosa (Rich) [
Leguminosae Hydrochorea Barneby & J.\W.Grimes Dormilén 3
Malvaceae Pachira Pachira sessilBenth. Celb? 1
paquira
. Brosimum  lactescens (S.Moore) .
Brosimum Guaimaro 1
Moraceae C.C.Berg
Maquira Maquira coriacedH.Karst.) C.C.Berg| Lechero 2
Virola carinata (Spruce ex Benth| Carnevaca 6
Myristicaceae Virola Warb. blanco
Virola parvifoliaDucke Carnevaca | 6
Myrtaceae Myrcia Myrcia subsessil3.Berg Arrayan 1
Ochnaceae Quiina Quiina macrophylldul. Guayacan 1
Rubiaceae Duroia Duroi_a micrantha(Ladbr.) Zarucchi § Turmemico | 1
J.H.Kirkbr.
Urticaceae Cecropia Cecropia peltatd.. Guarumo 2
Total general 375

Source(Universidad Distrital Francisco José De Caldas, 2017)

In the analysis of absolute abundance per family in Morichal, the most representative is Arecaceae with 200
individuals which is equivalent to 53.3% of the abundance; the other meaningful families are: Calophyllaceae,
Burseraceae and Clusiaceae with 48y3®86 individuals respectively, which is equivalent to relative values
between 11.7 and 9.6% of the total (sEigure4.113.

Figure4.113 Absolute abundance per family in Morichal.

— 250
©
c 200
200
w— 150
o
100
o
nn
Zz 50 38 oc
IIIMHy8C3O3HHH1
0 W e = e
PP F P FFFF P F 22 F R
& & & S FFE FF S F LS LS
R\ CHIN G < G SR A -G O G RN
< Q &@ N P < (}\ N S @ X NS O3 e
Y KR S O W ks & S ) <
> % S W E S CXRN
v ﬂ\\ vV
s
Family

Source(Universidad Distrital Francisco José De Caldas, 2017)

As for the abundance of individuals by genddauritia appears as the most repredative reporting 150
individuals, which is equivalentto 40% of the abundance, other genders with a certain representation in
abundance areEuterpe, Protium, Calophyllum and Caraipa @Gigered.114).
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Figure4.114 Absolute abundance by gender in Morichal.
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Horizontal Structure

For the characterization of the horizontal structure of the Morichal, the importance value index and the
parameters: abundance, frequency and relative dominance were used, likewise the frequency histogram was
built and the degree ofggregation was determined.

Relative abundance

In the analysis of this parameter for the Morichal, evidently the spelasiitia flexuosgMoriche with 40.0%
(150 individuals) stands out, followed in a lesser proporiorBugerpe precatorigManaco) with 13.3% (50
individuals)Protium glabrescen@nime) with 10.1% (38 individual§jalophyllum brasilieng€achicamo) with
8.5% (32 individuals) ar@araipa llanorungSaladillo rojo) with 7.7% (29 individuals); the other species report
values lower than or equalto 4% of relative abundance [sgere4.115). This parameter allows inferring that
the Morichal tends to be homogeneous in composition, to show such a marked abundance of a species.

Figure4.115 Relative abundance in Morichal.
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Relative frequency

The most representative species in this parameter for the MorichalMdeairitia flexuosgMoriche),Protium
glabresceng/Anime), Calophyllum brasiliensgCachicamo)Euterpe precatoriaglManaco) andGuatteria
schomburgkiangMajagtillo negro) with values between 11.9 and 5.1% (report between 7 and 3 plots); the
other species report less than 4% of the relative frequency when reporting in two or lesspletglired 116).
For this parameter a tendency similar to the gallery forest is shown, but with a lesser proportion which

determines to this coveragete more homogeneous inregard to the appearance of the species in the sampling
units.

Figure4.116 Relative frequency in Morichal.
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Frequency histogram

The frequency histogram for the Morich&igure4.117), shows that in a little more than half of the species a

in the category very rare, represented with 53.3% (16 species), followed by category infrequent with 30% (9
species), then the category frequent and the category Very frequent with 6.7% (two species) each one and finally
the category quite frequent witbnly 3.3% (one species). This behaviour shows for this parameter, the condition

of homogeneity mentioned in terms of frequency of the species and is a typical condition of this type of
coverings.
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